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1. The emission standards will limit emissions of sulfur oxides from
new, modified, and reconstructed fluid catalytic cracking unit
regenerators at petroleum refineries. The standards implement
Section 111 of the Clean Air Act and are based on the Administra-
tor's determination of June 11, 1973 (38 FR 15380) that petroleum -
refineries contribute significantly to air pollution which may
reasonably be anticipated to endanger public health or welfare.

2. Copies of this document have been sent to the following Federal
Departments: Labor, Health and Human Services, Defense, Transpor-
tation, Agriculture, Commerce, Interior, and Energy; the National
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4. Copies of this document may be obtained from:

U.S. EPA Library (MD-35)
Research Triangle Park, NC- 27711 -

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161

i1







TABLE OF CONTENTS
Section Pagé

1.0 SUMMARY & i it et ot e e e e e e e s e e e s e e e sl
1.1 Summary of Changes Since Proposal «. « « o« « o o« o o 1-1
1.1.1 Definition of Affected Facility . . . . . . 1-1

1.1.2 Definition of Fresh Feed . . . ... .. . 1-2

1.1.3 Methods for Compliance Determinations. . . . 1-2

1.1.4 Definition of Regulated Pollutant . . . . . 1-3

1.1.5 Averaging Times for Compliance . . . . « . . 1-4

1.1.6 Clarification of Test Method Calculation
Procedures and Sampling Locations . . . . . 1-4

1.1.7 Reduction in Reporting Requirements. . . . . 1-5
1.1-8 MinO."‘ ChangeS - 6 o o @ 8 o o ® B 5 ° e e @ 1-6 :
1.2 Summary of Impacts of Promulgated Action . .. .. 1-6

1.2.1 Environmental Impacts of Promulgated
Action o & v i it e e e e e e e e e e e e 1-6

1.2.2 Energy and Economic Impacts of Promulgated
AC't'ion e & & ® & o e 8 & e = ‘o s & o s e+ o o 1_6

1.2.3 Other Considerations « v« o o o o o o o« o s « 1=6

1.2.3.1 Irreversible and Irretrievable
' Commitment of Resources . . . . . 1-6

1.2.3.2 Environmenta]rand Energy Impacts
Of DE]ayEd Standaf‘ds * ® e ¢ o & o 1-7

1.3 Summary of Public Comments . . . e e e s e e e e o 17

2.0 GENERAL COMMENTS & 4 4 4 4 ¢ ¢ o o o o o o oo o o o o o 2-1
2.1 Need for the Standards .« « ¢« o o o ¢ o ¢ o ¢ « o « 2-1

2.2 Regulated Poliutant e e o o e s s s s e s s e e 25

2.3 Designation of Affected Facility . . .: . .. .. . 2-8
2.4 Format of the Standards « « o o o o s ¢ o o o o o« o 2-11
2.5 Level of Standards . . . . . I B2 [
2.5.1 Level for Add-on Control Standard . . . . . 2-16

2.5.2 Level of Standard for FCCU's without
Add_on COﬂtT‘O]S ' . . . » » . . . - 'y » . . 2-17




TABLE OF CONTENTS (Continued) | N

Section ~ Page |
‘2.5.3 Feed Su]fur Cutoff ° e o o o o‘- * o 9 o ﬁ ® 2-19 g

2-6 jAVeraging TimeS ® 0 & o © o e e & & o s s o O P . 2-19 i

3.0 CONTROL TECHNOLOGY COMMENTS « v v ¢ o o o o o o o o o & 3-1
3.1 SOy SCPUBDEFS &+ o 4 o o oo o o o s s s o o o o o o 31
3.2 ' SOy Reduct ion CatalySts « « ¢« o ¢ ¢ o ¢« s o o o o« 3-6
3.3 | Low-Sulfur FEedStocks « « o o o o o o o o o o o o 3=7

4.0 ENVIRONMENTAL AND ENERGY IMPACTS COMMENTS e s e s o o o 8&-1
4.1 Model Plants Used for Impact Analyses T |
4,2 Water ImpactsS « o o o ¢ o o o s o o o o o o s o o o 84=2 | i
4.3 S01id Waste IMPACES v o o v v o o o o o v o o oe o &7
4.4 Energy IMPactS .« « o o« o« o o s o o o o o o o s o o 410
4.5 Air Impacts . « . « « « o . T e ) !

5.0 COSTS AND ECONOMIC IMPACTS COMMENTS « s s o o o o e e & B-1
5.1 Scrubber Costs s s o e e e e . « s e o s o s s o« D=1
5.2 SOy Reduction Catalysts Costs . « « ¢« ¢« &« &« &« « o o 5-10 | P
5.3 Economic Impact AnalySisS v « v o« o o« o o o o o o & 5-11 :

6.0 COMPLIANCE TESTING AND MONITORING COMMENTS . . . o . « . 6-1
6.1 General e 4 o e s s s s s s e e s e s e e e o.e e b-1 %
6.2 ' With Add-On Control Devices .« « ¢ « o o o o o o & 6-2 ‘ !
6.3 Without Add-On Control Devices . o « « o « « + o o 6-15 !
6.4 Feed SUTTUF CULOFf o v v v v v v o v o s v o o o 6-29 N |

7 .0 COMPL IANCE COMMENTS * L] L] . | L] L] L] L[] L] L] - * L] L] L] .‘ ;. ® 7-1
7.1 Source Operation During Malfunctions . . .. .. . 7-1
7.2 Compliance Using Partial Scrubbing . . . . . « o . 7-2

7.3 Changing Compliance Method . « & ¢« o « o o « s « o /=2




TABLE OF CONTENTS (Concluded)

Section ' Page

8.0 MODIFICATION/RECONSTRUCTION COMMENTS . ¢ & v v o o & o 8-1

9.0 RECORDKEEPING AND REPORTING COMMENTS ¢« v ¢ & ¢ &« o o « . 9-1
10,0 MISCELLANEOUS COMMENTS « « v v v v o o o o o o « o o + o 10-1

APPENDIX A - Control Equipment Costs and Fifth Year Impacts




LIST OF TABLES
Table : : : | ' Page

1-1 LIST OF COMMENTERS ON PROPOSED STANDARDS
OF PERFORMANCE FOR SULFUR OXIDES EMISSIONS
F‘ROM FCCU REGENERATORS s & o o ® & o o o ® e o a e o0 - 1-8

A-1 BASIS FOR DETERMINING SCRUBBER ANNUAL COSTS . . .. . A-1

A-2 CAPITAL COST FOR SODIUM-BASED HIGH ENERGY
VENTURI SCRUBBING SYSTEM AND
RURGE TREATMENT FOR MODEL UNITS . ¢ ¢ o ¢« ¢ o o o o A-2

A-3 ANNUAL COST OF SODIUM-BASED- HIGH ENERGY | ‘ .
VENTURI SCRUBBING FOR 2,500 m3/sd MODEL UNITS . . . A-3 i

A-4 ANNUAL COST OF SODIUM-BASED HIGH ENERGY . é
VENTURI SCRUBBING FOR 8,000 m3/sd MODEL UNITS . . . A-4 ‘ i

A-5 ANNUAL COST OF SODIUM-BASED JET EJECTOR
VENTURI SCRUBBING SYSTEM AND PURGE
TREATMENT FOR MODEL UNITS o & e e ® ® e & s s 0> ® ',, A'5

A-6 ANNUAL COST OF SODIUM-BASED JET EJECTOR :
‘ VENTURI SCRUBBING FOR 2,500 m 3/sd , ‘ b
MODEL UN ITS L] L ° L] . * . - . - . . L] . L d L . . " L] A-6 ' |

A-7 ANNUAL COST OF SODIUM-BASED JET EJECTOR - . ;
VENTURI SCRUBBING FOR 8,000 m 3/sd . ‘ i
MODEL UN ITS . L d . ' . . * - . -« L » . L] Ld L] L4 L] L] L] L4 A-7

A-8 DUAL ALKALI SCRUBBING SYSTEM COSTS BASED
ON 1.5 WEIGHT PERCENT SULFUR FEED . . . . . . . . . A-8

A-9 ELECTROSTATIC PRECIPITATOR COSTS « v o o o o « « & A-9

A-10 FIFTH YEAR CAPITAL COST IMPACTS . « & ¢« ¢« o + & R A-11
A-11 #IFTH YEAR ANNUAL COST IMPACfS c e s e e e e e A2

viii




1.0 SUMMARY

On January 17, 1984, the U.S. Environmental Protection Agency
(EPA) proposed standards. of performance for sulfur oxides (SOx) emis-
sions from fluid catalytic cracking unit (FCCU) regenerators at petroleum
refineries (49 FR 2058) under the authority of Section 111 of the Clean
Air Act. Public comments were requested bn the proposed standards in
the Federal Register and 18 commenters responded. On Novemper 8,'1985,

revisions to the proposed rule were proposed (50 FR 46464). The revi-
sions included a change in the regulated pollutant for the standard
for FCCU's with add-on controls, the determination of compliance on

a da11y basis, the methods for making the daily compliance determina-
tions, and the averaging times over which the daily comp]1ance deter-
minations would be made. Public comments were requested on the
proposed revisions and 12 commenters responded. Most of the commenters
represented refining companies. Other commenters included two State
air pollution control agencies, an industry trade assocfatiqn, an
engineering company, and a private individual. This summary of
comments and EPA's responses to these comments serve as the basis for
the revisions made to the standards between proposal and promuligation.

1.1 SUMMARY OF CHANGES SINCE PROPOSAL
' The proposed standards were revised as a result of reviewing public
comments. The primary changes were made in the following areas:

Definition of Affected Facility
Definition of Fresh Feed

Methods for Compliance Determinations
Definition of Regulated Pollutant
Averaging Times for Compliance

Clarification of Test Method Calculation Procedures and Sampling
Locations

o Reductions in Reporting and Compliance Testing Requirements

1.1.1 Definition of Affected Facility
The proposed standards identified each/regénerator as the affected

facility. This was done because SOy are generated in and emitted from
the FCCU regenerator. Some new FCCU's are designed to incorporate more




than one regenerator. The EPA believes that identifying eéch'FCCU
regenerator as the affected facility for multiple regenerator config-

urations is unreasonable. If only one regenerator in a mu]tip]e' ]
regenerator configuration were to become subject to the standards, it
would be jmpossible in some multiple regenerator ducting arrangements i
to isolate and measure the SOy content of the exhaust gases from the ‘ ?'
affected ﬁegenerator. Furthermore, because the refiner would want to o i
minimize ﬁhe cost and downtime for revamping work on the unit, it is , ;
unlikely that only one regenerator in a multiple regenerator config- ‘ ;é
uration wéu]d be modified or reconstructed without the others. Therefore,
the affecﬁed facility is now defined to include all regenefrators serving
an FCCU reactor. ‘ |

1.1.2 Definition of Fresh Feed

The standards include a feed sulfur cutoff, which limits the
amount ofjsu]fur that is allowed in the fresh feed to an FéCU: The ‘ P
possibilify exists that a refiner could circumvent the feed sulfur ?
cutoff byiidentifying as "fresh feed" hydrocarbon streams recycled from ;
the fractionator or gas recovery unit because these units are not a
part of the affected facility. Therefore, the definition of fresh feed ,
was revised to ensure that a refiner would not circumvent the feed o -
sulfur cutoff by including as “fresh feed" low sulfur-containing
recycle ffom the fractionator and gas recovery units. The revised
definitioﬁ specificaj]y identifies petroleum derivatives from the FCCU,
the fractionatcr, and the gas recovery unit as "recycle", thus excluding
them from the "fresh feed."

1.1.3 Methods for Compliance Determinations
At ptoposa}, a continuous emission monitoring system (CEMS) was

required to identify excess emissions, which were defined, for the standard {
for FCCU's with add-on controls, as sulfur dioxide (S07) in excess of

the contrb] device outlet concentration measured during the most recent
performance test. The proposed standard specified the use of a continuous
SO02 emission monitoring system only at the contbo] device outlet. (The
standard for FCCU's without add-on controls also identified excess émissiohs,
which were defined as SO2 in excess of 300 vppm at 0 percent oxygen on ‘

adry basﬁs.) The EPA received comments that this apprdach would result
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in an unreasonable excess emissions limit when control device inlet
concentrations changed from the level méasured dubing the performance
test. These comments, in part, led EPA to revise this approach to
eliminate the dependence of the excess emission definition on the
performance test. ' :

Both the standards for FCCU's with add-on controls and for FCCU's
without add-on controls now require determination of compliance on a
daily basis, rather than using excess emissions to identify the need
for a compliance test. The standard for FCCU's with add-on controls
(90 percent reduction or 50 vppm, whichever is less stringent) now
identifies SOy as the controlled pollutant and requires the use of
éontinuous SO> monitors located at the control device inlet and outlet
to determine the compliance status of the facility on a continual
(i.e., daily) basis. Only an outlet continuous SO2 monitor is required
" if the owner or operator seeks to comply specifically with only the
50 vppm emission Timit. Because SO2 monitors are now used for compli-
ance determinations, they are subject to 40 CFR‘Part 60 Appendix F,
"Quality Assurance Procedures, Procedure 1 - Quality Assurance Require-
ments for Gas Continuous Emission Monitoring Systems Used for Compliance
Determination." The standard for FCCU's without add-on controls now
requires daily Method 8 testing to demonstrate compTiance with the
9.8 kg S04/1,000 kg coke burn-off standard.

For the standards for FCCU's with add-on control devices, minimum
data requirements~have been incorporated. They reqUire 22 valid days
of data out of every 30 successive, rolling calendar days. A valid day
of data consists of at least 18 valid hours of data, where a valid hour
of data consists of at least 2 valid data points. ‘ '

1.1.4 Definition of Regulated Pollutant

As proposed on January 17, 1984, SOy was the regulated poliutant
for all the standards for FCCU's. After further consideration, the
EPA concluded that the regulated pollutant for the standard for FCCU's
with add-on control devices should be SO2. The reasons for this

change were: (1) as described above, the change to daily compliance
determinations resulted in requiring both inlet and outlet monitors;
(2) CEMS are not available for SOy, but are available for SO0p; (3)
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sulfur trioxide (SO3) constitutes a small portion of total SOy emissions§

and (4) bést demonstrated technology (i.e., scrubbers) would be essentially

the same for SOz and SOy.

For the standard for FCCU's without add-on control deyices, the
Agency concluded that the regulated pollutant should remain SOy, because
503 could constitute a significant portion of the total SOy emissions
from FCCU?S using SOy reduction catalysts. These conclusions were
included in the revisions proposed on November 8, 1985. No comments
were receﬁved on using SO, as the regulated pollutant for FCCU's with
add-on controls, but comments were received regarding SOy as the
regulated pollutant for FCCU's without add-on controls. No additional
data or ihformation was obtained that was sufficient for the Agéncy to
conclude that S0 should be the regulated poliutant for FCCU's without
add-on controls. Thus, the regulated pollutant for FCCU's with add-
on control devices is SOz and for FCCU's without add-on control
devices the regulated pollutant is SOy.

1.1.5 Averag1ng Times for Compliance

The averaging times for compliance has changed snnce proposa] from
3 hours to 7 days. The EPA analyzed source test resuTts for scrubbers
to determfne the long term variability in scrubber performance and
considered the effect of process variability on SOy reduction catalyst
performance. The analysis indicated that selection of a 7-day ro]Ting
average period for both the standards for FCCU's with add-pn controls
and for FQCU's without add-on controls would better take into conside-
ration the normal variability. The proposed 7-day calendar averaging
time for the feed sulfur cutoff was changed to a rolling 7-day average
to be consistent with the averaging times for the other two stahdards,.and
SO we wou1d have daily compliance determinations. (
1.1.6 C]ar1f1cat1on of Test Method Calculation Procedures and Sampling

Locations
The standard for FCCU's without add-on controls requires the use

of Method 8 to determine the total SOy, emissions from affected facilities.

The proposed stdndards did not provide sufficient information regarding
calculation procedures for determining total SOy emissions. The
standards were revised to include modifications to the ca]culation
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procedures specified in Method 8 to allow ca]culation_of total SOy
emissions as S0j. '

The proposed standards required that sampling to be conducted
upstream of the carbon monoxide (CO) boiler. One commenter stated that
it is unsafe to require personnel to conduct manual sampling due to the
high flue gas temperatures and pressures at this location. The stan-
dard for FCCU's without add-on controls has been revised to allow
sampling either upstream or downstream of the CO boiler. For FCCU's
with add-on controls, the recommended location for 302 monitoring has
been changed to downstream of the CO boiler.

1.1.7 Reduction in Reporting Requirements

This rulemaking provides the refiner with a standard for add-on
control devices, an alternative standard for add-on control devices,
a standard without add-on control devices, and a feed sulfur content
cutoff. Initially, the refiner may elect to demonstrate compliance
with any one of these standards and, at a later time, the refiner may
elect to demonstrate compliance with one of the alternative standards.
The standards were developed in this way to allow the refiner greater
flexibility in compliance objectives but also to encourage the use of
hydrotreating'and SOy reduction catalysts. The reporting and record-
keepinyg requirements for the proposed standards required that a refiner
give a 90-day prior notification of his intent to be subject to a
different standard and conduct a performance test with each change.

Since proposal, the EPA has changed the standards to require daily
compliance determinations. This change requires an owner or operator.
to conduct performance tests every day regardless of the standard with
which the owner or operator seeks to comply. The 90-day prior
notification significantly reduces a refiner's flexibility without
significantly increasing EPA's ability to enforce the standard. There-
fore, the regulation has been changed so that prior notification is not
required when the owner or operator seeks to comply with one of the
other standards, regardless of whether the owner or operator has been
subject to the particulaﬁ standard previously. Al1l changes must be
identified in the next cohp]iance report. Compliance reports are

required quarterly, unless no exceedances have occurred during a




particular quarter, in which case semiannual reports may be submitted.

The propoéal had not allowed semiannual reporting when there were

periods of no exceedances., If an owner or operator e]ects>to comply

with an alternative SOy standard, a quarterly report with not1f1cat1on

of the change must be submitted to the Administrator in the quarter
following such a change even if no violations of a standard have occurred.

1.1.8 Minor Changes |

Several changes have been made to the SOy emission percent reduc-
tion equation and SOy emission rate equation such that direct results
from the test methods can be used in the equations.

1.2 SUMMARY OF IMPACTS OF PROMULGATED ACTION

1.2.1 Environmental Impacts of Promulgated Action

Environmental impacts of the prOposéd standards are described in
49 FR 2058. The revisions to the proposed standards will have a
minimal effect on the environmental impacts of the standards.

1.2.2 Energy and Economic Impacts of Promuigated Action

The énergy and economic impacts of the standards are described in
Chapters 6, 8, and 9 of the proposal background information document
(BID). The energy impacts have not changed since proposal. The costs
for sod1um scrubbers have been revised; the cost and economic impacts
of the f1na1 standards are greater than those calculated at proposal.
The nationwide cumulative capital costs in the fifth year of these
standards would be $117 million (reported in fourth quarter 1984 dollars),
if sodium;scrubbers are used at all facilities with feed sulfur levels
above 0.3b percent by weight. The corresponding fifth year nationwide
annual cost would be $45 million (reported in fourth quartér 1984
dollars). ; Fluid catalytic cracking units processing feeds with sulfur
contents of 0.30 weight percent would be at the feed sulfur cutoff and
therefore, would not need to install a scrubber. These nationwide cost
estimates differ, therefore, from those presented in Tables A-10 and
A-11 because costs for control of FCCU's with sulfur contents of 0.30
weight pércent dre not inciuded here. “

1.2.3 Other Considerations ‘ v
1.2.3.1 Irreversible and Irretrievable Commitment of Resources.
Implementation of these standards will result in the use of sodium-based
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scrubbers in many cases. This will necessitate the additional use of
natural resources, especially sodium carbonate and sodium hydroxide.
However, the commitment of these resources is expected to be small
compared to national use.

~1.2.3.2 Environmental and Energy Impacts of Delayed Standards.
Delay in implementation of these standards would adversely impact air
quality at the rate shown in Table 7-6 of the proposal BID. The annual
“Sulfur Oxides Emissions Reduction"” column in Table 7-6 represehts the
lost emission reductions for each year the standards are delayed. No
adverse solid waste, water pollution, or enérgy impacts are expected
from delaying regulatory action.

1.3 SUMMARY OF PUBLIC COMMENTS

Letters were received from 18 correépondents commenting on the
proposed standards and the BID for the proposed standards, and from 12
correspondents commenting on the proposed revisions. There were no
requests for a public hearing so none was held. A list of commenters,
their affiliations, and the EPA docket numbers assigned to their
correspondence are given in Table 1-1 of this document.

This document presents comments pertaining to the preamble and -
regulation resulting from the proposed standards. The comments from
interested parties and EPA's responses to those comments have been
categorized, and they are presented under the following topics:

General Comments (Section 2)

Control Technd]ogy Comments (Section 3)

Environmental and Energy'Impacts Comments (Section 4)
Costs and Economic Impacts Comments (Section 5)
Compliance Testing and Monitoring Comments (Section 6)
Comp]iancé Comments (Section 7)
Modification/Reconstruction Comments (Section 8)
Recordkeeping and Reporting Comments (Section 9)
Miscellaneous Comments (Section 10)

© © 0o 0 0o o 0o O o©
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Phillips Petroleum Company
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Bartlesvillie, OK 74004

3. Mr. Phillip L. Youngblood - IV-D-3 : ;
Conoco, Incorporated :
P.0. Box 2197 i
Houston, TX: 77252 ' | b

4, Ms. Gael Fletcher ‘ 1V-D-4
Koch Refining Company
P.0. Box 43596
St. Paul, MN 55164

5. Mr. R.V. Struebing , IV-D-5 ‘ |
Getty 0i1 Company ‘ o i
P.0. Box 1650 ‘ . : !
Tulsa, OK 74102

6. Mr. William F. 0'Keefe ' IVv-D-6
American Petroleum Institute ‘ ‘ !
1220 L Street, Northwest ‘ '
Washington, D.C. 20005

7. Mr. Peter W. McCallum : . IV-D-7
The Standard 0il1 Company '
Midland Building
Cleveland, OH 44115-1098

8. Mr. J.R. Bowler ‘ v . 1v-D-8 i
CITGO Petroleum Corporation : :
Lake Charles Operations ‘
Box 1562 ' A , ' b
Lake Charles, LA 70602 : v

9. Mr. R.H. Murray _ 1v-D-9
Mobil 0i1 Corporation
3225 Gallows Road - ‘ E
Fairfax, VA 22037 ‘ . %
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Amoco 0i1 Company
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2.0 GENERAL COMMENTS

2.1 NEED FOR THE STANDARDS

' Comment :

Two commenters (IV-D-7 and IV-D-16) stated that the standards
represent an unnecessary burden to the petroleum industry and, there-
fore, the standards should be withdrawn. The reasons cited by the
commenters for withdrawal of the standards are: (1) other sources of
SOy could be controlled at a much lower cost per ton and (2) the SOy
emissions from FCCU's are insignificant when compared to the totallsox
emissions emitted in the United States.

Response: ' | ,

Section 111 of the Clean Air Act directs the Administrator to
list categories of stationary sources. The Administrator "... shall
include a category of sources in such list if in his judgement it
causes; or contributes significantly to, air pollution which may
reasonably be anticipated to endanger public health or welfare."
Further, Section 111(a)(1) directs the Administrator to propose and
promulgate standards of performance, which reflect the "best ...
demonstrated" technology (BDT) for sources in this list.

Since passage of the Clean Air Act of 1970, considerable attention
has been given to the development of an approach for assigning prior-
jties to various source categories. The approach specifies areas of
interest by considering the broad strategy of EPA for implementing the
Clean Air Act. Often, these areas of interest are actually pollutants
emitted by stationary sources. Source categories that emit these
pollutants are evaluated and ranked by a process involving such factors
as: (1) the level of emission control (if any) already required by
State regulations; (2) estimated levels of control that might be
required from standards of performance for the source category;

(3) projections of growth and replacement of existing facilities for

~ the source category; and (4) the estimated incremental amount of air
pollution that could be prevented in a preselected future year by
standards of performance for the source category. Sources for which
new source performance standards (NSPS) were promulgated or under
development during 1977, or earlier, were selected using these criteria;
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one of the source categories placed on the 1nitia1‘priority list was
"Petroleum Refineries," of which FCCU's are a part. i |

Section 111(f), added by the Clean Air Act Amendments of 1977,
now requ{res EPA to 1istvmajor source categories. Major source cate-
gories are defined as those categories for which an average size plant
has the potential to emit 100 tons or more per year of any one pollu-
tant. Th1s helps demonstrate the significance of the SOy emissions
from FCCU's because EPA has estimated that total SOy emissions from
new, mod1f1ed, and reconstructed FCCU's in the fifth year ﬁa total of
17 units) under Regulatory A]ternatiVe I (baseline emissions; i.e.,
emissions from the units if controlled under current regulations) wou]d
be 86,900 tons, an average emission rafe of 5,100 tons/yr per FCCU. The
standards reflect BDT and would reduce these total emissions by about
76,100 tons/yr; this reduction represents a significant improvement.

In summary, the standards of performance for SOy emissions from
FCCU's serve the intent of Section 111 of the Clean Air Act. Neither the
ability to control other SOX sources at a lower cost nor the percentage
of total SOy emissions emitted in the United States that are comprised by
FCCU SO emissions negate the need for these standards.

Comment :

One commenter (IV-D-16) asked the following questions pertaining
to the need for the standards with respect to prevention of signifi-
cant dete}ioration (PSD) requirements which also regulate FCCU SOy
emissions: '

(1) If each model source could yield considerably more than

250 tons per year of uncontrolled SOy, the source is

covered by the PSD requirements for best available control
‘technology (BACT). Thus, if PSD will do the job, the proposed
rules should be withdrawn. If not, the proposal BID and
. proposed rules should be reissued, w1th baseline emwss1ons
'stated as those necessary to satisfy PSD BACT.

(2) 1If the 3.5 weight percent sulfur feedstock model plant is
. abandoned, the modeling resuits (proposal BID pages 7-4
fthrough 7-7) show that unregulated FCCU's meet Ciass IT and
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III PSD, and primary and secondary national ambient air
quality standard (NAAQS). Thus, there is no need for this
NSPS. o

Since the SOX discharges are above the small source tons per

year limit, doesn't this trigger BACT, regardless of Class II
or III increment? '

Response:
Congress clearly understood that many sources subject to NSPS's

would also be subject to PSD requirements, including BACT. Thus, the
applicability of PSD does not show that the NSPS is not needed, as is
discussed below. Petroleum refineries, of which FCCU's are a part, are
listed in 40 CFR 52.21 (b)(1)(i)(a) as a "major stationary source“‘(i.e.,
a stationary source of air pollutants which emits, or has a potential
to emit, 100 tons per year or more of any pollutant subject to regula-
tion under the Clean Air Act). Therefore, a new, modified, or recon-
structed FCCU would be subject to PSD reduirements if the unit is
located in an SO2 attainment area and if the emissions from the FCCU
will not affect the SOp levels in an area that is designated as attain-
ment for SO2. Depending on the classification of the attainment or
unclassified area (Class I, II, or III), a maximum allowable increase
of the ambient air baseline:concentration is specified for that area
[40 CFR 52.21(c)]. The maximum allowable increase will be less than
that specified if the specified increase will raise the ambient air
concentration above the NAAQS. If this situation occurs, the maximum
allowable increase will equal an increase that would cause the ambient
air concentration to equal the NAAQS. [Note: The EPA expects that no
FCCU would be located in a Class I area (pristine enyironment) and
there are no Class III areas.] The baseline concentration is established
on the earliest date after August 7, 1977, on which the first complete
application uﬁder 40 CFR 52.21 was submitted by a major stationary
source or’major modification subject to the requirements of 40 CFR 52.21.
After that date, eaéh net emissions increase by sources in the area
reduces, by the same amount, the maximum allowable emissions increase
for that area. ,

The current allowable emissions increase helps determine the
emission limitation under which the source may operate; that is, the
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source wii] be subject to BACT. The term BACT, as defined in 40 CFR
169(3), méans "... an emission limitation based on the maximum degree
of reductjon of each pollutant subject to regu]ation‘under‘this Act
emitted from, or which results from, any major emitting facility, which
the permiﬁting authority, on a case-by-case basis, taking into

account energy, environmental, and economic impacts and other costs,
determines is achievable for such facility through application of
production processes and available methods, systems, and techniques,
including fuel cleaning or treatment or innovative fuel combustion
techniques for control of each such pollutant."” However, the entire
allowable  emissions increase may or may not be available for use by the
source. $everal other constraints will influence the amount of emis-
sions the{source will be allowed to emit; these coﬁstraints are
unemployment conditions, attractiveness of the source (the area's
desire for that industry), other sources wanting to locate in the area,
etc. After all variables are taken into considderation, BACT is then
determined.

