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May 3, 1991 | RECE‘VED

Mr. C.H. Fancy, P.E., Chief MAY 9 1981
Bureau of Air Regulation

Florida Department of Envirommental Regulation Bumauof
2600 Blair Stone Road Air Regulation

Tallahassee, FL 32399-2400

Subject: Air Construction and Prevention of Significant Deterioration (PSD)
Permit Applications--Lake and Pasco Counties Cogeneration Facilities

Dear Clair:

Please find enclosed two applications to construct air pollution sources and
accompanying PSD permit applications for cogeneration facilities located in Lake
and Pasco Counties. The applicants for these projects are Lake Cogen Limited
and Pasco Cogen Limited, which are the entities that will own and control each
facility. These entities have been formed by Peoples Cogeneration Company, a
subsidiary of Peoples Gas Company. The electrical power that will be generated
by these facilities will be purchased by Florida Power Corporation. The
inherent efficiency of these new units will make them among the most efficient
in the state.

The Lake County facility will be located on property leased from Golden Gem
Growers; the Pasco County facility will be located on property leased from the
Lykes-Pasco citrus processing plant. The cogeneration facilities will supply
process steam, which is currently generated by existing boilers, for each citrus
plant. While this will obviate the need to use the existing boilers when the
cogeneration plant is operating, it is desired that the citrus and cogeneration
plants be independent. Thus, while there will be an actual reduction in air
pollutants generated at the citrus plants, this permit request does not take
into account any emissions reductions, and the existing permitted emissions from
these facilities would not be affected.

The technical information submitted on each facility is identical. Only the
meteorological data used in the modeling analyses changed. Therefore, it may be
appropriate to have the permit applications reviewed by one engineer.

I am submitting five copies of each application. As required, I have enclosed a
$5,000 check made out to the Florida Department of Environmental Regulation for
each application, Although there will be two sources at each cogeneration
facility, each source is identical and thus the Similar Source Fee is
applicable.
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I would like to establish a meeting in the near future to review with your staff

any initiai comments they may have. 1I'll call Barry Andrews of your staff in
about a week to set up a convenient time for a meeting.

Sincerely,

Dbzl H

Kennard F, Kosky, P.E,
President’ and Principal Engineer
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STATE OF FLORIDA b5 00004,
DEPARTMENT OF ENVIRONMENTAL REGULATION }{,;-9“/

éyc?uﬂ.¢¢/57$%?i(
Al 35 - 196 459
PsD-FL-7176
APPLICATION TO OPERATE/CONSTRUCT AIR POLLUTION SOURCES
SOURCE TYPE: _Cogeneration Facility [X] New! [ ] Existing?
APPLICATION TYPE: [X]} Construction [ ] Operation [ ] Modification
COMPANY NAME:_ Lake Cogen Limited COUNTY: Lake

Identify the specific emission point source(s) addressed in this application (i.e., Lime

Kiln No. 4 with Venturi Scrubber; Peaking Unit No. 2, Gas Fired) _Cogen Units 1 and 2

SOURCE LOCATION: Street_State Road 19 City_ Umatilla
UTM: East 434.0 km North_ 3,198.8 km
Latitude _28 * _55 ° 02 "N Longitude _81 ° _40 * _37 “W

APPLICANT NAME AND TITLE: __Ernest L. Mize, Vice President

APPLICANT ADDRESS: 535 North Ferncreek Avenue, Orlando, FL 32803

SECTION I: STATEMENTS BY APPLICANT AND ENGINEER
A. APPLICANT

I am the undersigned owner or authorized representative® of_ Lake Cogen Limited

I certify that the statements made in this application for a _construction

permit are true, correct and complete to the best of my knowledge and belief. Further,
I agree to maintain and operate the pollution control source and pollution control
facilities in such a manner as to comply with the provision of Chapter 403, Florida
Statutes, and all the rules and regulations of the department and revisions thereof. I
also understand that a permit, if granted by the department, will be non-transferable
and I will promptly notify the department upon sale or legal transfer of the permitted
establishment.

/.
Attach letter of authorization Signed:/%m#(/@

*

Ernest L., Mize, Vice President

Name and Title (Please Type)

Date: 5/1/91 Telephone No._ (407} 843-2139

B. PROFESSIONAL ENGINEER REGISTERED IN FLORIDA (where required by Chapter 471, F.S.)
This is to certify that the engineering features of this pollution control project have
been desigred/examined by me and found to be in conformity with modern engineering
principles applicable to the treatment and disposal of pollutants characterized in the
permit application. There is reasonable assurance, in my professional judgement, that

1See Florida Administration Code Rule 17-2.100(57) and (104)
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PREVENTION OF SIGNIFICANT
DETERIORATION
PERMIT APPLICATION FOR
THE PROPOSED
LAKE COUNTY COGENERATION
FACILITY

Prepared For:

Lake Cogen Limited
535 North Ferncreek Avenue
Orlando, FL 32803

Prepared By:

KBN Engineering and Applied Sciences, Inc.
1034 NW 57th Street '
Gainesville, FL 32605

May 1991
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2. Instrumentation, Field and Laboratory
a. Was instrumentation EPA referenced or its equivalent? [ ] Yes [ ] No

b. Was instrumentation calibrated in accordance with Department procedures?
[ ] Yes [ ] No [ ] Unknown

Meteorological Data Used for Air Quality Modeling See Section 6.0 in PSD Application

1. Year(s) of data from Vi / to / L
month day  year month day year

2., Surface data obtained from (location)

3. Upper air (mixing height) data obtained from (location)

0~

Stability wind rose (STAR) data obtained from (location)

Computer Models Used See Section 6.0 in PSD Application

1. Modified? If yes, attach description.
2. Modified? 1If yes, attach description.
3. Modified? 1If yes, attach description.
4. Modified? If yes, attach description.

Attach copies of all final model runs showing input data, receptor locations, and
principle output tables.

Applicants Maximum Allowable Emission Data See Section 6.0 in PSD Application

Pollutant Emission Rate
TSP grams/sec
s0? grams/sec

Emission Data Used in Modeling See Section 6.0 in PSD Application

Attach list of emission sources. Emission data required is source name, description of
point source (on NEDS point number), UIM coordinates, stack data, allowable emissions,
and normal operating time.

Attach all other information supportive to the PSD review. PSD Application attached.

Discuss the social and economic impact of the selected technology versus other
applicable technologies (i.e, jobs, payrell, production, taxes, energy, etc.). Include
assessment of the environmental impact of the sources. See Section 4.0 in PSD
Application

Attach scientific, engineering, and technical material, reports, publications, journals
and other competent relevant information describing the theory and application of the
requested best available control technology. See Section 4.0 in PSD Application

DER Form 17-1.202(1)/90116C2/APS1
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the pollution control facilities, when properly maintained and operated, will discharge
an effluent that complies with all applicable statutes of the State of Florida and the
rules and regulations of the department. It is also agreed that the undersigned will
furnish, if authorized by the owner, the applicant a set of instructions for the proper
maintenance and operation of the polluthn contrel facilities and, if applicable,

pollution sources,
Signed 74‘“@/7 //("’é;’

Kennard F. Kosky -

Name (Please Type)

KBN Engineering and Applied Sciences., Inc.

Company Name (Please Type)
1034 NW 57th Street, Gainesville, FL__ 32605

Mailing Address (Please Type)
Florida Registration No. 149386 Date:__5/1/91 Telephone No. _ (904} 331-9000

SECTION II: GENERAL PROJECT INFORMATION

>

Describe the nature and extent of the project. Refer to pollution control equipment,
and expected improvements in source performance as a result of installation. State
whether the project will result in full compliance. Attach additional sheet if
necessary.

GConstruction of two combustion turbines and heat recovery steam generators:

Section 2.0 in PSD Application

=]

Schedule of project covered in this application (Construction Permit Application Only)
Start of Construction _ October 1, 1991 Completion of Construction _ January 1, 1993

Q

Costs of pollution control system(s): (Note: Show breakdown of estimated costs only
for individual components/units of the project serving pollution control purposes.
Information on actual costs shall be furnished with the application for operation
permit,)

The cost of control is integral to the design of the project: low NO, combustors and

natural gas.

=

Indicate any previous DER permits, orders and notices associated with the emission
point, including permit issuance and expiration dates.

None

DER Form 17-1.202(1)/90116C2/APS1
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E. Requested permitted equipment operating time: hrs/day _24 ; days/wk /_; wks/yr _52_;
If power plant, hrs/yr 8,760; if seasonal, describe:
See Section 2.0
F. 1If this is a new source or major modification, answer the following questions.
(Yes or No) '
1. Is this source in a non-attainment area for a particular pollutant? NO
‘a. If yes, has "offset"™ been applied?
b. If yes, has "Lowest Achievable Emission Rate" been applied?
c. If yes, list non-attainment pollutants.
2. Does best available control technology (BACT) apply to this source?
If yes, see Section VI. YES
3. Does the State "Prevention of Significant Deterioration" (PSD)
requirement apply to this source? If yes, see Sections VI and VII. YES
4. Do "Standards of Performance for New Stationary Sources" (NSPS)
apply to this source? YES
5. Do "National Emission Standards for Hazardous Air Pollutants"
(NESHAP) apply to this source? NO
H. Do "Reasonably Available Control Technology" (RACT) requirements apply

to this source? NO

a. If yes, for what pollutants?

b. If yes, in addition to the information required in this form, any information
requested in Rule 17-2.650 must be submitted.

Attach all supportive infoxmation related to any answer of "Yes". Attach any
Justification for any answer of "No" that might be considered questionable.

PSD Permit Application is attached.
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SECTION III: AIR POLLUTION SOURCES & CONTROL DEVICES (Other than Incinerators)

A. Raw Materials and Chemicals Used in your Process, if applicable: NOT APPLICABLE

Contaminants

Utilization

Description Type vt Rate - 1lbs/hr Relate to Flow Diagram

B. Process Rate, if applicable: (See Section V, Item 1) NOT APPLICABLE
1. Total Process Input Rate (lbs/hr):
2. Product Weight (lbs/hr):
C. Airborne Contaminants Emitted: (Information in this table must be submitted for each
emission point, use additional sheets as necessary)
SEE TABLE 2-1 IN PSD PERMIT APPLICATICN
Allowed2
Emissionl Emission Potential®
Rate per Allowable? Emission Relate
Name of Maximum Actual Rule Emission to Flow
Contaminant lbs/hr T/yx 17-2 1bs/hx lbs/hr T/yr Diagram
S0, 40 21.0 0.8% Sulfur| 320 40 21.0 See
PM 10 27.0 NA NA 10 27.0 Figure 2-1
NO, 68.5 404 .7 113 ppmvd 184.3 68.5 4047 in PSD
co 75.5 466.5 NA NA 75.5 466.5 | Application
vocC 4.15 30.9 NA NA 4.15 30.9
1See Section V, Item 2. Per unit; oil firing
ZReference applicable emission standards and units (e.g. Rule 17-2.600(5)(b)2. Table II,

E. (1) - 0.1 pounds per million BTU heat input); NSPS - 0.8% sulfur oil and 75 ppmvd
NO, corrected for heat rate; i.e., 113 ppmvd; FDER Rule 17-2.660.
3Calculated from operating rate and applicable standard.

“Emission, if source operated witheut control (See Section V, Item 3).
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D. Control Devices:

{See Section V, Item 4)
See Section 4.0 in PSD Application

Range of Particles Basis for
Size Collected Efficiency
Name and Type (in microns) {Section V
{(Model & Serial No.) Contaminant Efficiency (If applicable) Item 5)
r
E. Fuels &&&ﬁ%
See Table A-1 in PSD Permit Application Lo
Consumption®
Maximum Heat Input
Type (Be Specific) avg/hg/vfl max. /hr (MMBTU/hr)
Natural Gas-CT <403,268.3 CF* 403,268.3 CF 383.1 @ ISO Conditions .~
Natural Gas-DB 63,085.8 CF* 157,894.7 CF 150 s
Fuel 0il-CT . 576 1b°® 21,031.4 1b 387.0 @ ISO Conditions .~

CT = GCombustion Turbine; DB = Duct Butner
Units: Natural Gas--MMCF/hr; Fuel Oils--gallons/hr; Coal, wood, refuse, others--lbs/hr.
28,760 hr/yr; ®3,500 hr/yr; ©240 hr/yr
Fuel Analysis: '

L}

NG =1 grain/100 CF:
~7.2 for oil -

Percent Sulfur: 0il = 0.1% sulfur Percent Ash: <0.1

Density: lbs/gal Typical Percent Nitrogen:_<0.015

NG = 950 Btu/CF: 0il = 18 400 BTU/lb 132 .480 (0il) BTU/gal

Heat Capacity:
(LHV)
Other Fuel Contaminants (which may cause air pollution):

See Appendix A in PSD Permit

_Application

F. 1If applicable, indicate the percent of fuel used for space heating.

Annual Average Maximum

G. 1Indicate liquid or solid wastes generated and method of disposal.

Separate construction permits to be applied for wastewater.

DER Form 17-1.202(1)/90116C2/APS1

Effective October 31, 1982 Page 5 of 12




l H. Emission Stack Geometry and Flow Characteristics (Provide data for each stack):
' Stack Height: 100 ft. Stack Diameter: 11 ft.
Gas Flow Rate: 324,249 ACFM _220,190 - DSCFM Gas Exit Temperature: 232 °F.
v
Water Vapor Content: 11 4 Velocity: 56.9 FPS
. SECTION IV: INGCINERATOR INFORMATION
NOT APPLICABLE
l Type IV Type V
Type of Type 0O Type I1 | Type III] Type IV | (Patholog-| (Liq.& Gas Type VI
'. Waste (Plastics)| (Rubbish) | (Refuse)| (Garbage) ical) By-prod.)| (Solid By-prod.)
Actual
1b/hr
Inciner-
ated
l Uncon-
trolled
I (lbs/hr)
Description of Waste :
' Total Weight Incinerated {lbs/hr) Design Capacity (lbs/hr)
Approximate Number of Hours of Operation per day day/wk wks/yr.
. Manufacturer
Date Constructed Model No. .,
Fuel _
Volume Heat Release Temperature
l (fr)? (BTU/hr) Type BTU/hr (°F)
Primary Chamber
' Secondary Chamber]
l Stack Height: ft. Stack Diameter: Stack Temp.
Gas Flow Rate: ACFM DSCFM* Velocity: FPS
l *If 50 or more tons per day design capacity, submit the emissions rate in grains per
standard cubic foot dry gas corrected to 50% excess air.
' Type of pollution control devices: { ] Cyclone [ ] Wet Scrubber | ] Afterburner
[ ] Other (specify)
DER Form 17-1.202(1)/90116G2/APS1
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Brief description of operating characteristics of control devices:

Ultimate disposal of any effluent other than that emitted from the stack (scrubber water,
ash, ete,):

NOTE:

Items 2, 3, 4, 6, 7, 8, and 10 in Section V must be included where applicable.