There are no specified levels of BACT; each BACT determination is
dependent on the constraints within the area (i.e., BACT is determined
on a case-by-case basis). If an area was interested in having an
industry locate in its regioh and there was a substantial]y large
allowable emissions increase available, the source could receive a
rather 1ehient BACT determination. Due to budget limitations, many
States aré not able to conduct thorough BACT investigations without
relying upon the NSPS program. At this point, the NSPS prbgram
provides an integral part of the BACT determinations process. The

development of NSPS follows the same course as the deve]opment of BACT

without the additional constraints that could be imposed on the BACT
determinaﬁion process. As such, NSPS provides the baseline from which
BACT is developed. BACT could be more stringent than NSPS, howéver, as
stated in 40 CFR 169(3) "... in no event shall application of “best
available control technology" result in emissions of any pollutants
which wil] exceed the emissions allowed by any applicable standard
established pursuant to Sections 111 or 112 of this Act.” In summary,
PSD/BACT requirements do not preclude the need for NSPS; rather, NSPS
defines the maximum emission level that BACT can allow,
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2.2 REGULATED POLLUTANT

In the proposed revisions (50 FR 46464), the Agency proposed to
change the regulated pollutant from SOy to SO7 for the standard with
add-on controls, but keep SOy as the begu]ated po]]utaht for the _
standard without add-on controls. Comments were received  only on the
proposed decision to keep SOy as the regulated pollutant for the |
standard without add-on controls. These comments and the Agency's
responses fol]ow.‘ ' ' .

Comment : v ,

Several commenters (IV-K-2, IV-K-6, and IV-K-8) suggested that EPA
use SO2 rather than SOy as the regulated pollutant for the standard for
SOy reduction catalysts. One commenter (IV-K-2) stated that other
refinery sources are only regu1atedkfor S0z and that EPA usually regu-
lated only SO2. This commenter questioned how an opacity standard
tested with an in-stack monitor could limit the emissions of S03.
According to the commenter, although SO3 condenses to acid mist upon
contact with the atmosphere, the continuous monitors'approved‘by EPA are
stack-mounted and monitor emissions before any atmospheric contact
occurs., | |

In another comment letter (IV-D-16), Commenter IV-K-2 stated
several points pertaining to the SO3 componént of the FCCU flue gas:

(1) The Federal Register notice claims that oxygen content may

substantially increase the S03 content of FCCU flue gas.
Although oxygen drives the reaction to sulfur trioxide, it

is only to the 0.5 power of oxygen content. Thus, the
effect is 1e$s than linear.

(2) SO3 typically is greater than 10 percent of the total SOy
emissions. This statement is based on test data reported
in the proposal BID and on the commenter's experience in
the refining industry.

(3) SOy reduction catalysts work best when the regenerator

operates to maximize the fraction leaving as S03.

Another commenter (IV-K-6) stated that preliminary data prévious]y
submitted to EPA from several SOy reduction catalyst trials at one of
their refineries indicate the SOy emissions have generally contained
only an insignificant amount of 303.‘ (This commenter noted that the
same result was also found without the use of SOy reduction catalysts.)
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Commenter IV-K-8 stated that by using SOp as the regulated
pollutant (1) the same monitoring technique (proven SO2 monitors) would
be used as is for add-on scrubber technology and (2) cost savings and
consistency and reliability of the sample results would be_gained.
This comménter also stated that emerging SOy reduction catalyst data
indicate that SO3 is unaffected by the catalysts; SOy reduction
catalysts control SOp, while allowing the percent, but not the total
amount of S03 to increase; and, therefore, SOy reduction catalysts do
not create a large excess of SO03.

Response:: . o ‘

The Agency has considered the arguments presented by the commenters
and reviewed the data available on the composition of SOy when using
SO, reduction catalysts. After this review, the Agency still believes
that the ﬁost appropriate regulated pollutant for SOy reduction
catalysts is SOy, not SOp. -

The Agency recontacted SOy reduction catalyst vendors to review
the mechahism by which SOy reduction catalysts reduce total SOy emis-
sions (seé Docket Nos. IV-E-19 and IV-EFZO). Contrary to what
Commenter. IV-K-8 states, the;SOX reduction catalyst vendors indicate
that SOy reduction catalysts preferentially remove SO3,'forming a metal
sulfate cbmpound that is much more stable than the metal sulfite com-
pound forhed when the SOp reacts with the catalyst. As the S0y reduc-
tion catalyst picks up more and more S03, the equilibrium balance is
disturbed. To regain equilibrium, more SOz becomes SO3. If the rate
of SO02 to SO3 is Tess than the rate of metal sulfate formation (503
plus metal oxide), then the S03 perceniage in the FCCU emissions will
decrease. On the other hand, if the S0z to S03 rate is faster than the
metal sulfate formation rate, then this SO3 percentage will increase.
To ensure maximum SOy removal efficiency, the owner or operator would
Tikely opérate a regenerator; to the extent posSib]e, in such 'a manner
that the SO, to SO3 rate is not limiting; that is, create conditions
within the regenerator that increase the SO3 percentage.

The Agency again reviewed the data on S02/S03 in regenerator
emissions, including that submitted by Commenters IV-K-6 and IV-K-8.
The Agency requested in the revised proposal that any data that were
available on this be submitted. Very 1ittTe data were submitted.
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The data base remains very limited and inconclusive. The Agency agrees
that the more recent data generally tend to have a lower percentage of.
SO03 than the earlier data. Some of the recent data still suggest, how- -
ever, that there is a potential for large amounts of SO3 to be emitted,
which would be undetected by a standard using SOp as the regulated
pollutant. Thus, regulating SO only will not necessarily reflect

the potential control -of SOy that can be obtained by SOy reduction
catalysts. ' . N ‘

The Agency agrees with Commenter IV-K-2 that transmissometers would
not measure uncondensed SO3 emissions in the stack. Opacity compliance
determinétions, however, are made through visible emissions reading of
. the plume opacity. Transmissometers are intended to show proper opera-
tion and maintenance of the particu]atercohtrol device. Some informa-
tion is available that indicates plume opacity is higher than in-stack
opacity when higher sulfur fuels are burned. Thus;‘it is the plume
opacity that is affected by the condensation of SO3 and, to the extent ‘
this condensation affects the ability of a source to comply with the
(plume) opacity standard, it may also help limit the emissions of
S03. The Agency requested, but did not receive, data on this possi-
bility. If sufficient data had been presented, then the Agency would
have considered changing the regulated bol]utant for FCCU's without
add-on controls from SOy to SOp so that SOp CEMS's could be used for
compliance determinations.

The Agency agrees that using SO2 as the regulated pollutant would
allow the same monitoring technique to be used as for add-on controls
and that cost savings would likely be gained. However, the Agency is not
having an S0 standard for FCCU's without add-on contro]s,‘and using
SO CEMS's will not necessarily yield more consistent and reliable
sample results than would keeping an SOy standard and using Method 8
sampling. There is no need or réquirement that the same monitoring
technique be applied to alternative standards. Each possible mohitoring
technique is evaluated on its own merit. The facts raised by Commenter
IV-K-2 that other refinery sources are regulated on]y for SO2 and that

EPA usually regulated only SO shed no 11ght on whether an SOx standard

is appropriate for this source.




2.3 DESIGNATION OF AFFECTED FACILITY

Comment: .

Several commenters (IV-D-1, IV-D-15, and IV-D-16) recommended a
broadening of the designation of the affected facility. Two commenters
(IV-D-1 and IV-D-15) stated that the FCCU reactor should be included
as part of the affected facility because of the dependency between
the reactor and regenerator. One commenter (IV-D-15) suggested that,
for an FCCU reactor using muitiple regenerators, the affected facility
should include the reactor and all of the regenebators serVing the
reactor, because it may be possible that SOy control systehs used on
muTtip]e regenerator systems are more efficient. Another commenter
(IV-D-16) recommended that the affected facility should include the
FCCU reactor, fractionator, and gas recovery unit. The commenter
stated that hydrocarbon streams recyc]ed'from the fractionator or gas
recovery unit are defined as “fresh feed" to'the affected facility.
Therefore, by increasing the amount of these low sulfur st?éams recycled
to the FCCU reactor, a refiner could circumvent the intentiof the feed
sulfur cutoff, because it would be easier to maintain a feedstock
sulfur content below the 0.30 weight percent sulfur level by recycling
these. |
Response:

The }ationale for selection of the affected facility was presented
in the préamb]e to the proposed standards (49 FR 2060). As stated in
the preamble, SOy are generated in and emitted from the FCCUAregenerator;
The designation of the regenerafor of each FCCU as the affected fagi]ity,
rather than the entire FCCU, would lead to bbinging replacement equip-
ment under these standards sooner and thus, wou]d adhere to the purpose
of Sect1on 111 of the Clean Air Act.

The EPA agrees that identifying each FCCU regenerator as the
affected facility for multiple regenerator conf1gurat1ons is unreason-
able. If only one regenerator in a multiple regenerator configuration
were to become subject to the standards, it would be 1mpo§sib1e in some
multiple ‘regenerator ducting arrangements to isolate and measure the
SOx content of the exhaust gases from the affected regenerator.
Furthermore, because the refiner would want to minimize the cost and
downtimeifor revamping work on the unit, it is unlikely that only one
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regenerator in a multiple regenerator configuration would be modified
‘or reconstructed without the others. Therefore, the affected facility
is now defined to include all regenerators serving an FCCU reactor.

" The proposed definition of "fresh feed" specifically excluded
those petroleum derivatives recycled within the FCCU. To ensure that a
refiner would not circumvent the feed sulfur cutoff by adding low-
sulfur content recycle from the fractionator and gas recovery unit,
EPA has revised the definition of “fresh feed" in the regulation. The
revised definition specifically identifies petroleum derivatives from
the FCCU, fractionator, and gas recovery unit as recycle, and thus
excludes them from the definition of "fresh feed."

Comment:

One commenter (IV-D-12) stated that the proposed standards should
not apply to Reduced Crude Conversion (RCC) processes or Asphalt Residual
Treatment (ART) units. The following justification was provided:

1. An FCCU processes clean gas oils while the commenter's RCC unit
processes asphalt-containing long residuum (reduced crude),
which has heavy metal constituents, high carbon residue, and
higher sulfur content. Consequent]y, RCC units may have a
very different catalyst design.

The refining objective for an RCC unit (residual upgrading) is
different from an FCCU processing distillate oils.

The ART process employs an adsorbent rather than a cracking
catalyst.

The ART process objective is minimal change in the feedstock
other than metals removal. It is a feedstock upgrading
process.

The ART and RCC units are operated under conditions critical to
residual upgrading. These units are designed and operated to
avoid undesirable secondary reactions. Control of heat release
is accomplished by multiple stage regenerat1on, limited carbon
burn, and catalyst heat exchange.

Response: ,
To upgrade residual feedstocks and to increase gasoline and middle

distillate product yields, new processes termed heavy oil cracking
(HOC), which includes RCC, and ART are being installed at refineries.
The HOC units are FCCU's that process residual and other heavy oil
feedstocks. As in a conventional FCCU, emissions occur as a result of
catalyst regeneration. -Emissions of SOy may, in fact, be greater from
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HOC units than from other FCCU's because HOC feedstocks have a higher
coke make rate than gas oil feeds, and because a greater pertion of the
sulfur in HOC feedstocks forms coke than that in gas oil feeds. The
EPA's anaﬁysis of SOy emissions, control costs, and cost effectiveness
for HOC units showed that the proposed standards for FCCU's are achiev- |
able and affordable for HOC units. The results of this anaiysis'were “ | N
presentedLin Appendix'F of the proposal BID. o ' ]
Emiseions, emission control, and control costs for the ART process 7
were further evaluated by EPA (see Docket A-79-09, item IV-B-17). The
differences stated by the commenter between an ART unit and an FCCU do
exist. The ART process does not employ a catalyst, but rather uses an :
inert microspheric contact material that collects contaminants. The ' g

objective of the ART process is feedstock upgrading, not processing,
and some of the operating conditions may vary significantly.

Nevertheless, important similarities in regenerator configuration,
operation, and emissions exist that warrant the regulation of an ART
unit under the FCCU NSPS. For both an ART unit and a conventional .
FCCU, regene"at1on is performed to burn of f coke from the catalyst or
contact mater1a] thereby restoring it for reuse in the unit. Opacity
and emissions of CO, SOy, and part1cu1ate from an ART unit regenerator
during normal operation are expected to be within the range of emissions .
from all ;ypes of FCCU regenerators, 1nc]ud1ng those on HOC's. The EPA
evaluated control feasibility and cost for an ART unit based on reported ¥
emissions}(see'Docket A-79-09, item IV-D-30), and determined that é
control of an ART unit by a scrubber was applicable and had a reasonable
cost. Based on a scrubber SOy efficiency of 90 percent, the scrubber
cost effectiveness calculated for the ART unit is below the range of ;
cost effectiveness expected for FCCU's. In addition, costs to control
CO emissions, if necessary, and particulate emissions are estimated to
be reasonable.

The similarity in emissions from the regenerator and the avail-
ability of control equipment at a reasonable cost indicate that the ART
unit regenerator can meet the FCCU standards. The facts that the
objective of the ART proceés is different than that of the'FCCU and .
that the material being regeherated is not a catalyst are not signif- - E
icant reaﬁons to support the contention that an ART unit should not be
subject tp the FCCU NSPS. Therefore, the proposed standards covered both
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ART and HOC units and the promu1gated standérds continue to require
that an ART unit, HOC, or any other similar type of fluidized bed
treatment unit regenerator achieve the FCCU particulate, opacity, CO,
and SOy standards. |

2.4 - FORMAT OF THE STANDARDS

Comment : . _ A
Several commenters (IV-D-3, IV-D-lO, IV-D-11, IV-D-14, and IV-K-12)
stated that EPA should establish a single SOy standard for FCCU's. The
reasons cited by the commenters for setting a single standard are: (1)
a single standard would allow refiners the options and flexibility of
determining the most cost-effective method of meeting that limit; and
(2) a single standard would comply with Section 111(h) of the Clean Air
Act which implies that the Administrator should prescribe a performance
standard rather than a work practice or equipment standard, where
feasible to do so. ‘

Response: ;
There are three techniques applicable to control FCCU SOy emissions:

”

(1) scrubbing of FCCU regenerator exhaust gases; (2) using SOy reduct ion
catalysts; and (3) using low sulfur FCCU feedstocks obtained by feedstock
hydrotreating or from naturaliy occurring low su]fur‘crudé oils. The
Clean Air Act requires EPA to develop standards of performance for new,
modified, and reconstructed FCCU regenerators that ref]ect the best
method of continuous emission reduction, considering costs, environmental,
energy, and nonair quality health impacts.

To develop SOy emission standards for FCCU's, EPA evaluated all
available techniques for controlling FCCU SOy emissions. Upon thorough
consideration of the availability, SOy emission reduction capabi1ity;
and impacts associated with each of these techniques, EPA determined
that scrubbing systems effectively control SO, emissions from all types
of FCCU applications, and represent BDT for FCCU SOy and SOp emissions.
However, for many FCCU applications, SOy emissions can be reduced
effectively by using SOy reduction catalysts or by using low sulfur
FCCU feedstocks thained by either hydrotreating high sulfur feedstocks
or processing nétura]]y occurring low sulfur crude oils. For the
sourées that can effectively and continuously reduce SOy emissions
without the use of add-on controls, EPA concluded it is reasonable to
" establish alternative standards.




The standard for add-on controls requires that the control
device ach1eve a 90 percent reduction in SOz emissions. The percent
reduct1on format was selected because it best reflects the performance
of add- on controls for all expected feed su]fur levels. This is ‘ ; :
cons1stent with Section 111(a)(1), which requ1res that the standard | '
reflect...application of BDT. A standard without add-on controls
also was established to allow refiners the flexibility to use SOy :
reduction catalysts, low sulfur feedstocks or a comb1nat1on of both g
techniques. Although these techniques may be less efFect1ve at reduc1ng :
Sox'emissions than scrubbers for some FCCU applications, they have lower
costs and smaller nonair environmental impaets'when compared to using a
scrubber.. The EPA judged that it is reasonable to give up some emission
reduction by establishing a standard without add-on controls in return
for the other benefits afforded by using SOy reduction catalysts,
hydrotreating, or low sulfur feedstocks instead of scrubbers. If a-
refiner believes that using SOy reduction catalysts, hydrotreating, or
low sulfur feedstocks for his particular FCCU application will not achieve
the standard without add-on controls, then the refiner can still
install and operate an add-on control dev1ce that achieves 90 percent %
reduction of S0 emissions.

The;standards are performaneelstandards and are consistent with
Section 111 of the Clean Air Act. Neither the add-on control standard
nor the standard for FCCU's without add-on controls specifies the
type of controls that must be used or exactly how the controls are to
be operated to achieve the standard.

Comment :

Several commenters (IV- D 2, IV-D—3, IV-D-10, and IV-D-11) stated
that the percent reduction format proposed by EPA for the standard with
add-on controls should be changed to an emission Timit format. "An
emission limit standard wou]@ simplify compliance and would allow a
refiner to control SOy emissions to a specific level rather than a
percent reduction, which is a moving target. |
Response: , '

Compliance with the percent reduction format requires conducting a
performance source test at both the inlet and outlet of the control
device. The EPA agrees that an emission limit format for the standard
for add-on controls would simplify compliance procedures by requiring
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source testing only at the control device outlet. However, this format
would not reflect the best level of control achievable by scrubbers.

As discussed above, 90 percent reduction represents BDT. An emission
limit format could result in greater emissions. A refiner may-per'ceive_'=
the percent reduction format to be a "moving target" because with a
percent reduction format there is no specific emission level that is to
be achieved at the control device outlet. Rather, the outlet emission
level will vary depending on the inlet concentration to the contfo1
device. The proposed monitoring requirements that specified a control
device outlet SOz monitor only may have contributed to the commenters'
opinion that it is difficult to operate a control device to achieve a
constant bercent reduction. With only a scrubber outlet 502 moniior,
the refiner had no means of monitoring the percent reduction achieved

by the control device. The EPA has changed the monitoring requirements
and continuous SOp monitors now are required at the inlet and outlet to
the‘control device (see Section 6.2). Consequently the refiner will
have the monitoring results available to determine the percent reduction
achieved by the control device. The percent reduction, calculated by

using the continuous monitoring results, thus becomes a fixed rather
than a moving target for refiners to achieve, ' ‘

Comment: .

Three commenters stated that the coke burn-off format proposed by
EPA for the standard for FCCU's without add-on controls is inappropri-
ate. One commenter (IV-D-9) stated that the coke burn-off format
allows no latitude for variation in coke sulfur content and will
discourage process improvements. The format penalizes refiners who
implement process improvements that increase yields of light products .
while reducing coke make because allowable emissions will be reduced,
perhaps to an unachievable level. The commenter suggested that EPA.
consider a sliding scale format that allows for variation in coke
sulfur content. A second commenter (IV-D-1) stated that the coke
burn-of f format was considered during the development of the South
Coast Air QUa]ity Management District (SCAQMD) Rule 1105, but it was
concluded that this format was inappropriate because coke burn-off
rates are not normally recorded and can change significantly. Instead
of a coke burn-off format, the SCAQMD rule uses a format expressed in
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terms of ki]ograms of SOz per thousand barrels of feed. A third com-
menter (IV-D-8) stated that a percent reduction format should be
adopted r?ther than a nonflexible limit of sulfur on coke.

Response: '

Basgd on a sensitivity ana]ysis'preéented in Appendix F of the
proposal BID, EPA concluded that the coke burn-off format relates j
well to normal fluctuations 1n‘SOX emissions'from.FCCU's processing a
variety of feeds. This is because SOy emissions are related directly
to the coke sulfur content. ;Norma1]y, FCCU's are operated to limit the
amount of coke that can'be burned off in the fegenerator. Process
improvemehts that reduce the coke make rate are made to allow the
refiner to process more feed;through the unit until the unit is again

limited ih the amount of coke it can burn off. An examp]e‘of a process .
improvement that results in reduced coke make is high temperature ‘g
regeneration (HTR). The initial réesult of HTR would be reduced SOy ]
emissions from FCCU's on a mass basis. However, SOy emissions in terms
of coke burn-off would remain the same because SOy emissions are
related tb the sulfur on coke. Thus, the refiner could increase
throughput until the unit is again coke burn-off limited and still be
within the standard even though emissions would increase. This format
offers greater refihing flex%bi]ity'than a mass of SOy per unit of feed
basis. The commenters provided no new information to refute this
conclusion. ‘ | i

A sliding scale format that allows for variation in coke sulfur | §
content would be difficult to enforce because the sulfur content of the
coke on catalyst is not readily obtainab]e.} For this reason, EPA
considers a sliding scale format unreasonable. ‘

The EPA considered a percent reduction format for the standard for
FCCU's without add-on controls. )This format would require the SOy |
reduction catalyst to reduce FCCU emissions by a set percentage. The
EPA did ﬁot select a percent reduction format because of compliance con- .
sideratidns. With SOy reduction catalysts, there is no uncontro]]ed
or in]etiSOx concentration to‘measure. Thus, it would be‘impossib1e to.
determine through stack testing the percent reduction being achieved by
the catalysts. An alternative method would be to estimate the percent
reductioh achieved by SOx reduction catalysts using‘EPA's correlation
for feed sulfur and SOy emissions. However, EPA's correlation represents
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an average for all FCCU's and feedstocks. While the correlation is
useful for analyzing the overall impact of the standards, inlet SOy
concentrations may be lower or higher than the level predicted by the
correlation for a specific FCCU and feedstock. Thus, the correlation
cannot be used on a case-by-case basis. The cost to develop a
séparate correlation for each feedstock and FCCU affected by the stan-
dards is unreasonable. Therefore, EPA concluded that use of a correla-
tion for determining potential uncontrolled SOy emissions is not
practité]. Because there is not a practical method for determining the
SOy inlet concentration when using SOy reduction catalysts, EPA did not
select a percent reduction format. | '

The EPA considers the coke burn-off format reasonable because of
its direct relationship to the sulfur-on-coke relationship. The
coke burn-off format is identical to the format selected for the NSPS
particulate standard; the coke burn-off rate can be recorded feasonably
and would be readily available. |

2.5 LEVEL OF STANDARDS

2.5.1 Level for Add-On Control Standabd

Comment : . _

Two commenters (IV-D-2 and IV-D-4) questioned the level of the
standard for add-on controls. One commenter (IV-D-4) stated that the
stahdard for add-on controls is excessively stringent. Another
commenter (IV-D-2) stated that the standard for add-on controls

should be 300 vppm rather than 50 vppm because a 300 vppm standard is
approximately equivalent to a 90 percent SOy reduction for most FCCU
applications. In contrast, three commenters (IV-D-1, IV-D-11, and
IV-D-18) stated that the standard is reasonable. One commenter
(IV-D-ll) stated that BDT for adﬁ}on controls at 90 percent by weight
reduction (or 50 vppm) is achievable. Another commehter (Iv-D-18)
stated that the options provided for achieving compliance with the
proposed standards are realistic when analyzed in terms of existing
industry processing and emission control practices.

Response: ‘ ‘
The standard for add-on controls requires that FCCU SOp emissions.
are reduced by 90 percent or to 50 vppm, whichever is less stringent..
The standard is based on test data that demonstrate that scrubbers can
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achieve 96 percent reductions in FCCU SOy emissions. The 503vppm
outlet concentration level was established because scrubber SOy removal
efficiency tends to decrease at low inlet SOy concentrations (see
Section 3}1 of this documeht). Therefore, the 50 vppm level is not ‘ {

intended to compare with the 90 percent level for most cases. : o
The EPA disagrees that a 300 vppm standard is equivalent to

90 percent reductions for most FCCU applications. Most FCCU's are

processing feedstocks with sulfur contents ranging from 0.3 to 2 percent

by weight; with corresponding uncontrolled SOy emissions ranging from

300 to 2,000 vppm. Fluid catalytic cracking unit SOx emissions when j

controlled by scrubbers would range from 50 to 200 vppm. Thus, a 300 :

vppm SOy emission standard would not compare to 90 perCent‘reduction in

most cases. In summary, a 300 vppm standard does not représent the level

achievab]é by application of BDT'and, therefore, was not selected as

the level for the standard for add-on controls. - |

2.5.2 Level of Standard for FCCU's Without Add-On Controls B

Comment : : :

Seven commenters (Iv-p-2, 1V-D-3, IV-D-6, IV-D-7, IV-D-8, 1v-D-9,
and IV-D-10) stated that the standard for FCCU's without add-on
controls should be set at 13 kg SOy/1,000 kg coke burn-off because:

(1) increasing the level to 13 kg SO0x/1,000 kg coke burn-off would

have a limited impact on ambient air quality; (2) 80 percent reductions
by SOy reduction catalysts are not supported by the limited commercial
tests cited by EPA; and (3) a 13 kg S04/1,000 kg coke burn-off emis-
sion 1imit would allow more refiners to use the catalysts rather than
add-on controls since SOy reduction catalysts afe the on]y,cbst-
effective and environmentally acceptable control alternative. Two
commenters (IV-D-6 and IV-D-10) added that an increase in the emission’
1imit should be made to account for the change in the éontho]]ed pollu-
tant from SOp to SOx. In contrast, two commenters (IV-D-1 and,IV-D-lS)
supported:the levels proposed by EPA. One commenter (1v-D-1) reported
that Phase II of the SCAQMD Rule 1105 is more stringent than the stan-
dard. Thé commenter stated that SOy reduction catalysts are expected
to be used to méet Phase II of the rule. Another commentér (1Iv-D-18)
stated that the emission reduction required by the standard is essen-
tially equivalent to the level of control required by the Texas Air
Control Board (TACB) to control FCCU SOX emissions.
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Response:
The EPA disagrees with the comment that SOy reduction catalysts

are the only cost-effective and environmentally acceptable control
alternative. The EPA determined, considering costs, environmental,:
energy, and nonair quality health impacts, that scrubbers effectively
control FCCU S0y emissions and are BDT. 'Furthermore, as an alternative
to using SOy reduction catalysts, refiners may use hydrotreating or low
sulfur feedstocks to achieve compliance with the 9.8 kg S04/1,000 kg
coke burn-off level. :
The level of the standard (9.8 kg S0x/1,000 kg coke burn-off)
was selected to allow refiners flexibility to use SOy reduction
catalysts with best currently avai]ab]é'performance, and to encourage
the further development of the catalyst technology. For many feed-
stocks, especially those with lower sulfur content, the emission
reduction needed to achieve the level of the standard is less than
80 percent; For example, a feedstock with 0.5 weight percent sulfur
would need approximately 50‘percent reduction in SOy emissions to
achieve the level of the standard. In response to the comments, EPA
contacted a number of companies known to be developing SOy reduction
catalysts to request updated information on the performance and avail-
ability of developmental SOy reduction catalysts. Based on a survey of
SOy reduction catalyst developers, current commercial SOy reduction
catalyst test data have been reported by the developers to reduce FCCU
SOy emissions by 65 to 75 percent. The test data reported by the
developers span a wide range of caté]yst performance; some data points
show catalyst performance as high as 90 percent. As the technology
continues to develop, refiners will be able to use the catalyst
technology to achieve the standard for a greater range of feedstocks.
Based on the results of SOy reduction catalyst tests, EPA believes

the Tevel of the standard for FCCU's without add-on controls is
reasonable. The determination of the level of this standard included
consideration of the benefits of SOy reduction catalysts and the
increase in SOy.emissions compared to the BDT of scrubbing. Because the
primary purpose of the standards is to reduce future FCCU SOy emissioﬁs,
and scrubbers can achieve cost-effective emission reductions, EPA
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concluded that it is not reaéonab]e to further increase allowable o ;
emissions by raising the ]eve] of the standard. : ‘

The EPA proposed standards regulating total FCCU SOy emissions %
because S03 can comprise a substantial portion of the FCCU SOy emis- .?
sions when SOy reduction cata]ysts are used, and the potential SOy
emissions from FCCU regenerators can be significant. Both SO» and
S03 are emitted from FCCU regenerators., Data from source tests indicate
that S03 hsua]]y comprises less than 10 percent of the total SOy emis-
sjons. However, with high excess air and certain types of catalysts or
catalyst additives, SO3 can comprise a substantial portion (up to 60 “ ¥
percent) of the total SOy emissions. The SOy reduction catalyst data
used by EPA to select the level of the standard are reported in terms
of total SOy emissions. Thus, EPA's choice for the level of the stan-
dard took into consideration that the controlled pollutant is SOy
instead of S03. | |

2.5.3 Feed Sulfur Cutoff

Comment : |

Two commenters (IV-D-4 and IV-D-11) stated that an arbitrary feed
sulfur cutoff of 0.30 weight percent sulfur is too restrictive. One
commenter (IV-D-11) wrote that a feed sulfur cutoff equivalent to 9.8 kg - f
S04/1,000 kg coke burn-off should be established. This would be o 1
accomplished by developing a correlation between feed sulfur content
and SOy production using test data. |
Response: |

The selection of the feed sulfur cutoff level of 0.30 weight
percent was not arbitrary. As was discussed in the preamble to the
proposed standards, the feed sulfur cutoff level was selected based on
consideration of the costs for application of scrubbers to control SOy
emissions from FCCU's proceséing lTow sulfur feedstocks, and the feed-
stock sulfur levels refiners are expécted to be proceésing if they
elect to use naturally occurring low sulfur feed or to hydrotreat high
sulfur feeds.