SECTION V: SUPPLEMENTAL REQUIREMENTS

Please provide the following supplements where required for this application.

1.

2,

Total process input rate and product weight -- show derivation [Rule 17-2.100(127)]

See Table A-1 in the PSD Application
To a construction application, attach basis of emission estimate (e.g., design
calculations, design drawings, pertinent manufacturer’s test data, etc.) and attach
proposed methods (e.g., FR Part 60 Methods, 1, 2, 3, 4, 5) to show proof of compliance
with applicable standards. To an operation application, attach test results or methods
used to show proof of compliance. Information provided when applying for an operation
permit from a construction permit shall be indicative of the time at which the test was
made. See Appendix A in PSD Application
Attach basis of potential discharge (e.g., emission factor, that is, AP42 test).

See Appendix A in the PSD Application
With construction permit application, include design details for all air pollution
control systems (e.g., for baghouse include cloth to air ratio; for scrubber include
cross-section sketch, design pressure drop, etc.)

See Table A-1 in the PSD Application
With construction permit application, attach derivation of control device(s)
efficiency. Include test or design data. Items 2, 3 and 5 should be consistent:
actual emissions = potential (l-efficiency).

See Appendix A in the PSD Application
An 8 ¥" x 11" flow diagram which will, without revealing trade secrets, identify the
individual operations and/or processes. Indicate where raw materials enter, where
solid and liquid waste exit, where gaseous emissions and/or airborne particles are
evolved and where finished products are obtained.

See Figure 2-1 in the PSD Application
An 8 4" x 11" plot plan showirig the location of the establishment, and points of
airborne emissions, in relation to the surrounding area, residences and other permanent
structures and roadways (Examples: Copy of relevant portion of USGS topographic map).

See Figure 1-1 in the PSD Application .
An 8 %" x 11" plot plan of facility showing the location of manufacturing processes and
outlets for airborne emissions. Relate all flows to the flow diagram.

See Figure 1-2 in the PSD Application

DER Form 17-1.202(1)/90116C2/APS1
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9. The appropriate application fee in accordance with Rule 17-4.05. The check should be
made payable to the Department of Environmental Regulation. Application fee attached
10. With an application for operation permit, attach a Certificate of Completion of
Construction indicating that the source was constructed as shown in the construction
permit.
SECTION VI: BEST AVAILABLE CONTRCL TECHNOLOGY
A. Are standards of performance for new stationary sources pursuant to 40 C.F.R. Part &0
applicable to the source? See Section 4.2 in PSD Application
f[X ] Yes [ ] No 40 CFR Part 60 Subpart GG; Subpart Db.
Contaminant Rate or Concentration
NO, - CT 75 ppmvd corrected to 15% 0, and heat rate
S0, - CT 0,.8% sulfur
NO, - DB 0.2 1b/10% Btu heat input
B. Has EPA declared the best available control technology for this class of sources (If

yes, attach copy)
[X] Yes [ ] No See Section 4.0 in PSD Application

Contaminant Rate or Concentration

C. What emission levels do you propose as best available control technology?

Contaminant Rate or Concentration

See Section 4.0 in PSD Application

D. Describe the existing control and treatment technology (if any).
1. Control Device/System: 2. Operating Principles:
3. Efficiency:* 4. Capital Costs:

*

Explain method of determining

See Section 4.0 in PSD Application

DER Form 17-1.202(1)/90116C2/APS1
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5. Useful Life: 6. Operating Costs:
7. Energy: 8. Maintenance Cost:

9. Emissions:

1. Availability of construction materials and process chemicals:

!Explain method of determining efficiency.
2Energy to be reported in units of electrical power - KWH design rate.

DER Form 17-1.202(1)/90116C2/APS1
Effective October 31, 1982 Page 9 of 12

. Contaminant Rate or Concentration
' 10, Stack Parameters
a. Height; ft. b. Diameter ft.
l c. Flow Rate: ACFM d. Temperature: °F.
e. Velocity: FPS
l E. Describe the control and treatment technology available (As many types as applicable,
use additional pages if necessary).
1 -
a. Control Devices: b. Operating Principles:
' c. Efficiency:? d. Capital Cost:
e. Useful Life: f. Operating Cost:
. g. Energy:? h. Maintenance GCost:
i. Availability of construction materials and process chemicals:
l J. Applicability to manufacturing processes:
k. Ability to comstruct with control device, install in available space, and operate
within proposed levels:
|
a. Control Device: b. Operating Principles:
l c. Efficiency:! d. Capital Cost:
e. Useful Life: f. Operating Cost:
l Energy:2 h. Maintenance Cost:



j. Applicability to manufacturing processes:

k. Ability to construct with control device, install in available space, and operate
within proposed levels:

3.

a. Control Device: b. Operating Principles:

c.. Efficiency:? d. Capitai Cost:

e. Useful Life: f. Operating Cost:

g. Energy:2 h. Maintenance Cost:

i. Availability of construction materials and process chemicals:

j. Applicability to manufacturing processes:

k. Ability to construct with control device, install in available space, and operate
within proposed levels:

4.

a. Control Device: b. Operating Principles:

c. Efficiency:? d. Capital Cost:

e. Useful Life: f. Operating Cost:

g. Energy:? h. Maintenance Cost:

i. Availability of construction materials and process chemicals:

j. Applicability to manufacturing processes:

k. Ability to construct with control device, install in available space, and operate

within proposed levels:

rr

Describe the control technology selected:

1. Control Device: 2. Efficiency:!
3. Capital Cost: 4. Useful Life:
5. Operating Cost: 6. Energy:?

7. Malintenance Cost: 8. Manufacturer:
9. Other locations where employed on similar processes:

a. (1) Company:
(2) Mailing Address:
(3) City: {4) State:

lExplain method of determining efficiency.
2Energy to be reported in units of electrical power - KWH design rate.
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(5) Envirommental Manager:
(6) Telephone No.:

(7) Emissions;?

Contaminant Rate or Concentration

(8) Process Rate:!

b. (1) Company:

(2) Mailing Address:

(3) City: {(4) State:
(5) Envirommental Manager:

(6) Telephone No.:

(7) Enmissions:!?

Contaminant Rate or Concentration

lapplicant must provide this information when available.
available, applicant must state the reason(s) why.

>

(8) Process Rate:?l

10. Reason for selection and description of systems:

Should this information not be

SECTION VII - PREVENTION OF SIGNIFICANT DETERIORATION

Company Monitored Data Not Applicable; see Sections 3.4.2.2 and 5.2 in PSD Application

1. no. sites TSP () so* Wind spd/dir
Period of Monitoring L Vi to L/
month day  year month day year

Other data recorded .

Attach all data or statistical summaries to this application.

*Specify bubbler (B) or continuous (C).
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1.0 INTRODUCTION

Lake Cogen Limited is proposing to locate a 108-megawatt (MW) cogeneration
facility at the existing Golden Gem Citrus Processing Plant. The proposed
site, which is located in Lake County (Figure 1-1), will be under the
common control of Lake Cogen Limited. The proposed cogeneration facility
will consist of two combustion turbines (CTs) with a generating capability
of 42 MW (Table 1-1). A steam turbine using the steam generated by heat
recovery steam generators (HRSGs) will have a generating capability of
about 24 MW. The HRSG also will supply steam requirements for the citrus
processing facility. A plot plan for the facility is presented in

Figure 1-2.

KBN Engineering and Applied Sciences, Inc. (KBN), has been contracted by
Lake Cogen Limited to provide air permitting services for the facility.
Initially, preliminary analyses were performed to determine compliance with
prevention of significant deterioration (PSD) increments and
preconstruction de minimis monitoring levels for the proposed plant only.

A full PSD review was then performed to determine whether significant air
quality deterioration will result from the proposed facility and other PSD
increment-consuming sources and to determine compliance with ambient air
quality standards (AAQS). The PSD review included control technology
review, source impact analysis, air quality analysis (monitoring), and

additional impact analyses.

The proposed project will be a major facility because emissions of at least
one regulated pollutant exceeds 250 tons per year (TPY). PSD review is
required for these emissions and for any pollutant for which the net
increase in emissions exceeds the PSD significant emission rates. The
potential emissions from the proposed project will exceed the PSD
significant emission rates for nitrogen dioxide (NO;), carbon monoxide
(CO), particulate matter (PM), particulate matter with an aerodynamic
diameter of 10 micrometers (PM10), and arsenic (As). Therefore, the

project is subject to PSD review for these pollutants.
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Table 1-1. Characteristics of the Lake
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County Cogeneration Facility

Fuels
Primary Natural Gas

Emergency Backup (gas curtailment only)

Characteristic Data
Capacity (kW)

Combustion Turbines (2) 84,0882
Steam Cycle 23,611
Total 107,699
"Equipment Characteristics

Type of CT GE LM 6000
Number of CTs 2
Number of HRSGs 2
Number of Steam Turbines 1
Process Steam (lb/hr) 20,000

Distillate 0il

Note: CT = Combustion turbine
GE = General Electric

HRSG = heat recovery steam generator

2 Represents ISO conditions; actual performance expected to be 43,285 kW
(gross) per machine at operating temperature of 51°F (see discussion

in Section 2.2)
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This report is presented in seven sections. A general description of the
proposed operation is given in Section 2.0. The air quality review
requirements and applicability of the project to the PSD and nonattainment
regulations are presented in Section 3.0. The control technology review
for the project applicable under the U.S. Environmental Protection Agency's
(EPA’s) current top-down approach is discussed in Section 4.0, A
discussion of the need for air quality monitoring data to satisfy the PSD
preconstruction monitoring requirements is presented in Section 5.0. The
air source impact analysis approach is presented in Section 6.0. The
results of the air qualitjr analyses and additional impact analyses
associated with the project’s impacts on vegetation, soils, and associated

growth are discussed in Section 7.0.
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2.0 PROJECT DESCRIFTION

2.1 GENERAL DESCRIPTION

The proposed project will consist of two CTs and two HRSGs. The CTs will
be the new General Electric (GE) IM 6000 machines. The IM 6000 is a newly
developed aircraft derivative machine that has thermal efficiency of
approximately 40 percent. This efficiency, developed from advanced
aircraft compressor and turbine technology, makes the 1M 6000 more
efficient than the advanced heavy frame combustion turbine being offered by
certain manufacturers (e.g., the GE Frame combustion turbine). A
description of this machine is presented in Appendix A. Each CT will be
served by a single HRSG, exhausting to an individual stack. There will be
no bypass stacks on the CTs for simple cycle operation. A flow diagram of

the project is presented in Figure 2-1.

The primary fuel for firing the CTs will be natural gas; distillate fuel
0il will be used as emergency backup when natural gas is curtailed.
Operation with distillate oil will not exceed 10 days per year. There will
be supplementary firing of natural gas only in the HRSGs.

Air emission sources associated with the proposed project consist of . the
CTs and supplemental firing in the HRSGs. Wet injection will be used to
control emissions of nitrogen oxides (NO.) from the CTs. The use of
natural gas or low-sulfur (0.l-percent sulfur maximum) distillate.fuel oil

will minimize the emissions of sulfur dioxide (50,) from the units.

2.2 FACILITY EMISSTONS AND STACK OPERATING PARAMETERS

The emissions and stack parameters for the CT are presented in Table 2-1.
These data represent the maximum emissions since air inlet coolers will be
installed on the CTs to maintain a compressor temperature of 51°F, which
will increase generating capability and regulate temperature. Maximum
potential annual emissions for the project are presented in Table 2-2.

Performance information and maximum emission rates for regulated criteria
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Table 2-1. ' Stack, Operating, and Emission Data for the Proposed

Cogeneration Facility (Maximum at ISO Conditions)
Fuel Type
Fuel 0il* Natural Gas

Parameter Gas Turbine Gas TurbineP Duct Burner®
Stack Data (ft)
Height 100 100 d
Diameter 11 11 d
Operating Data
Temperature (°F) 232 232 d
Velocity (ft/sec) 56.9 56.2 d
Building Data (ft)
Height 51 51 d
Length 124 124 d
Width 80 80 d
Maximum Hourly Emission Data (lb/hr) for Each Emission Unit/Fuel Type
50, 40.0 1.15 0.45
PM 16.0 2.5 0.9
NO, 68.5 39.4 15.0
co 75.5 40.3 30.0
VoG : 4.15 1.65 - 4.5
Sulfuric acid mis 3.2 Neg Neg
Pb ‘ 0.0034 - -
Annual Potential Emission Data (TPY)} for Each Emission Unit/Fuel Type
S0, 4.8 5.05 0.79
PM 1.2 A 11.0 y 1.58
No, 8.2 7,;5 /.«f' Ei;)t/o‘s /L\r 26.3 ;
co 9.1 176.6 52 .55
voC C:;;g? 7.2 7.9
Sulfuric Acid Mist 0.4 Neg Neg
Pb 0.0004 Neg Reg

® Performance based on NO, emissions of 42 ppmvd (corrected to 15 percent 0j);
S0, emissions based on an average sulfur content of 0,3 percent sulfur;
annual emission data based on 240 hr/yr (10 days/year).

Performance based on NO, emissions of 25 ppmvd (corrected to 15 percent 0;);
annual emissions data based on 8,760 hours/year (365 days/yr) operation.

¢ Performance based on 150 x 10% Btu/hour heat input per HRSG and 3,500 hours
per year operation.

Same as gas turbine natural gas; duct burners will not fire No. 2 oil.
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Table 2-2, Maximum Annual Potential Emissions From Propesed
Cogeneration Project
Fuel (TPY)
Distillate Natural Gas® Total
Pollutant 0il® GT DB (TPY)
50, 9.6 9.8 l.6 21.0
PM© 2.4 21.4 3.2 27.0
NO, 16.4 335.4 52.6 404 .7
co 18.2 343.3 105.0 466.5
voc , 1.0 14.0 15.8 30.8
HZSO,, 0 . 8 NEg Neg 0 . 8
Pb 0.0008 Neg Neg 0.0008
28240 hours/year (i.e., 10 days/year).
bg 520 hours/year operation.
*FM10.
2-4
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pollutants, regulated noncriteria pollutants, and nonregulated pollutants

from each CT are presented in Tables A-1 through A-5 of Appendix A,

Supplemental firing with natural gas will take place in the duct between
each CT and its associated HRSG. The supplemental firing, at a maximum
rate of 150 million British thermal units per hour (x 10° Btu/hr), will
allow the HRSG to produce additional steam and therefore allow greater
electrical power generation in the steam turbine/generator. The firing of
natural gas will produce additional air emissions, as shown in Tables 2-1
and 2-2, for the maximum firing rate. These emissions will combine with
the CT exhaust gases only during natural gas firing and exhaust through the
HRSG stack. Supplemental firing will be limited to an equivalent of

3,500 hours per year at maximum capacity (i.e., 525,000 x 10° Btu),
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3.0 AIR QUALITY REVIEW REQUIREMENTS AND APPLICABILITY
The following discussion pertains to the federal and state air regulatory
requirements and their applicability to the proposed project. These
regulations must be satisfied before the proposed simple cycle turbines can

begin operation.

3.1 NATIONAL AND STATE AAQS

The existing applicable national and Florida AAQS are presented in

Table 3-1. Primary national AAQS were promulgated to protect the public
health, and secondary national AAQS were promulgated to protect the public
welfare from any known or anticipated adverse effects associated with the
presence of pollutants in the ambient air. Areas of the country in
violation of AAQS are designated as nonattainment areas, and new sources to’
be located in or near these areas may be subject to more stringent air

permitting requirements.

3.2 PSD REQUIREMENTS
3.2.1 GENERAL REQUIREMENTS

Under federal and State of Florida PSD review requirements, all major new
or modified sources of air pollutants regulated under the Clean Air Act
(CAA) must be reviewed and a preconstruction permit issued. Florida’'s
State Implementation Plan (SIP), which contains PSD regulations, has been
approved by EPA, and therefore PSD approval authority has been granted to
the Florida Department of Environmental Regulation (FDER).

A "major facility" is defined as any one of 28 named source categories that
has the potential.to emit 100 TPY or more, or any other stationary facility
that has the potential to emit 250 TPY or more of any pollutant regulated
under CAA. "Potential to emit" means the capability, at maximum design

capacity, to emit a pollutant after the application of control equipment.
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AAQS®
National State Significant

Primary Secondary of PSD Increments® Impact

Pollutant Averaging Time Standard Standard Florida Class I Class II Levels®
Particulate Matter Annual Geometric Mean NA RA NA 5 19 1
(TSP) 24-Hour Maximum NA NA NA 10 37 5
Particulate Matter Annual Arithmetic Mean 50 50 50 4° 17« 1
(PM10) 24-Hour Maximum 150 150 150 8 30* 5
Sulfur Dioxide Annual Arithmetic Maan 80 NA 60 2 20 1
24~Hour Maximum 365 NA 260 5 91 5

3-Hour Maximum NA 1,300 1,300 25 512 25

Carbon Monoxide 8-Hour Maximum 10,000 10,000 10,000 NA NA 500
1-Hour Maximum 40,000 40,000 40,000 NA NA 2,000

Nitrogen Dioxide Annual Arithmetic Mean 100 100 100 2.5 25 1
Ozone 1-Hour Maximm‘ 235 235 235 NA NA NA
Lead Calendar Quarter 1.5 1.5 15 NA NA HA

Arithmetic Mean

*Short-term maximum concentrations are not to be exceeded more than once per year,
"Maximum concentrations are not to be exceeded.
‘Proposed October 5, 1889.

"échiaved when the expected number of days per year with concentrations above the standard is fewar than 1.

Note: Particulate matter (TISP)

= total suspended particulate matter.

Particulate matter (PM10) = particulate matter with aerodynamic dismetar less than or equal to 10 micrometers.

NA = Not applicable, i.e., no standard exists.

Sources: Federal Register, Vol. 43, No. 118, June 19, 1973,

40 CFR 50.
40 CFR 52.21.

Chapter 17-2,400, F.A.C.
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A "major modificaticn” is defined under PSD regulations as a change at an
existing major facility that increases emissions by greater than
significant amounts. PSD significant emission rates are shown in

Table 3-2.

PSD review is used to determine whether significant air quality
deterioration will result from the new or modified facility. Federal PSD
requirements are contained in 40 CFR 52.21, Prevention of Significant
Deterioration of Alr Quality. The State of Florida has adopted PSD
regulations that are essentially identical to federal regulations
[Chapter 17-2.510, Florida Administrative Code (F.A.C.)]. Major facilities
and major modifications are required to undergo the following analysis
related to PSD for each pollutant emitted in significant amounts:

1. Control technology review,

2 Source impact analysis,

3. Air quality analysis (monitoring),
4. Source information, and
5

Additional impact analyses.

In addition to these analyses, a new facility also must be reviewed with
respect to Good Engineering Practice (GEP) stack height regulations.
Discussions concerning each of these requirements are presented in the

following sectionms.

3.2.2 INGREMENTS/CLASSIFICATIONS

In promulgating the 1977 CAA Amendments, Congress specified that certain
increases above an air quality baseline concentration level of S0, and
total suspended particulate matter [PM(TSP)] concentrations would
constitute significant detericration. The magnitude of the allowable
increment depends on the classification of the area in which a new source
(or modification) will be located or have an impact. Three classifications
were designated, based on criteria established in the CAA Amendments.

Initially, Congress promulgated areas as Class I (international parks,
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Table 3-2., PSD Significant Emission Rates and De Minimis Monitoring Concentrations

De Minimis

Significant Monitoring
Regulated Emission Rate Concentration®

Pollutant Under (TPY) (pg/ma)
Sulfur Dioxide NAAQS, NSPS 40 13, 24-hour
Particulate Matter (TSP) NAAQS, NSPS 25 10, 24-hour
Particulate Matter (PM10) NAAQS 15 10, 24-hour
Nitrogen Oxides NAAQS, NSPS 40 14, annual
Carbon Monoxide NAAQS, NSPS 100 575, 8-hour
Volatile Organic
Compounds (0Ozone) NaaQs, NSPS 40 100 TPYP
Lead ' NAAQS 0.6 0.1, 3-month
Sulfuric Acid Mist NSPS 7 NM
Total Fluorides NSPS 3 0.25, 24-hour
Total Reduced Sulfur NSPS _ 10 10, 1-hour
Reduced Sulfur Compounds NSPS 10 10, 1-hour
Hydrogen Sulfide NSPS 10 0.2, 1l-hour
Asbestos NESHAP 0.007 NM
Beryllium NESHAP 0.0004 ¢.001, 24-hour
Mercury NESHAP 0.1 0.25, 24-hour
Vinyl Chloride NESHAP 1 15, 24-hour
Benzene NESHAP © NM
Radionuclides NESHAP c NM
Inorganic Arsenic NESHAP ¢ NM

2 Short-term concentrations are not be be exceeded.

> No de minimis concentration; an increase in VOC emissions of 100 TPY or more will
require monitoring analysis for ozone.

¢ Any emission rate of these pollutants,

Note: Ambient monitoring requirements for any pollutant may be exempted if the impact
of the increase in emissions is below de minimis monitoring concentrations.

NAAQS = National Ambient Air Quality Standards.
NM = No ambient measurement method.
NSPS = New Source Performance Standards.
NESHAP = National Emission Standards for Hazardous Air Pollutants.
pg/m® = micrograms per cubic meter.

Sources: 40 CFR 52.21.
Chapter 17-2, F.A.C.
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national wilderness areas, and memorial parks larger than 5,000 acres, and
national parks larger than 6,000 acres) or as Class II (all areas not
designated as Class I). No Class III areas, which would be allowed greater
deterioration than Class II areas, were designated. EPA then promulgated

as regulations the requirements for classifications and area designations.

On October 17, 1988, EPA promulgated regulations to prevent significant
deterioration as a result of emissions of NO, and established PSD
inerements for NO, concentrations. The EPA class designations and
allowable PSD increments are presented in Table 3-1. FDER has adopted the
EPA class designations and allowable PSD increments for S0,, PM(TSP), and

NO, increments,

The term "baseline concentration" evolves from federal and state PSD
regulations and refers to a concentration level corresponding to a
specified baselline date and certain additional baseline sources. By
definition, in the PSD regulations as amended August 7, 1980, baseline
concentration means the ambient concentration level that exists in the
baseline area at the time of the applicable baseline date. A baseline
concentration is determined for each pollutant for which a baseline date is
established and includes:
1. The actual emissions representative of facilities in existence on
the applicable baseline date; and
2. The allowable emissions of major statiomary facilities that
commenced construction before January 6, 1975, for S0, and
PM(TSP) concentrations, or February 8, 1988, for NO,
concentrations, but that were not in operation by the applicable

baseline date.

The following emissions are not included in the baseline concentration and
therefore affect PSD increment consumption:
1. Actual emissions from any major stationary facility on which

construction commenced after January 6, 1975, for SO, and PM(TSP)
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concentrations, and after February 8, 1988, for NO,
concentrations; and
2. Actual emission increases and decreases at any stationary

facility occurring after the baseline date.

In reference to the baseline concentration, the term "baseline date"
actually includes three different dates:

1. The major facility baseline date, which is January 6, 1975, in
the cases of S0, and PM(TSP), and February 8, 1988, in the case
of NO,.

2. The minor facility baseline date, which is the earliest date
after the trigger date on which a major stationary facility or
major modification subject to PSD regulations submits a complete
PSD application.

3. The trigger date, which is August 7, 1977, for S0, and PM(TSP),
and February 8, 1988, for NO,.

The minor source baseline date for S0, and PM(TSP) has been set as
December 27, 1977, for the entire State of Florida (Chapter 17-2.450,
F.A.C.).

' 3.2.3 CONTROL TECHROLOGY REVIEW

The control technology review requirements of the federal and state PSD
regulations require that all applicable federal and state emission-limiting
standards be met, and that Best Available Control Technoclogy (BACT) be
applied to control emissions from the source [Chapter 17-2.500(5)(c),
F.A.C]. The BACT requirements are applicable to all regulated pollutants
for which the increase in emissions from the facility or modification

exceeds the significant emission rate (see Table 3-2),
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BACT is defined in Chapter 17-2.100(25), F.A.C., as:

An emissions limitation, including a visible emission standard,
based on the maximum degree of reduction of each pollutant
emitted which the department, on a case by case basis, taking
into account energy, environmental, and economic impacts, and
other costs, determines is achievable through application of
production processes and available methods, systems, and
techniques (including fuel cleaning or treatment or innovative
fuel combustion techniques) for control of such pollutant. If
the Department determines that technological or economic
limitations on the application of measurement methodology to a
particular part of a source or facility would make the
imposition of an emission standard infeasible, a design,
equipment, work practice, operational standard or combination
thereof, may be prescribed instead to satisfy the requirement
for the application of BACT. Such standard shall, to the
degree possible, set forth the emissions reductions achievable
by implementation of such design, equipment, work practice, or
operation,

BACT was promulgated within the framework of the PSD requirements in the
1977 amendments of the CAA [Public Law 95-95; Part C, Section 165(a){4)}].
The primary purpose of BACT is to optimize consumption of PSD air quality
increments and thereby enlarge the potential for future economic growth
without significantly degrading air quality (EPA, 1978; 1980). Guidelines
for the evaluation of BACT can be found in EPA‘s Guidelines for Determining
Best Available Control Technology (BACT), (EPA, 1978) and in the PSD
Workshop Manual (EPA, 1980). These guidelines were promulgated by EPA to
provide a consistent approach to BACT and to ensure that the impacts of
alternative emission control systems are measured by the same set of
parameters. In addition, through implementation of these guidelines, BACT
in one area may not be identical to BACT in another area. According to EPA
{1980), "BACT analyses for the same types of emissions unit and the same
pollutants in different locations or situations may determine that
different control strategies should be applied to the different sites,
depending on site-specific factors. Therefore, BACT analyses must be

conducted on a case-by-case basis.”
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The BACT requirements are intended to ensure that the control systems
incorporated in the design of a proposed facility reflect the latest in
control technologies used in a particular industry and take into
consideration existing and future air quality in the vicinity of the
propeosed facility. BACT must, as a minimum, demonstrate compliance with
New Source Performance Standards (NSPS) for a source (if applicable). An
evaluation of the air pollution control techniques and systems, including a
cost-benefit analysis of alternative control technologies capable of
achieving a higher degree of emission reduction than the proposed control
technology, is required. The cost-benefit analysis requires the
documentation of the materials, energy, and economic penalties associated
with the proposed and alternative control systems, as well as the _
environmental benefits derived from these systems. A decision on BACT is
to be based on sound judgment, balancing environmental benefits with

energy, economic, and other impacts (EPA, 1978).

Historically, a "bottom-up" apprcach consistent with the BACT Guidelines
and PSD Workshop Manual has been used. With this approach, an initial
control level, which is usually NSPS, is evaluated agalnst successively
more stringent controls until a BACT level is selected. However, EPA
developed a concern that the bottom-up approach was not providing the level
of BACT decisions originally intended. As a result, in December 1987, the
EPA Assistant Administrator for Air and Radiation mandated changes in the
implementation of the PSD program, including the adoption of a new "top-

down" approach to BACT decisionmaking.

The top-down BACT approach essentially starts with the most stringent (or
top) technology and emissions limit that have been applied elsewhere to the
same or a similar source category. The applicant must next provide a basis
for rejecting this technology in favor of the next most stringent
technology or propose to use it. Rejection of control alternatives may be
based on technical or economic infeasibility. Such decisions are made on
the basis of physical differences (e.g., fuel type), locational differences
(e.g., availability of water), or significant differences that may exist in

the environmental, economic, or energy impacts. The differences between

3-8



90116C1/3-9
05/01/91

the proposed facility and the facility on which the control technique was
applied previously must be justified. Recently, EPA issued a draft
guidance document on the top-down approach entitled Top-Down Best Available

Control Technology Guidance Document (EPA, 1990}.

3.2.4 ATIR QUALITY MONITORING REQUIREMENTS

In accordance with requirements of 40 CFR 52.21(m) and Chapter 17-2.500(f},
F.A.C, any application for a PSD permit must contain an analysis of
continuous ambient air quality data in the area affected by the proposed

major stationary facility or major modification. For a new major facility,

. the affected pollutants are those that the facility potentially would emit

in significant amounts., For a major modification, the pollutants are those
for which the net emissions increase exceeds the significant emission rate

(see Table 3-2).