A corre]at1on between FCCU feed su]fur content and SOx emissions
is presented on p. 3-18 of the proposal BID. The correlation is
based on test data for a large number of FCCU's and feedstock types.
Based on?this correlation, an FCCU SO, emission level of 9.8 kg S0,/
1,000 kg coke burn-off corresponds to a feed sulfur level of
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approximately 0.3 weight percent. Thus; the feed sulfur cutoff level
established by EPA is approximéte]y equivalent to the standard for
FCCU's without add-on controls. There is no need for each refiner to
determine, on a case-by-case basis, a correlation between feed

sulfur content and SOy production. | |

2.6 AVERAGING TIMES

Comment : , |

Commenters (1v-p-2, 1v-bp-3, Iv-p-4, 1v-D-6, IV-D-10, IV-D-11, and
IV-D-20) stated that the averaging time for the standards should be
increased. Several of these commenters (IV-D-3, IV-D-6, IV-D-10, and
IV-D-11) stated that a 7-day averaging period for compliance would be
appropriate for the standards for add-on controls and for FCCU's
without add-on controls for the following reasons: (1) a 7-day
averaging time would be consistent with the averaging time for the feed
sulfur cutoff; (2) no process variables can be adjusted in a 3-hour
period to regulate SOé emissions when using SOy reduction catalysts;
and (3) 7 days would account for variation in SOp inlet concentrations
to the control device whereas 3 hours would not. Another commenter
(Iv-D-2) stated that the excess emissions averaging times should be
lengthened to 7 days for the same variability reasons. One of the
commenters (IV-D-11) stated that the averaging period for compliance
determinations should be set at 7 days with daily peaks not exceeding
13 kg SO4/1,000 kg coke burn-off. Two commenters‘(IV-D§4 and IV-D-20)
stated that the averaging period for the add-on control and 9.8 kg/
1,000 kg coke burn-off standards should be a rolling 30-day period.
Response:. ‘

Upon evaluation of the comments on variability, EPA agreed withvthe
commenters that the averaging time for compliance with the standards
for FCCU's with and without add-on controls should be lengthened.

The EPA assessed long-term variability by statistically analyzing the
continuous SO; monitoring data from an EPA study of a sodium scrubber
applied to an FCCU (see Docket A-79-09, item IV-B-S). Several of the
commenters pointed to this study as an example of the potential vari-

ability in scrubber inlet conditions due to variabi]ity in'FCCU opera-.
tion and feedstocks. The hourly percent reductions achieved by the




scrubber were used in a time series analysis to compare various

averaging times. For a given averaging time, the time series model
estimated;the minimum scrubber performahce level that would be expected
once in 10 years. ' ‘

The fesults of this analysis showed that 3 hours is too short to
ensure that exceedances of the standard would not occur due to normal
variability. However, with a 7-day rolling average, the minimum
performance level estimated once in 10 years was greater than the level
of the standard.  This result indicates that 7 days would adequately
account for normal variability in scrubber performance.

Becahse the SOy reduction catalyst technology is still in the
deve]opmehtal stages, there were no tests‘that were appropriate to use
for long-term analysis. However, EPA agreed with the comment that
7 days would allow a reasonable amount of time to adjust process vari-
ables after such changes as to a different feedstock, whereas 3 hours
would be ﬁoo short. Therefoke, EPA concluded that a 7-day averaging
time would be reasonable for both the standards for add-on controis
and for FCCU's without add-on controls. The EPA did not choose a
longer time because 7 days is long enough to eliminate exceedances of
the standard due to normal variation. The revised proposed standards
included a revision of the compliance averaging time from 3 hours to
7 days. Six commenters (IV-K-1, IV-K-3, IV-K-5, IV-K-6, IV-K-9,-and
IV-K~-10) all agreed with EPA's rgvision. No commenters disagreed.

Comment: |

Two commenters (IV-D-4 and IV-D-20) stated that the averaging
period for the feed sulfur cutoff should be a 30-day rolling average
period. The use of the 30-déy period would be appropriate because
a 30-day rolling average pericd is used for the fossil fuel-fired steam
generator NSPS.
Response:

Whenever practical, EPA determines NSPS regulatory requirements on
an individual source category basis. It is not appropriate to use a
30-day rolling average period for the FCCU feed sulfur cutoff standard
simply to copy the fossil fué]-fired steam generator NSPS. The
proposed‘7-day averaging period was selected by EPA after careful
considergtion of a range of averaging periods. A daily averaging time
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was judged by EPA to be too short to account for sampling variability.
~Also, a daily averaging time would constrain a hefiner's flexibility in
blending different types of féedstocks for processing in the FCCU. A
7-day averaging time would reduce sampling variability and increase
refiner flexibility in selecting the FCCU feedstock mix. However,
increasing the averaging time beyond a 7-day period would allow feed-
stocks with sulfur contents significantly greater than 0.30 weight
 percent to be processed in the FCCU during a portion of the sampling
period. Consequently, a refiner would be able to process high sulfur -
feedstocks without having to use any SOy controls. Therefore, EPA
selected the 7-day averaging period to allow reasonable flexibility
to the refiner for processing different sulfur content feedstocks.
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3.0 CONTROL TECHNOLOGY COMMENTS

3.1 SOy SCRUBBERS

Comment:

Two commenters (IV-D-5 and Iva-Q) challenged EPA's assessment of
the performance of scrubbers as applied to FCCU's. They stated that the
proposed standard for add-on controls is founded upon an insufficient
data base; that scrubber performance on FCCU's processing highér sulfur
feeds (2 percent or more sulfur) should be confirmed. One commenter
(Iv-D-9) wrote that there can be subtle differences amdng scrubber
feeds and chemical constituents cbntaining sulfur that affect scrubber
removal efficiencies. Thus, scrubber performance for boilers firing
high sulfur coal differs from scrubber performance for FCCU's processing
high sulfur feedstocks.

Response:

Scrubber SOy control is a function of the scrubbing liquor sorbent
and good contacting between the SOy-containing flue gas and the
scrubbing liquor. Based on éngineering judgment, scrubbers applied to
’ihigher SOx~-containing gas streams would be expected to operate as
well as those scrubbers applied to lower SOy-containing gas streams.
However, because scrubbers have not been applied to FCCU's processing
high sulfur feeds, none was available for testing by EPA to confirm
scrubber performance. Therefore, EPA compared the composition of FCCU
exhaust gases to industrial boiler flue gases to determine if the
performance of sodium scrubbers for industrial boilers is applicable to
FCCU's processing high sulfur feedstocks. This comparison showed that
the coke formed on the FCCU Céta]yst is a carbonaceous material similar
to the coal used in solid fuel-fired industrial boilers. The catalyst
coke is burned off the catalyst during regeneration by adding air to
the regenerator. The regenerétion process is thus similar to the
combustion processes that take place in boilers. Given the similar-
ities between catalyst coke and other\so]id fuels, the combustion
prqtess that takes place in the FCCU regenerator is expected to yield
exhaust gases that are similar to those derived from coal-fired boilers.
A comparison between FCCU regenerator exhaust gases and industrial
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boiler flue gases was presented in Table 4-3 in the proposal BID. The
comparison showed that the ranges in‘concentration of most FCCU regen-
erator exhaust gas constituents [nitrogen (N2), oxygen (02), COp, SOy,
nitrous oxides (NOy)] are simitar to the boiler flue gas éoncehtratiqns.
Scrubber 'systems installed on FCCU regenerators will thus experience
similar inlet concentrationsvas boi]er‘scrubber systems. The primary
difference between FCCU regenerator exhaust gases and boiler flue gases
is the particulate emissions. Boiler particulate emissions are higher
and composed primarily of f]y ash. Catalyst fines comprise the majority
of regengrator particulate emissions. In an industrial boiler application,
fly ash is typically collected upstream of a non-venturi type scrubber.
A similarjtype of scrubber applied to an FCCU would require particulate
control upstream from the'scrubbér. According to scrubber vendors ’ |
(refer to Docket A-79-09, item IV-J-6), the particulates that pass
through the particulate contro]\device would not affeét the design of
the scrubber regardless of the application. This is because catalyst
fines are no more erosive thén fly ash and neither type of particulate
would interfere with the scrubbing reaction. Thus, the difference in
particulates from an industrial boiler and an FCCU are not expected to
affect scrubber performance.: Hydrocarbon emissions from FCCU regenerators
may be higher than those from boilers. The pbesence of hydrocarbons in
the FCCU gas stream will not . affect scrubber operation or performance.
Due to the Tow solubility of'hydrocarbons in the aqueous scrubbing
liquor, the hydrocarbons will not be absorbed but pass through the.
scrubber to the atmosphere. Other differences in gas compositions are
minor and are not expected to invalidate the applicability of scrubber
systems for FCCU regenerators. }

The similarities in flue gas flow rates and characteristics
between industrial boilers and FCCU's (refer to Docket A-79-09, item
11I-B-21) and consideration of their differences support the reasonable
conc]usioﬁ that industrial boiler sodium scrubber performance is
applicable to FCCU's. Source test results for a sodium scrubber
applied to an industrial boiler burning a high sulfur fuel show that
sodium scrubbers can achieve at least 90 percéﬁt reduction in SOy emis-
sions at high inlet SOy concentrations (refer to Docket A-79-09, item
11-A-11)., Therefore, EPA has reached a reasonable conc]uéion that the
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FCCU standard is achievable and that scrubbers are applicable over the
expected range of FCCU regenerafor exhaust gas‘suifﬁr concentrations.

The commenter did not provide any information to show that
scrubber performance for industrial boilers would be different than
scrubber performance for FCCU's. Therefore, in consideration of the
above mentioned similarities, EPA believes that it is reasonable to
‘expect that scrubber performance for industrial boilers is applicable
to FCCU's. | |

Comment :

One commenter (IV-D-16) asked if thé licensor of the sodium
scrubber system currently applied to FCCU's will guarantee 90 percent‘
SOy removal as opposed to SO2 removal.

Response:

Since proposal, the regulated pollutant has been changed to SO5.
‘As discussed below, 90 percent SOy reduction has been guaranteed,
and thus SOz removal would similarly be guaranteed. .

Sodium scrubbers applied to FCCU's are venturi-type scrubbers
designed to achieve high levels of SOy emission reduction. Exxon
Research and Engineering (ERE) is the licensor of all sodium scrubbers
curfent]y applied to FCCU's. The EPA test results for the ERE scrubber
system show that the scrubbers have achieved SOy control efficiencies
in excess of 95 percent (see Docket A-79-09, items II-1-42 and II-1-50).
The ERE has guaranteed SOy control efficiencies of 90 percent for the
scrubbers it has installed for other refining companies (See Docket
A-79-09, items 1I-D-41 and II-D-95). However, ERE states that at low
inlet concentrations (less than 500 vppm), SOy removal decreases. Due
to sampling and pbocess fluctuation, a minimum outlet concentration of:
50 vppm is reasonable (see Docket A-79-09, items II-B-10 and II-D-SO)'
and is included in the standard.

The EPA contacted other sodium scrubber vendors for information
regarding thé applicability and performance of non-venturi type scrub-
bers (spray tower or tray tower scrubber designs) to FCCU's. . These
vendors reported that non-venturi type scrubbers installed to control
FCCU SOy emissions at a location downstream from a particulate control
device should achieve at least 90 percent reductions in SOX emissions
(see Docket A-79-09, item IV-J-6). Based on these responses, EPA
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believes that, besides ERE, other sodium scrubber vendors will guarantee |
90 percent SOy removal in FCCU applications.

Comment :

One commenter (IV-K-2) stated that EPA does not have the author1ty
to issue an NSPS because no add- -on control device for sulfur oxide
emissions has been adequately demonstrated. The commenter made this
claim by maintaining that if  "a 3-hour .averaging period is too short
to ensure that exceedances of the proposed standard would not occur due
to normal FCCU or control system variability," then tests of this dura-
tion would not prove the adequacy of add-on controls for sulfur oxide
emission§. In that event, the commenter noted, the Agéncy‘has no data
proving the adequacy of devices to lower FCCU SOy emissions, since "all
the data in the BID Append1x C are for short periods."

Rquonse.

Since the standards were originally proposed, the Agency changed
the regulated pollutant from SO, to SOp for add-on controls. Even
if the regulated pollutant for the standard for add-on controls were
still SOy, the Agency disagrees that the lack of long-term SOy emis-
sion reduction data fails to support a conclusion that scrubbers have
been adequately demonstrated: for SOy emissions. [Appendix C does
contain long-term (12 day) ﬁést data for SOp.] The Agency believes
that the ability of well-operated and maintained scrubbers in each
of the short-term tests to attain well over 90 percent SOX‘emission
reduction supports a scrubber's ability to attain at least 90 percent
SOy emission reduction over a 7-day period, because a 7-day averaging
period gives refinery operators more time to correct minor problems in
scrubberjperformance and adjust process variables, such as feedstock
changes, whereas a 3-hour period does not. Thus, the Agency disagrees
with the commenter's conc]us1on, and believes that add- on controls
are adequate]y demonstrated for SOx emissions.

Comment :

One tommenter (1IV-K- 12) stated that EPA's reliance on flue gas
scrubbers for effective SO3 reduction is not warranted The commenter
added that the company has test data, available to the Agency upon
request, that indicate that 503 percent removal from scrubbers on oil-
fired steam generators at a western production field is very low, while
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S02 percent removal is much higher. According to the commenter,
scrubbers are known to be less effective for submicron particulates,
although they are efficient for SO, and particulate removal.
Response: | , ,

The Agency appreciates the concerns expressed by the commenter
that flue gas scrubbers are not effective for control of SO3 emissions.
The EPA agrees that scrubber systems may not be as effective in
controlling SO3 as in controlling SO2. However, as shown in Appendix C
of the BID, data on SO3 removal by scrubbers on FCCU regenerators
indicate that SO3 removal efficiency can be substantial (80 to 99
percent). This appears to contradict, as pointed out, the commenter's
data from scrubbers on oil-fired steam generators showing "very low"
SO03 removal. The Agency does not believe this apparent contradiction
‘needs to be resolved for this rulemaking, although it is likely due
to differences in scrubber design. Although possibly not as low as
indicated by the commenter for all regenerators, SO03 constitutes a
small portion of total SOy fromtregenerators using add-on controls.
Thus, the potential adverse environmental impact, even if scrubber
efficiency for SO3 removal is actually “very low," will be veby small.
Thus, the Agency believes that the decision to use S0o as the regulated
pollutant for regenerators with add-on controls is still appropriate.

Comment: :

One commenter (IV-D-7) stated that flue gas desulfurization (FGD)‘
systems (i.e., scrubbers) have poor operability. Scrubber shutdowns
would result in more frequent FCCU shutdowns, reducing refinery
profitability and the nation's refining capacity.

Response:

At proposal, sodium scrubbing systems had been effectively applied
to seven FCCU regenerators at five refineries to control SOy emissions.
These seven FCCU regenerators represent 11 percent of nationwide FCCU
processing capacity. Since proposal, to the Agency's knowledge, two
other scrubbers contro]]fng FCCU's at two refineries have begun opera-
tion. There is no information to show that the operation of these
sodium scrubbers has increased FCCU shutdowns, reduced refinery capacity,
or reduced refinery profitability. The commenter provided no data to
support his claims. The sodium scrubbers applied to FCCU's have operated
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continuously with no failures between FCCU turnarounds (see Docket
A-79-09, item II-B-10). Thus, EPA continues to believe scrubbers are
an effective control method for reducing FCCU SO0y emissions.

3.2 SOy REDUCTION CATALYSTS o ‘ | | ;

Comment: : .
Commenters (IV-D-2, IV-D-7, IV-D-8, IV-D-Q, and IV-D-10) stated
that SOy reduction catalysts are not demonstrated and cannot achieve
80 perceﬁt reductions in SOy emissions. Three commenters‘(IV-D—Z,
IV-D-9, and IV-D-10) argued that EPA's data on 80 percent reductions in
SOx emiséfons are based on "ideal" feedstocks which are not representa-
tive of many refinery operatfons. One commenter (IV-D-7) pointed out
that SOy reduction catalysts-wii] reduce a refiner's flexibility in
selecting FCCU cracking catalysts thereby affecting FCCU efficiency in
processing a variety of feedstocks. Another commenter (IV-D-9) stated
that: (1) the thoroughness of contact between the SOx reduction
catalyst and regenerator gases determines the max1mum achievable SOy
control; (2) innovations in regenerator technology that reduce regen-
erator catalyst inventory will reduce contact time and thereby nega-
tively affect SOy reduction catalyst capabi]ity§ (3) FCCU regeneration
efficiency deteriorates over the course of a 2- to 3-year period, and
this deterioration, which may affect the performance of SOy reduction
catalysts, is not addressed by any existing commercial test data; and
(4) the impact of feedstock sulfur content and composition on SOy
reduction catalyst effect1veness has not been fully recognized, and -
could impede applicability of the cata]ysts at moderate feedstock
sulfur 1eVe]s.

Response:!

The EPA considers SOy reduct1on cata]ysts to be an emerging
technology. The standards allow for their use and thereby encourage
their further development. Current catalysts show promising results.
According to SOy reduction catalyst developers, current SOy reduction
catalysts can achieve SOy emission reductions of 65 to 75 percent (see
Section 2.5.2). Concerns and uncertainties about catalyst performance
remain because the technology is not fully deve1dped at this time.
Developers of SOy reduction catalysts report that optimum performance
of SOy reduction catalysts is achieved when: (1) the FCCU is operated
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in the complete CO combustion mode with an excess oxygen content of 1.5
to 2.0 percent by volume in the FCCU regenerator exhaust gas; (2) FCCU
regeneration temperatures are maintained as low as possible while
maintaining complete CO combustion; and (3) good contact is maintained
between the SOy reduction catalyst and combustion air within the regen-
erator (see Docket A-79-09, item IV-B-9). Thus, it is possible that
operating restrictions may prevent some refiners from achieving the
standard for FCCU's without add-on controls using SOy reduction cata-
lysts only. In these cases, the refiner can achieve the standards by
using hydrotreated or low sulfur feedstocks, either alone or in
combination with SOy reduction catalysts, or by scrubbing.

Comment :

One commenter (IV-D-1) stated that recently completed studies show
that SOy reduction catalysts are capable of achieving the necessary SOy
reductions such that FCCU's operating at refineries located in Southern
California can achieve Phase II of Rule 1105 of the SCAQMD regulations
(60 kg S05/1,000 barrels of feed).

Response:

Phase II of Rule 1105 is more stringent than the standard for FCCl's
without add-on controls proposed by EPA. The commenter's indication
that SOy reduction catalysts used in FCCU's located in Southern California
are expected to achieve an emission limit more stringent than this standard
supports EPA's determination that, in many cases, the SOy reduction
catalysts can achieve the level of the 9.8 kg S04/1,000 kg coke burn-off.

3.3 LOW-SULFUR FEEDSTOCKS

Comment :

One commenter (IV-D-16) stated that the proposal BID did not
consider using virgin feedstocks that naturally contain low sulfur as
a control technique for FCCU SOy emissions. The commenter recommended
that the standards be reevaluated with consideration given to whether
the proposed standards will have any impact because of the probable
diversion of low-sulfur feedstocks to affected facilities. The com-
menter suggested that EPA calculate an "avoidance cost" for refiners
using low sulfur FCCU feedstocks.
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Response:, -
The proposal BID did not evaluate the exclusive processing of

Tow sulfur virgin feedstocks as a control alternative for reducing FCCU
SOy emissions. At the time the proposed standards were being developed,
refiners in the United States were experiencing limited supplies and
high prices for low sulfur féedstocks and crude oils. As a consequence,
new process units were instai]ed at many refineries in ordér to allow
the processing of high sulfur crude oils. Thus, EPA did not believe
that low sulfur feedstocks would be a cost-effective alternative to
achieve these standards. The proposed standards, however, provided a
feed sulfur cutoff. The EPA recognizes that low sulfur virgin feed-
stocks are one means a refiner may choose to achieve compliance with
either the standard for FCCU's without add-on controls or feed sulfur
cutoff. At present, the availability of low sulfur crude oils has
improved and crude oil prices have significantly declined from the peak
1980 prices, but not all refiners will choose to limit FCCU processing
to low sulfur virgin feedstocks. Many refiners are currently proces-
sing crude oils containing 1 to 2 percent sulfur. Furthermore, the
potential exists that refiners will be processing higher sulfur content
crude oils within the next 5'years. Therefore, EPA expects that most
refiners will use SOy reduction catalysts, hydrotreating, or scrubbers
to achieve these standards.
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2 percent and that the median value of the feedstock sulfur content was
0.6 percent. |
Response ::

The EPA developed model plants based on current industry practices
and on projected refining trends over a 5-year period. At the time the
model plants were deve]oped,imany refining companies were developing
and putting in place "bottom-of-the-barrel" refining to allow the pro-
cessing of higher sulfur feedstocks than currently practiced by the
industry. Model plants were;se]ected to span the range of possible
feedstock sulfur contents including “"bottom-of-the-barrel" refining.
The EPA recognizes that most refiners currently are processing feed-
stocks containing up to aboui 2 weight percent sulfur, butAthe potential
exists that FCCU's (especially HOC's) will be processing higher sulfur
feedstocks within 5 years. Thus, although the 3.5 weight percent
sulfur model plant may not reflect current industry practice, a reason-
able potential exists that spme FCCU's will be processing during the
next 5 years feedstocks containing greater than 2 weight percent sulfur.
Therefore, it is reasonable to include the 3.5 weight percent sulfur
model plant in the impact ané]yses.

Comment:

One commenter (IV-D-16) asked why environmental, energy, and
economic impacts for calcium-based scrubbers were omitted from the
proposal BID.

Response:

Theianalysis of various scrubbing systems presented in Chapter 4
of the proposal BID was not meant to be all inclusive. The environ-
mental, energy, and economic impacts for calcium-based scrubbers applied
to FCCU's were not analyzed in the proposal BID because if a refiner
does not use a sodium scrub@er to achieve the standards, EPA expects
that the'refiner would choose either a dual alkali or a regenerable
scrubber.system. However, a refiner could choose to use a calcium-based
scrubber to achieve these standards.

4.2 WATER IMPACTS

Comment : -
Five commenters (IV-D-4, IV-D-5, IV-D-7, IV-D-16, and IV-D-20)
stated that the waste disposal aspects of the proposed standards are
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more complex than shown by the analysis presented in the proposal BID.
One commenter (IV-D-16) stated that no inland refiner would be able to
obtain a permit for the discharge of wastelliquids from sodium
scrubbers. This commenter noted that sodium scrubbers have been used
only where oceans or large rivers could be used for disposal. The
commenter requested that EPA show that inland refineries could receive
discharge permits under Federal regulations. Another commenter (IV-D-5)
stated that refineries not located near large bodies of water would
need to install expensive additional wastewater treatment systems to
meet permitted discharge levels. This commenter cited the costs for
replacement of a fly ash pond for a Wellman-Lord scrubber used at a
power plant, and stated that settling ponds can be expected to receive

scrutiny under the Resource Conservation and Recovery Act (RCRA).

Response:
The EPA agrees that the waste disposal aspects associated with

application of scrubbers are complex. However, it is EPA's judgement
that sodium scrubbers or other types of scrubber systems can be instalied
and operated at reasonable costs for refineries at inland locations.

The petroleum refining effluent guidelines (40 CFR 419) technically
apply to all wastewater from air pollution control devices when these
wastes are treated with the main refinery wastewater or are discharged
from the main refinery wastewater treatment system. The costs for the
treatment of these wastes are accounted for under the Part 419 reguia-
tions. If the scrubber wastes are processed, treated, or discharged
separately from the main refinery wastewater collection, treatment, or
disposal system, then case-by-case determinations would be made to
regulate them. However, the major polluting characteristic of the
treated sodium scrubber wastestream is its high dissolved solids content,
about 6 percent solids by weight, which consists primarily of sodium
sulfates. There are currently no Federal regulations applicable to the
dissolved solids content of the sodium scrubber wastestream. Instead,
limitations on dissolved solids, where appropriate, would be developed
on a case-by-case basis, outside of the Federal effluent guidelines.
Such limitations would be based on whether the receiving water body can
accommodate a discharge and still comply with a State's water quality
standards. The EPA's Quality Criteria for Water specifies a maximum
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dissolved solids content of ﬁOO mg/1 in fresh water. Sodium scrubber
wastes are produced at the rate of 0.19 to 0.38 m3 per minute. Unless
the receiving water body has sufficient flow for dilution, its dissolved
solids content will exceed the water quality criterion downstream from
the sodium scrubber discharge point.

For many refineries, the sodium scrubber wastewater would constitute
a small portion of the tota]frefinery wastewater flow. Therefore, the
dissolved solids content of the combined scrubber and treated refinery
wastestreams may be within acceptable levels. A permit may be issued
for the discharge of sodium scrubber wastes to a publicly-owned treatment
works (POTW) by way of a sewer if the POTW receives sufficient total
wastewater flow from the munﬁcipa]ity it serves such that the scrubber
wastestream dissolved so]ids;are diluted to acceptable levels.

At proposal, there were seven sodium scrubbers operating to control
SOx and particulate emissions from FCCU's. A1l seven sodium scrubbers
are located at coastal locations. Since proposal, to the Agency's
knowledge, two other scrubbers controlling SOy and particulate
emissions from FCCU's have begun operation. At least one of these
discharges to salt or brackish water. No requirements exist for the
discharge of sodium scrubber wastes to brackish or salt water. Disposal
to brackish or salt water or discharge to a sewer will not be available
to all refiners in inland locations. This was acknowledged by EPA in
the proposal preamble. Where permits are unavailable for direct
discharge?to surface waters 6r sewers, other wastewater disposal
methods may apply. These other disposal methods include evaporative
ponding, deep-well injection, and recycle. Evaporative pdnding is
limited to those western States where evaporation exceeds precipitation.
Deep-well injection is of limited applicability due to the hazards of
groundwater contamination in'many parts of the United States. 1If a
refiner elects to install a sodium scrubber but cannot obtain a dis-
charge permit, he will need to use one of these disposal methods. The
added cost of these disposal methods would be greater than the disposal
cost used for EPA's cost estimates. However, other scrubber systems,
such as dual alkali, are available to meet the standard for add-on
controls at reasonable cost.
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Sodium scrubbers have been used extensively at inland locations to
control SO, emissions from industrial boilers. From a total population
of 47 sodium scrubbers currently applied to industrial boilers, 5 dis-
charge to a sewer, 9 discharge to surface water, 23 use ponding, 7 use
deep-well injection, and 1 uses recycle to dispose of the wastestream.
Therefore, it is possible for a refiner at an inland refinery location
either to obtain a permit to discharge sodium scrubber wastes to surface
water or sewers, or to use another means to dispose of the liquid wastes.

As mentioned above, other SOy scrubber systems with minimal
wastewater impacts are applicable to FCCU's at a reasonable cost.

These include dual alkali and spray drying scrubbing, which have no
significant liquid wastes but instead produce solid wastes; or Wellman-Lord
and citrate scrubbing, which have no significant liquid wastes and
produce a salable sulfur product. These scrubbing systems have demon-
strated removal efficiencies of 90 percent on industrial boilers (see
proposal BID, Chapter 4). Due to the similarities between industrial
boiler and FCCU flue gases (discussed in Section 3.2), these scrubbing
systems are applicable to FCCU's. The costs and cost effectiveness of
these scrubbers were evaluated by EPA in the proposal preamble (see
proposal BID, Chapter 8), and again for dual alkali scrubbers in response
to these comments (see Docket A-79-09, item IV-B-15) and are judged to
be reasonablie. Table A-8 in the Appendix to this volume provides
dual alkali scrubbing costs developed since proposal. Alternatively,
the refiner may choose to demonstrate compliance with the standard for

- FCCU's without add-on controls by using hydrotreating or SOy reduction
catalysts, or by complying with the feed sulfur cutoff using Tow sulfur
feedstocks.