Ambient air monitoring for a periecd of up to 1 year generally is
appropriate to satisfy the PSD monitoring requirements. A minimum of

4 months of data is required. Existing data from the vicinity of the
proposed source may be used if the data meet certain quality

assurance requirements; otherwise, additional data may need to be gathered.
Guidance in designing a PSD monitoring network is provided in EPA's
Ambient Monitoring Guidelines for Prevention of Significant Deterioration
(EPA, 1987a).

The regulations include an exemption that excludes or limits the pollutants
for which an air quality analysis must be conducted. This exemption states
that FDER may exempt a proposed major stationary facility or major
modification from the monitoring requirements with respect to a particular
pollutant if the emissions increase of the pollutant from the facility or
modification would cause, in any area, air quality impacts less than the de

minimis levels presented in Table 3-2 [Chapter.17-2.500(3)(e), F.A.C.].
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3.2.5 SOURCE IMPACT ANALYSIS

A source impact analysis must be performed for a proposed major source
subject to PSD review for each pollutant for which the increase in
emissions exceeds the significant emission rate (Table 3-2). The PSD
regulations specifically provide for the use of atmospheric dispersion
models in performing impact analyses, estimating baseline and future air
quality levels, and determining compliance with AAQS and allowable PSD
increments. Designated EPA models normally must be used in performing the
impact analysis. Specific applications for other than EPA-approved models
require EPA's consultation and prior approval. Guidance for the use and
application of dispersion models is presented in the EPA publication
Guideline on Air Quality Models (Revised) (EPA, 1987b). The source impact
analysis for criteria pollutants may be limited to the new or modified
source iIf the net increase in impacts as a result of the new or modified

source Is below significance levels, as presented in Table 3-1,

Various lengths of record for meteorological data can be used for impact
analysis. A 5-year period can be used with corresponding evaluation of
highest, second-highest short-term concentrations for comparison to AAQS or
PSD increments. The term "highest, second-highest" (HSH) refers to the
highest of the second-highest concentrations at all receptors (i.e., the
highest concentration at each receptor is discarded). The second-highest
concentration is significant because short-term AAQS specify that the
standard should not be exceeded at any location more than once a year. If
less than 5 years of meteorological data are used in the modeling analysis,
the highest concentration at each receptor normally must be used for

comparison to air quality standards.

3.2.6 ADDITIONAL IMPACT ANALYSIS

In addition to air quality impact analyses, federal and State of Florida
PSD regulations require analyses of the impairment to visibility and the
impacts on soils and vegetation that would occur as a result of the
proposed source [40 CFR 52.21; Chapter 17-2.500(5)(e), F.A.GC.]. These
analyses are to be conducted primarily for PSD Class I areas. Impacts as a

result of general commercial, residential, industrial, and other growth

3-10
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associated with the source also must be addressed. These analyses are

required for each pollutant emitted in significant amounts (Table 3-2).

3.2.7 GOOD ENGINEERING PRACTICE STACK HEIGHT
The 1977 CAA Améndments require that the degree of emission limitation
required for control of any pollutant not be affected by a stack height
that exceeds GEP or any other dispersion technique. On July 8, 1985, EPA
promulgated final stack height regulations (EPA, 1985a). Identical
regulations have been adopted by FDER [Chapter 17-2.270, F.A.C.}. GEP
stack height is defined as the highest of:
1. 65 meters (m), or
2. A height established by applying the formula:
Hg = H + 1.5L
where: Hg = GEP stack height,
H = Height of the structure or nearby structure, and
L = Lesser dimension (height or projected width) of
nearby structure(s), or

3. A height demonstrated by a fluid model or field study.

"Nearby" is defined as a distance up to five times the lesser of the height
or width dimensions of a structure or terrain feature, but not greater than
0.8 kilometer (km). Although GEP stack height regulations require that the
stack height used in modeling for determining compliance with AAQS and PSD
increments not exceed the GEP stack height, the actual stack height may be

greater.

The stack height regulations also allow increased GEP stack height beyond
that resulting from the above formula in cases where plume impaction
occurs. Plume impaction is defined as concentrations measured or predicted
to occur when the plume interacts with elevated terrain. Elevated terrain
is defined as terrain that exceeds the height calculated by the GEP stack
height formula.

3-11
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3.3 NONATTAINMENT RULES

Based on the current nonattainment provisions (Chapter 17-2.510, F.A.C.),
all major new facilities and modifications to existing major facilities
located in a nonattainment area must undergo nonattainment review. A new
major facility is required to undergo this review if the proposed pieces of
equipment have the potential to emit 100 TPY or more of the nonattainment
pollutant. A major modification at a major facility is required to undergo
review if it results in a significant net emission increase of 40 TPY or
more of the nonattainment pollutant or if the modification is major (i.e.,

100 TPY or more).

For major facilities or major modifications that locate in an attainment or
unclassifiable area, the nonattainment review procedures apply if the
source or modification is located within the area of influence of a
nonattainment area. The area of influence is defined as an area that is
outside the boundary of a nonattainment area but within the locus of all
points that are 50 km outside the boundary of the nonattainment area.
Based on Chapter 17-2.510(2)(a)2.a, F.A.C., all volatile organic compound
(VOC) sources that are located within an area of influence are exempt from
the provisions of new source review for nonattainmeﬁt areas. Sources that
emit other nonattainment pollutants and are located within the area of
influence are subject to nonattainment review unless the maximum allowable

emissions from the proposed source do not have a significant impact within

the nonattainment area.

3.4 SOURCE APPLICABILITY
3.4.1 AREA CLASSIFICATION
The project site is located in Lake County, which has been designated by

EPA and FDER as an attainment area for all criteria pollutants. Lake
County and surrounding counties are designated as PSD Class II areas for
S0,, PM(TSP), and NO,. The site is located 93 km from the closest part of

the Chassahowitzka National Wilderness Area.
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3.4.2 PSD REVIEW

3.4.2.1 Pollutant Applicability

The proposed project is considered to be a major facility because emissions
of any regulated pollutant will exceed 250 TPY (refer to Table 2-2);
therefore, PSD review is required for any pollutant for which the net
increase in emissions exceeds the PSD significant emission rates presented
in Table 3-2 (i.e., major modification). As shown, potential emissions
from the proposed project will exceed the PSD significant emission rates
for NO,, CO, PM, and inorganic As. Therefore, the project is subject to

PSD review for these pollutants.

3.4.2.2 Ambient Monitoring

Based on the net increase in emissions from the proposed project, presented
in Table 3-3, a PSD preconstruction ambient monitoring analysis is required-
for PM, NO,, CO, and As. However, if the net increase in impact of a
pollutant is less than the de minimis monitoring concentration, then an
exemption from the preconstruction ambient monitoring requirement is
provided for in the FDER regulations [FDER Rule 17-2.500(3)(e}]. 1In
addition, if an acceptable ambient monitoring method for the ﬁollutant has
not been established by EPA, monitoring is not required.

If preconstruction monitoring data are required to be submitted, data
collected at or mear the project site can be submitted, based on existing

air qualicy d#ta (e.g., FDER) or the collection of on-site data.

Maximum predicted impacts as a result of the net increase associated with
the proposed project are presented in Table 3-4 for pollutants requiring
PSD review. The methodology used to predict maximum impacts and the impact
analysis results are presented in Sections 6.0 and 7.0. As shown in

Table 3-4, the maximum net increase in impact is below the respective

de minimis monitoring concentration for all pollutants. There is no
acceptable ambient monitoring method for As; therefore, monitoring is not

required for this pollutant.
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Table 3-3. Net Increase in Emissions Due To the Lake County Cogeneration Facility Compared to

the PSD Significant Emission Rates

Emissions (TPY)

Potential
Emissions From Significant
Proposed Emission PSD
Pollutant Turbines Rate Review

Sulfur Dioxide 21.0° 40 No
Particulate Matter (TSP) 27.0 25 Yes
Particulate Matter (FMi0} 27.0 15 Yes
Nitrogen Dioxide 404 .7 40 Yes
Carbon Monoxide 466.5 100 Yes
Volatile Organic Compounds 30.8 40 . No
Lead 0.0008 0.6 No
Sulfuric Acid Mist 0.8 7 No
Total Fluorides 0.003 3 No
Total Reduced Sulfur® NEG 10 No
Reduced Sulfur Compounds® NEG 10 No
Bydrogen Sulfide*® NEG 10 No
Ashestos" REG 0.007 No
Beryllium 0.0002 0.0004 No
Mercury 0.0003 0.1 KRo
Vinyl Chloride* KEG 1 KNo
Benzene® NEG 0 Ko
Radionuclides* NEG 0 No
Inorganic Arsenic 0.0004 0 Yes

Note: NEG = Negligible.

All calculations based on 59°F peak load condition,

‘Emissions of these pollutents considered not to have any emission rate increase.

*Based on a maximum sulfur content specification of 0.1 percent in fuel oil.
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Table 3-4. Predicted Net Increase in Impacts Due To the Lake County
Cogeneration Facility Compared to PSD De Minimis Monitoring

Concentrations
Concentration (ug/m®)

Predicted De Minimis

Net Increase Monitoring
Pollutant In Impacts® Concentration
Particulate Matter (TSP) 3.7 (1.3) 10, 24-hour
Particulate Matter (PM10) 3.7 (1.3) 10, 24-hour
Nitrogen Dioxide 0.33 14, annual
Carbon Monoxide 26,9 (25.0) 575, 8-hour
Inorganic Arsenic NA NM

Note:” NA = Not applicable.
NM = No acceptable ambient measurement method has been developed
and, therefore, de minimis levels have not been established
by EPA.

2 TSP and PM10 impacts based on maximum emissions at 100-percent load and
100-percent capacity factor when firing oil, which will be limited to
no more than 10 days per year. Impacts for natural gas, the primary
fuel shown in parenthesis. Concentrations indicate the highest
predicted values.
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3.4.2.3 GEP Stack Height Impact Analysis

The GEP stack height regulations allow any stack to be at least 65 m high.
The proposed stacks for the proposed turbines will be 100 feet (ft) in
height (30.5 m) and, therefore, do not exceed the GEP stack height. The
peotential for downwash of the units' emissions caused by nearby structures

is discussed in Section 6.0, Air Quality Modeling Approach.

3.4.3 NONATTAINMENT REVIEW

The project site is located in Lake County, which is classified as an
attainment area for all criteria pollutants. The plant is also located
more than 50 km from any nonattainment area. Therefore, nonattainment

requirements are not applicable.

3.4.4 HAZARDOUS POLLUTANT REVIEW

The FDER has promulgated guidelines (FDER, 1991) to determine whether any
emission of a hazardous or toxic pollutant can pose a possible health risk
to the public. All regulated pollutants for which an ambient standard does
not exist and all neonregulated hazardous pollutants are to be compared to
No Threat Leﬁels (NTL) for each applicable pollutant. If the maximum
predicted concentration for any hazardous pollutant is less than the
corresponding NTL fdr each applicable averaging time, that emission is

considered not to pose a significant health risk,
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4.0 CONTROL TECHNOLOGY REVIEW

4,1 APPLICABILITY

The control technology review requirements of the PSD regulations are
applicable to emissions of NO,, CO, and inorganic As (see Section 3.0).
This section presents the applicable NSPS and the proposed BACT for these
pollutants. The approach to BACT analysis is based on the regulatory
definitions of BACT, as well as EPA's current policy guidelines requiring

the top-down approach.

4,2 NEW SOURCE PERFORMANCE STANDARDS
The applicable NSPS for gas turbines are codified in 40 CFR 60, Subpart GG.
These regulations apply to:
1. Electric utility stationary gas turbines with a heat input at peak
load of greater than 100 x 10% Btu/hr [40 CFR 60,332 (b)];
2. Stationary gas turbines with a heat input at peak load between 10
and 100 x 10° Btu/hr [40 CFR 60.332 (c)]; or
3. Stationary gas turbines with a manufacturer'’'s rate base load at

IS0 conditions of 30 MW or less {40 CFR 60.332 (d)].

The electric utility stationary gas turbine provisions apply to stationary
gas turbines constructed for the purpose of supplying more than one-third
of their potential electric output capacity for sale to any utility power
distribution system [40 CFR 60,331 (q)]}. The requirements for electric
utility stationary gas turbines are applicable to the project and are the
most stringent provision of the NSPS. These requirements are summarized in

Table &4-1 and were considered in the BACT analysis.

As noted from Table 4-1, the NSPS NO, emission limit can be adjusted upward
to allow for fuel-boun& nitrogen (FBN). For a fuel-bound nitrogen
concentration of 0.015 percent or less, no increase in the NSPS is
provided; for a fuel-bound nitrogen concentration of 0.06 percent, the NSPS

is increased by 0.0024 percent or 24 parts per million (ppm).
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Table 4-1. Federal NSPS for Electric Utility Stationary Gas Turbines

Pollutant Emission Limitation®
Nitrogen 0.0075 percent by volume (75 ppm) at
OxidesP 15 percent 0, on a dry basis adjusted for

heat rate and fuel nitrogen

-

2 Applicable to electric utility gas turbines with a heat input at peak
load of greater than 100 x 10° Btu/hr,

P Standard is multiplied by 14.4/Y; where Y is the manufacturer's rated
heat rate in kilojoules per watt at rated load or actual measured heat
rate based on the lower heating value of fuel measured at actual peak
load; Y cannot be greater than 14.4. Standard is adjusted upward
(additive) by the percent of nitrogen in the fuel:

Fuel-bound nitrogen (percent by | Allowed Increase
weight) | NO, percent by
volume
NCO.OLS. ... i i et ienans 0
0.015<N<0. 1. ... veiiii i i iseneinans 0.04(N)
0. 1<N<0.25. . i e 0.004+0.0067(N-0.1)
R 0.005

where:
N = the nitrogen content of the fuel (percent by weight).

Source: 40 CFR 60 Subpart GG.
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For the proposed CTs, the NSPS emission limit would be 113 ppm corrected to
15 percent oxygen at a fuel-bound nitrogen content of 0.015 percent. The
applicable NSPS for the duct burners will be 40 CFR 60, Subpart Db. The

applicable requirements are presented in Table 4-2.

4,3 BEST AVAILABLE CONTROL TECHNOLOGY

4.3.1 NITROGEN OXIDES

4.3.1.1 Identification of NO_ Control Technologies for CTs

NO, emissions from combustion of fossil fuels consist of thermal NO, and
fuel-bound NO,. Thermal NO, is formed from the reaction of oxygen and
nitrogen in the combustion air at combustion temperatures. Formation of
thermal NO, depends on the flame temperature, residence time,'combustion
pressure, and air-to-fuel ratios in the primary combustion zone. The
design and operation of the combustion chamber dictates these conditions.
Fuel-bound NO, is created by the oxidation of volatilized nitrogen in the

fuel. Nitrogen content in the fuel is the primary factor in its formationm.

Table 4-3 presents a listing of the lowest achievable emission rates/best
available control technology (LAER/BACT) decisions made by state
environmental agencies and EPA regional offices for gas turbines. This
table was developed from the information contained in the LAER/BACT
clearinghouse documents (EPA, 1985b, 1986, 1987c, 1988c, 1989) and by
contacting state agencies, such as the California Air Control Board, the
South Coast Air Quality Management District, the New Jersey Department of
Environmental Protection, and the Rhode Island Department of Environmental

Management.

The most stringent NO, controls for CTs established as LAER/BACT by state
agencies are selective catalytic reduction (SCR) with wet injection and wet
injection alone. When SCR has been employed, wet injection is used
initially to reduce NO, emissions. SCR has been installed or permitted in
about 132 projects. The majority of these projects (more than 90 percent)

are cogeneration facilities with capacities of 50 MW or less. About
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Table 4-2. Federal NSPS for Industrial Steam-Generating Units, 40 CFR 60,
Subpart Db®

Pollutant Emission Limitation for Gaseous or Liquid Fuels

Particulate Matter Natural gas - no emission limits
0il - 0.10 1b/10% Btu

Visible Emissions 20% opacity (6-minute average), except up to 27%
opacity is allowed for one 6-minute period per hour

Sulfur DioxideP Natural gas - no emission limits

0il:

1) Annual capacity factor for oil > 30%
- 0.80 1b/10% Btu and 90% reduction in
potential emissions

2) Annual capacity factor for oil < 30Z°
- 0.30 1b/10% Btu (no percentage reduction
requirements)

3) Combustion of 0.3 1b S0,/10° Btu or less oil
- 0.30 1b/10% Btu
- No percentage reduction requirements

Nitrogen Oxides Natural gas/distillate oil:
1) Low heat release rate unit - 0.10 1b/10® Btu
2) High heat release rate unit - 0.20 1b/10% Btu
3) Duct burner in combined cycle system -
0.20 1b/10¢ Btu

Residual oil:
1) Low heat release rate unit - 0.30 1b/10% Btu
2) High heat release rate unit - 0.40 1b/10¢ Btu
3) Duct burner in combined cycle system -

0.40 1b/10° Btu

® Applies to any device that combusts fuel to produce steam and that has a
maximum heat input of more than 100 x 10% Btu/hr. Sources subject to '
Subpart Da are not subject to Subpart Db.

> Compliance determined on a 30-day, rolling average basis (with certain
exceptions).

¢ Includes combines cycle system where 30 percent or less of the heat input
to the steam generator is from combustion of oil in the duct burner and
70 percent or more of the heat input is from the gas turbine exhaust
gases entering the duct burner.

Source: 40 CFR 60, Subpart Db.
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Table 4-3. LAER/BACT Decisions for Gas Turbines (Fage 1 of &)
Date
Unit Capacity of Emission Emission
Company Nema State Description (Size) Permit Limit Control
Virginia Power VA GE turbine 1,875x10* BTU/hr 4/88 NO, 42 ppavd at 15X O, Steam injection with maximization NSPS
. (gan) Subpart GG
NO, 77 ppavd at 18X O,
(fuel oil)
Trunklins LNG LA Gas turbine 147,102 sef/hr 5/87 RO, 59 lb/hr
Wichita Falls E, I., I. TX Gas turbine 20 MW 6/96 NO, 684 IPY Steam jinjection
CO 420 TPY
Merck Sharp and Pohme PA Turbine 310x10® Btu/hr 5/88 NO, 42 ppm at 15X O, Steam injection
California Dept. of CA Gas turbine 5.1 MW 12/86 NO, 38 ppmv at 15X O, 1 to 1 H,0 fnjection
Corr,
City of Santa Clara CA Gas turbine 1/87 NO, 42 ppmvd at 151 O, Water injection
Combined Energy CA Cogeneration Fac. 27 MW 3/87 NO, 1989 lb/day SCR unit, duct burner, H,C injection, low NO,
Resources design
Double 'C' Limited CA Gas turbine 25 M 11/86 KO, 194 lb/day H,0 injection and SCR
95,80 efficiency
Kern Front Limited CA Gas turbine 25 MWW 11/86 NO, 194 1lb/day H,0 injection and SCR
4,5 ppmvd at 15X O, 95.80 efficiency
Midway - Sunset Project CA Gas turbine 973x10* Btu/hr 1/87 NO, 113.4 1lb/hr R,0 injection, 73X efficiency
15.31 ppmv
0'Brien Energy Syatems CA Gas turbine 359.5x10* Btu/day 12/86 NO, 30.3 1lb/hr Duct burnmer, H,0 injection and scrubber
15 pporvd a2t 15X O,
PG and E, Station T CA GE gas turbine 396x10* Btu/hr 8/86 NGO, 25 ppm at 15X O, Steam injection at steam/fuel ratio of 1.7/1,
63 lb/hr 75X afficiency
Sierra LID. CA GE gas turbine 11, 34x10% 8t/ day NO, 4.04 lb/hr Scrubber and CO catalytic converter
Sycamore Cogeneration CA Gas turbine 75 MW a/az? CO 10 ppmv at 15X O, CO oxidizing catalyst combustion control
Co, 3 hr average
U.S. Borax and Chemical CA Gas turbine 45 M 2/87 NO, 40 lb/hr Scrubber
Corp, 25 ppm at 15% O, Dry Proper combustion techniques
CO 23 lb/hr
Wastern Power Syatem, CA GE gas turbine 26.5 MW 3/86 NO, 9 ppmvd at 15X O, H,0 injection, SCR
Ineg 80% efficlency
Calcogen, Cal CA Gas turbine 21.4 MW 4/84 NO, 42 ppm at 15X O, H,0 injection, 70X efficiency

Polytechic
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Table 4-3. LAER/BACT Decisions for Gas Turbines (Page 2 of 4) ~
Date
Unit Capacity ot Emissicn Emission
Company Name State Description (Size) Permit Limit Control
Greenleaf Power Co. CA GE gas turbine 35,62 MW 4/85 NO, 42 ppm at 15X O, H,0 injection
81 1b/hr Good Engineering Practices
€O 20.41 lb/hr Steam injection 95,86 efficlency
0.016 1b/10* Btu
Greenleaf Power Co, CA Duct Burner 63.7x10% Btu/hr 4/85 NO, 0.1 1b/10* Btu Low NO, design’
6.4 1b/hr
CO 0.12 1b/10* Btu
7.8 lb/hr
OLS Energy CA GE gas turbine 256x10* Btu/hr 1/88 NG, 9 ppmvd at 15X O, H,0 injection and scrubber
80X efficiency for scrubber
Ciba Giegy Corp. RJ Gas turbine I M 1/85 NO, 11.06 1lb/hr 5IP, H,0 injection, 55% efficiency
CO 8.4 lb/hr
Energy Reserve, Inc. CA Gas turbine 322.5x10* Btu/hr 10/85 NO, 185.4 1b/day H,0 injection, SCR
92.5% efficiency
Gilroy Energy Co, CA Gas turbine 60 MW 8/85 KO, 25 ppmvd at 151 O, Steam injection, quiet combustor
Auxiliary boiler 90x10* Btu/hr NO, 40 ppmwvd at 3% O, Low NO, burners
Kern Energy Corp, CA Gas turbine 8.8x10* ft2/day 4/86 NO, 8.29 lb/hr Scrubber with NH, reduction agent
0.023 1b/10* Btu Steam injection and low NO, configuration
exhaust duct burner
87% efficiency
Moran Power, Inc. CA Gas turbine 8.0x10* ft/day 4/86 NO, 8.29 1b/hr Scrubber with NH, reduction agent
0.023 1b/10* Btu Steam injection and low NO, configuratiom
exhaust duct burner
87X efficlency
Northern California CA GE gas turbine 25.8 MW 4/85 NO, 75 ppm H,0 injection
. Power
Shell California CA Gas turbine 22 MW 4/85 NO, 42 ppm at 15X O, B0 injection
Production 35 1b/hr
CO 10 ppmv at 15X O, Proper combustion
22 1b/hr
Southeast Energy, Inc. CA Gas turbine 5,0x10% £t'/day 4/86 NO, 8.28 1b/hr Scrubber with NH, reduction agent
0.023 1b/10* Btu Steam injection and low NOQ, configuraticn
exhaust duct burner
87X efficlency
Sunlew/Industrial Park CA Gas turbine 412,3x10* Btu/hr 6/85 NO, 2 ppmvd at 15% O, Scrubber and steam injection, 80% efficiency
Union Cogeneration CA Gas turbine with 16 MW 1/86 NO, 25 ppmv at 15% O, H,0 injection and scrubber
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Table 4-3, LAFER/BACT Decisions for Gas Turbines (Page 3 of &)
Date
Unit Capacity of Emisaion Emission
Company Name State Description (Size) Permit Limit Control
Willamette Industries CA GE gas turbine 230x10* Btu/hr 4/85 NO, 15 ppmvd at 15X O, 0,0 injection with SCR
821 efficiency
Witco Chemical Corp. CA Gas turbine 350x10* Btu/hr 12/84 NG, 0.18 1b/10°* Btu olil
0.20 1b/10®* Btu ges
Duct burner 111,6x10% Btu/hr NO, 0.12 1b/10* Btu Gas firing only
AES Placerita, Inc. CA Turbine and Recovery 518x10* Btu/hr 3/86 NO, 629 lb/day H,0 injection, SCR
Boilear 7 ppavd at 15% O,
CO 103 1b/day 80X efficiency
2 ppmvd at 15% O,
AES Placerita, Inc. CA Turbine and Recovery 530x10° Btu/hr 7/87 NO, 340 lb/day Steam injection, SCR
Boiler 9 ppovd at 15X 0, :
AES Placerita, Inc. CA Gas turbine 530x10* Btu/hr 7/87 NO, 288 1b/day Steam injection, SCR
9 ppovd at 151 O,
Alaska Electrical AKX Gas turbins 80 MW 3/87 NG, 75 ppmvd at 15% O, H,0 injection
Generation CO 109 1lb/scf fuel
Alaska Electrical AK Gas turbine 38 MW 3/85 NG, 75 ppm at 15X O, H,0 injection
Generation
BAF Energy CA Turbine, Generator 8B87.2x10°* Btu/hr 7/87 NO, 9 ppm at 15X O, Steam injection, scrubber
30.1 1b/hr BOX efficliency
BAF Energy CA Auxiliary Boller 150x10% Btu/hr 10/87 NO, 17.4 lb/day Flue gas racirculation
40 ppmvd at 3X O, Low NO, burners
CO 63.6 1b/day Oxidation catalyst
0,018 1b/10* Btu
Champion International TX Gas turbine 30.6 MW 3/85 NO, 720,34 TPY Low NO, burners
Corp. (1,342x10* Btu/hr) co 70.08 TPY
Cogen Technologles NI GE gaa turbines 40 M 6/87 NO, 9.6 ppmvd at 15X O, H,0 injection and SCR, 85X efficlency
CO 50 ppmvd at 15X O,
Combined Energy CA Gas turbiﬁe 2 M 2/88 NGO, 199 1b/hr H,0 injection and scrubber, 81X efficiency
Resources
Formosa Plastic Corp. pe GE gas turbine 38.4 MW 5/86 NO, 640 TPY Steam injection
Co 32.4 TPY
Midlend Cogeneration MI Turbine 984.2x10* Btu/hr 2/88 RO, 42 ppmv at 15% O, Steam injection

Venture

Duct burner

249x10% Btu/hr

CO 26 lb/hr
NO, 0.1 1b/10* Btu

Turbine design
Burner design
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Table 4-3., LAER/BACT Decisions for Gas Turbines (Page & of &)
Date
Unit Capacity of Emission Emisaion
Company Name State Description (Size) Permit Limit Control
Pacific Gas OR Gas turbine 14,000 HP 5/87 NO, 154 ppm Combustjon control
Transmission 50 lb/hr CO 6 lb/hr
25 TPY
Power Development Co, CA Gas turbine 49x10° Btu/hr 6/87 NO, 36 1lbh/day Scrubbar and H,0 injection
9 ppovd at 15X O,
San Joaquin Cogen CA Gas turbine 48.6 MW 6/87 KO, 250 lb/day Scrubber and H,0 injection
Limited 6 ppmvd at 15X O, 76X efficiency
CO 1326 lh/day Combustion controls
55 ppmvd at 15% O,
United Airlines CA Gas turbine-~ 21 MW 12/85 NO, 15 ppmvd at 15X O, SCR and steam injection
Cogeneration ’ 0il limited to 300 hours operation
TEG/Grumman NY Gas turbine 156 MW 3/88 NO, 75 ppm + NSPS Cerr. H,0 injection and combustion controls
0.2 1h/10° Btu
COo 0.181 1b/10* Btu CO catalysat
Texas Gas Transmission KY Gas turbine 14,300 HP 2/88 RO, 0,015% by Volume
Corp.
Orlando Utilities FL Gas turbine & x 445x10* Btu/hr 8/88 NO, 42 ppmvd Gas Steam injection
Commission 65 pparvd 011
CO 10 ppavd Good combustien
Anheuser-Busch FL Gas turbine 85, 7x10* Btu/hr 4/87 NO, 0.1 1b/10* Btu
Ocean State Power RI Combined Cycle 500 MW 1/89 NO, 9 pparvd at 15X O, SCR and steam injection
(Natural Gas)
NO, 42 ppmvd at 15% O,
(fuel oil)
CO 25 ppmred at 15X O,
Pawtucket Power RI Cogeneration-Gas 58 MW 2/89 NO, 9 ppmvd at 15% O, SCR and steam injection
turbine (natural gas)
HO, 18 ppmvd at 15% O,
(fuel oil)
CO 23 ppmvd at 15% O,
Cogen Technologies NJ Gas turbina 55 MW 3/87 NO, 9 ppmvd at 15% O, SCR and wet injection

(natural gas)

HO, 14 ppmvd at 15X Q,
(fuel oil)

CO & ppm; 20 ppm NH,
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83 percent (i.e., 109) of the projects have been in California. Of these
109 projects that have either installed SCR or have been permitted with
SCR, 43 percent have been in the Southern California NO, nonattainment area
where SCR was required not as BACT but as LAER, a more stringent
requirement. LAER is distinctly different from BACT in that there is no
consideration of economic, energy, or environmental impacts; if a control
technology has previously been installed, it must be required as LAER. LAER
is defined as follows:

Lowest achievable emission rate means, for any source, the more
stringent rate of emissions based on the following: (i) The most
stringent emissions limitation which is contained in the
implementation plan of any State of such class or category of.
stationary source, unless the owner or operator of the proposed
stationary source demonstrates that such limitations are not
achievable; or (ii) The most stringent emissions limitation which is
achieved in practice by such class or category of stationary source.
This limitation, when applied to a modification, means the lowest
achievable emissions rate for the new or modified emissions units
within the stationary source. In no event shall the application of
this term permit a proposed new modified stationary source to emit any
pollutant in excess of the amount allowable under applicable new
source standards of performance (40 CFR 51, Appendix S.II, A.18).