The sodium scrubber wastewater contains catalyst fines removed

from the FCCU regenerator exhaust gas. These catalyst fines are removed
from the wastestream in a settling pond. Eventually, these catalyst
fines would be removed trom the settling pond and disposed of in a
landfill. Currently, catalyst fines are collected in electrostatic
precipitators (ESP's) to meet the FCCU particulate NSPS, and are disposed
of in landfills. Catalyst fines, when removed from the settling pond,
will be wet and will include dissolved sodium salts such as sodium




sulfate,%su]fite, and bisu]fite. However, neither catalyst fines nor
scdium salts are reactive iﬁ water and do not create a leachate problem
1ike coal fly ash. Therefore, the SOy NSPS will not affect the method
selected for disposal of catalyst fines. Thus, it is doubtful that a
catalyst fines settling pond would fall under RCRA.

Comment :

One commenter (IV-D-20) agreed with EPA that single alkali scrubbers
may not be applicable in inland refinery locations or areas where water
availability or wastewater discharge is restricted. In support of this,
the comménter provided an e%ample calculation showing the impact of
sodium scrubber blow-down on refinery wastewater quality, and stated
that such a high level of total dissolved solids in the blowdown would
seriously reduce the effici@ncy of the activated sludge plant, leading to
high dissolved solids in the receiving waters. The commenter stated
that the high dissolved so]ihs impacts on receiving waters would
necessitate the installation of dual alkali scrubbers.

Response: ,

As discussed above, EPA agrees that the potential impact that high
dissolved solids from sodium scrubbers would have on receiving waters
may, in certain cases, necessitate use of another control technique,
such as a dual alkali scrubber. However, it is EPA's opinion that the
sodium scrubber will not negatively affect a refinery's wastewater
treatment plant.

The EPA's analysis of spdium scrubbers presented in the proposal
BID includes the cost of wastewater treatment facilities. These facil-
ities 1n¢1ude a settling pond for removal of catalyst fines and an
aeration basin to reduce the chemical oxygen demand of the wastestream.
By using these wastewater treatment faci]ities, the scrubber waste-
stream does not need to pass through the refinery's main wastewater
treatment plant. If the treated effluent from the sodium scrubber
wastewater treatment faci]ity is mixed with the treated effluent from
the refinery's main wastewatér treatment plant, the refinery's main
wastewater treatment plant will not be affected.




4.3 SOLID WASTE IMPACTS

Comment :

One commenter (IV-D-16) questioned two statements presented in
the preamble to the proposed standards that pertained to solid waste
impacts. The commenter asked why sodium scrubbers would have no added
cost impacts for solid waste disposal and why the preamble states that
sodium scrubber waste is 50 percent water by weight. Since the waste
is 50 percent water, the commenter reasoned that the waste disposal
costs should be twice as much. Another commenter (IV-D-7) wrote that
the proposed standards do not adequately address the solid waste impacts
of scrubber systems. According to the commenter, scrubber systems could
greatly increase the amount of solid waste generated by a refinery and
disposal costs would rise accordingly, if disposal locations are available.
Response: ‘

The sodium scrubbing systems that are currently applied to FCCU's
control both particulate emissions as well as SOy emissions. With this
type of scrubber, an additional particulate control device would not be
required to achieve the current particulate standard. Control of FCCU
particulate emissions (primarily catalyst fines) by a sodium scrubber
does not incrementally increase the dry weight of solid waste over
control by a dry particulate control device, such as an ESP. Therefore,
the amount of particulates collected by the sodium scrubbers are not
“chargeable” to the SOy standards. However, solids collected in a
scrubber would be wet and, thus, weigh more and encompass a larger
volume. It will cost more to transport and dispose solids collected in
a scrubber to a landfill than dry solids. The increase due to the
amount of water added to the solids is "chargeable" to the SOy stan-
dards and is included as a "solid waste" cost in the analysis of sodium
scrubber costs. In addition, a "liquid waste" disposal cost was added
as a conservative estimate of the costs to dispose treated liquid
scrubber waste to the sewer (see Section 5.1 of this document).

In order to determine the additional solid waste disposal cost due to
the water contained in settled scrubber solids (sludge), it was necessary
to determine the percent solids content of the scrubber solids. However,
to date, none of the settling ponds used for sodium scrubbers applied
to FCCU's has been emptied. Thus, EPA has no information regarding the
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water content of settled particulates (sludge) collected by a sodium
scrubber. Instead, EPA has information regarding the solids content of
wastes for other scrubbing systems, such as dual alkali scrubbers. For
these other systems, scrubber waste is typically 60 percent solids.

To be conservative, EPA assumed that the settled sodium scrubber waste
would be approximately 50 percent solids, by weight. The EPA believes
that sodium scrubbers would not significantly increase the amount of
solid waste generated by a refinery.

Other types of nonregenerable scrubber systems, such as dual
alkali, spray drying, or lime/1imestone scrubbers, produce a greater
quantity of solid waste with little liquid discharge compared to
sodjum scrubbers. A dual alkali scrubber controlling SOx emissions
from an FCCU processing a 1.5 weight percent sulfur feedstock will
produce approximately 7,700 Mg/yr of solid waste for a 2,500 m3/stream
day (sd) FCCU and 25,000 Mg/yr for an 8,000 m3/sd FCCU. The EPA
considers the solid waste impacts for these systems reasonable. Should
solid waste disposal not be possible, the refiner would need to
consider control techniques that do not produce solid waste. These
include using regenerable scrubber systems (e.g., Wellman-Lord or
citrate scrubbers which produce salable sulfur products), hydrotreating,
SOx reduction catalysts, or the purchase of low sulfur feedstocks.

Comment :

One commenter (IV-D-4) stated that the proposed standards
discourage the recovery of reusable material by imposing sodium
scrubbers which consume large quantities of raw materials and produce
other less desirable wastes. Each megagram of SO» scrubbed will con-
sume 1 Mg of sodium hydroxide. The waste is a potential surface and
groundwater contaminant,

Response:

The EPA disagrees that ihe proposed standards discourage the
recovery of sulfur. The standard for FCCU's without add-on controls
allows the use of hydrotreating or SOy reduction catalysts. With both
of these control technologies, sulfur removed from the FCCU feedstock
or from the regenerator is eventually reclaimed as a sa]able product in
the refinery sulfur plant.
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The amount of sodium hydroxide consumed by sodium scrubbers is
approximately 1.15 times the amount of SOy in the gas stream passing
through the scrubber. The EPA evaluated the impacts of secondary pollu-
tants resuiting from the application of scrubbers and determined that
these impacts are reasonable. The water impacts of scrubber wastewater
discharge are discussed in Section 4.2 of this document, and the cost
impacts are discussed in Section 5.1 of this document.

Comment : ,
One commenter (IV-D-16) stated that according to the preamble,
SOy reduction catalysts are not expected to have a solid waste impact.
By dividing the nationwide fifth-year cost for SOx‘reduction catalysts
($20 million/yr) by the reported cost of the catalysts ($1,800/Mg), the
commenter determined that the use of SOy reduction catalysts would
increase FCCU solid waste by 11,000 Mg/yr.
- Response: ‘

The EPA does not believe that the use of SOy reduction catalysts
would result in a significant increase in FCCU solid waste for the
reasons discussed below. When used as an additive, SOy reduction
catalysts replace from less than 5 and up to 10 percent of the circulating
catalyst inventory (see Docket A-79-09, items II-D-57 and IV-D-24).

One of the catalyst developers stated that, due to the softness of
their SOy reduction catalyst (an additive), its makeup rate is greater
than that for the cracking catalyst. The developer reported that this
may result in an increase in solid waste of up to 40 percent. Based

on recent tests by another developer, solid waste increases of less
than 5 percent are anticipated for the newer SOy reduction catalyst
formulations because these are much harder than earlier formulations.
The EPA believes that it would be in the catalyst developers interest
to produce a harder reduction catalyst because a harder formulation
would have a lower makeup rate and therefore, most likely cost less to
use than a softer one. Other recently developed catalyst formulations
incorporate the SOy reduction catalyst as a constituent of the cracking
catalyst and consequently, SOy control can be accomplished without
increasing the total quantity of cracking catalyst used in the FCCU
over a period of time. In this case, SOy reduction catalysts would not
increase particulate emissions or solid waste. In summary, whether
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the SOy reduction catalyst i$ in the form of an additive or a consti-
tuent of the cracking catalyst, it is unlikely that the use of newer
SOy reduction catalyst formulations would significantly increase FCCU
solid waste over current levels.

4.4 ENERGY IMPACTS

Comment:

One commenter (IV-D-5) stated that the scrubber electric require-
ments presented in the proposal BID are too low. Instead of the 0.2 to
2 percent increase in electric consumption estimated by EPA, the com-
menter stated that an increase in FCCU energy consumption of 100 percent
would be more realistic. The commenter operates a Wellman-Lord scrubbing
system to control SOy emissions from a utility boiler. The commenter
stated that energy usage for the scrubber is 10 MW compared to the
0.166 MW energy usage estimated by EPA for an 8,000 m3/sd model plant.
The higher energy usage is due to the use of booster blowers necessary
to pressurize the flue gas in order to move the gases through the
Wellman-Lord scrubber, especially following a CO boiler.

Resgonse:' :

The EPA reevaluated its estimate of the electrical energy
requiremehts of we11man-Lordfscrubber systems. The gas stream leaves
the FCCU regenerator at a higher pressure than the flue gas exiting a
boiler. As a result, less energy is required to move the FCCU regenerator
exhaust gas through a Wel1maﬁ-Lord system or other scrubber system than
the energy used for a boi]eréapplication. Therefore, scrubber energy
requirements should be 1ower:for an FCCU application than for an indus-
trial or utility boiler app]ication. The Wellman-Lord system energy
requirements presented in the proposal BID are based on an FCCU
operating with high temperatqre regeneration instead of a CO boiler.

The EPA expects the majority of new, modified, and reconstructed FCCU's
to operaté with high temperaﬁure regeneration. Consequently, EPA
believes that the estimate of the electrical energy requirements of
Weliman-Lord scrubber system;presented in the proposal BID is reasonable.

The energy 5mpacts reported in the proposal BID are based on the
energy requirements of sodium scrubbers rather than Wellman-Lord systems
because sodium scrubbers are the only scrubber systems that have been
applied to FCCU's and they are the systems EPA expects most refiners to
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install to achieve the standard for add-on controls. The commenter
provided no information regarding sodium scrubber energy requirements.
Therefore, EPA did not revise the energy impact of sodium scrubbers.
The EPA does acknowledge that an FCCU owner or operator choosing to use
a Wellman-Lord system may experience greater energy impacts than if one
chooses to use a sodium scrubber.

4.5 AIR IMPACTS

Comment :

Four commenters (IV-D-3, IV-D-6, IV-D-8, and IV-D-16) questioned
the appropriateness of using scrubbers if they increase ground-level
SOy concentrations. One commenter (IV-D-3) wrote that controlling FCCU
SOx emissions to a Tevel below a 13 kg S0y4/1,000 kg coke burn-off level
would only bring about a small decrease in a ground-level impact, an
impact that is already quite small. If control to a level below
13 kg S04/1,000 kg coke burn-off is accomplished by scrubbing, the
cooling of the exhaust gas would lower the plume rise, thereby diminish-

ing the small air quality benefit, or in some cases, cause a net increase

in ground-level concentration. A 13 kg S0,/1,000 kg coke burn-off
level would reduce the air quality benefits of the proposed NSPS little,
if at all.

Another commenter (IV-D-16) suggested that EPA require reheating
the scrubber exit gases to reduce ground-level concentrations and to
include reheat in the sodium scrubber cost analysis. This commenter
stated that the flue gas temperature used in the modeling is below the
sulfuric acid dew point (200°C). The commenter suggested a stack
temperature of 260°C and a flue gas exit velocity of 15.3 m/s. The
commenter further suggested that stack heights and exit velocities
reported for the modeling of Regulatory Alternative I are distorted.
Response:

~ Scrubbing a gas stream lowers the temperature of the gas stream.
Uniess the gas stream is reheated downstream of the scrubber, the plume
emitted from the scrubber stack will be cooler than the plume emitted
from a FCCU regenerator not using a scrubber. Lowering the temperature
of the plume reduces the effective height above the ground to which the
plume will rise.




The results of dispersion modeling performed by EPA and presented in
the proposal BID were used to analyze the air quality impact of the

proposed standards. In all cases, ground level SOy concentrations are
within the national ambient air quality standards. For all the model
plant sceparios except the one processing a low sulfur feedstock, the
ground level SOy, concentrations predicted for impiementation of the
proposed Standards are lower than the baseline (uncontrolled) concentrations. |
In these cases, the decrease;in S0y emissions afforded by implementation 51.
of scrubbers offsets the lower plume rise. This analysis showed that ]J;
applying a scrubber to a model plant processing a low sulfur feedstock
(0.3 weight percent sulfur) to achieve 9.8 and 6.5 kg S04/1,000 kg coke '
burn-of f levels (Regulatory A]ternatives III and IV, respectively) I
would increase the l-hour maximum ground level SOy concentration downwind l
of the FCCU to a level above the baseline (uncontrolled) case. The small I
amount of emission reductiongachiéved by the control alternatives did '
not compensate for the lower plume rise resuiting from the cooler
exhaust gas temperature. However, this model plant scenario would not
occur in actuality because any FCCU processing 0.3 weight percent | i3
sulfur cohtent feedstocks would comply with the low-sulfur cutoff
and, therefore, a scrubber wéu]d not be installed on the source.
Also the model assumes that a scrubber would reduce model plant SOy %
emissions to the level of thé regulatory alternative. The SO0y emission
reductions required to achieve the model plant regulatory alternatives ]
considered are less than the 90 percent required by the standard. ;
The EPA agrees that if a control technique other than a scrubber o
was used to achieve the same emission reduction as the scrubber would ]:
achieve, the resulting maximum ground level concentrations may be Tess !
than if a scrubber were used. However, the application of SOy reduc- |
tion catalysts to meet the standard for FCCU's without add-on controls
would provide less emission reduction than the application of scrubbers.
The additional emission reduction provided by scrubbers would likely
compensate for the lower plume rise, so that the use of scrubbers would
result in lower .ground level concentrations than the use of SOy | 1
reduction catalysts. ‘
The stack temperatures, heights, and exit velocities used in the
modeling analysis were selected as average values from data for actual
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FCCU scrubbers. Only one of the seven FCCU sodium scrubber installa-
tions existing before proposal is equipped with scrubber stack reheat.
Reheat is used only occasionally to reduce the visible steam plume

during certain weather conditions. The stack parameters EPA selected

for the model plants are based on actual sodium scrubber installations.
For this reason, EPA believes that the modeling input parameters selected
and the assumption of no reheat are appropriate.

Comment :

One commenter (IV-D-9) stated that the use of the correlation
between feed sulfur and coke sulfur overstates uncontrolled SOy emis-
sions, inflating the percent reduction attributed to catalysts.
Response:

The EPA agrees that the correlation, presented on p. 3-18 of the
proposal BID, overstates SO, emissions for some feedstocks. However,
at the same time, it understates SOy emissions from other feedstocks.
The correlation used by EPA was provided by industry and is based on
test data for a large number of FCCU's and feedstock types. For this
reason, EPA concludes that the correlation shown in the proposal BID is
representative of uncontrolled emissions. The EPA considers the corre-
lation a useful and reasonable means for estimating uncontrolled FCCU
SOx emissions and SOy reduction catalyst performance.

Comment :

One commenter (IV-D-16) stated that the preamble does not
adequately address the effect of SO, reduction catalysts on NOy emis-
sions. The commenter argued that the preamble states that SOy reductien
catalysts would not increase NO, emissions. However, the proposal BID
(Sections C.3.1.1 and C.3.1.2) and Docket A-79-09, item II-B-20 show
that S0y reduction catalysts raised NOy emissions.,

Response:

Most refiners use one of two techniques to control CO emissions
from the FCCU regenerators: HTR orbcata1ytica11y promoted CO combus-
tion. Data from some tests of NOy emissions from regenerators usingf
both CO combustion promoter catalysts and SOy reduction catalysts in
combination show an increase in NO, emissions. Separate data for
regenerators using CO combustion promoters without SO, reduction
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catalysts suggest that the use of these catalysts may increase NOy
emissions. Thus, at this tihe, it is unclear whether the NOy increases
observed for SOy reduction catalyst tests are due to the reduction
catalyst 6r the CO combustion promoter. Recent commercial tests of SOy
reduction catalysts in FCCU's utilizing HTR show no increase in NOy
emissions (see Docket A-79-09, item IV-B-9). No recent tests of SOy
reduction catalysts in FCCU's utilizing CO promoters were available.
Because most FCCU's subject to the standards are expected to use HIR
and because newer SOy reduction catalyst formulations have not increased
NO; emissions, EPA believes that the use of the SOy reduction catalyst
technology will not increase, NOy emissions.

Comment : ; _

One hommenter (Iv-D-16) stated that the proposal BID'fai1s to take
State regulations into account in estimating baseline emissions for
Regulatory Alternative I. To remedy this, the commenter recommended
that the se]ection of model p]ants inctude site selection for each
unit. Thén, baseline emissions can be estimated based on the State in
which the model unit is located.

Resgonse:' v

Emissions of SOx from FCCU's can vary significantly depending on
the feeds%ock processed, FCCU operation, and capacity utilization.

Many refiners have been able to achieve existing State SOy regulations
with little or no control. It is difficult to determine FCCU SOy emis-
sion rates taking individual State reguiations into account because

the various formats of Statefregu]ations do not lend themselves to
simb]ifyihg assumptions regarding FCCU SOy emissions.

Selection of sites for each model plant is not a reasonable
approach as there is no basis for site selection. Using an emission
factor provides a reasonable estimate of baseline nationwide FCCU SOy
emissions. This factor is bésed on emission test results for typical
FCCU operations that represent the level of SOy control achievéd by
FCCU's to achieve State and local S0y regulations prior to 1979. State
and local SOy regulations have changed little since 1979; those regula-
tions that have changed do not affect EPA's estimate of nationwide
baseline FCCU SOy emissions.
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Comment :

One commenter (IV-D-16) asked why Table 1-1 in the proposal BID
shows a "-4" air impact in three cases.
Response:

A "-4", denoting significant short-term air impact, was entered
in Table 1-1 because FCCU's represent a significant source of SOy
emissions. This means that FCCU's emit much greater than 100 tons per
year of SOy. Because FCCU's are a significant source of SOy, and an

SOy control technology with reasonable cost and nonair environmental

impacts was identified for FCCU's, a short-term large adverse air
impact would result if: (1) standards more stringent than the current
level of SOy control were not developed, (2) development of standards
was delayed, and (3) no standards were developed.

Comment :

One commenter (IV-D-16) stated that an emission factor is used to
determine current nationwide FCCU SO, emissions. If the factor is
correct, EPA should use this factor to estimate model plant emissions.
Response:

The emission factor used by EPA to determine nationwide FCCU S0y
emissions is based on actual emission test data and does not predict
what potential SOy emissions will be from new, modified, and recon-
structed FCCU's. Model plants were developed based on feed sulfur
levels and throughputs; model plant emissions are based on the use of
the feed sulfur-SOy emissions correlation presented in the proposal
BID. Model plants generated in this way do not necessarily reflect
current FCCU operations or emissions but instead represent those newer
FCCU's that will be subject to these SOy standards over the next 5 yéars.
Thus, model plants provide a more reasonable estimate of emissions from
the FCCU's that will be subject to this standard than an emission factor
based on a composite of older FCCU's.

Comment :

One commenter (IV-K-2) questioned the source of EPA's claim that
uncontrolled emissions from a typical FCCU are between 2,000 and
6,000 Mg/yr and that controlled emissions from a typical FCCU are
between 400 and 1,200 Mg/yr.




Response: ,
The uncontrolled emissions estimates referred to in the comment

represent Regulatory Alternative I (Baseline) for model FCCU units with
a throughput capacity of 2,500 and 8,000 m3/day, respectively, with a
fresh feed sulfur content of 1.5 percent. The Agency estimates that
this feed sulfur content would be typical of FCCU's subject to the
standard. Emissions were calculated on the basis of 1,400 vppm for
feed sulfur content of 1.5 weight percent. This vppm estimate is con-
sistent with actual data from pilot and commercial FCCU's, shown in
Figure 3-6 of the proposal BID. The controlled emission estimates of
400 Mg/yr and 1,200 Mg/yr represent control in the 2,500 m3/day and
8,000 m3/day regenerator, respectively, to 9.8 kg 50,/1000 kg coke

. burn-off. This level can beimet by SOy reduction catalysts being

used at facilities with a fresh feed sulfur content of 1.5 percent, If
scrubbers are used, lower controlled emissions would occur at this
typical FCCU.
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5.0 COSTS AND ECONOMIC IMPACTS COMMENTS

5.1 SCRUBBER COSTS

Comment :

Five commenters (IV-D-5, IV-D-6, IV-D-9, IV-D-10, and IV-D-20)
stated the opinion that the scrubber costs presented in the proposal
BID are unrealistic and are significantly underestimated. The commenters
claimed that the scrubber cost estimates should be 2.2 to 7 times
higher. The reasons cited by the commenters for the low cost estimates
are: '

(1) The EPA based the cost analysis on erroneous assumptions for

FCCU exhaust volumes, scrubber waste disposal costs, and
of fsite costs.

The EPA did not consider site space availability and soil
conditions, FCCU turnaround schedule, equipment availability,
startup costs, or climate when preparing the capital costs
estimates. These factors can cause considerable variation in
cost of FCCU's at different refineries.

The EPA did not cost dual alkali FGD systems at any of the
model units, although use of dual alkali systems might be
required in areas where water availability or wastewater
discharge is restricted.

The EPA should include separate costs to account for the diff-
iculty of retrofit installations.

The EPA did not consider a cost for business interruption
that would result from a scrubber malfunction shutting down
the FCCU. -

It is not appropriate for EPA to subtract a credit for ESP
costs from the scrubber costs in the case of an existing
FCCU with an ESP if scrubbers are required as a result of
modification or reconstruction.

Response:
To respond to these comments, EPA decided first to solicit more

detailed cost data for single alkali scrubbers from vendors and then
to perform a general reevaluation of the cost data presented in the
proposal BID. Concurrently, EPA solicited supplemental cost data from
commenters and then addressed the individual comments pertaining to
specific cost items.




A. General Cost Review. First, EPA solicited data from scrubber

vendors other than Exxon; Ex#on provided the costs on which the proposal
BID cost estimates were based. The EPA received detailed cost data
from two bther scrubber vendors, Environmental Elements Corporation
(EEC) and Andersen 2000 (IV-D-32, IV-D-36). Exxon is the only company
whose scrubber has actually been installed on an FCCU. Environmental
Elements Corporation has, however, served as a subcontractor to Exxon
in installation of several Exxon scrubbers, and, therefore, is familiar
with FCCU operation, refinery codes, and equipment specifications.
Andersen 2000 has considerable experience with the design and applica-
tion of scrubbers to industrial boilers, but not to FCCU's.

The analysis of these data (see Docket A-79-09, item IV-B-14)
showed that the costs provided by Exxon, the vendor of single alkali
scrubbers applied to FCCU's,iwere the highest of all the vendor cost
estimates and are conservative due to more stringent design specifica-
tions thah other vendors use ‘and the use of redundant equipment that
serve to provide the scrubber with the reliability that petroleum
companies: believe is necessaﬁy in the refining industry. In particular,
the Exxon system design specifications call for vessel design coded by
the American Society of Mechanical Engineers (ASME) and design of
pumps, piping, and electrical equipment coded by the American Petroleum
Institute (API); one of the éther two vendors that provided cost data
did not specify such coded design. Exxon scrubber vessels are larger
than those designed by the other two companies, and use special refrac-
tory linings to protect the steel shell from the abrasive effects of
catalyst fines in the refinery flue gas. Further, the Exxon design
requires ;paring of all rotating equipment and critical analyzers, and
specifies multiple venturis,irather than a single variable throat '
venturi as specified by the other vendors. Fluid catalytic cracking
units may;be in continuous operation for about 3 years nonstop, or
significantly longer in some cases, and Exxon designs their scrubbers
to maintain safe and reliablé operation for time periods equal to that
of the FCCU's the scrubbers control.

B. Review of Specific Cost Comments. Second, EPA considered the
specific cost comments provided by companies.
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One commenter (IV-D-5) stated that EPA's costs were low, in part,
because of erroneous assumptions of FCCU exhaust gas volumes. Additional
information was requested and received from the commenter, and EPA
reviewed the information (see Docket A-79-09, item IV-B-4). The EPA
concluded that the exhaust gas volumes used for the cost analysis for
FCCU's using HTR appear to be appropriate. Model plant FCCU exhaust
gas volumes were developed based on stoichiometric relationships between
the coke composition, the amount of air necessary to burn the coke, and
typical levels of excess air. The calculated exhaust gas vo]umés were
compared to actual exhaust volumes reported for FCCU regenerators and
were found to be reasonable. Furthermore, the values used for the
model plant regenerator exhaust gas volumes were sent to industry
representatives for review prior to beginning the impact analyses, and
no comments were received by EPA indicating that the exhaust gas
volumes were not representative of actual conditions.

During these cost evaluations, EPA revised the exhaust gas volume
for FCCU's operating with jet ejector venturis (JEV's) to include the
flue gas contribution from the CO boiler. As a result, EPA also revised
the capital and annual costs for JEV scrubbers installed on FCCU's (see
Docket A-79-09, item IV-B-16), Fluid catalytic cracking units using CO
boilers must install the JEV-type scrubber. The JEV costs presented
in the proposal BID did not account for the additional flue gas volume
that would enter a JEV scrubber because of the combustion air required
in the CO boiler. The EPA determined that flue gas volume to a JEV
scrubber would be about 10 percent higher than the volume of gas from
an FCCU to a high-energy venturi scrubber (see Docket A-79-09, item
IV-B-16). This increased volume resulted in about a 3 percent increase
in the cost of the JEV scrubber over that previously calculated.

Tables A-5 through A-7 in the Appendix to this volume contain the
revised JEV costs.

Several commenters (IV-D-5, IV-D-6, IV-D-9, IV-D-10) stated that
EPA used erroneous assumptions for scrubber waste disposal costs. The
EPA, therefore, reviewed the waste disposal costs used in the proposal
BID. The cost values used in the proposal BID represent the cost for
the transport and disposal of collected catalyst fines in a landfill.
This solid waste disposal cost is based only on the additional mass of
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solid wastes to be disposed due to the use of a wet scrubber as the
collection device instead of an ESP (see Section 4.3 of this document).
In the proposal BID, no costs were credited to the disposal of the
treated liquid wastes becausé EPA assumed that the treated liquid
wastes were disposed to surféce water. Upon review, EPA decided that
it is appbopriate to provide.a more conservative estimate of liquid
waste disposal costs by assuming that all affected facilities‘wou1d
dischargeito sewers. Some refiners, especially in coastal locations,
will likely be able to discharge the treated scrubber liquid wastes to
surface waters without incurring a sewer discharge cost.

Two commenters (IV-D-5 and IV-D-9) questioned EPA's éssumptions
of offsite costs. Two other:commenters (Iv-D-6 and IV-D-10) stated
that EPA did not consider siie space or equipment variability, soil
conditions, FCCU turnaround schedule, start up costs, or construction
climate. The EPA has considéred including specific costs for offsites,
soil conditions, turnaround schedule, equipment availability, climate,
and startup in the costs estﬁmates. Offsites include electricity,
water, fire protection, stea@, compressed air, and other utijlities.
The scrubber costs used by EPA to evaluate cost impacts include the
cost of cbnnecting uti]ities?to the scrubber provided the utilities are
located within the battery 1imits of the FCCU. The battery limits
refer to that portion of the refinery associated with a particular
process unit and its supporting equipment.  Where utilities are not
available or insufficient capacity is available within the FCCU battery
1limits, the refiner will incur a cost greater than that assumed in the
cost estimates. However, a 20-percent contingency is provided in
each. capital cost estimate. 'The EPA considers that the site-specific
costs related to soil conditions, turnaround schedules, site space and'
equipment availability, climate, startup, and the expense of offsites
are included in this contingénty and have, therefore, been considered
by EPA. |

In support of their comments on costs of construction climate,
space and equipment availability, and pond and treatment system
requirements, one commenter KIV-D-IO) provided capital costs for the
retrofit ‘installation of a sbdium scrubber to control both particulate
and SOy emissions from an FCCU at an existing refinery. The single
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alkali scrubber is sized for a flue gas volumetric flow rate similar to
the 8,000 m3/sd model plant used by EPA in developing costs. A compar-
ison of the commenter's cost estimate with EPA's revised cost estimate
shows that the total direct cost for both estimates is about the same.
The commenter applied a 60-percent factor to account for indirect costs
compared to the 40-percent factor used by EPA. The commenter also
applied to this base cost estimate an additional 27-percent cost
adjustment, which included labor productivity, design allowance, and
construction climate. The EPA evaluated the commenter's cost factors .
and believes that these factors are adequately accounted for by EPA's
20 percent contingency cost factor (see the discussion of cost factors
in this response). When adjusted to equivalent dollars, the commenter's
cost estimate is approximately 50 percent higher than EPA's revised
cost estimate for a comparably-sized single alkali scrubber installed
on an existing FCCU.