As noted previously, there are distinct regulatory and policy differences

between LAER and BACT.

All the projects in California have natural gas as the primary fuel, and
only 15 of the SCR applications in California have distillate fuel as
backup.

The remaining projects with SCR (i.e., 23 projects) are located in the
eastern United States. These projects are located in Vermont,
Massachusetts, Connecticut, New Jersey, New York, Rhode Island, and
Virginia. A majority of these projects are cogenerators or independent
power producers, The size of these projects ranges from 22 MW to 450 MW,
with 87 percent less than 100 MW in size. While almost all of the
facilities have distillate oil as backup fuel, distillate oil generally is

restricted by permit to 1,000 hours per CT or less.
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Reported and permitted NO, removal efficiencies of SCR range from 40 to

80 percent. The most stringent emission limiting standards associated with
SCR are approximately 9 ppm for natural gas firing. However, two
facilities have reported emission limits of about 4.5 ppm., These emission
limits were clearly determined to be LAER on CTs using water imjection with
uncontrolled NO, levels below 42 ppm. For fuel coil firing, permitted NO,
emission limits with SCR have ranged from 14 ppm to 42 ppm, SCR has not

been installed or permitted on simple cycle CTs,

Wet injection is the primary method of reducing NO, emissions from CTs.
This method of control was first mandated by the NSPS to reduce NO, levels
to 75 parts per million by volume, dry (ppmvd) (corrected to 15 percent 0,
and heat rate). Development of improved wet injection combustoers reduced
NO, concentrations to 25 ppmvd and 42 ppmvd (corrected to 15 percent Op)
when burning natural gas and fuel oil, respectively. - Recently, CT
manufacturers have developed dry low NO, combustors that can reduce NO,
concentrations to 25 ppmvd (corrected to 15 percent O,)} when firing natural

gas.

In Florida, a majority of the most recent PSD permits and BACT
determinations for simple cycle gas turbines have required wet injection
for NO; control. The emission limits included in these permits and BACT
determinations were 42 ppm and 65 ppm (corrected to 15 percent 0,, dry
conditions), respectively, for natural gas and fuel oil firing. In
November 1990, FDER determined that a CT using a dry low NO, combustor to
reduce NO, concentrations to 25 ppmvd when firing natural gas was BACT,
The corresponding BACT emission limit for distillate oil firing was

65 ppmvd using wet injection.

4.3.1.2 Technology Description and Feasibility
Selective Catalytic Reduction (SCR)--SCR uses ammonia (NH;) to react with

NO, in the gas stream in the presence of a catalyst. NH;, which is diluted

with air to about 5 percent by volume, is introduced intc the gas stream at
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reaction temperatures between 600°F and 750°F. The reactions are as
follows:

4NH, + 4NO + O, = 4N; + 6Hy0

4NH; + 2NO; + 0, = 3N, + 6H,0

SCR operating experience, as applied to gas turbines, consists primarily of
baseload natural-gas-fired installations either of cogeneration or combined
cycle configuration; no simple cycle facilities have SCR. Exhaust gas
temperatures of simple cycle CTs generally are in the range of 1,000°F,
which exceeds the optimum range for SCR. All current SCR applications have
the catalyst placed in the HRSG to achieve proper reaction conditions,

This allows a relatively constant temperature for the reaction of NH, and

NO, on the catalyst'surface.

The use of SCR has been limited to facilities that burn natural gas or
small amounts of fuel oil since SCR catalysts are contaminated by sulfur-
containing fuels (i.e., fuel oil). For most fuel-oil-burning facilities,
catalyst operation is discontinued, or the exhaust bypasses the SCR system.
While the operating experience has not been extensive, certain cost,
technical, and environmental considerations have surfaced. These
considerations are summarized in Table 4-4. Experlence at the United
Airlines cogeneration facility using Jet A fuel oil found catalyst
contamination after 2,500 hours of operation. For this facility, the
catalyst has been replaced three times, and the recommended duration of
operation by the manufacturer was 500 hours. Currently, the facility does

not operate on fuel oil.

As presented in Table 4-4, ammonium salts (ammonium sulfate and bisulfate)
are formed by the reaction of NH; and sulfur combustion products. Ammonium
bisulfate can be corrosive and could cause damage to the HRSG surfaces that
follow the catalyst, as well as to the stack. Corrosion protection for
these areas would be required. Ammonium sulfate is emitted as particulate

matter.
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and Environmental Considerations of SCR Used on
e

Consideration

Description

COST:

Catalyst Replacement

Ammonia

Space Requirements

Backup Equipment

Catalyst Back Pressure
Heat Rate Reduction

Electrical
TECHNICAL:
Ammonia Flow

Distribution

Temperature

Ammonia Control

Catalyst life wvaries depending on the
application. Cost ranges from 20 to 40 percent
of total capital cost and is the dominant annual
cost factor.

Ratio of at least 1:1 NH; to NO, generally
needed to obtain high removal efficiencies.
Special storage and handling equipment required.

For new installations, space in the catalyst is
needed for replacement layers. Additional space
is also required for catalyst maintenance and
replacement.

Reliability requirements.necessitate
redundant systems such as ammonia control
and vaporization equipment.

Addition of catalyst creates back pressure
on the turbine which reduces overall heat rate.

Additional usage of energy to operate ammonia
punps and dilution fans,

NH; must be uniformly distributed in the
exhaust stream to assure optimum mixing with NO,
prior to reaching the catalyst.

The narrow temperature range that 3CR systems
operate within, i.e., about 100°F, must be
maintained even during load changes,
Operational problems could occur if this range
is not maintained. HRSG duct firing requires
careful monitoring.

Quantity of NH; introduced must be carefully
controlled. With too little NH;, the desired
control efficiency is not reached; with too much
NH;, NH; emissions (referred to as slip) occur,
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Table 4-4. Cost, Technical, and Environmental Considerations of SCR Used on
Combustion Turbines (Page 2 of 2)

Consideration

Description

Flow Control

ENVIRONMENTAL:

Ammonia Slip

Ammonium Salts

The velocity through the catalyst must be within
a range to assure satisfactory residence time.

NH; slip (NH; that passes unreacted through the
catalyst and into the atmosphere) can occur if
1) too much ammonia is added, 2) the flow
distribution is not uniform, 3) the velocity is
not within the optimum range, or 4) the proper
temperature is not maintained.

Ammonium salts (ammonium sulfate and bisulfate)
can lead to increased corrosion. These salts
usually occur when firing fuel oil. These
compounds are emitted as particulates,
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Zeolite catalysts, which are reported to be capable of operating in
temperature ranges from 600°F to 950°F, have been available commercially
only recently. Their application with SCR primarily has been limited to
internal combustion engines. Optimum performance of an SCR system using a
zeolite catalyst is reported to range from about 800°F to 900°F. At
temperatures of 1,000°F and above, the zeolite catalyst will be irreparably
damaged. Therefore, application of an SCR system using a zeolite catalyst
on a simple cycle operation is technically infeasible without exhaust gas
cooling. Moreover, since zeolite catalysts have not been operated
continuously in combustion exhausts greater than 900°F, the cooling system
would have to reduce turbine exhaust temperatures about 200°F (i.e., to

around 800°F).

Wet Injection--The injection of water or steam in the combustion zone of
CTs reduces the flame temperature with a corresponding decrease of NO,
emissions, The amount of NO, reduction possible depends on the combustor
design.and the water-to-fuel ratio employed. An increase in the water-to-
fuel ratio will cause a concomitant decrease in NO, emissions until flame
instability occurs. At this point, operation of the CT becomes inefficient
and unreliable, and significant increases in products of incomplete

combustion will occur (i.e., CO and VOC emissions).

For the CTs being considered for the project, the combustion chamber design
includes the use of water injection. This combustor allows an increase in
the amount of steam or water injected into the combustion zone while
reducing the impacts of incomplete combustion. The lowest NO, emission
level guaranteed by GE for the LM 6000 is 25 ppmvd (corrected to 15 percent
0;) when firing natural gas and 42 ppmvd (corrected to 15 percent 0,) when
firing fuel oil.

Dry Low NO, Combustor--In the past several years, CT manufacturers have
offered and installed machines with dry low NO, combustors. These
combustors, which are offered on machines manufactured by GE, Kraftwork

Union, and Asea Brown Boveri (ABB), can achieve NO, concentrations of
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25 ppmvd or less when firing natural gas. Thermal NO, formation is
inhibited by using combustion techniques where the natural gas and
combustion air are premixed before ignition. However, when firing oil, NO,
emissions are controlled only through water or steam injection to exhaust
concentrations of 65 ppmvd. Dry low NO, combustors have not been developed
for the aircraft-derivative CTs, such as the GE LM 6000 proposed for the

project.

NOyOUT Process--The NO,OUT process originated from the initial research by

‘the Electric Power Research Institute (EPRI} in 1976 on the use of urea to

reduce NO,. EPRI licensed the proprietary process to Fuel Tech, Inc., for
commercialization. In the NO,OUT process, aqueous urea is injected into
the flue gas stream ideally within a temperature range of 1,600°F to

1,900°F. 1In the presence of oxygen, the following reaction results:

CO(NHz), + 2NO + 1/2 0, --> 2N; + CO, + 2H,0.

The amount of urea required is most cost effective when the treatment rate
is 0.5 to 2 moles of urea per mole of NO,. In addition to the original
EPRI urea patents, Fuel Tech claims to have a number of proprietary
catalysts capable of expanding the effective temperature range of the
reaction to between 1,000°F and 1,950°F. Advantages of the system are as
follows:

1. Low capital and operating costs as a result of use of urea

injection, and
2. The proprietary catalysts used are nontoxic and nonhazardous, thus

eliminating potential disposal problems.

Disadvantages of the system are as follows:
1. Formation of ammonia from excess urea treatment rates and/or
improper use of reagent catalysts, and
2. 804, if present, will react with ammonia created from the urea to
form ammonium bisulfate, potentially plugging the cold end

equipment downstream.
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Commercial application of the NO,OUT system is limited to three reported
cases:
1. Trial demonstration on a 62.5-ton-per-hour (TPH) stoker-fired wood
waste boiler with 60 to 65 percent NO, reduction,
2. A 600 x 10% Btu CO boiler with 60 to 70 percent NO, reduction, and

3. A 75-MW pulverized coal-fired unit with 65 percent NO, reduction.

The NO,OUT system has not been demonstrated on any combustion turbine/HRSG

unic.

The NO,0UT process is not technically feasible for the proposed project
because of the high application temperature of 1,000°F to 1,950°F. The
exhaust gas temperature of the CT is about 1,000°F. Raising the exhaust
temperature the required amount essentially would require installation of a
heater. This would be economically prohibitive and would result in an
increase in fuel consumption, an increase in the volume of gases that must
be treated by the control system, and an increase in uncontrolled air

emissions, including NO,.

Thermal DeNO, --Thermal DeNO, is Exxon Research and Engineering Company’s

patented process for NO, reduction. The process is a high temperature
selective noncatalytic reduction (SNCR) of NO, using ammonia as the
reducing agent, Thermal DeNO, requires the exhaust gas temperature to be
above 1,800°F. However, use of ammonia plus hydrogen lowers the
temperature requirement to about 1,000°F, For some applications, this must
be achieved by additional firing in the exhaust stream before ammonia

injection.

The only known commercial applications of Thermal DeNO, are on heavy
industrial boilers, large furnaces, and incinerators that consistently
produce exhaust gas temperatures above 1,800°F. There are no known
applications on or experience with CTs. Temperatures of 1,800°F require
alloy materials constructed with very large piping and components since the

exhaust gas volume would be increased by several times. As with the NO,0UT
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process, high capital, operating, and maintenance costs are expected
because of construction-specified material, an additional duct burner
system, and fuel consumption. Uncontrolled emissions would increase

because of the additional fuel burning.

Thus, the Thermal DeNO, process will not be considered for the proposed
project since its high application temperature makes it technically
infeasible. The exhaust gas temperature of a combustion turbine is
typically about 850°F; the cost to raise the exhaust gas to such a high

temperature is prohibitively expensive.

Nonselective Catalytic Reduction--Certain manufacturers, such as Engelhard,
market a nonselective catalytic reduction system (NSCR) for NO, control on
reciprocating engines. The NSCR process requires a low oxygen content in
the exhaust gas stream and high temperature (700°F to 1,400°F) in order to
be effective. CTs have the required temperature but also have high oxygen
levels (greater than 12 percent) and, therefore, cannot use the NSCR
process. As a result, NSCR is not a technically feasible add-on NO,

control device for CTs.

Duct Firing--The proposed control technology for duct firing will be the
use of low NO, burners that will limit the emissions to 0.1 1b/10° Btu heat
input. This proposed limit is the lowest being permitted for similar
facilities énd is one-half the N5PS limit,

Summary of Technically Feasible NO_ Control Methods--The available

information suggests that SCR with wet injection is technically feasible

for the project.

A technical evaluation of tail gas controls (i.e., SCR, NO,0UT, Thermal
DeNO,, and NSCR) indicates that these processes have not been applied to
GTs/HRSGs and are technically infeasible for the project because of process

constraints (e.g., temperature). Dry low NO, combustors are inappropriate
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for the project since they are unavailable for the aircraft-derivative

machine.