The commenter's scrubber costs were developed from a preliminary
factor-type cost estimate provided by a vendor. This type of cost
estimate is developed in the early stages of a construction project
when the project specifications are not very well defined. A factor-
type estimate will typically contain several generous cost allowances
to account for uncertainties in equipment specifications and construc-
tion. As a project becomes more defined, the final cost estimate
normally is lower, and closer to the actual cost of the project. The
EPA's costs are based on a vendor's experience with scrubber applica-
tions to FCCU's, and EPA believes that these costs are more representa-
tive of the actual cost of this scrubber design than the cost estimate
provided by the commenter. Thus, the difference between the commenter's
cost estimate and EPA's revised costs is largely due to the pre]iminary
nature of the commenter's cost estimate.

One commenter (IV-D-20) indicated that EPA's cost estimates should
more appropriately be based on the use of dual alkali FGD systems,
because single alkali systems may not be applicable in areas where
water availability or wastewater discharge is restricted. The commenter

provided cost data to show that dual alkali systems are more expensive
than single alkali systems. A dual alkali scrubber consists of two
parts, the "front half" and the "back half." The front half of a dual
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alkali scrubber resembles a single alkali scrubber without a‘wastewater
treatment. unit and performs the same function--removing SOy from a gas
stream by contacting it with?a caustic or soda ash scrubbing Tiquor.

In the ba;k half of a dual alkali scrubber, however, the purge is
treated to regenerate the scbubbing Tiquor for reuse; a single alkali
scrubber simply treats and discharges the purged liquor.

The EPA agrees that, where direct discharge of scrubber wastewater
is not permitted, dual alkali scrubbers would be a viable alternative
to single alkali scrubbers because dual alkali scrubbers produce a
calcium su]fate sludge that ﬁou]d be more readily disposed than waste-
water, but disagrees that dual alkali scrubbing systems would be more
expensive than single alkali.

The commenter compared capital costs for dual alkali scrubbers to
EPA's proposed single alkali scrubber costs. The commenter's cost
estimates were based on proprietary actual scrubber cost information
provided by the commenter's contractors. For each of the model plants
presented in the proposal BIb, a computer cost model was used by the
commenter to estimate dual alkali scrubber costs assuming 90 percent
SOy reduction. The commentei's dual alkali scrubber costs are a func-
tion of volumetric gas flow rates and sulfur loading. The commenters
cost estimates for dual alkali scrubbing were significantly higher than
EPA's proposal estimates foria]l dual alkali model units.

Because these differencés existed, EPA performed a further evalua-
tion of dual alkali costs ba?ed on data from vendors of dual alkali
systems (see Docket A-79-09, item IV-B-15). Specifically, Exxon's
single alkali scrubber costséwere used to develop costs for the front
half of both sizes of a dual alkali scrubber. Environmental Elements
Corporation provided back-half costs for both sizes of dual alkali |
scrubber. Also, Exxon provided EPA with a cost estimate provided to
them by an independent vendor pf dual alkali scrubbers for the back
half of a dual a]ké]i scrubbér applied to the 8000 m3/sd FCCU only.

The commenter's and EPA's costs are based on a scrubber design that
would control both FCCU particulate and SOy emissions.

The EPA's revised capital cost estimates for dual alkali scrubbers
are greater.than those in the proposal BID, but less than Exxon's
capital cost estimates for Exxon's single alkali scrubber. This is
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because the back half of the dual alkali scrubber, where the purged
scrubbing liquor is treated to regenerate it for reuse, was found to be
less costly than the wastewater treatment system needed to treat the
purged scrubbing liquor before discharge from a single alkali system.
Construction costs for the in-ground ponds specified by Exxon for waste-
water treatment are greater than the cost of the dual alkali sludge
dewatering and disposal facilities.

A comparison of EPA's revised dual alkali costs with those provided
by the commenter shows that the commenter's total dual alkali costs
remained significantly higher than EPA's revised dual alkali total cost
estimate. However, because the commenter's cost information is based
on proprietary actual cost data developed by contractors of dual alkali
scrubbers and provided to the commenter, detailed cost information was
not provided to EPA by the commenter, and a comparison of EPA's indivi-
dual capital costs to those provided by the commenter was not possible.

The EPA's analysis of data supplied by vendors of dual alkali sys-
tems indicates that total single alkali scrubber costs are more costly
than total dual alkali scrubber costs rather than less costly as the
commenter believes. Therefore, EPA's current cost estimates for model
plants, which reflect the use of only single alkali scrubbing, represent
a conservative estimate of nationwide costs; dual alkali cost estimates
applied to the model plants would only decrease the national costs.
Therefore, it was decided not to revise costs of SOz control of model
plants to reflect the use of dual alkali at some facilities.

This commenter (IV-D-20) also provided cost data for singie alkali
systems. The EPA performed an analysis of this single alkali cost data
for comparison to singie alkali cost estimates in the proposal BID (see
Docket A-79-09, item IV-B-24). The commenter's costs for single alkali
scrubber systems are similar to EPA's revised costs for the low sulfur
model plants, but are significantly higher than EPA's revised costs for
the 1.5 and 3.5 weight percent sulfur model plants. The commenter's
single alkali cost estimates assume that single alkali capital costs
are 93 percent of dual alkali costs. The EPA believes this approach is
inappropriate because, whereas capital costs for dual alkali systems
are a function of both waste gas flow rate and feed sulfur content,
capital costs for single alkali systems are a function only of waste
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gas flow rate. Dual alkali control requires equipment to regenerate
the reagent solution, the cost of which depends, in part, on the sulfur
content of the flue gas. Because single alkali systems do not have H
such equipment, single alkali control costs are a function only of J
waste gas flow rate. Theref@re, single alkali cost estimates derived §
by applying a constant percentage of dual alkali costs for different !
sulfur content models would }esult in erroneous estimates. The EPA !
believes, therefore, that the accuracy of the commenter's single alkali {
costs, which increase with feed sulfur content, is doubtful. J i é

Two commenters (IV-D-9 and IV-D-20) stated that EPA needed to | |
reevaluate the cost of retrofitting existing FCCU's with scrubbers. | 3
The EPA reevaluated these costs. Costs associated with retrofit will
vary widely from one refinery to another based on the refinery configu-
ration and the availability of land. In some cases, space limitations
around an existing FCCU may result in relocating utilities and piping
runs, longer ducting runs, and other factors that may make scrubber 1
installations more difficult than at a new refinery. Therefore, EPA
agrees that retrofit should be included in the cost estimates for some 1
model plants. A retrofit cost factor of 20 percent of the scrubber |
capital cost (less contingen@y) was estimated by one commenter. This
cost was added to three of the seven modified/reconstructed FCCU's
anticipated to be subject to;this standard over the next 5 years.

One commenter (IV-D-20)§stated thét EPA did not consider a cost
for business interruption that would result from a scrubber malfunction ;
shutting down the FCCU. A]though sodium scrubbers have demonstrated ]
reliability factors in excess of 95 percent (discussed in Section 3.2), i;
scrubber mal functions can occur. The General Provisions to 40 CFR 60
states that emissions in excess of an emission limit during a period of
mal function of a control dev%ce are not considered a violation provided !
the control device has been properly operated and maintained. During a 1
perriod of a sudden or unavoidab]e scrubber failure, the refiner would |f
still be able to operate the FCCU. Therefore, no business interruption | li
cost would be incurred. For-this reason, EPA did not include a business
interruption impact when revising the proposal BID costs.

One commenter (IV-D-20) stated that EPA subtracted an ESP cost |
credit in?ppropriate1y in thg cases of an existing FCCU with an ESP in f
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place if scrubbers are required as a result of modification or
reconstruction. The EPA agrees that an ESP cost credit is not appro-
priate in these cases. The proposal BID costs were revised to eliminate
the ESP cost credit for the three modified or reconstructed FCCU's in
which retrofit costs were included. _

C. Summary of Cost Changes. As a result of both the general
reevaluation of costs and of the review of specific cost comments,

EPA revised the capital and annual cost estimates for FCCU scrubbers.
The following changes were made: (1) costs of individual components
were adjusted based on the data received; (2) JEV scrubber costs were
revised to account for increased flue gas volume entering the scrubber
as a result of CO boiler combustion air; (3) waste disposal costs were
increased to include liquid waste discharges; (4) a cost for retrofit
installation was added for of the modified or reconstructed FCCU's;
and (5) the ESP cost credit was deleted for the three scrubbers that
were installed on modified or reconstructed FCCU's and for which retrofit
costs were included. Costs were then further adjusted to 1984 dollars.

After both the general and the specific cost analyses, EPA concluded
that the proposal BID costs are not understated by a factor of 2.2 to 7.
Results of the new cost estimates are presented in Appendix A of this
document. Changes in cost as described above caused nationwide capital
costs to increase by 30 percent (from $72 to $93.6 million); adjusted to
1984 dollars, capital costs increased a total of 63 percent from proposal
(from $72 to $117 mi]]ion). Changes in cost caused nationwide annual
costs to increase by 5 percent (from $35 to $36.6 million per year);
adjusted to 1984 dollars, annual costs increased a total of 29 percent
from proposal (from $35 to $45 million per year).

Thus, these estimates show that the standards would result in. a
total nationwide capital cost for SOy control for the first 5 years
after the effective date of the standards of $117 million, assuming
sodium-based scrubbers are used at all facilities processing feedstocks
with sulfur content above 0.3 weight percent. The fifth year nationwide
annual cost is $45 million. Units processing feedstocks with sulfur
contents of 0.3 weight percent would be below the feed sulfur cutoff and
therefore, would not need to install a scrubber. Where sodium scrubbers
are not applicable, dual alkali scrubbers could be used at a similar
cost to sodium scrubbers.
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5.2 SOy REDUCTION CATALYSTS COSTS

Comment :

Three commenters (IV-D- 6, IV-D-9, and 1V-D-20) wrote that the SOy
reduction catalyst technology requires a capital outlay. Two commenters
(IV-D-6 and IV-D-9) stated that because the catalysts can only be used |
in units with HTR, older units subject to the modification or reconstruc-
tion proVisions that do not br cannot operate in this mode will be
required to convert or mod1fy their units. This conversion could cost
from $10-20 million per FCCU. The third commenter (IV-D- 20) stated that
although it may be true that the use of SOy reduction catalysts would
require little outlay for capital equipment, two exceptions would be:
(1) a small refinery that does not have a sulfur recovery unit, and
(2) a refinery with inadequate sulfur recovery unit capacity to handle
the increased sulfur load due to the SOy reduction catalyst technology.
In either case, a capital expenditure would be necessary.' Two of the
commenters (IV-D-6 and IV-D- 9) also stated that annual costs for SOy
reduct ion catalysts will ]1ke1y be at least 2 times higher than EPA's
estimate.

Response:

Many refiners have modified their older FCCU's to HTR. High
temperature regeneration offers advantages over conventional regenera-
tion (e.g., reduced SOy emissions, improved yields, and increased
throughput). It is un]ike]yfthat an older FCCU would become subject to
these standards through the modification/reconstruction provisions
without modifying the unit to HTR: A refiner is more likely to use SOy
reduction catalysts in an FCCU modified for HTR than modify an FCCU
solely to use SOy reduction kata]ysts. If an FCCU subject to these
standards cannot utilize SOy reduction catalysts, the refiner is more
likely to select another control technique than incur a $10 20 m1111on
capital expend1ture.

Use .of SOx reduction catalysts will increase the amount of HZS in
refinery fuel gas, which is removed from the fuel gas in a sulfur
recovery unit. The increase in the amount of HS to a sulfur recovery
unit is only about 5 to 10 pércent. Sulfur recovery units generally
are overdesigned by much more than this to account for swings or; surges
in HaS production from refinery process units. It is doubtful that the
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use of SOx reduction catalysts alone would overload a sulfur recovery
unit. The EPA does agree, however, that in certain cases sulfur recovery
unit capacity or a new unit woqu need to be added. These factors do

not affect the reasonableness of the standards, however, since the
standards are based on scrubbers as best demonstrated technology.

The EPA contacted companies developing or licensing SOy reduction
catalysts to obtain current costs for commercially available SOy reduc-
tion catalysts. Catalyst developers reported costs for the technology
ranging from $0.60 to $1.60/m3 of fresh feed processed. The fifth year
cost for SOy reduction catalysts was then calculated by multiplying the
cost factors provided by the catalyst developers by the total fifth year
annual throughput for all affected facilities processing feedstocks
containing greater than 0.30 weight percent sulfur. The new fifth year
cost for SOy reduction catalysts ranges from $20 million to $50 million.

Costs for SOy reduction catalyst are presented as a range because the
technology is under development. The upper end of the range represents

a newer catalyst formulation; the developer of this catalyst expects
the cost to decrease as the catalyst formulation is produced in greater
quantities.

5.3 ECONOMIC IMPACT ANALYSIS

Comment :

Several commenters (IV-D-3, IV-D-6, IV-D-9, 1v-D-10, IVv-D-15, and
IV-D-20) stated that the proposed standards would have an adverse affect
on the refining industry and the nation's economy. Four commenters
(Iv-D-6, IV-D-9, IV-D-15, and IV-D-20) wrote that the compliance costs
are sufficiently high to require the preparation of a Regulatory Impact
Analysis under Executive Order 12291. One commenter (IV-D-15) wrote
that current prices will reduce the attractiveness of FCCU modifica-
tions to the point where the additional cost of a scrubber or other SOy
control device would not be feasible. Three commenters‘(IV-D-S, IV-D-9,
and IV-D-10) wrote that the costs of the proposed standards would, 1in
some cases, postpone new investments and would cause a significant
economic impact on the profitability of FCCU operation and construction
of new FCCU's.




Response: - i
The cost analysis presented in the proposal BID was reviewed under :
Executive Order 12291 by the 0ffice of Management and Budget (OMB) .
Since that time, in response to comments, EPA has revised these costs |
upward. This latest cost revision is presented in Appendix A. With !
these revisions, the fifth year nationwide annualized costs are still h
below the $100 million level that triggers a regulatory impact analysis E
under Executive Order 12291.. The price increases published in the proposal %
BID were all less than 0.4 pércent. Using the revised control costs and |
second quarter 1984 product brices, that figure increases to approximately J
0.8 percent for the worst case considered (3.5 weight percent sulfur ’
feedstock). The EPA still considers this to be acceptable.
The capital required for the control devices will increase the
investment for a new FCCU by'9 percent for the 8,000 m3/sd unit and by
15 perceht for the 2,500 m3/§d unit. The EPA does not consider these
percentages sufficiently high to deter a decision to install an FCCU
that is otherwise economically justified.

Comment :

One commenter (IV-D-16) suggested an exemption for refineries
classified as small businessés because EPA had stated in the proposal
BID that due to the discontinuance of the entitlements program, very
little construction is anticipated at small refineries. Therefore,

the level of concern. The commenter seemed to 1nterpret this statement
to mean insignificant emissions and suggested that small refineries
should be exempt for that reason.

Response:

The EPA does not consider the potential emissions from small
refineries to be insignificant. Scaling down emissions from EPA's
model FCCU sizes to a unit of the size discussed below (950 m3/sd)
indicates that, even with a low sulfur feedstock, emissions would be
greater than 100 Mg SOy/yr.: Therefore, EPA would not exempt small
refineries because of insignificant emissions.

A recent investigation has revealed that 14 of the 116 refineries
that currently operate FCCU's are classified as small refiners, i.e.,
less than 1500 employees and Jess than 8000 m3/sd crude oil refinery

1
|
|
}
l
|
|
the percentage of small refﬂning businesses affected will be well below 1
1
|
1
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throughput. The EPA guidelines require that a Regulatory Flexibility
Analysis should be performed if more than 20 percent of the small
business sector will experience a significant adverse economic impact.
The EPA continues to believe that, due to the discontinuance of the
entitlements program, very little construction is anticipated at small
refineries. However, EPA examined the impact that the regulations
would have on a small business.

To examine that impact, EPA selected from the 1984 0il and Gas
Journal Annual Refining Survey, the FCCU representing the low 20th
percentile throughput of the population of currently operating small
refineries, which was an 950 m3/sd FCCU in a 1,350 m3/sd refinery.

To approximate the impact on revenue and production costs, EPA used the
control costs in Appendix A and the revenues on page 9-34 of the proposal
BID scaled down to the refinery size with revenues reduced to reflect a
19 percent drop in product prices. The compliance cost as a percent of
sales revenue amounted to less than one and one-half percent. The

same was true of compliance costs as a percent of production costs. To
install an FCCU of this size under these standards would cost an addi-
tional 15 percent to provide scrubber controls. Furthermore, EPA does
‘not expect any small refineries to close as a result of this action.
Therefore, EPA does not feel that the differential impact between large
and small refiners is significant enough to justify an exemption based
on unit size.
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6.0 COMPLIANCE TESTING AND MONITORING COMMENTS

6.1 GENERAL

Comment :

One commenter (IV-D-11) pointed out that the preamble to the
proposed standards states that SOy testing is conducted upstream of the
CO incinerator while velocity and volumetric flow rates are determined
downstream of the CO incinerator. The regulation indicates that samp-
1ing for SOy concentration "shall be the same as for determining volu-
metric flow rate." The commenter believed the regulation statement is
correct.

Response:

The EPA agrees with the commenter; SOy testing should be performed
at the same location as the volumetric flow rate measurement, as is
specified in the regulation.

Comment :

One commenter (IV-D-20) pointed out that the proposed regulation
states that sampling should be conducted upstream of the CO boiler.

The commenter stated that it is unsafe to require personnel to conduct
manual sampling due to the high flue gas temperatures at this location
(650-769°C). Additionally, sampling at extreme temperatures is imprac-
tical due to frequent sampling train operating problems and rapid
sample probe failures.

Response:

The EPA recognizes the commenter's concern regarding safety.
Sampling either upstream or downstream from the CO boiler is acceptable
for the standard without add-on controls. However, if the owner or
operator chooses to test downstream of the CO boiler, alternative
calculation procedures for determining the coke burn-off rate and the
SOx contribution due to the auxiliary fuel burned in the boiler must be
submitted to and approved by the Administrator prior to sampling. In
addition, the rgcommended location for the inlet CEMS has been changed

to downstream of the CO boiler for the standard with add-on controls.




Comment : ! ,

Seven commenters (IV-D-2, IV-D-3, IV-D-6, IV-D-7, IV-D-9, IV-D-16, :
and IV-D-20) requested the inclusion of alternative methods in the §=
standards to be used to determine excess emissions. A number of com- §:
menters (IV-D-2, IV-D-3, IV-D-6, IV-D-7, IV-D-9, and IV-D-20) suggested !
conducting periodic performancé tests to determine excess emissions.
One commenter (IV-D-2) also suggested periodic (weekly) monitoring or
the establishment of a relationship between feed sulfur or sulfur on
the spent catalyst and emitted SOy, emissions. Another commenter l
(IV-D-3) also suggested the 'determination of a relationship between
feed sulfur and coke sulfur. One commenter (IV-D-16) suggested estab- I
lishment .of a trigger-]evel‘value (T) that would be derived from the 1
compliance test value (C) multiplied by the ratio of actual feed sulfur
during the 3-hour report period (A) to the feed sulfur during the
compliance test (S): T = CA/S. | ,
Response: : | |

The standards now require compliance to be determined on a daily |
basis. The methods proposed by the commenters for excess emissions are 1;
not reasonable methods to use for determining compliance on a daily basis ‘?
because they do not generate data sufficiently accurate for compliance |
(vs. excess emissions) determinations.

6.2 WITH ADD-ON CONTROL DEVICES

One commenter (IV-K-1) stated that an operator of an add-on control
device should be given the fﬁexibi]ity to choose between the original |
proposal, which would have required using an outlet monitor only, and }Q
the operation of a CEMS in which both an inlet and outlet monitor are u;
used. The commenter supportéd this by suggesting that the advantages |
of continuous inlet monitoring would not justify the additional cost
over the most recent compliance test if the feed to the FCCU is not |
highly variable. The commenter stated that, where the feed sulfur ?
content is expected to be highly variable, the operator may benefit i
from using both an inlet and;outlet monitor to demonstrate compliance
with the standard. | |
Another commenter (IV-K-2) stated that; during the compliance ‘ if
|

Comment: ‘ A I
|

test for the standard for adﬂ—on controls, a measurement at both the
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inlet and the outlet is needed. However, after the compliance test,
the proposed standards only need an “alerting service," which could be

provided by an outlet monitor alone.

Response: |
The standard for FCCU's using add-on controls is 90 percent

reduction or 50 vppm, whichever is less stringent. The intent of
monitoring for the standard for add-on controls is to determine
compliance on a daily basis, as described in the revised proposal. To
meet this intent, the Agency needs data that show the actual compliance
status of the source, not data that simply alert the Agency to poten-
tial problems, and to make an accurate determination of compliance with
the 90 percent reduction standard, the Agency must have both scrubber
inlet and outlet data. Even where feed sulfur is not "highly" variable,
the outlet concentration may vary due to FCCU operation or the source

of the feed, while scrubber performance may stay constant. Therefore,
measuring only the outlet emissions may lead to an incorrect compliance
determination for the percent reduction standard. The Agency recognizes,
however, that an inlet monitor is unnecessary for making continuous
compliance determinations in relation to the 50 vppm standard for add-
on controls. Thus, the Agency has modified the regulation so that
owners or operators may choose to declare their intent to meet the
standard for add-on controls by limiting their outlet SOp emissions

to 50 vppm and install a CEMS at only the outlet of the control device
to determine compliance. The Agency wishes to point out' that, for such
owners or operators, compliance determinations will be made only on the
basis of the outlet SOz emissions without regard for the percent reduc-
tion being achieved by the control device. Such owners or operators may
change their choice so they would be subject to the whole standard on .
"90 percent reduction or 50 vppm, whichever is less stringent,"'provided
a CEMS is installed and maintained at the inlet of the control device

as well as the outlet.

Comment :

Several commenters (IV-D-3, IV-D-6, IV-D-9, IV-D-11, and I1v-D-16)
recommended that the outlet CEM requirements should be eliminated for
the standard for add-on controls because CEMS are an unsuitable means
to indicate compliance (determine excess emissions). Three commenters
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(1Iv-D-3, IV-D-6, and IV-D-9) stated that a post-scrubber CEMS is
unsuitable to indicate scrubber performance due to large variations

in scrubber inlet SOy concéhtrations. Therefore, the scrubber outlet
SO2 concentration establishéd during the performance test cannot be
expected to indicate compliance with the SOy emission standard over
extended periods of Operatidn, Three commenters (IV-D-6, IV-D-11, and
IV-D-16) cited that the outlet SO2 concentration measured during the
performance test of the scrubber and used to define excess emissions is
relatively meaningless since it would be very difficult to determine a
“representative" feed. Two commenters (IV-D-6 and IV-D-9) also stated
that the outlet 302 concentration level measured during the scrubber
performance test could very;]ikely correspond to a scrubber efficiency
better than the standard as there exists a strong possibility that the
scrubber would be operating at a reduction efficiency greater than 90
percent during the performadce test. One commenter (IV-D-6) noted that
using an SOy concentration level to indicate scrubber performance is
unsuitable because the method does not take into account the variation
of the relationship between 'S03 and SO» over time and over the range of
feedstocks to be used. Finally, one commenter (IV-D-11) stated that
the out]ét-monitor approach cannot compensate for changes in flue gas
volume. The commenter recommended that an SOz monitor upstream of the
scrubber is necessary to indicate scrubber performance.

Response:

At proposal, affected facilities complying with the standard for
add-on controls were required to maintain a continuous S0 monitor at
the scrubber outlet, and excess emissions were determined based on a
trigger outlet concentrationf]eve] established during the initial
performance test. In the re&ised proposal, EPA proposed that the
standard for add-on controls has been changed to require daily compli-
ance determinations of the p@rcent reduction being achieved by the
add-on control device. Theréfore, the regulation has been revised to
require the installation of é scrubber inlet and outlet SO monitor for
owners or operators who elect to comply with the standard for add-on
controls. (An owner or operétor who seeks to comply solely with the 50
vppm standard, as discussed in the previous comment, is required to
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instail only an outlet CEM.) Thus, the situation described by the
commenters is eliminated.

Comment :

One commenter (IV-D-16) stated that since an excess emission report
only triggers awareness, the method of determining excess emissions
specified under 40 CFR 60.105(e)(3)(ii1) need not be precise, and thus,
adjusting to an oxygen-free basis is unnecessary.

Response:

The standards now require determination of compliance, on a daily
basis, rather than determination of excess emissions. Compliance
determinations have a greater need for precision than excess emission
determinations because the former are used to determine whether or not
a source is in compliance while the latter are used to trigger aware-
ness that a source may not be in compliance. Therefore, the oxygen-free
basis has been retained.

Comment :

One commenter (IV-K-9) felt that because an add-on control device
achieves greater reductions in SO, emissions than technologies meeting
the standard without add-on controls, "less drastic" compliance monitoring
requirements for scrubbers are reasonabie. The commenter referred to
Subpart GGG, 40 CFR Part 60, as an example for this approach in which
pumps with dual mechanical seal systems that include a barrier system
fluid are exemptlfrom monthly VOC monitoring requirements to detect
leaks. This commenter proposed that compliance be determined instead
by an initial performance test, quarterly monitoring of inlet and out-
let SOy concentration using EPA Reference Method 6 or 6B, and continuous
monitoring of wet gas scrubber process variables, such as pH, liquid-to-
gas ratios, and pressure drop, to evaluate scrubber performance in an
ongoing basis.

Response:

Monitoring and testing requirements are chosen to be appropriate
for the control technique and to meet the intent or goal of the
monitoring and festing. The relative stringency of different control
techniques has no bearing on the selection of the most appropriate
monitoring or testing requirement for each control technique. The
example in Subpart GGG referred to by the commenter is not appropriate.
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control technique; that is, the monthly monitoring is not to monitor
how well the control is doing, but rather it is the control. The dual
seals for pumps are an a]tehnative control technique. Therefore, the
"exempt ion" for monthly leak detection and repair is not a monitoring
exemption but a means by which an owner or operator does not have to
use two control techniques. The testing requirement for dual seals was
determined based on its apphopriateness to the control technique.

The purpose of monitoring for these standards is determining |
compliance on a daily basis. Therefore, the Agency must collect data {?
on each control technique from which compliance can be determined. The [ |

For pumps without dual seals, monthly leak detection and repair is the ‘
1
{
|
J
i

procedure suggested by the commenter may give information on the opera-

tion of the scrubber, but it does not give information from which the ;

comp]ianée status can be determined. . i;
In summary, the Agency has determined that the monitoring

requirements for scrubbers are appropriate for determining continuous 3

compliance and that the arguhents and the proposed change offered by E

the commenter are unfounded to support a change.

Comment :

Several commenters (IV-D-2, IV-D-3, IV-D-6, IV-D-7, IV-D-16,
Iv-D-20, IV-K-2, and IV-K-9) stated that continuous SO, monitors are
unreliable due to monitor operational problems. Problems noted included
generation of imprecise and inaccurate data, zero and span drift,
intensive operator attention, excessive sample system plugging, and
unreasonable maintenance reqhirements.

One commenter (IV-K-9) proposed that the requirement for continuous
monitoring of the inlet and outlet to add-on controls be eliminated. . ué
This commenter expressed concerns about the operability of an outlet "
CEMS, stating that utility FGD experience has shown that it is very f%
difficult to maintain the ané]yzer in a saturated gas stream. This
commenter and Commenter IV-K-2 also expressed concerns about the oper-
ability of an inlet CEMS, sthting potential difficulties due to
particulate plugging of the ?naiyzer. Commenter IV-K-2 stated that, to
his knowledge, EPA does not have CEMS data showing that the device can
run 24 hrs/day for one full month and give accurate results. This ‘
commenter, referred to the gaps in the monitoring by a CEMS in each of :
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the first 10 days in Figure C-1 of the BID for the proposed standards.
Commenter IV-K-2 also asked how CEMS reliability was proven, and what
CEMS sample collecting and conditioning systems were used to prove CEMS
reliability.