Wet injection is a technically feasible alternative for the project. The
application of this technology has the following limitations:

1. Wet injection can be accomplished until a condition of maximum
moisturization occurs; this design condition occurs at 25 ppm with
natural gas and 42 ppm with fuel oil (corrected to 15 percent
oxygen, dry conditions).

2. Wet injection will not reduce substantially NO, formation caused
by fuel-bound nitrogen. Fuel quality will limit the formation of
fuel-bound NO..

3. Wet injection will increase the emissions of CO and VOC.

Emissions are dependent on the water-to-fuel ratio.

For the BACT analysis, SCR and wet injection capable of achieving NO,
emission levels to 25 ppm when firing natural gas and 42 ppm when firing

fuel oil (corrected to 15 percent 0, dry conditions) was assumed.

4.3.1.3 Impact Analysis
A BACT determination requires an analysis of the economic, environmental,

and energy impacts of the proposed and alternative control technologies
[see 40 CFR 52.21(b)(12), Chapter 17-2,100(25), F.A.C., and Chapter 17-
2.500(5)(c), F.A.C.]. The analysis must, by definition, be specific to the

project {i.e., case-by-case}.

The BACT analysis was performed for the following alternatives:
1. SCR and wet injection at an emission rate of approximately 9 ppmvd
corrected to 15 percent O,; maximum NO, emissions are 142 TPY.
2. Wet injection at an emission rate of 25 ppmvd corrected to

15 percent 0,; maximum NO, emissions are 405 TPY.

Economic--The total capital and annualized costs for the alternative NO,

control technologies are presented in Tables 4-5 and 4-6, respectively.
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Table 4-5. Direct and Indirect GCapital Cost for Selective Catalytic Reduction

(SCR} (Page 1 of 2)

Estimated Basis for
Cost Component Cost ($) Cost Estimate

Direct Capital Costs

SCR Associated Equipment 575,700 Developed from manufacturer
budget quotations

Ammonia Storage Tank 150,000 Developed from manufacturer
budget quotations

HRSG Modification 264,000 Developed from manufacturer
budget quotations

Indirect Capital Costs

Installation 374,300 20% of SCR associated
equipment and ammonia
storage tank

Engineering, Erection Supervision,

Startup, and O&M Training 298,400 10% SCR equipment and
catalyst, ammonia storage
tank and HRSG costs

Project Support 164,100 5% SCR equipment and
catalyst, ammonia storage
tank, HRSG and engineering
costs '

Ammonia Emergency Prepardness

Program 19,200 Engineering estimate

Liability Insurance 16,400 0.5% SCR equipment and
catalyst, ammonia storage
tank, HRSG and engineering
costs '

Interest During Construction 614,500 15% of all direct and
indirect capital costs
including catalyst cost

Contingency 558,400 25% of all capital costs

Total Capital Costs 3,035,100 Sum of all capital costs

Annualized Capital Costs 356,500 Capital recovery of 10%
over 20 years, 11.74% per
year

Recurring Capital Costs

SCR Catalyst (Materials

and Labor) 1,296,000 Developed from manufacturer
budget quotations
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Table 4-5. Direct and Indirect Capital Cost for Selective Catalytic Reduction

(SCR) (Page 2 of 2)

Estimated Basis for
Cost Component Cost ($) Cost Estimate

Contingency 324,000 25% of recurring capital
costs

Total Recurring Capital Costs 1,620,000 Sum of recurring capital
costs

Annualized Recurring Capital

Costs 651,400 Capital recovery of 10%
over 3 years, 40.21% per
year
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Annualized Cost for Selective Catalytic Reduction (SCR)

Estimated Basis for
Cost Component Cost (§) Cost Estimate

Direct Annual Costs

Operating Personnel 20,800 16 hours/week @ $25/hour

Ammonia 29,200 $300/ton; Nhy:NO, = 1:1

, volume

Accident/Emergency Response Plan 8,100 Consultant estimate, BO
hours/year @ $75/hour plus
expenses @ 35% labor

Inventory Cost 50,700 Capital recovery
(11.74%/year) for 1/3 of
catalyst cost

Catalyst Disposal Cost 60,000 Engineering estimate

Contingency 50,900 25% of indirect costs

Energy Costs

Electrical 70,100 80 kwh/hr; $0.05/KWH

Heat Rate Penalty 184,200 4" back pressure, heat rate
reduction of 0.5%, energy
loss at $0.05/KWH

MW Loss Penalty 137,300 84 MW lost for 3 days; lost
capacity @ $0.05/KW; cost
of natural gas @ $3/MMBtu
subtracted

Fuel Escalation Costs 115,600 Real cost increase of fuel

Contingency 92,400 25% of energy costs;
excludes fuel escalation

Total Direct Annual Costs 819,300 Sum of all direct annual
costs

Indirect Annual Costs

Overhead 35,000 60% of ammonia plus 115% of
O&M labor; plus 15% of 0&M
labor (0AQPS Cost Control
Manual)

Property Taxes and Insurance 93,100 2% of total capital costs

Annualized Capital Costs 356,500 Capital recovery of 10%
over 20 years, 11.74% per
year

Recurring Capital Costs 651,400 Capital recovery of 10%
over 3 years, &40.21% per
year
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Table 4-6. Annualized Cost for Selective Catalytic Reduction (SCR)

(Page 2 of 2)
Estimated Basis for
Cost Component Cost (§) Cost Estimate
Total Indirect Annual Costs 1,136,000 Sum of all indirect annual
costs
Total Annual Costs 1,955,300 Total annualized cost

Note: All calculations rounded off to the nearest $100.

*Based on 100% capacity factor; 65% removal of NO,.
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The total annualized cost is $1,955,262. The cost effectiveness for SCR

was estimated to be greater than $7,000/ton of NO, removed for the project.

Environmental--The maximum predicted impacts of the alternative
technologies are all considerably below the PSD increment for NO, of

25 pg/m®, annual average, and the AAQS for NO,, 100 ug/m®. Indeed, the
impacts are less than the significant impact levels. Additional controls
beyond steam injection alone (i.e., SCR and SCR with water injection) would
further reduce predicted impacts by much less than 1 percent of the PSD

increment and the AAQS for the project.

Use of SCR on the proposed project will cause emissions of ammonia and
ammonium salts, such as ammonium sulfate and bisulfate. Ammonia emissions
associated with SCR are expected to be 10 ppm and higher based on reported
experience; previous permit conditions have specified this level. Ammonia
emissions could be about 57 TPY. Potential emissions of ammonium sulfate
and bisulfate will increase emissions of PM10; up to 43 TPY could be

emitted.

The electrical energy required to run the SCR system and the back pressure
from the turbine will generate secondary emissions since this lost energy
will necessitate additional generation. These emissions, coupled with
potential emissions of ammonia and ammonium salts are presented in

Table 4-7, which shows the emissions balance for the project with and
without SCR. Emissions of carbon dioxide were included in this table,
since this gas is under study as required in the 1990 Clean Air Act
Amendments, As noted from this table, the total emissions with SCR would

be greater than that proposed.

The replacement of the SCR catalyst will create additional economic and
environmental impacts since certain catalysts contain materials that are
listed as hazardous chemical wastes under Resource Conservation and

Recovery Act (RCRA) regulations (40 CFR 261).
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Table 4-7. Maximum Potential Emissions Differentials With and Without Selective Catalytic Reduction

({SCR)
With SCR Project Without SCR Difference
Pollutants Primary Secondary* Total CT/DB {with-w/out)
Particulate 43 2.54 L13 0 46
Sulfur Dioxide 0 27.94 28 0 28
Nitrogen Cxides 142 13.97 . 156 405 (249)
Carbon Monoxide - 0 0.84 1 Q 1
Volatile Organic 0 0.13 0 0 0
Compounds
Ammonia 57 0.00 57 0 57
Total Emissions: 243 45,42 288 &05 (117)
Carbon Dioxide 0 4,362 4,362 0 4,362

* EPA emission factors used for 1X sulfur fuel oll and an assumed heat rate of 10,000 Btu/kWh.
Lost energy of 0.58 Md for B,760 hours per year operation.

4-24




90116C1/4-25
05/02/91

Ammonia delivery and storage must be handled with caution because of its
hazardous nature. Special precautions would be required to assure that no

environmental discharge occurs.

Energy--Energy penalties will occur with all control alternatives
evaluated, However, significant energy penalties occur with SCR. With
SCR, the output of the CT is reduced by about 0.50 percent over that of wet
injection. This penalty is the result of the SCR pressure drop, which
would be about 4 inches of ﬁater and would amount to about 3,850,000
kilowatt hours (kWh).in potential lost generation per year. The energy
required by the SCR equipment would be about 1,401,600 kilowatt hours per
year (kWh/yr). Taken together, the lost generation and energy requirements
of SCR could supply the electrical needs of 400 residential customers. To
replace this lost energy, an additional 5.3 x 101° British thermal units
per year (Btu/yr) or about 53 million ft3/yr of natural gas would be

required.

Technology Comparison--Since the purpose of the project Is to produce
electrical energy, and combustion turbine technology is rapidly advancing,
it is appropriate to compare the proposed emissions on an equivalent
generation basis to that of both the advanced and conventional CTs. The
heat rate of the LM 6000 will be 9,112 Btu/kWh or better at IS0 conditions
{see Table A-1 in Appendix A). 1In contrast, heat rates for the
conventional Frame & and the advanced CT are about 11,000 Btu/kWh and
9,600 Btu/kWh, respectively. The NO, emission rates of the LM 6000 and
advanced CTs, relative to the heat rate and NO, emission rate of
conventional CTs at 25 ppmvd corrected, are as follows:

IM 6000 CT - 20.6 ppmvd corrected to 15 percent O,

Advanced CT" - 21.8 ppmvd corrected to 15 percent 0,

Conventional CT - 25 ppmvd corrected to 15 percent O,

*Dry low NO, combustor.
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As shown, the IM 6000 will emit less NO, on a MW-generated basis than the

advanced CT.

4,3.1.4 Proposed BACT and Rationale

The proposed BACT for the project is wet injection. The proposed NO,
emissions levels using wet injection are 25 ppm when firing natural gas and
42 ppm when firing fuel oil. This control technology is proposed for the
following reasons:

1. SCR was rejected based on technical, economic, environmental, and
energy grounds. The estimated incremental cost of SCR for natural
gas firing exceeds $7,000 per ton of NO, removed. These costs are
in the range for other projects that have rejected SCR as
unreasonable. Additional envirommental impacts would result from
SCR operation, including emissions of ammonia; from secondary
generations (to replace the lost generation); and from the
generation of hazardous waste (i.e., spent catalyst replacement).
The energy impacts of SCR will reduce generation by more than
5 million kWh. The NO, emissions will be the lowest on an MW
basis than any permitted CT without SCR.

2. The proposed BACT of wet injection provides the least costly
control alternative and results in low enviromnmental impacts
(approximately 1 percent of the allowable PSD increments and less
than 1 percent of the AAQS for NO,). Wet injection at the
proposed emissions levels has been adopted previously in BACT
determinations. In addition, CT manufacturers have been willing

to guarantee this level of NO, emissions,

4.3.2 CARBON MONOXIDE (CO)
4.3.2.1 Emission Control Hierarchy

CO emissions are a result of incomplete or partial combustion of fossil
fuel. Combustion design and catalytic oxidation are the control

alternatives that are viable for the project.
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Combustion design is the more common control technique used in CTs,
Sufficient time, temperature, and turbulence is required within the
combustion zone to maximize combustion efficiency and minimize the
emissions of CQ. Combustion efficiency is dependent upon combustor design.
When wet NO, control systems are employed, the amount of water or steam
injected in the combustion zone also affects combustion efficiency. For
the CTs being evaluated and with wet injection NO, control, CO emissions
will not exceed 42 ppm, corrected to dry conditions when firing natural gas
and 78 ppm when firing fuel oil. These emission limits are based on
calculated CO levels with margins added to account for the lack of
operating experience with the IM 6000, Actual emissions under full-load
conditions are expected to be less than one-half of those presented in this

application.

Catalytic oxidation is a post-combustion control that has been employed in
co nonattﬁinment areas where regulations have required CO emission levels
to be less than those associated with wet injection. These installations
have been required to use LAER technology and typically have GO limits in

the 10 ppm range (corrected to dry conditiomns).

4.3.2.2 Technology Description

In an oxidation catalyst contrel system, CO emissions are reduced by
allowing unburned CC to react with oxygen at the surface of a precious
metal catalyst, such as platinum. Combustion of CO starts at about 300°F,
with efficiencies above 90 percent occurring at temperatures above 600°F.
Catalytic oxidation occurs at temperatures 50 percent lower than that of
thermal oxidation, which reduces the amount of thermal energy required.
For CTs, the oxidation catalyst can be located directly after the CT.
Catalyst size depends upon the exhaust flow, temperature, and desired
efficiency. The existing oxidation catalyst applications primarily have

been limited to smaller cogeneration facilities burning natural gas.

Oxidation catalysts have not been used on fuel-oil-fired CTs or combined

cycle facilities. The use of sulfur-containing fuels in an oxidation
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catalyst system would result in an increase of S0, emissions and
concomitant corrosive effects to the stack. In addition, trace metals in
the fuel could result in catalyst poisoning during prolonged periods of

opetration.

Since the units likely will require numerous startups, variations in
exhaust conditions will influence catalyst life and performance. Very

little technical data exist to demonstrate the effect of such cycling.

The lack of demonstrated operation with oil firing suggests rejection of
catalytic oxidation as a technically feasible alternative. However, the
advent of a second generation catalyst suggests that an oxidation catalyst

could be used,

Combustion design is dependent upon the manufacturer’s operating
specifications, which include the air-to-fuel ratio and the amount of water
injected. The CTs proposed for the project have designs to optimize

combustion efficiency and minimize CO emissions. Installations with an

- oxidation catalyst and combustion controls generally have controlled GO

levels of 10 ppm as LAER and BACT.

For the project, the following alternatives were evaluated for natural gas
firing as BACT:
1. Oxidation catalyst at 10 ppmvd; maximum annual CO emissions are
117 TPY;
2. Combustion controls at 75 percent control; maximum annual CO .

emissions are 467 TPY.