Response:

The EPA extensively studied the reliability of SOp and diluent
CEMS during the development of Subpart D, Subpart Da, and Appendix F
of 40 CFR 60. Current studies show that state-of-the-art monitoring
systems provide precise and accurate data when proper operation and
maintenance techniques are employed on a continuous basis. Experience
has shown that approximately 2 hrs/day of manual attention is necessary
to obtain an 85 percent or greater availability. Further, as discussed
in the BID for the proposed standards, Appendix D, FCCU catalyst regene-
rator exhausts are similar to those of coal-fired steam generators;
therefore, the continuous SO2 monitoring technology proven acceptable
for steam generators should be applicable to FCCU catalyst regenerators.
Sulfur dioxide monitors have been installed on some FCCU catalyst
regenerators; EPA has gathered information on the operational history
of some of these CEMS but the data were insufficient to compare directly
to Appendix F, Procedure 1, to 40 CFR Part 60, which contains quality
assurance procedures for CEMS used for compliance determinations.

The Agency has, for example, conducted tests at an Exxon wet gas
scrubber using inlet and outlet SO CEMS (see Docket A-79-09, item
II1-A-18A). The outlet monitor was on a saturated gas stream without
reheat of the flue gas. There was no particulate removal in the flue
gas prior to the iniet monitor. The duration of the testing was about
12 days. Over this time, no difficulty was experienced in obtaining
valid data. Some regular backflushing of the outlet analyzer system
occurred due to the saturated nature of the flue gas. This limited
time testing suggests that with careful maintenance of the monitors,
long term use and potential problems can be avoided. The difficulty
stated with regard to outlet monitors on a saturated gas stream can be
overcome through adequate design and maintenance of the CEMS. (The
commenter does not state that the difficulty cannot be overcome, but
rather just that it is difficult.) ’
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The ‘Agency does not agree that particulate plugging will be a-
"fatal" problem. In-stack filters have been redesigned with better
shields and improved outside-stack conditioning systems have been
developed that allow removal of the in-stack filter, when necessary.
Furthermore, technologies are available to circumvent CEMS plugging.
Properly designed systems uspa11y have back-purge capabilities to
prevent particulate plugging of the sampling probe in the stack.
Studies have also shown that high pressure (greater than 70 psi) air in
backflushing sample lines and probes improves removal of particulate
and moisture from the in-sta¢k probes and filters both upstream and
downstream of scrubbers. Manufacturers of the systems and installation
personnel would be responsible for designing each system for a specific
source. Proper design along with consistent and proper maintenance
should be able to prevent particulate plugging to the extent that an
owner or operator will be able to obtain the minimum data requirements.

Based on these studies, EPA has concluded that continuous SO2
monitors are reliable and accurate when properly operated and main-
tained (sée Docket A-79-09, item IV-Jd-1), and are capable of meeting
the minimum requirements for determining compliance with these standards.
Thus, the promulgated standards retain the requirement for continuous
SO2 monitors. The EPA does ﬁot expect the CEMS to run nonstop for
24 hrs/day for an entire month. The minimum data requirements (i.e.,
collection of 18 valid hours'of data per day for 22 days out of every
30) provide for downtime. This provides the owner or operator time to
maintain and calibrate the CEMS and correct minor malfunctions.

Comment : _
One commenter (IV-K-2) asked why EPA bases the NSPS on an
"undeveloped" continuous emission monitor. The commenter referred to
the proposed Section 60.106(e)(2) which requires S02 CEMS's at sthe
control device inlet and outlet to determine kg of S02/hr values; ‘while
BID Appendix D, p. D-13, sayé that the accuracy of a similar CEMS used
to calculate kg of SOp/kg of icoke is unknown.
Response: ' ‘

The commenter is confusing the reliability of two different CEMS's,
The "similar CEMS" referred to by the commenter that is in Appendix D
of the BID for the proposed étandards, p. D-13, is a CEMS that is to
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obtain an estimate of both kg of S0p and 1,000 kg of coke burn-off. The
latter estimate requires measurement of 10 to 12 parameters and the BID
clearly states that measurement of this many variables introduces
serious questions as to the accuracy of the resulting estimate. It is
this CEMS, which tries to estimate kg S02/1,000 kg of coke burn-off,
that is considered unreliable. However, the standards for add-on

controls do not require measurement of coke burn-off. Rather, the
standard for FCCU's requires that S0 emissions be measured in parts

per million by volume (vppm) at both the inlet and outlet to the
scrubber or other add-on control device. Such a format requires the
measurement of at most two parameters, SO, emissions and diluent 02 or
CO2 emissions. The reliability of the S02 and diluent 0p or COp CEMS's
has been demonstrated and performance specifications for evaluating the
acceptability of these monitoring systems in this format are deemed
adequate as specified in 40 CFR Part 60.13 (46 FR 8352, January 26,
1981) (see Docket A-79-09, item 1I-J-2). In summary, the comparison
the commenter tries to make is inappropriate. Continuous emission
monitors are available that have the reliability and accuracy to meet
the needs of the standard for add-on controls.

Comment :

One commenter (IV-K-3) recommended an increased allowance for CEMS
downtime and maintenance, such as requiring data for 15 days per month
instead of 22, and 12 hrs/day instead of 18. The commenter stated
that the company has limited commercial experience on one FCCU with a
CEMS installation they believe is reasonably successful (installed less
than 1 year). The installation is downstream of a CO boiler and an ESP.
According to the commenter, a CEMS placed upstream would be subject to-
much more severe service because of its exposure to hot catalyst fines
and a higher SO, concentration than that seen by a downstream analyzer.
The commenter added that sampling performed by an upstream CEMS would be
more complex, and the CEMS would be expected to have a lower operating
factor.

Response:

In requiring the use of CEMS's for determining compliance, EPA
based its selection of 18 hours of data in a 24-hour day and 22 days of
data out of 30 days on the minimum data requirements for compliance
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determinations specified for utility boilers under Subpart Da of 40 CFR
Part 60. Under these standards, EPA concluded that the required data
to be collected provided sufficient information to characterize emis-
sions, and that properly opeﬁated and maintained CEMS's were capable of
meeting these requirements. :The operating‘conditions at the upstream
CEMS at FCCU's are similar to those found at a Subpart Da boiler CEMS
prior to the flue gas scrubbéro

Comment: ;

One commenter (IV-K-2) asked whether EPA planned to require an
approved manual emission test twice an hour, 18 hours a day, at times
when the CEMS fails. If a manual emission test is needed, this commenter
asked how long the revised Method 8 takes to perform.

Response:

No manual testing would be required when the CEMS fails provided
the facility meets the minimum data requirements specified by EPA.
Minimum data requirements were established to allow for periods when
CEMS's are shut down for various‘reasons but 1limit the amount of data
permitted to be lost before supplemental sampling is required. These
requiremehts provide time for CEMS maintenance and calibration and
correction of minor ma]functfons. Malfunctions are not likely to occur
every 30-day period. Thus, EPA expects that most CEMS's routinely
will operate better than the minimum data requirements and supplemental
sampling will be rarely necessary to meet them.

Many methods are available for supplemental sampling; each owner
or operator would develop his approach to obtaining these minimum data
in the Quality Control Plan required by Appendix F, Procedure 1. Any
acceptable sampling scheme, Such as Method 8, would have to obtain data
representing at least 18 hours of operation daily. Method 8 is unlikely
to be used, however, because it measures SOy when only SO data need to
be obtained. Methods 6 and 6B are more ]ikely'to be used. If Method 6
is used, the minimum sampling time is 20 minutes and the minimum sampling
volume is 0.02 dscm (0.71 dscf) for each sample. Samples are taken at
approximately 60-minute intervals. Each sample represents a l-hour
average. To obtain one va]id day from supplemental sampling requires
18 valid samples. Method GBL if used, would also have to collect a
sample representing a minimum of 18 hours. If a back-up monitor is
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used instead, then a minimum of 18 valid hours to obtain a valid day is
still required.

Comment :

One commenter (IV-K-2) believes that neither Method 6 nor 6B can
be used to supply back-up data when the CEMS fails because: (1) Methods
6 and 6B have sampling problems and poor reliability, and (2) tempera-
tures above 120°C are forbidden when using either method (see 49 FR
9684 for Method 6A and 49 FR 9686 for Method 6B). The commenter
pointed out that the EPA has stated that at least 160°C is needed when
testing.

Response:

The commenter is concerned with the test methods (6 and 6B) that
may be used to gather supplemental data in order to meet the minimum
data requirements for the standard for add-on controls. The 160°C
temperature referred to by the commenter is required when using Method
8, which is used in determining compliance with the standard for FCCU's
without add-on controls. Thus, the commenter's concern about Methods
6A and 6B limiting probe temperature to 120°C is irrelevant to the
160°C probe temperature identified for Method 8.

The Agency believes that the commenter's concerns about sampling

problems and poor reliability have been addressed by the changes made
to these methods as reported in 49 FR 9684. These two methods are
possible means by which an owner or operator can supplement occasional
missing data and are not the only means available to the owner or
operator. Details of the actual procedure(s) chosen by the owner or
operator would be provided in the Quality Control Plan required by

Appendix F, Procedure 1.

Comment :

One commenter (I1V-K-2) suggested that the 7-day average performance
of the control device be calculated using the individual daily averages
of the CEMS data, rather than all of the valid hours within the 7-day
period. The commenter felt this should be done in order to prevent an
operator from "bunching up" valid CEMS data points on "good" days and
taking minimum measurements on "bad" days.




The deliberate actions :on the part of an owner or operator
described by the commenter would clearly be seen as an attempt to
circumvent the standard and such circumvention is illegal, prohibited
by the NSPS General Provisions in Subpart A, Section 60.12 of 40 CFR
Part 60. Further, the minimum data requirements (i.e., requirement to
collect 18 valid hours out of every 24 hours) will limit the potential
for showing a source to be in compliance when the source would actually
be out of comb]iance if bunehing did not occur. Therefore, the Agency
does not believe it necessaey to change the method of averaging data |
for determining daily compliance when using the add-on controls and
has retained the averaging of all valid hours.

! I
Response: : ‘ f
|
{
&
1
|
|

One commenter (IV-K-2) suggested that the Agency require
averaging daily percent red@ction values when calculating the 7-day
rolling average rather than;averaging inlet and outlet data
separately. The commenter, ﬁn making this suggestion, pointed out :i
that the time series model Was analyzed in terms of percent values |

Comment : - |

\
and, through a sample ca]cu]btion, that averaging percent emission | 1:
reduction values provides a more stringent emission standard. L
Response: | ' - {

The Agency considered both averaging daily percent reduction
values and averaging inlet and outlet data separately when calculating ‘
the 7-day rolling average. @alcu]ating a daily average of hourly
percent reductions requires both monitors to be operating at the same .
time for -a minimum of 18 hrs/day to obtain a valid day. Averaging 1
inlet and outlet data separately allows a little more leeway in the - |
time thap either monitor is hot functioning before back-up measurements J
or monitors are needed. |
Further, the Agency found Tittle difference (less than 0.4 percent) i

in the calculated rolling 7-day percent reduction value using the two |
methods described by the comhenter for the data used in the time series },
analysis (see Docket A-79-09, item IV-B-13). In addition, the example }
calculation provided by the commenter to show a "more stringent" standard }
is insufficient as the Agency can easily construct an example showing |
the opposite result. ;

‘

|
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In summary, the Agency believes the averaging of inlet and outlet
data separafely adequately and accurately determines compliance, and
does so with the potential of cost savings to affected owners and
operators by decreasing the need for using back-up measurement methods.

Comment :

Two commenters (IV-K-2 and IV-K-9) questioned the costs of CEMS's
reported by EPA. One commenter (IV-K-2) asked whether the sample
collecting and conditioning systems needed to ensure a reliable CEMS
were included in the price of the CEMS. This commenter questioned the
cost of $40,000 in the preamble for the additional CEMS, as BID Table
D-1 gives a cost of a CEMS as $59,000 to $80,000 (1981 dollars), and
asked whether the Agency updated the costs from the original proposal.
The second commenter (IV-K-9) felt the Agency substantially underesti-
mated the costs of a CEMS. This commenter estimated that the total cost
(analyzer, sampling system, and installation costs) would be about
$100,000 per analyzer for an extractive system and about $150,000 to
$175,000 per analyzer for an across-the-stack system. This commenter
also estimated the annual maintenance manpower costs to be about
$16,000 for an extractive system and about $2,000 for an across-the-
stack system. The second commenter also stated that the estimate of
$40,000 for the additional monitor appears to reflect only the cost
of the analyzer and not the sampling system and installation costs.
This commenter felt that the proposed requirement for continuous
monitoring at the inlet and outlet to add-on control devices be eli-
minated because of the cost of CEMS's.

Response:

The cost of the additional CEMS reported in the revised proposal -
notice reflected the cost of an extractive analyzer and installation
(in February 1981 dollars). The Agency updated the original 1981 costs
for the extractive analyzer system and obtained a revised fourth quarter
1984 cost estimate of $69,300 Kinc]uding installation and data acquisi-
tion system (DAS); $46,200 without the DAS). v

The Agency also recently attempted to obtain updated CEMS cost
data by contacting vendors and source owners or operators using CEMS
(see Docket A-79-09, item IV-A-1). The study found “"worst-case"
vendor costs for an SOp/diluent extractive system from $43,000 to
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$100,000 (1984 dollars). (The worst-case costs included additional
costs for longer sample lines, corrosion-resistant probes, probe
backflush systems, and computer data acquisition systems capable of
generating emissions reports.) Worst-case installation costs (which
are for an S0p/NOy/diluent CEMS) ranged from $2,000 to $80,000. Total
worst-case costs for an extractive analyzer would be from‘$45,000 to
$180,000 (including a DAS and installation). “Best-case" costs for

an extractive analyzer systeh, including installation, ranged from
$15,400 to $86,000. The commenter provides an estimate of about $100,000
(analyzer, sampling system, and installation). Taking out the cost of
a DAS (about $23,100) from the worst-case costs, the commenter's
estimate falls in the middle-to-upper end of the worst-case costs.

The Agency notes that its original cost estimate for an extractive
analyzer, when updated to 1984 dollars, still falls within the worst-
case costs range reported in the updated study.

The across-the-stack cost estimate ($40,460) obtained in February
1981 was for a complete out]ét monitoring system to which the Agency
added a cost of $20,000 for %nsta]]ation and $20,000 for a DAS. Total
cost, including 1nsta]1ation; for the outlet monitor was, thus, $80,400
(February 1981 dollars). Updating this cost to fourth quarter 1984
dollars yields a cost estimate of about $92,900 for the analyzer, DAS,
and installation. Data on across-the-stack CEMS gathered’more
recently show worst-case vendor estimates for an S0p/diluent CEMS
(including a DAS) to range from $44,000 to $96,000, with installation
ranging from $2,000 to $80,000. Assuming a DAS cost of $23,100, total
worst-case costs without a DAS would be from $22,900 to $153,000.
Best-case condition costs were estimated to be $34,400 to $60,000 per
analyzer ($34,000 to $45,000 for the analyzer plus a DAS, plus $400 to
$15,000 installation). Commenters IV-K-9 estimated costs of about
$150,000 to $175,000 per anaiyzer (analyzer, sampling, and installation),
which falls in the upper rande of the worst-case vendor estimates.

The annual maintenance costs estimated by the Agency in the
proposal BID Appendix D were $11,000 for either an extractive or across-
the-stack CEMS., Updating the cost results is an estimate similar to
the commenter's estimate of $16,000 for an extractive system and is
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more conservative than the commenter's estimate for an across-the-stack
~ System.

6.3 WITHOUT ADD-ON CONTROL DEVICES

Comment :

Several commenters (IV-K-3, IV-K-4, IV-K-6, and IV-K-12) stated
that EPA had underestimated the costs of daily Method 8 testing. One
commenter (IV-K-4) believes that annual expense for labor to collect
and analyze daily Method 8 samples would be about $300,000/yr. This
commenter specifically indicates that this cost assumes no automatic
traversing system is used, but all testing is accomplished manually.
The commenter estimated that daily sampling would require a full-time
3-person (supervisor and 2 assistants) stack testing crew, which
would be responsible for testing, repair, and maintenance of the trains,
calibration checks, analyses, etc. This commenter also stated that a
back-up crew would be necessary. Commenter IV-K-3 estimated the
operation and maintenance cost to be about $250,000/yr. This commenter
assumed, in part, that sixteen samples would be required each day and
analyzed at 15 minutes per sample. This commenter used vendor labof |
hour rates to estimate the labor charges. Commenter IV-K-6 estimates
that daily Method 8 sampling, using a contractor, would be about
$400,000/yr. This commenter estimated daily labor hours to be 8 hours
for sampling and analysis apiece and 12 hours for preparing the reports
and project management. Commenter IV-K-12 estimated that the total
annual cost would be about $184,000 per FCCU. This commenter believes
that 4 man-years of effort would be required and based the cost on
3 technicians (each at $41,600/yr) and 1 professional (at $58,800/yr).

Another commenter (IV-K-2) asked how EPA determined yearly costs
of Method 8 to be "reasonable" when the costs are unknown? The
commenter did not think it was reasonable to claim the costs to be
“reasonable" when the costs are based, in part, on a traversing system
not yet developed. The commenter also asked the Agency to identify
the cost of revised Method 8 and what the cost would be if you did not
have an automatic traversing system. Commenter IV-K-3 questioned EPA's
assumption that an automatic traversing system can be readily developed
and implemented. This commenter noted that adding equipment such as
an automatic traversing system will increase system complexity and that
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problems with an aﬁtomatic tkaversing system (such as binding) may be ;
significant and degrade on-stream factor. ‘ |
Another commenter (IV-K74) stated that the daily manual stack
testing bequirement using EPA Method 8 for SOy emissions determination
is premature, pointing out that because no means of automated perfor-
mance of this test exists, it must be performed manually. According
to this commenter, future development of an automatic traversing
system is speculative and unfounded given the technical complexity 4
of the stack testing protocols involved. ’
Response: | ;
The standard requires one 3-hour sample per day, 365 days per |
year. As noted in the commeht summary, one commenter states explicitly
that they calculated their labor costs assuming no automatic traversing
system. The Agency believes that the other commenters made the same
assumptidn. After further cbnsideration, the EPA has agreed with the
commenters that the assumption of an automatic traversing system should
not be used for evaluating and recommending daily Method 8 testing,
a1though‘the Agency still cohtends that it is technologically feasible. 1
Instead, the Agency has revised the cost estimate as;uming that a i
monorail system will be installed at each of the two sampling ports
and that a single sampling tbain will be used, with manual movement of 1
the sampling train for traversing and changing ports (see Docket A-79-09, 1
item IV-B-12). Although notéaddressed by the commenters, EPA decided ‘
that it was appropriate to also include a cost for an enclosed sampling
area to protect the sampler and equipment from various weather condi-
tions, such as rain and snow; The capital cost of the monorail system |
and enclosure is estimated to be $20,000. When the Agency originally
estimated the cost using an automated traversing system, we assumed ‘ 1
two sampling trains, one in each port. With the revised assumptions, ‘
only one‘samp]ing train is uked, and moved from one port to the next; 1
this halves the number of samp]es to be analyzed to 365 (1 per day). i
The EPA disagrees with the commenters' claim that 3 or more people :
would be devoted full-time tp this stack testing. Only one 3-hour
sample is required each day. The Agency believes that it would take an
average of 8 labor hours per day to prepare the equipment, conduct the
sampling, and perform periodic maintenance on spare equipment, with an
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added labor for analysis of about 1.3 hours per sample. This estimate
is the same or similar to that assumed by Commenter IV-K-6 and, when
adjusted for the number of sample points, by Commenter IV-K-3. The
Agency estimated that the quarterly reports would take about 50 hours
each to prepare. This 1s'equiva1ent to less than one hour per day.

The Agency strongly disagrees with the 12 hour per day estimate used by
Commenter IV-K-6. On the basis of the above assumptions and revisions,
the revised annualized cost per affected facility is estimated to be
$120,000.

Comment :

Many commenters (IV-K-1, IV-K-2, IV-K-3, IV-K-4, IV-K-5, IV-K-6,
and IV-K-8) stated that daily testing should be deleted from the
standard for FCCU's without add-on controls. The commenters felt
that daily testing was too costly and unduly burdensome, especially,
according to one commenter (IV-K-4), when compared to the costs of
monitoring for the scrubber or testing under the feed hydrotreat option.

One commenter (IV-K-3) stated that he knew of no other instance in
which this type of non-routine sampling is being performed on a daily
basis to satisfy compliance requirements. This same commenter also
stated that, in general, direct compliance information should not
be required if, in the course of obtaining it, an'unreasonab]e cost
burden occurs. Commenter IV-K-3 also states that the cost of daily
Method 8 testing will impose a disproportionate hardship on small
FCCU's, as the costs are independent of unit size.

Commenter IV-K-1 stated that the cost of daily Method 8 testing
could hamper improvements in SOy reduction catalyst development and
felt that the estimated cost of $130,000/yr would put an onerous
burden on FCCU operators who choose to develop and use SOy reduction
catalysts.

A third commenter (IV-K-6) stated that the economic impact is
significant and would affect the profitability of FCCU operation.

This commenter noted that the corporation operates 9 FCCU's and
claimed that they would have to spend approximately $3.6 million/yr to
conduct daily Method 8 testing.
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Response: 2 v I.
The Agency recognizes that daily testing with Method 8 is not |
inexpensive, but that it is also not an unreasonable cost. The Agency
has examined various methods available to show daily compliance with
the standards. For facilities that bpt to use SOy reduction catalysts
to meet the standards, the Agency has determined that daily Method 8
testing is current]y the only viable alternative that enables the
Agency to be sure that the owner or operator is in compiiance on a

daily basis. - | ]
The relative costs of the various methods for determining |
continuous compliance available to all affected facilities subject to i
the standards is not a va]id:basis for rejecting one method or another, |
just as the relative costs of the capital investment of the various :
control options are not a basis for excluding one or the other. What
is relevant is whether the tbta] (capital, annual, monitoring, etc.)
cost of compliance for meetihg the standards for an affected facilﬁty
is reasonable or unreasonable. Similarly, the lack of other situations
requirinj similar "non-routine" sampling is not a valid basis for 1
eliminating this requireméntl Daily testing is needed for this standard ]
in order to show daily compliance. }
The‘Agency disagrees that the burden is "unreasonable" or "onerous," I
the economic impact is "significant," or the profitability of FCCU
operation will be adversely affected. The Agency studied the potential
economicrimpact of the standards on small and large refineries and
reported and discussed the fﬁndings in the original proposal notice to
these standards (49 FR 2072). The economic impact to the small (and
]arge) refiner is expected to be small because most, if not all, of the I
cost should be capable of beﬁng included in the prices of the refined - 1
petroleum products and the résu1t1ng price impact is reasonable. These {
results were obtained assumihg compliance by all projected affected W?
faci]ities with the standard;for FCCU's with add-on controls, which Hi
is more expensive than compliance with the standard for FCCU's without |
add-on controls. Therefore,fthe economic impacts of complying with
the standard for FCCU's without add-on controls will be smaller. ;
The ‘Agency believes that the monitoring costs associated with I
daily Method 8 testinyg are uh]ikely to affect SOy reduction catalyst %é
|
‘
\

6-18




development. Even with the higher monitoring costs, SOy reduction

catalysts are still likely to be the least expensive route to meeting

the standard. Thus, development on SO0y reduction catalysts will still
continue as owners or operators try to minimize their costs in meeting
these standards.

The third commenter's estimate of $3.6 million assumes: (1) all 9
FCCU's will use SOy reduction catalysts and (2) the cost per FCCU for
daily Method 8 testing is $400,000 per FCCU. The Agency believes both
are highly unlikely to occur because: (1) we do not expect all FCCU's
(e.g., such as those with very high sulfur feed tontents) to use SOy
reduction catalysts and (2) the commenter overestimates the cost of
dai]¥ Method 8 testing (see response to the previous comment).

“In conclusion, the Agency believes that the cost of daily Method 8
testing is reasonable in order to ensure daily compliance. Less expen-
sive methods that allow the Agency to make equivalently accurate daily
compliance determinations are encouraged and may be used subject to the
approval of the Administrator.

Comment : ,

One commenter (IV-K-4) stated that daily stack testing is an
unduly burdensome requirement and added that EPA has not provided a
sufficient basis to justify such an extraordinary requirement as daily
stack testing. According to this commenter, daily manual stack testing
using either Method 8 or a modified Method 6 is unreasonable in terms
of frequency and is inequitable to refiners using various control
options. In addition, the commenter remarked that no data have been
presented to support a thesis that emissions would vary so widely as to
necessitate monitoring on a daily basis.

Another commenter (IV-K-5) opposed the proposed daily manual
testing using Method 8 for FCCU's using suifur reduction catalysts.

The commenter provided three reasons as the basis for his remarks:
(1) the approach is too labor-intensive; (2) EPA has not adequately
demonstrated the need for this requirement; and (3) the requirement
runs counter to the current national effort to increase the produc-
tivity of the American workforce.




Response:’
These standards require an owner or operator to determine compli-

ance status on a daily basis. For owners or operators using SOy
reduction catalysts to meet the standards, the Agency has thoughtfu]]y
and thoroughly considered options by‘which daily compliance determina-
tions could be made accuraté]y and with certainty. At this time, daily
testing is the only method that the Agency knows will accomplish this
goal. The Agency has "minimized“ the amount of required sampling to
one 3-hour test per day to help reduce the labor burden, but still

meet the goal of daily compliance determinations. Thus, the Agency
strongly disagrees that the .frequency of the testing is either
unreasonable or inequitab]e; as owners or operators subject to the
standard for add-on controls or for low-sulfur content feeds are

also required to make daily determinations. Data has been submitted by
industry (for example, see Docket A-79-09, item IV-K-8) that show wide
variation in SOy emissions from FCCU's using SOy reduction catalysts.
Even if this variation does not vary "so widely," an FCCU operating
right at the emission 1imit may go above the emission limit due to a
small variation. Thus, daily compliance determinations are appropriate.
The Agency points out that as additional data on FCCU's using SOy reduc-
tion catalysts are generated, alternatives to Method 8 testing may
become available and be used upon Administrator approval, but the daily
determination of comp]iance'is unlikely to change. That the approach
is Tabor-intensive is irre]évant. The Agency has considered the cost
of the déi]y testing and has determined the cost to be reasonable.
Failure to make daily compliance determinations runs counter to the
national effort for ensuring a cleaner environment. Thus, the Agency
can see ho merit to the comﬁent that such testing and employment of |
labor to perform the testing runs counter to the national effort to
increase the productivity of the American work force.

Comment : ,

One commenter (IV-K-6) believed that insufficient quaiified
contractor manpower exists to conduct the Method 8 compliance sampling.
Response: :

The EPA assumed that in-house personnel would be used to conduct
the Method 8 compliance sampling. The EPA believes there is sufficient
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Tead time to train such personnel without requiring or solely relying
on contractor manpower.

Comment :

One commenter (IV-D-16) stated that the proposed regulation does
not supply sufficient information (calculation procedures) under
Section 60.106, "Test Methods and Procedures," to determine total SOy
emissions.
Response:
| The EPA agrees with the commenter. Therefore, the regulation has
been revised to indicate that modification to the calculation procedures
specified in Reference Method 8 will be bequired to calculate total
SOx emissions as SOp.

Comment : :

One commenter (IV-D-16) asked how S03 values could be presented in
Table C-14 of the proposal BID when Section D.1.3.2 (page D-8) of the
proposal BID states, in reference to the field tests providing the data
for the values in Table C-14, "SO3 could not be determined in the field

Response:
The remaining portion of the statement made in Section D.1.3.2

of the proposal BID states that SO3 and particulate sulfate samples
were later analyzed in a laboratory by ion chromatographic analysis.
The emission summaries in Table C-14 of the proposal BID labeled
"Sulfur Trioxide" included all sulfates collected in the isopropanol
impinger which passed through a heated (178°C) filter. This would
have included most of the sulfuric acid mist, if any were present
(see next comment). The emissions labeled “Sulfates" included all
water soluble sulfates collected in the probe and heated filter, as
determined by water leaching the probe wash residue and filter and
analysis of the leachate. |

Comment :

One commenter (IV-D-16) asked if separate values for sulfuric
acid mist and sulfur trioxide can be determined.
Response: B

The EPA knows of no practicable technique to determine separate
values for these two species.
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Comment : i
Many commenters (IV-K-1, IV-K-3, IV-K-4, IV-K-5, IV-K-8, IV-K-10,
and IV-K-~12) suggested alternatives to daily Method 8 testing for
demonstrating continuous coﬁp]iance. The commenters suggested three
basic types of alternatives: (1) the use of less frequent Method 8
testing, (2) periodic testing for SOy until an SO3 CEMS is developed,
and (3) the use of continuous SO2 monitors with periodic testing for
S03. One commenter (IV-K-SY stated, in general, that the daily appli-
cation of Method 8 is cumbehSome, and thus, the proposed rule should
contain provisions to allow the permittee to demonstrate continuous
compliance based on a broade} spectrum of options. This commenter
pointed out that: (1) the proposed rule restricts testing options and
does not provide for flexibility with regard to future improvements in
monitoring or operating stra%egy; (2) more flexible language would
encourage better process und@rstanding within the regulated community;
and (3) exclusion of such a provision would require that future changes
be made through formal rulemaking.

Less Frequent Method 8 Testing. One commenter (IV-K-10) stated
that testing for continuous tomp]iance may not need to be performed

as frequently as proposed. This commenter suggested, for example, that
if a week of daily Method 8 testing shows that no test is over the
emission 1imit, then the testing frequency should be relaxed to seven
tests on consecutive days once each quarter or semi-annually. The
commenter pointed out that the tests are too expensive to be performed
more frequently than necessdry and that a history of testing data may
show that daily testing by Method 8 is not necessary if there are no
feed or operational upsets. . | |

Periodic SO, Testing Until SO, CEMS Developed. Two commenters
(IV-K-4 and IV-K-5) suggestéd that instead of daily Method 8 testing
EPA require annual stack testing (IV-K-5) or quarterly or monthly
stack testing as determined 'on a case-by-case basis (IV-K-4) until a

SOy CEMS has been developed. Commenter IV-K-5 suggested (as a second
choice recommendation to annual testing) that EPA specify a continuous
S04 monitor and develop performance standards for such a monitor. This
commenter provided literature on an SOp monifor that they thought
should be able to monitor SO3 also. The other commenter (IV-K-4) felt
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less frequent compliance testing was sufficient because their general

experience with FCCU catalysts indicates that changes in emission rates
from an FCCU that can achieve the proposed standardé are sufficiently
gradual to allow the less frequent compliance testing. Another
commenter (IV-K-1) simply stated that some alternative to the SOy
standard should be used until a SOy, CEMS is proven to be practical in
FCCU service.

SOo> Monitors with Periodic Method 8 Testing. One commenter
(IV-K-3) suggested using an SOp CEMS with an "SO3 multiplier" to deter-

mine daily compliance, with the multiplier determined from a rolling
average of periodic (e.g., biannual) measurements using Method 8.

This commenter stated that the periodic tests could be run at repre-
sentative feedstock and operating conditions to ensure a fair estimate
of the S03 multiplier. ' '

Another commenter (IV-K-12) recommended, if daily compliance
determinations are required, the use of an S0 CEMS in conjunction with
periodic comparisons of performance between the CEMS and Method 8.

This commenter made this suggestion on the basis of: (1) their belief
that S03/502 ratios are relatively constant and predictable, and that
the SO3 component of SOy is relatively insignificant; (2) EPA's data
that describe the variabi]ity in the ratio of S03 to SOy in emissions,
and on which the requirement for daily testing is based, are limited

and scattered; (3) maximum SO3 emissions are most likely to occur when
the FCCU regenerator is operated in a complete combustion mode without
SOy reduction additive on the catalyst, because, as the oxygen atmosphere
increases, the conversion of SOp to SO3 is favored, and SO3 will be
driven to maximum concentrations if SOy reduction additive is not

used to remove total sulfur; (4) a summary provided by them of emission
monitoring at one of their FCCU's operating in the complete combustion
mode without sulfur reduction additive shows reasonably good agreement
between the CEMS and a wet chemistry method, and shows an S03 concentra-
tion of only a few parts per million -- less than 1 percent of total

SO, emissions; and (5) additional FCCU test results provided by them
support their conclusion that regenerator flue gases on units not

using SO, reduction catalysts but with CO boilers contain negligible
amounts of S03. '




A third commenter (IV-K-8) proposed that the fraction of SO3 not
recorded on the SOp monitor be determined periodically by a Method 8 or
modified Method 6. This would be in addition to S0z monitoring on a
continuous basis. This commenter pointed out that data provided by
them indicates that approximately 10 to 20 percent of the flue gas
sulfur occurs as S03. : | ‘ :
Response:

The Agency has considered the alternatives suggested by the
commenters. The Agency agrees that any test should not be performed
more frequently than necessary and that a history of test data may
show that daily testing is unnecessary. However, such a "history of
test data" does not exist aé this time and without such data, the
Agency does not believe any of the alternative monitoring or testing
schemes suggested can be implemented at this time and ensure that
accurate continuous compliance determinations are made. Further, the
commenters did not provide much data to support their arguments, and
available data show that thé S03/S0y ratio can be variable.

As noted above, one of ;the commenters provided literature on an
SO monitor that they thought should be able to monitor SO3 also. The
information and literature provided were insufficient for the Agency to
evaluate this potential for this particular monitor. The Agency has
examined other monitors for their ability to monitor SOy. To date,
none of the monitors examined has proven suitable.

The Agency does agree that many of these alternatives may be shown
acceptab]e as more data on SOX reduction catalyst use and SOy emissions
are generated. Therefore, the'sténdard explicitly states that such
alternatives supported by sufficient data may be approved on a case-by-
case basis. Some of the crfteria that may be considered are the S03/S0y
ratio, product feed variability, frequency of product siate changes,
operational variability in regenerator conditions (e.g., excess oxygen,

temperature), catalyst addition schedules, and FCCU operating conditions.

The development of a successful SOy monitor would also be an acceptable
alternative, upon approval By the Administrator, to Method 8 testing.

In the meantime, however, the Agency has retained daily Method 8 testing
for determining compliance on a continuous basis for the FCCU without
add-on control standard.
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Comment: .

One commenter (IV-K-6) states that the use of continuous S02
monitors will provide a means of determining compliance for FCCU's
without add-on controls at a more reasonable cost than Method 8.
Response:

As discussed in Section 2.2, "Regulated Pollutant," the Agency
continues to believe that SOy is the most appropriate regulated pollu-
tant for FCCU's operating without add-on controls. As SO2 monitors
do not measure S03, they cannot be used to provide continuous compliance
determinations when SO0y reduction catalysts are being used.

Comment : .
Two commenters (IV-D-6 and IV-D-9) stated that the continuous

emission monitoring requirement should be eliminated for the standard
for FCCU's without add-on controls because FCCU outlet SO2 concentra-
tions are not a true indication of the SOy emission rate. The
commenters argued that variables in subsequent operations can differ
considerably from those during the performance test, making outlet
concentrations unsuitable as a gauge of compliance.

Response:

As originally proposed, EPA considered SO2 monitoring as the most
reasonable means of determining excess emissions for FCCU's using SOy
reduction catalysts, recognizing that such an excess emission level
based on FCCU outlet SO2 concentration does not provide a precise indi-
cation of SOy emissions per 1,000 kg of coke burn-off. This particular
concern, however, is no longer relevant as the standard now requires
daily determination of compliance using direct measurements of SOy emis-
sions (i.e., daily testing with Method 8).

Comment :

One commenter (IV-D-16) stated that since there will be catalyst
particles in the flue gas to the scrubber, how can Method 8 be used as
Method 8 requires "the absence of other particulate matter?" The com-
menter also pointed out that this problem could render Method 8 invalid
for outlet gases. This commenter also asked in a later comment letter
(1V-K-2) how EPA knows that the revised proposed Method 8 is not subject
to interference from particulates as is Method 8. In addition, the
commenter questioned whether testing of revised proposed Method 8 has
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been performed that shows no:particulate interference, repeatability by
one tester, reproducibility by different testers, precision, and accuracy.

One commenter (IV-K-4) stated that EPA has failed to recognize
possible interfering effects;associated with common practice for partic-
ulate control in the Method B stack test measurement. The commenter
believes that refiners are 1ﬁkely to use an ESP to comply with the FCCU
particulate standard. The commenter stated that, according to EPA, the
injection. of either ammonia or an “enhanced" amine into the ESP to
adjust particle resistivity 'and improve fine particle removal in the
ESP can produce significant interfering effects in SOy determinations
using Methods 6 and 8. The commenter added that more developmental
work should be done to idenfify and quantify these interfering effects
on the SOy emission test mefhodo]ogy before EPA adopts a specific test
method for NSPS SOy comp]iaﬁce monitoring purposes.

Response: :

The EPA agrees that the presence of “"other particulate matter"
could invalidate the Method 8 test results. Therefore, appropriate
changes have been made in tﬁe regulation to permit the insertion of a
heated filter and probe in the sampling train, prior to the impingers.
The heated probe and filter will prevent the particulate matter from
getting into the impinger solution. Filters would be required that are
at least 99.95 percent efficient, as required in Section 3.1.1 of
Method 5. There is no indiéation or reason to suspect these filters
would not eliminate the anafysis problem., If ana]ytica1‘interference
because of particulates still exist, then alternative analytical tech-
niques (for example, ion chromatography) are available for use upon
approval by the Administrator, '

The Agency has not conducted testing of Method 8 as modified undeb
these standards to specifically address the commenter's concerns.

The Agency knows of no technica] reason, however, as to why the modi-
fications to Method 8 under this subpart would adversely affect the
repeatabi]ity, reproducibi]fty, precision, or accuracy of Method 8. 1In
addition, EPA is currently developing test procedures for minimizing the
sulfate interference in particulate matter measurements. The alterna-
tive of measuring both particulate matter and sulfur oxides with the
same equipment and ana]ytica] techniques will be addressed at that time.

6-26




The EPA acknowledges that ammonia has known interfering effects on

SOy determinations. We be]ieve‘there are alternative techniques to

eliminate the interference and are currently studying potential inter-
ference problems with respect to ammonia. Thus, in cases where ammonia
and/or amines are expected or are known to create problems, the owner
or operator should consult the Administrator for approval of alternative
test methods.

Comment :

One commenter (IV-K-6) stated that the collection of a grab sampile
using Reference Method 8 is less reliable than a continuous on-line
analyzer, even though there could be some minor variation in the SO03 to
S0 ratio in the stack gas. The commenter believed the use of Method 8
could give unrealistic results where an unscrupulous operator could
adjust the operating conditions prior to obtaining the daily sample.
Response:

The revised proposed standards specified that the measurement of
SOx emissions from FCCU's using SOy reduction catalysts would be
accomplished by conducting revised Method 8 for one shift each day.

The Agency knows of no evidence that the variation in total SOyx through
the course of a day is any greater than the variation in the SO0 to SO3
ratio in the stack gas and thus no evidence for the commenter's remarks.

The EPA assumes that operators will obtain valid samples that are
representative of operating conditions at the facility and, therefore,
will not alter operating conditions prior to sampling. Such deliberéte
actions on the part of an owner or operator to obtain unrealistic
results clearly constitute a circumvention of the standard and is
j1legal under Subpart A, the General Provisions (40 CFR Section 60.12).
Inspection of plant operating data by EPA and State personnel would |
lead to detection of such alteration of plant operation.

Comment:
One commenter (IV-K-2) questioned whether 160°C (320°F) is
the appropriate temperature for the heated probe and filter in the
revised Method 8. The commenter based his question on the following
assertions:
(a) The commenter believed that the dew point for S03 can often
be above this value, especially for FCCU's running more than
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0.3 weight percentfsu]fur in the feed, and collecting sulfuric
acid in the heated?fi]ter will not help the revised Method 8
to yield correct ﬁesu]ts.

(b) The commenter believed that a minimum probe temperature of
200°C (400°F) was being established for Method 5, and believed
the 160°C probe temperature seems to be recreating an earlier:
problem. |

(c) The commenter believed that this modification would allow the
probe and heated filter to corrode and leak in a few days if
used in a flue gas with a high SOy content.

This commenter also asked how the 160°C (320°F) temperature at the
probe is reached if the stadk temperature is hotter, or if it is
colder. This commenter stated that if a "probe catch" is a deposit
in the probe, the probe would soon plug up.

Response: ' '

The EPA based the se]edtion of the temperature for the heated
filter and probe in the revised Method 8 on the temperature specified
in the proposed Method 5B and 5F (50 FR 21863, May 29, 1985), which are
the methods for sampling particulate matter at FCCU's. The EPA agrees
that the dew point for SO3 ﬁay be higher than the temperature of the
heated filter and probe (160°C). In such instances, the filter would
pick up éondensed SO3 (most 1ikely, though, as sulfuric acid mist),
thereby leading to a low estimate of S03 as measured in the impingers.
The Agency believes that thfs problem is small because the filter would
pick up only a small part of the sulfuric acid mist, and the rest
would pass through the filter and be collected in the impingers.

Thus, the Agency recognizesfthat, in such situations, a potential
bias exists to underestimate emissions, but believes that it is small-
provided the 160°C is maintained.

The commenter's third éssertion'is neither relevant nor correct.
The materials used (glass and stainiess steel) in the probes and
filter holders are not subjéct to corrosion from sulfuric acid.
Further, the probes and filter holder are removed each day (after the
3-hour test) for cleaning. | In addition, FCCU operators would be
required to conduct periodic leak checks. If leaks are detected in
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the system, or if the sampling system fails, then the system would
need to be repaired. -

With regard to the stack temperature being different from the
probe temperature, if the stack temperature is hotter, there is no
problem from an SOy enforcement standpoint - more SOy will be trapped
in the impingers - and thus no temperature adjustment has to be made
at the probe; However, if the stack temperature is colder, less SOy
will pass through the filter and a temperature adjustment has to be
made. It is common practice to'e]ectrica11y heat the probe to attain
the desired temperature.

Finally, with regard to plugging of the probe, as part of normal
operating procedures, sampling conducted using revised Method 8
requires that the probe be cleaned out after each run and that the
collected sample be discarded from the analysis. This procedure
eliminates the poténtial problem brought up by the commenter.

Comment :

One commenter (IV-K-2) asked why the isopropanol impinger was
deleted from Method 8.
Response:

Method 8 was designed primarily for the separate capture and
measurement of sulfuric acid and SOp. The isopropanol (IPA) impinger
is used to collect sulfuric acid and S03, while the hydrogen
peroxide impinger is used to collect SO2. 1In the absence of the IPA
impinger, the hydrogen peroxide impinger will collect all the SOy
compounds together. The current standards for SOy reduction catalysts
are based on total SOy; there is no need to separate SOp from other
sulfur emissions. Therefore, EPA eliminated the IPA impinger from
Method 8, the effect of which is to simplify the test procedure,
analysis, and calculations.

6.4 FEED SULFUR CUTOFF

Comment :

One commenter (IV-K-10) felt that the cost of testing the feed
sulfur at FCCU's using the alternative feed sulfur cut-off standard is
too expensive to be performed more often than is necessary and suggested
that such testing should be required once per week if the feed is
previously found to contain below 0.3 percent sulfur in every sample
for a week. |
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Response:
For these standards, owners and operators are required to

determine compliance on a continuous basis (i.e., on a daily basis).

As described in the proposed:standards, most refiners manually sample
the FCCU fresh feed once per day. Fresh feed sulfur content, however,
may change on an hourly basis. Requiring samples to be collected once
per hour is not practical using manual sampling techniques. Therefore,
the Agendy selected a sampling frequency of one sample per 8-hour
shift. This frequency would measure major fluctuations in fresh feed
sulfur level and is reasonable considering current refinery sampling
practices. The sampling program suggested by the commenter would not
allow the Agency to be sure that the owner or operator is in fact
meeting the standard on a daily basis. Furthermore, past feed usage is
not a good indicator of futuke use; many refiners use different feeds‘
or feed blends for short periods of time. Therefore, the Agency has
retained daily testing for féed sulfur content for those operators
using this alternative standard.
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7.0 COMPL IANCE COMMENTS

7.1 SOURCE OPERATION DURING MALFUNCTIONS

Comment : « .

One commenter (IV-D-7) requested that EPA consider establishing
standards that allow a certain amount of scrubber downtime without
requiring a FCCU shutdown.

Response:

The General Provisions in 40 CFR 60 provide for malfunction of
control equipment. "Malfunction" means only sudden and unavoidable
failure of air pollution control equipment, process equipment, or of a
process to operate in a normal or usual manner. Failures that are
caused entirely or in part by poor maintenance, careless operation, or
any other preventable upset condition, are not considered malfunctions.
As stated in Section 60.8(c), emissions in excess of a standard due to
a malfunction do not represent a violation of the standard. In addi-
tion, scrubbers currently applied to FCCU's have demonstrated reli-

‘ability levels in excess of 95 percent (discussed in Section 3.1 of

this document). Thus, it is unnecessary to provide a provision in the
standards for scrubber downtime.

Comment :

One commenter (IV-D-16) asked if the affected facility is allowed
to continue operating during continuous emission monitor malfunctions.
Response:

An affected facility may continue to operate during continuous
emission monitor malfunctions. However, as prescribed under 40 CFR
60.7(b) and (c)(3) of the General Provisions, the owner or operator
shall maintain records of any periods during which a continuous moni-
toring system or monitoring device is inoperative, and the quarterly
(or semiannual, if no exceedances have occurred during a particular
quarter) compliance report shall include the date and time iden-
tifying each period during which the continuous monitoring system was
inoperative, except for zero and span checks, and the nature of the
system repairs or adjustments. It should be noted that failure to
properly operate or maintain a continuous monitoring system would be
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considered as a violation réther than a malfunction (see 40 CFR 60.105
and 60.13).

7.2 COMPLIANCE USING PARTIAL SCRUBBING

Comment : i ‘

One commenter (IV-D-3) stated that EPA should delete the
requirement that the add-on control device must be operated to reduce
SOy in the entire exhaust stream by 90 percent (or to 50 vppm). Instead,
a portion of the FCCU regenerator exhaust gas could bypass the scrubber
and rejoin with the scrubbed portion further downstream. A refiner
could then operate a smaller scrubber at or less than full capacity to
meet thé 9.8 kg S04/1,000 ké coke burn-off level of the standard for
FCCU's without add-on controls. A smaller scrubber would mean smaller
capital and annual operating costs, energy savings, eliminate the need
for reheat, and improve nonéir environmental benefits.
Response: 5

The 90 percent standard is intended to reflect the capability of
scrubbers, which can achieve 90 percent control of the entire exhaust
stream. A relaxation of thé standard to 9.8 kg S0x/1,000 kg coke burn-off
would cause it no longer toireflect the capability of scrubbers.

7.3 CHANGING COMPLIANCE METHOD

A commenter (IV-D-16) questioned the need for a compliance test
after each change by a refiner from one method of compliance to another.
Rather, the commenter stated that one compliance test for each
compliance method the first time selected is sufficient.

Response: k

This comment is no longer applicable as the standards now requiré
daily determinations of compliance. Under the standards, a compliance
test (by definition) is required every day regardless of the standard
with which the owner or operator seeks to comply or to which the owner
or operator has been previously subject.

Comment : ,

Four commenters (IV-D-2, IV-D-6, IV-D-16, and IV-D-20) wrote that
the 90-day notification priQr to changing from one method of compliance
to another should be modified to allow for an immediate change in
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emergency cases. The commenters pointed out example situations, such
as an emergency shutdown of a hydrotreater or of a scrubber. According
to the commenters, in such cases a refiner would want to comply with a
different standard (e.g., change from the standard for FCCU's without
add-on controls to the feed sulfur cutoff) immediately, rather than
curtail FCCU processing until the shut-down control unit is repaired. .
~ Two of these commenters (IV-D-6 and IV-D-20) stated that no prior
notification should be required provided that records appropriate to
demonstrate compliance are maintained, and EPA is notified in writing
of the Change in compliance method.
Response:

The regulation now requires that daily compliance determinations
be made for all of the standards. Thus, EPA agrees with the commenters
and has removed the requirements for prior notification provided that
records appropriate to demonstrate compliance with the reguiation are
maintained, and EPA is notified in writing of the change. However,
prior notification is required whenever an owner or Operator adds any
CEMS (e.g., when an owner or operator elects to go from the 50 vppm
only compliance to 90 percent reduction or 50 vppm compliance).
Notification is also required in a quarterly report of any change in
the choice of SOy standard with which an owner or operator elects to
comply. The notification of any other changes in the standard to which
a refiner is subject may be submitted alohg with a quarterly (or semi-
annual) compliance report.
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8.0 MODIFICATION/RECONSTRUCTION COMMENTS

Comment :

One commenter (IV-D-2) suggested that the definition of reconstruc-
tion, as written in 60.108(a), should be modified to exclude equipment:
which is replaced by equipment alike in design, shape, and metallurgy.

The commenter cited an example of an existing unit damaged by disaster

or misfortune.
Response:

Section 60.15 of the General Provisions specifies that reconstruc-
tion occurs upon replacement of components if the fixed capital cost of
the new components exceeds 50 percent of the fixed capital cost that
would be required to construct a comparable, entirely new facility and
1f it is technologically and economically feasible for the facility,
after the replacements, to comply with the applicable standards of
performance. The circumstances prompting the reconstruction activities
are not pertinent when determining if an existing facility has undergone
reconstruction,

Each reconstruction determination is decided on a case-by-case
basis. Section 60.15(f) sets forth the criteria which the Administrator
will use in making his determination. If the owner/operator of the
facility can provide evidence that it is not technologically or econom-
ically feasible to comply with the applicable standards, the facility
will retain its "existing" status. However, if the fixed capital cost
provision is met and it is feasible for the facility to comply with the
standards, it must comply with NSPS.

Comment :

One commenter (IV-D-3) stated that a special provision should be
included in these standards to supercede Section 60.14 regarding the
definition of modification. Specifically, the commenter referred to
the determination of whether a given "project" will increase SOy emis-
sions from an existing FCCU regenerator that is using SOy reduction
catalysts. The commenter recommended that, in determining whether an
emission increase will result, operators should be allowed to use, for

the pre-project case, the emission level which would have existed had
Oy reduction catalysts not been used. A modification would not occur
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unless the post-project em1ss1ons exceeded this adjusted pre-project
level. Operators who do not use SOy reduction catalysts would have an
advantage over those who do in prevent1ng an emission increase in a
given "project." They can use S0x reduction catalysts concurrently

with the project and thereby avoid a net emission increase at the
affected facility.

Response:

with Section 111(a)(4) of the Clean Air Act, which defines "modifica-
tion" to mean "any physical change in, or change in the method of
operation of" a source that increases emissions. It is also contrary
to the intent of the modification provision and the NSPS program. The
EPA believes that the current straightforward application of the
"modification" definition best serves the intent of Section 111 of

the Clean Air Act. One key purpose of the NSPS program is to prevent
new poliution problems. One way that the statute seeks to achieve
this is by requiring compliance with NSPS at, and thereby minihizing

Comment :

One commenter (IV-D-7) stated that routine maintenance items, such
as standpipes, slide valves, and other regenerator internal components
should not be included in determining if a facility is modified or
reconstructed. Many of thejitems require routine maintenance and are
frequently repaired without a resultant emissions increase. Another
commenter (1V-D-16) stated ﬁhat the affected facility should be rede-
fined to include the fractionator and gas plant because rebuilding work
in a single turnaround of an affected facility can commonly exceed
50 percent of the cost of a new unit. Also, the cost of rebuilding
work on an affected fac111ty can represent 20 percent of the new unit
cost of an entire FCCU. To 'a refiner, an entire FCCU includes the
fractionator and gas plant. éThese two units usually do not require any
significant rebuilding.

Response: ;

The reconstruction provision (40 CFR 60.15) cannot be invoked
until 50 percent of the "fixed capital cost" to replace the existing
facility with a comparable, new facility has been incurred by the owner
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or operator. The pebiod in which the FCCU is shut down for maintenance
and repair is called a turnaround. ‘During a typical turnaround, regen-
erator refractory linings, cyclones, and other internal components are
inspected and repaired or replaced as required. Based on informat ion
from the refining industry, regenerator components have a useful 1life
ranging from 10 years to an indefinite period of time when they are
repaired and maintained during turnarounds (see Docket A-79-09, items
11-D-40, II-D-41, I1-D-42, and I1-D-43). The costslused in the summation
to determine the total fixed capital cost incurred are those costs
incurred to replace components. The costs incurred during maintenance
and repair of the existing facility's components (assuming components
are not replaced) are not included in the summation of expended fixed

capital costs. Thus, there is no need to specifically exempt routine

maintenance items from the reconstruction provisions.

~ The EPA disagrees with the comment that rebuilding work typically
can exceed 50 percent of the capital cost of a new affected facility.
The EPA examined data from Section 114 Jetter responses, trip reports,
Titerature articles, and companies who provide turnaround services to
refineries (see Docket A-79-09, item IV-B-18). These data led EPA to
conclude that routine rebuilding is less than 50 percent of the cost of
a new affected facility. As discussed above, this is because regen-
erator components are typically repaired rather than replaced during a
turnaround. If several major changes,‘such as increasing the FCCU
capacity, changing to a heavier or more sour crude oil, or converting
to high-temperature regeneration, occur during a single turnaround,
the cost may approach or surpass the 50 percent point. Such major
changes are not, however, a typical turnaround occurrence. Justifica-
tion for the choice of equipment that comprises the affected facility,
as defined in 40 CFR 60.101(n), is discussed in Section 2.2 of this
document. The possibility that rebuilding work may exceed 50 percent
of the cost of a new unit is an inadequate reason to broaden the defi-
nition of the affected facility (i.e., restrict invoking the reconstruc-
tion provision). The meaning and intent of the reconstruction provision
is discussed earlier in this section.

The modification provision (40 CFR 60.14) is invoked when any

physical or operational change to an existing facility results in an
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increase in the emission rate to the atmosphere of any pollutant to which
a standard applies. As the actions described by the commenter do not
increase emissions, the modification provision would not be invoked. In

addition, paragraph (e) of Section 60.14 specifies that routine mainte- .

nance, repair, and replacement by themselves, shall not be considered
modifications. ‘

Comment :

One commenter (IV-D-8):stated that a l-calendar year or a 12-month
"inclusion period" for recopstruction is more logical than a 2-year period.
A refiner with a normal 2-year turnaround could be affected by the recon-
struction provisions of the standards if a shutdown began 1 or 2 months
prematurely. A refiner would not install a sizeable process modification
during a routine shutdown period due to the excessive downtime incurred.
Response: |

The EPA considered again the 2-year period and concluded that a
l-calendar year or a 12-month "inclusion period" for reconstruction is
not more logical than a 2-year period for FCCU's. Information from
industry and literature (see proposal BID, p. 5-3) indicates that the
normal turnaround schedule for revamping FCCU regenerators is every 3
years (i.e., a maximum of oﬁe turnaround would occur during each 2-year
period of operation). A process unit turnaround typically includes
maintenahce and repair items that do not qualify as fixed capital costs
and therefore, a turnaroundfis not 1ikely to be a "reconstruction.”

The Agency also does not exﬁect that the 2-year period will alter
decisions by an FCCU's owner or operator on when to replace equipment.
That is, the FCCU owner or operator is not likely to unduly prolong the
useful life of the regenerafor components with the intent of avoiding
this NSPS. Therefore, for this particular NSPS, EPA believes that the
2-year period provides a reasonable, objective method of determining
whether an owner/operator of an FCCU regenerator is actually “proposing"
extensive component replacement, within the original intent of Section
60.15. The Agency wi]],consider the 2-year period again at the 4-year
review of the NSPS. *

Comment : .
One commenter (IV-D-13) questioned the methods to be used-in
determining if an emissions increase has occurred when determining
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the applicability of the modification provisions. The commenter stated
that EPA should outline the specific information acceptable for an
emission factor and/or material balance approach. The commenter also
asked what specific AP-42 or other emission factor for FCCU's EPA
intends to use. Another commenter (IV-D-15) suggested taking into
consideration whether the tonnage of a coke burnoff is increased by
substantial amounts. ‘

Response: '

Specific guidelines cannot be presented to be used to determine
whether an increase in emissions has occurred due to the wide vari-
ability of possible circumstances. One factor that undoubtedly would
be considered in assessing whether an emission increase had occurred or
would occur is whether the facility is or will be capable of utilizing '
a new feedstock. A new feedstock will probably have a different sulfur
content than those previously used, and thus, there is a strong possi-
bility that the SOy emissions will change. If the existing facility
was designed to accommodate the alternative raw material, however, then
an increase in emissions resulting from that change alone is not
considered a modification [see 40 CFR §60.14(e)(4)]. Another factor
that would be considered is whether the facility is or will be capable
of iﬁcreased coke burn-off. Assuming no change in the feedstock, an
increase in the coke burn-off rate will undoubtedly cause SOy emis-
sions to increase because the amount of SOy emissions is directly
related to the amount of coke that is burned off.

Pollutant emission rates can be estimated for FCCU regenerators by
using emission factors described in AP-42; however, these emission
factors generally represent average emission levels and thus do not
reflect the complete range of emissions from individual FCCU regener-
ators. The range of FCCU regenerator pollutant emission rates may be
determined by considering the typical ranges in feed sulfur, coke
yield, and FccU capacity, and by evaluating the stoichiometric relation-
ships involved in regenerating FCCU catalysts.

Catalyst regeneration is similar to solid fuel combustion in a
boiler. Flue gas compositions and flow rates may be calculated by
determining the coke composition and formation rate and by calculating
the amount of air required to oxidize the coke. Coke formation rates
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vary depending on the FCCU and how it is operated. Coke yield,
expressed as a weight percentage of the feed, varies between 4 weight
percent and 6.5 weight percent for many FCCU feeds (see Docket A-79-09,
item II-1-53). 5

Coke is composed of carbon, hydrogen, sulfur, and small amounts of
nitrogen and metals. Coke ﬁay typically contain from 4 to 12 percent
hydrogen (see Docket A-79-09, items 1I-D-50, II-D-49, and II-D-47).

The sulfur content of the coke may range from less than 0.1 to 5 weight
percent or more, depending on the type of feed processed. Assuming
that the nitrogen and metals content of coke is negligible, capbon
would represent the balance of coke composition.

Certain regenerator combustion air in]et and flue gas compositions
must also be.assumed when calculating emissions. Inlet air to the
regenerator may contain from 76.0 to 78.8 volume percent nitrogen,

20 vo]umé percent oxygen, aﬁd from 1.2 to 4.0 volume percent water.

A detailed discussion describing calculation and/or estimating tech-
niques to determine emissioﬁ rates is presented in the proposal BID,
pp. 3-15 and 3-16. '

Comment : , ‘
One commenter (IV-D-16) recommended that Section 60.100(b) and (c)
should be rewritten, to allow a better understanding of reconstruction.
Response: i
Sections 60.100 (b) and (c) are not intended to provide the defi-
nition or clarification of ﬁhe definition of reconstruction, as it
applies to 40 CFR 60; however, Section 60.100(c) was confusing and it
has been revised. A detailed discussion of the meaning of reconstruction
is provided in Subpart A, Génera1 Provisions, under Section 60.15.
Specific clarifications or ?dditions to the definition of recohstruction,
as applicable for Subpart J, are provided under Section 60.108.
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9.0 RECORDKEEPING AND REPORTING COMMENTS

Comment :

The Office of Management and Budget commented that quarterly
reporting was too frequent, and that semiannual reporting would allow
the Agency to obtain the necessary information.

Response:

For FCCU's, EPA has concluded that quarterly reporting (or semi-
annual reporting if no exceedances have occurred during a particular
quarter) is the appropriate reporting frequency for the following
reasons. The major reason is that the reports contain direct compli-
ance information rather than indicators of the source's performance.
Therefore, enforcement action can be taken quickly because no further
testing is needed for documentation. The FCCU is one of several signif-
icant’ emission sources in petroleum refineries, so periods of excess
emissions could have a significant impact on the environment. This is
particularly true because refineries generally are located in clusters
near industrial, urban, populated, nonattainment areas. Because the
refinery generally does not save money by operating the control tech-
niques correctly and the polliutants cannot be recovered for resale,
there is Tittle incentive for this source category to be self-
regulated. Therefore, to ensure that sources are not out of compliance
for lonyg periods of time during which significant environmental impacts
could occur, quarterly reporting is appropriate for quarters when
facilities have had a period when the‘sténdard has been exceeded. 1In
addition, the amount of data to be provided in these cases is reasonable.
Sources complying with the proposed revised standard would need to
supply only a semiannual negative declaration statement. Only noncom-
pliant sources would be required to provide additional information in
the quarterly compliance reports.
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10.0 MISCELLANEOUS COMMENTS

Comment :

One commenter (IV-D-16) wrote that since the proposal preamble
states that FCCU flue gas is similar to stationary source flue gas, the
SOy rules that apply to stationary sources should be prescribed for
FCCU's. If these rules were applied to FCCU's, regenerators with heat
releases less than 250 million BTU's per hour would be exempt.
Response:

The EPA assumes that by stationary sources, the commenter is
referring to utility boilers. Although the composition of the flue gas
from a coal-fired utility boiler is similar to that of FCCU regen-
erator exhaust gases, and some of the same control devices are appli-
cable, it is not appropriate simply to copy the standards for utility
boilers to FCCU's when significant differences could exist between
the two source categories. Whenever practical, the process operation
and economic aspects that characterize the source category or industry
for which standards are being developed should be considered. In
addition, the SOy standards for FCCU's consider the additional control
alternatives available to FCCU's that are not available to utility
boilers. The utility boiler standard applied to FCCU's would reduce a
refiner's flexibility to use high sulfur feedstocks and would not allow
the use of SOy reduction catalysts, low sulfur feedstocks, or hydro-
treating. Thus, it is not reasoﬁab1e to simply copy the SO, standards
for utility boilers.

Comment :

Two commenters (IV-D-6 and IV-D-10) suggested that the proposal
package should undergo NAPCTAC review again because at the original
NAPCTAC meeting the regulation was in terms of SOp while the current
proposed standards are in terms of SOy.

Response:

The purpose for a NAPCTAC meeting is for EPA to receive comments
from an independent advisory committee regarding the need for standards,
regulatory alternatives, control techniques, control costs, and other
factors. Although the standard for FCCU's without add-on controls is
in terms of SOy, the standard is still achievable by the identified
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control techniques and the environmental, energy, and economic impacts
are still reasonable. Therefore, it is not necessary to conduct
another NAPCTAC review due to the change of this standard from SOz to
SO. : ‘

Comment :

One commenter (IV-K- 2) asked why EPA requires dates and
explanations when fewer than 18 valid hours of continuous emissions
monitoring data have been obiained.

Response: f

Facilities using add-on controls are required to obtain 18 or
more valid hours of CEMS dath for at least 22 days each month. As
pointed out by this same commenter elsewhere, there is some possibility
than an owner or operator may try to maximize the "good" days and
minimize the "bad" days in tty1ng to meet the standard. Such delib-
erate actions are attempts to circumvent the standard, which is
illegal under 40 CFR Part 60, Subpart A, Section 60.12. In other
words, such an owner or operator may turn off the CEMS or otherwise
invalidate its data on a "bad" day in order to generate less than 18
valid hours. With the dates and a brief explanation, the Agency can
look for patterns that indicate that an owner or operator may be
circumventing the standard and thus discourage this type of behavior.

Comment:

One commenter (IV-K-2) suggested that EPA should not use
"monitored parameter data," but use "excess emissions" to target
inspections.

Response:

The discussion of "Monitored Parameter Data" and "Excess
Emissions Data" in the reproposal notice was generic to the entire
NSPS/NESHAP development process and not addressed specifically to the
FCCU standards being p"oposed While both types of data may not be
needed to target 1nspect1ons for any one standard, in some cases,
monitored parameter data may be more appropriate to collect than excess
emission data. For example, in standards that require particular
equipment rather than being'a numerical emission 1imit, monitoring
operating parameters would likely be the best data to collect for
targeting inspections. Thué, the Agency will continue to judge, on a
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case-by-case basis, the type of data that is appropriate for each NSPS
or NESHAP.

Comment :

One commenter (IV-K-2) asked what is the difference between a
“redundant" CEMS and a “spare" CEMS. The commenter pointed out that
EPA states that redundant CEMS's are not warranted because of cost, but
later discusses the use of a spare CEMS.

Response:

If EPA required a CEMS to operate close to 100 percent of the time,
then a second CEMS would be required to ensure that high percent avail-
ability. It is in this context that EPA refers to the second monitor
as a "redundant" CEMS and believes that the cost for ensuring close to
100 percent availability is not warranted. Thus, EPA proposed minimum
data requirements that could likely be met by a single CEMS, taking into
account downtime. Even still, there may be times when minimum data
requirements are not met by the (first) CEMS. The owner or operator has
at least three options in obtaining the needed data - Method 6 testing,
Method 6B testing, or a second CEMS. It is in this context that EPA
refers to the second CEMS as a "spare" monitor. Therefore, with the
minimum data requirements and the manual testing options, a second CEMS
is optional, but not required. The EPA recognizes that for an owner or
operator who chooses to purchase a second CEMS for back-up purposes

there is no meaningful difference between "redundant" and “spare."

Comment :

One commenter (IV-K-2) pointed out that the preamble example of
88 percent reduction as being an exceedance may not, in fact, be an
exceedance if the SO is less than 50 vppm.
Response:

The Agency agrees that the example provided in the preamble is
incomplete. An add-on control device whose outlet SO, emissions
are 50 vppm or Tless is not in exceedance of the standard regardless of
the add-on control percent reduction. The example implicitly assumed
that the outlet SOp vppm was greater than 50. The object of the example
was primarily to point out that for percent reduction an exceedance
would occur when the control device efficiency was less than 90 percent.




Comment : ? .

One commenter (IV-K-2) suggested that EPA use the words “failure

to achieve a standard” rather than "exceedance of a standard" to

describe emissions greater than those allowed by & standard. The %

commenter added that "exceedance" has the connotation of being better %

than or superior to, which, in the case of a percent reduction ”

standard, would be a reduction better than required. ‘ #

Response: ; | J
The word “"exceedance" is used by EPA in the context of not |

achieving a prescribed emission level set by EPA. Exceedance of a

percent reduction standard means that a facility or process unit has

not achieved an emission level (in this case, 90 percent emission

reduction based on flue gas scrubbers) specified by EPA. This term

has been used by EPA in numerous standards of performance. Therefore,

to maintain consistency with other standards, the use of the word

"exceedance" has been retain?d.

Comment : . ( ,
One commenter (IV-K-2) ﬁsked whether the words "source owner" on

page 46465, column 1, paragraph 1, of the preamble to the revised

proposed standards should be “source owner or operator.” This commenter

also asked whether the word "provide" on page 46465, column 1, paragraph

1, of the preamble to the revised proposed standards means “"report" or

"record." In addition, the commenter pointed out various typographical

errors in the preamble. In an earlier comment letter (IVfD-16), this

commenter provided a thorough list of editorial and typographical

changes that should be incoﬁporated into the proposal BID and the

Federal Register notice. -

Response:
The EPA inadvertently omitted the words "or operator" from the

sentence referred to by the commenter. Therefore, EPA wishes to
clarify that the requiremenﬁ to provide a minimum of 22 days of data
for every 30-day period using continuous monitors or an approved
manual emission test is thezresponsib111ty of either the plant owner
or operator or an appropriate person designated by the owner or

operator.
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The commenter refers to the requirement to "provide" monitoring
data for determining performance of the add-on control device (using
continuous monitors or an approved manual emission test). As
explained in the preamble to the revised proposed standards on page
46467 under "Recordkeeping and Reporting Requirements," refiners sub-
Jject to the standard for FCCU's with add-on controls would be required
to record the data from the continuous emission monitor at the inlet,
as well as at the outlet. Therefore, the word “provide" means to
“record" in the context of this requirement.

A listing of each typographical error and suggestion is not

provided here since the errors and suggested chénges do not affect the

intent or technical discussions presented in these documents. None of
the typographical errors impairs the meaning or explanation of the
standards intended by EPA. The suggestions have been reviewed and all
appropriate changes have been made.
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TABLE A-1. BASIS FOR DETERMINING SCRUBBER ANNUAL COSTS@

Direct Operatiné Costs

Laborb

Maintenance (includes materials,
labor, and overhead)

Utilities
Electricity
Water
Compressed Air
Caustic Soda¢ (Soda Ashd)
Steam
Polyelectrolyte®
Solid Waste Disposailf
Liquid Waste Disposalf (to sewer)

Indirect Operating Costs

Tax, Insurance, and Administration

Capital Recovery Factor

$17.51/hour

1.5 percent of total capital cost

$0.0795/kWh
$0.0763/m3
$0.861/1,000 m3
$268/Mg ($122/Mg)
$13.53/1,000 kg
$10.07/kg
$20.13/Mg
$0.16/m3

4 percent of total capital cost

13.15 percent of total capital cost

a
Fourth quarter 1984 dollars.

| Includes 40 percent overhead; U.S. Department of Labor, Bureau of Labor Statistics.

o
Liquid caustic soda, 100 percent; F.0.B. Gulf Coast; Docket A-79-09, item II-E-6

d : ,
Bulk soda ash, light, 99 percent; F.0.B. Wyoming; Docket A-79-09, item II-E-6.

Polymer 3300, an anionic polyacrilomide sett11ng agent; 50-pound bags,

F.0.B. Da]]as, Texas.

f
From industrial boilers - EPA-450/3-82-021 August 1982.
Costs of Sulfur Dioxide, Particulate Matter and Nitrogen Oxide Control on Fossil

Fuel Fired Industrial Boilers. p.




. SYSTEM AND PURGE TREATMENT FOR MODEL UNITS?

|
TABLE A-2. CAPITAL COST FOR SODIUM-BASED HIGH ENERGY VENTURI SCRUBBING
I

. 2,500 m3/sd 8,000 m3/sd |
Capital Costs o Model Unit Model Unit

' |
Direct CostsP » 2.9 5.0 |

.

Indirect Costs | 1.3 2.2 E
Contingency Costs® ‘ 0.8 1.4 f
TOTAL CAPITAL COST : 5.0 8.6

3 ‘ :
Costs are reported in millions of dollars, adjusted to fourth quarter
1984 dollars, delivered to a Gulf Coast location,

|

\
ESP Capital Cost Creditd ~1.0 -1.8 !5
b
Materials and labor. |

c :
Twenty percent of total direct and indirect costs.

From Tab]e A-9 in this a@pendix; cost provided for comparison purposes.




TABLE A-3. ANNUAL COST OF SODIUM-BASED HIGH ENERGY VENTURI SCRUBBING FOR
2,500 m°/sd MODEL UNITS

Annual Cost, in Thousands of Dollars?
Annual Costs

0.3 wt. % 1.5 wt. % 3.5 wt. %
Sulfur Feed Sulfur Feed Sulfur Feed

- Direct QOperatinyg Costs

Labor 53.]
Maintenance 75.0

Utitities
Electricity 22.4

Water 10.2
Compressed Air g.4

Caustic Soda . 579
{Soda Ash) . (355)

Steam - 1.1

Polyelectrolyte 4.9
Solid Waste Disposal » 7.1
Liquid Waste Disposal®

Indirect Operating Costs

Tax, Insurance, and Administration 200 200
Capital Recovery Cost 658 658
TOTAL ANNUAL COST

Caustic Soda 1,630 2,140
(Soda Ash) ‘ A (1,400) (1,720)

ESP Credit® -272 272

NET ANNUAL COST ’
Caustic Soda 1,360 1,870
{Soda Asn) (1,130) (1,440)

EMISSION REDUCTION
{Mg SOy removed/yr] 450

COST EFFECTIVENESSY ,
{$/Mg SOy removed] 2,070

_aNumbers may not add to totals due to rounding. Fourth quarter 1984 dollars.
DAssumes liquid waste disposal to sewer, 50 gal/minute.
CFrom Table A~9 in this appendix.

dBased on net annual cost with caustic soda.
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TABLE A-4. ANNUAL COST OF SODIUM BASED HIGH ENERGY VENTURI SCRUBBING FOR
8,000 m /sd MODEL UNITS

Annual Cost, in Thousanas of Dollars? ‘
E
f
1

i
Direct Qperating Costs : f

Annual Costs
0.3 wt. % 1.5 wt, % 3.5 wt. ¢
Sulfur Feed Suifur Feed Sulfur Feed
. Labor 53.7 53.7 53.7
Maintenance 129 129 129
Utilities :
Electricity 71.6 71.6 71.6 a
Water ; 30.6 30.6 30.6
Compressed Air 0.4 0.4 0.4 :
Caustic Soda { 506 1,860 3,480
(Soda Ash) i (313) (1,150) (2,150)
Steam . 3.2 3.2 3.2
Polyelectrolyte : 14.6 14.5 14.6
Solid Waste Disposal 5 22.7 22.7 22.7
Liquid Waste Disposalb i 31.2 - 31.2 31.2
1
Indirect Operating Costs 1
Tax, Insurance, and Administration 344 344 344 :
Capital Recovery Cost : 1,131 1,131 . 1,131
TOTAL ANNUAL COST
Caustic Soda 2,340 3,690 5,310 . :
{Soda Asn) : {2,150) (2,980) (3,980) |
ESP Credit® . : «429 . =429 -429 [
. f -
NET ANNUAL COST : |
Caustic Soda : 1,910 3,260 4,380 !
(Soda Ash) . ’ (1,720) (2,550) (3,550) !
EMISSION REDUCTION :
[Mg SOx removed/yr) ! 1,440 5,350 9,990
COST EFFECTIVENESSY :
{S/My SOy removed] 1,330 610 490

ANumbers may not adad to totals aue to rounding. Fourth quarter 1984 dollars.

bagsumes 11qu1d waste disposal to sewer, 100 gal/minute.

CFrom Table A-9 in this appendix.

t
dgased on net annual cost with caustic soda.
3




TABLE A-5. CAPITAL COST FOR SODIUM-BASED JET EJECTOR VENTURI SCRUBBING
SYSTEM AND PURGE TREATMENT FOR MODEL UNITSA

2,500 m3/sd 8,000 m3/sd
Capital Costs ‘Model Unit Model Unit
Direct CostsP _ 4.2 7.2
Indirect Costs ' 1.6 3.2
Contingency Costs® 1.2 2.1
TOTAL CAPITAL COST 7.0  12.5
ESP Capital Cost Creditd -1.0 -1.8

dCosts are reported in millions of dollars, adjusted to fourth quarter 1984
dollars, delivered to a Gulf Coast location.

bMaterials and labor.
CTwenty percent of total direct and indirect costs.

dFrom Table A-9 in this appendix; cost provided for comparison purposes.




TABLE A-6. ANNUAL COST OF SODIUM-BASED JET EJECTOR VENTURI SCRUBBING FOR
2,500 m°/sd MODEL UNITS

Annual Cost, in Thousands of Dollars@

Annual Costs

1.5 wt. % 3.5 wt, %
Sulfur Feed Sulfur Feed
Direct Operating Costs ,
Labor i 53.7 53.7
Maintenance : 105 108
Utilities ;
Electricity - ‘ 304 304
Hater 10.2 10.2
Comprassed Air : 9.3 0.3
Caustic Soda f 568 1,083
(Soda Ash) (341) (650)
Stean : 1.1 1.1
Polyeiectrolyte ' 5.2 5.2
Solid Waste Disposal ‘ 7.1 7.1
Liquid Waste Disposalb : 3.1 3.1
Indirect Operating Costs
Tax, Insurance, and Administration ' 280 280
Capital Recovery Cost . 921 o921
TOTAL ANNUAL COST
Caustic Soda i 2,290 2,800
{Soda Ash) i (2,060) (2,370)
ESP Creait . -272 -272
NET ANNUAL COST :
Caustic Soda ; 2,020 2,530
(Soda Ash) ) : (1,790) (2,100)
EMISSION REDUCTION
{Mg 50, removed/yr] : 1,610 3,070
COST EFFECTIVENESSC §
[$/Mg SO, removed] : 1,250 820

adNumbers may not add to totals due to rounding. Fourth quarter 1984 dollars.
bAssumes 1iquid waste disposal to sewer, 50 gal/minute.

CBased on net annual cost with caustic soda.
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TABLE A-7.

8,000 m3/sd MODEL UNITS

ANNUAL COST OF SODIUM-BASED JET EJECTOR VENTURI SCRUBBING FOR

Annual Costs

Annual Cost, in Thousands of Dollars?d

1.5 wt. % 3.5 wt. %
Sulfur Feed Sulfur Feed
Direct Operating Costs
Labor 53.7 53.7
Maintenance 188 188
Utilities
Electricity 976 976
Water . 3047 30.7
Compressed Air 0.4 0.4
. Caustic Soda 1,818 3,606
(Soga Ash) (1,101) (2,183)
Steam 3.4 3.4
Polyelectroiyte 15.6 15.6
Solid Waste Disposal 22.7 22.7
Liquid Waste Disposall 62.3 62.3
indirect Uperating Costs
Tax, Insurance, and Administration 500 500
Capital Recovery Cost 1,644 1,644
TOTAL ANNUAL COST
Caustic Soda 5,310 7,100
(Soda Asn) (4,600) (5,680)
ESP Creait «429 =429
NET ANNUAL COST
Caustic Soda 4,880 6,670
 {Soda Ash) {(4,170) (5,250)
EMISSION REDUCTION
[Mg SOy removed/yr] 5,160 9,840
COST EFFECTIVENESS®
{$/Mg SOy removed] 940 680

Numbers may not add to totals due to rounding.

DAssumes liquid waste disposal to sewer, 100 gal/minute.

CBased on net annual cost with caustic soda.
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TABLE A-8. DUAL ALKALI SCRUBBING SYSTEM COSTS BASED ON 1.5 WEIGHT
: PERCENT SULFUR FEED?

2,500 m3/sd 8,000 m3/sd
Cost ‘ [ Model Unit . Model Unit

|
|
|
i
CAPITAL COSTS |
|
w
|
!
|
|
|

Direct Costs ; 2,500 4,400
Indirect Costs _ 1,100 2,000
Contingency Costs ; 700 1,300
TOTAL CAPITAL COST _ , 4,300 7,700 .
ESP Capital Cost Credit } (1,000) ~ (1,800)

'ANNUAL COSTS

Direct Qperating Costs

Operating Labor ; 38 75
Maintenance ' 65 116 -
Utilities
Soda Ash ; 9 33
Lime 7 101 316
Electricity 61 191
Water - 2 5
Waste Disposal : 125 393

|
Indirect Operating Costs
Tax, Insurance, ' ‘ ‘.

and Administration » 172 ; 308

Capital Recovery Cost 565 1,013

TOTAL ANNUAL COSTS ' 1,140 2,450
- ESP Credit | : (272) (429)

NET ANNUAL COST : 870 2,020

EMISSION REDUCTION | |
[Mg SO2 removed/yr] : 1,670 5,350 o

COST-EFFECTIVENESS | | | |
[$/Mg of SO» removed] 520 | 380 .

ACosts are reported in thousands, of dollars, adjusted to fourth quarter
1984 dollars.,
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TABLE A-9. ELECTROSTATIC PRECIPITATOR COSTSa
(Fourth Quarter 1984 Dollars)

2,500 m3/sd 8,000 m3/sd
Model Unit Model Unit

CAPITAL COSTS

Equipment Costs
Control Deviceb 324,000 542,000
Auxiliaries® | 43,400 81,100
Instruments and Controlsd 36,700 62,300
Taxes and Freight® 29,400 49,800
Installation Costsf . 611,000 1,037,000
TOTAL CAPITAL COSTS 1,045,000 1,772,000

ANNUAL COSTS

Direct Costs
Operating Labord 27,000 27,000
General Maintenancel 28,100 28,100
Replacement Parts? 820 11,380
Utilitiesd 11,000 35,200
Waste Disposalk 7,840 25,100
Indirect Costs
Overhead! : 32,800 32,800
Property Tax, Insurance, and
Administration® 41,800 70,900
Capital Recovery Costh 122,800 208,200
TOTAL ANNUAL COSTS 272,000 429,000




TABLE A-9. FOOTNOTES
daFourth quarter 1984 dollars.

bRremoval eff1c1enqy 95 percent; drift velocity = 0. 076 m/sec; plate area
for the 2,500 m3/sd umt 1,000 m2, for the 8,000 m3/sd unit = 3,200 m2;
air flow for the 2,500 m /sd unit = 27 m3/sec, for the 8,000 m /sd unit =
87 m3/sec. Docket A-79-09; item II-I-11,

CAuxiliaries include bypass ducting: 19.7 m length, 127 cm diameter,

6.4 mm carbon steel, insulated; 2 elbows 6.4 mm carbon steel, insulated;

2 expansion joints; 2 round dampers with automatic controls; and a 23 cm x
4.5 m screw conveyor. Docket A-79-09, items II-A-5, II-E-5, and II-E-95.

dinstrument and controls ca]cu]atéd as 10 percent of control device and
auxiliary equipment cost. Docket A-79-09, item II-A-5,

€Taxes and freight calculated as 8 percent of control device and auxiliary
equipment cost. Docket A-79-09, item II-A-5.

fIncludes indirect and direct installation costs and 20 percent contingency
calculated as 141 percent of purchased equipment cost. Indirect installa-
tion costs include costs for foundations and supports, erection and handling,
electrical work, piping, insulation, and piping. Docket A-79-09, item
II-A-5.

9Includes operator and supervisor ' costs. Operating labor costs are based on

1,25 operator man-hours per shift, 3 shifts per day, 365 days per year and
$17.51 per man-hour., Supervisor labor costs are included by adding 15 per-
cent to the operator costs. Docket A-79-09, item II-A-5,

Rincludes 1abor and material costs. Maintenance labor costs are based on
0.75 man-hours per shift, 3 shifts per day, 365 days per year, and $17.51
per man-hour, Material costs are equal to 100 percent of maintenance labor
costs. Docket A-79-09, item II-A-5.

1Based on 0.078 percent of total capital costs. Docket A-79-09, item II-
A-24, !

JBased on 16, 15 watts/m, plate area, 357 days per yearé $0.0795 per kWh,
and 1,000 m¢ plate area for the small ESP and 3,200 m? plate area for the
large ESP. Docket A-79-09, item II-A=5, :

KCost to remove waste is based on "$16.50/metric ton. Docket A-79-09, items
11-1-82, and II-A-5,

loverhead calculated as 80 percenf operating labor and maintenance (labor
only). Docket A-79-09, item II-A-5,

MCalculated as 4 percent of tota1 installed capital cost. Docket A-79-09,
item II-A-5,

NCapital recovery cost based on 20 years operating life, and 20 percent annual
interest rate. Capital recovery factor = 0.1175, Docket A-79-09,
item II-A-~5.
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TABLE A-10. FIFTH YEAR CAPITAL'COST IMPACTS?

NEW FCCU CONSTRUCTION (1984-1989)

Fresh Feed - Feed Sulfur Number of Capital Cost Capital Cost:
Capacity Content Units: A Per Unit: B ' AxB
{m°/sd) (wt. %) A | ($ Millions) ($ Millions)

0.3 5.0 5.0
0.3 8.6 8.6
1.5 5.0 ~15.0
1.5 | 8.6 | 25.8
3.5 5.0 5.0
3.5 | 8.6 4 8.6
ITOTAL CAPITAL COST IMPACT 68.0

MODIFIED/RECONSTRUCTED FCCU's (1984-1989)

Fresh Feed Feed Sulfur Number of Capital Cost Retrofit Cost Capital Cost:
Capac1ty Content Units: A Per Unit: B Adjustment€: C Ax (B +C)
(m3/sd) (wt. %) ($ Millions) ($ Millions/Unit) ($ Millions)

1.5 7.0 | 7.0
1.5 . 5.0 | 5.8
8.6 8.6
1.5 12.5
1.5 8.6
3.5 | 8.6
TOTAL CAPITAL COST IMPACT

34th quarter 1984 dollars.

bHigh-energy venturi scrubber.

CAt a feed sulfur content of higher than 0.3 percent, the 90 percent emission reduction
standard would need to be met, and this cost would be incurred. At feed sulfur contents
of 0.3 percent or less, the regenerator would not be required to meet the standard, and
this cost would not be incurred.

dJet-ejector venturi scrubber.

e20 percent of direct and indirect capital cost; excludes ESP credit.
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TABLE A-11. FIFTH YEAR ANNUAL COST IMPACTS2

Fresh Feed Feed Sulfur Number of Annual Cost Annual Cost

Cagacity Content Units: A~ Per Unitf B A x B'

(m3/sd) (wt. %) o ($ 1,000's) ($ 1,000's)

2,500bs¢ 0.3 1 930 930 E
2,500P 1.5 '3 1,360 4,080 §
2,5004 1.5 1 2,020 2,020 B
2,500b5€ 1.5 1 1,780 1,780 J
2,500b 3.5 | 1 1,870 1,870
8,000b»¢ 0.3 Y 1,910 1,910

8,000P 1.5 4 3,260 - 13,040

8,000d 1.5 1 4,880 4,880

8,000bs€ 1.5 2 3,950 7,900

8,000b 3.5 2 4,880 9,760
TOTAL ANNUAL COST IMPACT 48,170

»bHigh-energy venturi scrubber,

CAt a feed sulfur content of higher than 0.3 percent, the 90 percent emission
reduction standard would need to be met, and this cost would be incurred. At
feed sulfur contents of 0.3 percent or less, the regenerator would not
be required to meet the standard, and this cost would not be incurred.

a4th quarter 1984 dollars, \ . \
i
dJet-ejector venturi scrubber. 1

@Annualized capital cost includes retrofit cost; excludes ESP credit.
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