4.3.2.3 Impact Analysis

Economic--The estimated annualized cost of a CO oxidation catalyst is

$968,120 (Table 4-8), with a cost effectiveness of about $2,800/ton of CO
removed. The cost effectiveness is based on 75 percent efficiency
(42 ppmvd to 10 ppmvd). No costs are associated with combustion techniques

since they are inherent in the design.
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Table 4-8, Capital and Annualized Cost for Oxidation Catalyst
Cost Component Cost (§) Basis
I. CAPITAL COSTS
A. DIRECT: .
1. Associated Equipment for Catalyst 157,500 Manufacture Estimate - $1,750 per lb/sec mass flow
2. Exhaust Medification 150,000 Engineering Estimate - $75,000/CT
3. Installation 300,000 257 of Equipment Costs (I.A.1. & 2., and II.A.)
B. INDIRECT:
1, Engineering & Supervision 90,000 7.5% of Equipment Costs (I.A.1. & 2., and II.A.}
2. Construction and Field Expense 120,000 10% of Equipment Costs (I.A.1., & 2., and II.A.)
3. Construction Contractor Fea 60,000 5% of Equipment Costs (I.A.1. & 2., and II.A.)
4, Startup & Testing 24,000 2X of Equipment Costs (I.A.l, & 2., and II.A.)
5. Contingency 225,375 25% of Direct and Indirect Capital Costs (I.A, and I.B.1-4)
6. Interest During Construction 302,906 15X of Direct and Indirect Capital Costs, and Recurring Capital
Costs (I.A., I.B.1.-4 and II.A.)
TOTAL CAPITAL COSTS 1,429,781 Sum of Direct and Indirect Capital Costs
ANRUALIZED CAPITAL COSIS 167,942 Capital Recovary of 10X over 20 years
II. RECURRING CAPITAL COSIS
A, Catalyst 892,500 Manufacture Estimate - $1,750 per lb/sec mass flow
B. Contingency 223,125 25% of Recurring Capital Costs (II.A)
TOTAL RECURRING CAPITAL COSTS 1,115,625 Sum of Recurring Capital Costs
ANNUALIZED RECURRING CAFPITAL COSTS 448,609 Capital Recovery of 10X over 20 years
-P" --------------------------------------------------------------------------------------------------------------
o IIT. ANNUALIZED COST
=} A, DIRECT:
1. Labor - Operator & Supervisor 5,262 4 hours/week, 52 weeks/year, $22/hour and 15X supervisor cost
2. Maintenance 12,727 0.5% of Total and Recurring Capital Costs
3. Inventory Cost 17,472 Capital Carrying cost (10X over 20 years) for catalyst for 1 CT
B. ENERGY COSTS
1. Heat Rate Penalty 77,165 0.2X heat rete penalty., $50/Md energy loss
2, MW Loss Penalty (catalyst changeout) 50,554 Loss of 84 MW for one day; cost of natural gas at $3/10° Btu
deducted from cost
3. Fuel Escalation Costs 5,079 Fuel aescalation of 3% over inflation; annualized over 20 years
4, Contingency 40,699 25X of energy costs
C. INDIRECT:
1. OQverhead _ 10,794 60X of Labor and Maintenance Costs (III.A.1l, and 2.)
2. Property Taxes 25,454 1% of Total and Recurring Capital Cost
3, Insurance 25,454 1% of Total and Recurring Capital Cost
4. Administration 50,908 2X of Total and Recurring Capital Cost
Annualized Capital Costs 167,942
Annualized Recurring Capital Costs 448,609
TOTAL ANNUALIZED COSTS 968,120 Sum of Operating and Maintenance and Annualized Capital Costs

Note: All calculations using machine performence were based on 59T conditiems.
Assumptions based on percentage of costs were adapted from EPA OAQFS Control Cest Manual (1990).
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Environmental--The air quality impacts of both oxidation catalyst control

and combustion design control techniques are below the significant impact
levels for CO. Therefore, no significant environmental benefit would be

realized by the installation of a CO catalyst.

Energy--An energy penalty would result from the pressure drop across the
catalyst bed. A pressure drop of about 2 inches water gauge would be
expected. At a catalyst back pressure of about 2 inches, an energy penalty
of about 1,925,000 kWh/yr would result at 100 percent load. This energy
penalty is sufficient to supply the electrical needs of about

160 residential customers over a year. To replace this lost energy, about
1.93 x 10 Btu/yr or about 19 million ft?/yr of natural gas would be

required.

4.3.2.4 Proposed BACT and Rationale

Combustion design is proposed as BACT as a result of the technical and
economic consequences of using catalytic oxidation on CTs. Catalytic
oxidation is considered unreasonable for the following reasons:
1. Catalytic oxidation will not produce measurable reduction in the
air quality impacts; and
2. The economic impacts are significant (i.e., an annualized cost of
almost one million dollafs, with a cost effectiveness of over
$2,700/ton of CO removed).
3. Actual CO emissions are expected to be one-half or less than those
proposed. The proposed level is based on the lack of operating

experience with the IM 6000 in industrial applications.

4.3.3 OTHER REGULATED AND NONREGULATED POLLUTANT EMISSIONS
The PSD source applicability analysis shows that the PSD significant
emission level is exceeded for PM, PM10, and As, requiring PSD review

(including BACT) for these pollutants. There are no technically feasible

methods for controlling the emissions of these pollutants from CTs, other

than the inherent quality of the fuel. Levels of trace metals in
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distillate oil are limited by fuel o0il specifications. Low-sulfur

(0.1 percent or less) distillate oil represents BACT for this pollutant.

For the nonregulated pollutants, most of which are trace metals, none of
the control technologies evaluated for other pollutants (i.e., SCR or
oxidation catalyst) would reduce such emissions; thus, natural gas and low
sulfur distillate oil represent BACT because of their inherent low metals

content,
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5.0 AIR QUALITY MONITORIKG DATA

5.1 PSD PRECONSTRUCTION

The CAA requires that an air quality analysis be conducted for each
pellutant subject to regulation under the act before a major stationary
source or major modification is constructed. This analysis may be
performed by the use of modeling and/or by monitoring the air quality. The
use of monitoring data refers to either the use of representative air
quality data from existing monitoring stations or establishing a monitoring
network to monitor existing air quality. Monitoring must be conducted for
a period up to 1 year prior to submission of a construction permit
application. 1In addition to establishing existing air quality, the air
quality data are useful for determining background concentrations (i.e.,
concentrations from sources not considered in the modeling). The
background concentrations can be added te the concentrations predicted for
the sources considered in the modeling to estimate total air quality
impacts. These total concentrations are then evaluated to determine

compliance with the AAQS.

For the criteria poliutants, continuous air quality monitdring data must be
used to establish existing air quality concentrations in the vicinity of
the proposed source or modification. However, preconstruction monitoring
data generally will not be required if the ambient air quality
concentration before construction is less than the de minimis impact
monitoring concentrations (refer to Table 3-2 for de minimis impact
levels). Also, if the maximum predicted impact of the source or
modification is less than the de minimis impact monitoring concentrations,

the source generally would be exempt from preconstruction monitoring.

For noncriteria pollutants, EPA recommends that an analysis based on air
quality modeling generally should be used instead of monitoring data. The
permit-granting authority has discretion in requiring preconstruction

monitoring data when:
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1. The state has an air quality standard for the noncriteria
pollutant, and emissions from the source or modification pose a
threat to the standard; .

2. The reliability of emission data used as input to modeling
existing sources is highly questionable; or

3. Air quality models have not been validated or may be suspect for
certain situations, such as complex terrain or building downwash

conditions.

However, if the maximum concentrations from the major source or major
modification are predicted to be above the significant monitoring
concentrations, EPA recommends that an EPA-approved measurement method be
available before a permit-granting authority requires preconstruction

monitoring.

EPA's Ambient Monitoring Guidelines for Prevention of Significant
Deterioration (PSD) (EPA, 1987a) sets forth guidelines for precomstruction
monitoring. The guidelines allow the use of existing air quality data in
lieu of additional air monitoring if the existing data are representative.
The criteria used in determining the representativeness of data are monitor

location, quality of data, and currentness of data.

For the first criterion, monitor location, the existing monitoring data
should be representative of three types of areas:
1. The location(s) of maximum concentration increase from the
proposed source or modification;
2. The location(s) of the maximum air pollutant concentration from
existing sources; and
3. The location(s) of the maximum impact area (i.e., where the
maximum pollutant concentration hypothetically would occur, based
on the combined effect of existing sources and the proposed new

source or modification).
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Basically, the locations and size of the three types of areas are
determined through the application of air quality models. The areas of
maximum concentration or maximum combined impact vary in size and are
influenced by factors such as the size and relative distribution of ground
level and elevated sources, the averaging times of concern, and the

distances between impact areas and contributing sources,.

For the second criteria, data quality, the monitoring data should be of
similar quality as would be obtained if the applicant were monitoring
according to PSD requirements. As a minimum, this would mean:
1. Use of continuous instrumentation,
2. Production of quality control records that indicate the
instruments' operations and performances,
3. Operation of the instruments to satisfy quality assurance
requirements, and
4. Data recovery of at least 80 percent of the data possible during

the monitoring effort,

For the third criteria, currentness of data, the monitoring data must have
been collected within a 3-year period preceding the submittal of permit

application and must still be representative of current conditions,

5.2 PROJECT MONITORING APPLICABILITY

As determined by the source applicability analysis described in

Section 3.4, an ambient monitoring analysis is required by PSD regulations
for PM, NO,, CO, and As emissions. As may be exempt from monitoring
requirements because no acceptabie monitoring technique has been
established for that pollutant. The maximum predicted impacts from the
proposed turbines also are less than de minimis levels for PM, NO,, and CO.
Therefore, preconstruction monitoring is not required for those pollutants

for this project.
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6.0 AIR QUALITY MODELING APPROACH

6.1 ANALYSIS APPROACH AND ASSUMPTIONS
6.1.1 GENERAL MODELING APPROACH

The general modeling approach follows EPA and FDER modeling guidelines.
The highest predicted concentrations are compared with both PSD significant
impact levels and de minimis air quality levels. If a facility exceeds the
significant impact level for a particulate pollutant, current policies
stipulate that the highest annual average and HSH short-term (i.e., 24
hours or less) concentrations be compared with AAQS and PSD increments when
S years of meteorological data are used. The HSH concentration is
calculated for a receptor field by:
1. Eliminating the highest concentration predicted at each receptor,
2. Identifying the second-highest concentration at each receptor, and
3. Selecting the highest concentration among these second-highest

concentrations,

This approach is consistent with the air quality standards, which permit a
short-term average concentration to be exceeded once per year at each

receptor.

To develop the maximum short-term concentrations for the facility, the
general modeling approach was divided into screening and refined phases to
reduce the computation time required to perform the modeling analysis. The
basic difference between the two phases is the receptor grid used when

predicting concentrations.

Concentrations for the screening phase were predicted using a coarse
receptor grid and a 5-year meteorological record. After a final list of
maximum short-term concentrations was developed, the refined phase of the
analysis was conducted by predicting concentrations for a refined receptor
grid centered on the receptor at which the HSH concentration from the
screening phase was produced. The air dispersion model then was executed

for the entire year during which HSH concentrations were predicted. This
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approach was used to ensure that valid HSH concentrations were obtained.
More detailed descriptions of the emission inventory and receptor grids
used in the screening and refined. phases of the analysis are presented in

the following sections.

6.1.2 MODEL SELECTION

The selection of the appropriate air dispersion model was based on its
ability to simulate impacts in areas surrounding the plant site. Within

50 km of the site, the terrain can be described as simple (i.e., flat to
gently rolling). As defined in the EPA modeling guidelines, simple terrain

.is considered to be an area where the terrain features are all lower in

elevation than the top of the stack(s) under evaluation. Therefore, a
simple terrain model was selected to predict maximum ground-level

concentrations.

The Industrial Source Complex (ISC) dispersion model (EPA, 1988a) was
selected to evaluate the pollutant emissions from the proposed units and
other modeled sources, This model is contained in EPA's User’s Network for
Applied Modeling of Air Pollution (UNAMAP), Version 6 (EPA, 1988b). The
ISC model is applicable to sources located in either flat or rolling

terrain where terrain heights do not exceed stack heights.

The ISC model consists of ‘two sets of computer codes that are used to
calculate short- and long-term ground level concentrations.. The main
differences between the two codes are the input format of the
meteorological data and the method of estimating the plume’s horizontal

dispersion.

The first model code, the ISC short-term (ISCST) model, is an extended
version of the single-source (CRSTER) model (EPA, 1977). The ISCST model
is designed to calculate hourly concentrations based on hourly
meteorological parameters (i.e., wind direction, wind speed, atmospheric
stability, ambient temperature, and mixing heights). The hourly

concentrations are processed into non-overlapping, short-term, and annual
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averaging periods. For example, a 24-hour average concentration is based
on twenty-four l-hour averages calculated from midnight to midnight of each
day. For each short-term averaging period selected, the highest and
second-highest average concentrations are calculated for each receptor. As
an option, a table of the 50 highest concentrations over the entire field

of receptors can be produced.

The second model code within the ISC model is the ISC long-term (ISCLT)
model. The ISCLT model uses joint frequencies of wind direction, wind
speed, and atmospheric stability to calculate seasonal and/or annual
average ground-level concentrations. Because the input wind directions are
for 16 sectors, with each sector defined as 22.5 degrees, the model
calculates concentrations by assuming that the pollutant is uniformly

distributed in the horizontal plane within a 22.5-degree sector.

In this analysis, the ISCST model was used to calculate both short-term and
annual average concentrations because these concentrations are readily
obtainable from the model output. Major features of the ISCST model are
presented in Table 6-1. Concentrations caused by stack and volume sources
are calculated by the ISCST model using the steady-state Gaussian plume
equation for a continuous source. The area source equation in the ISCST
model is based on the equation for a continuous and finite crosswind line
source. The ISC model has rural and urban options that affect the wind
speed profile exponent 1aw,ldispersion rates, and mixing-height
formulations used in calculating ground-level concentrations. The criteria
used to determine when the rural or urban mode is appropriate are based on
land use near the proposed plant‘s surroundings (Auer, 1978). -If the land
use is classified as heavy industrial, light-moderate industrial,
commercial, or compact residential for more than 50 percent of the area
within a 3-km radius circle centered on the proposed source, the urban
option should be selected, Otherwise, the rural option is more

appropriate.
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Table 6-1. Major Features of the ISCST Model

1SCST Model Features

Polar or Cartesian coordinate systems for receptor locations

Rural or one of three urban options that affect wind speed profile
exponent, dispersion rates, and mixing height calculations

Plume rise as a result of momentum and buoyancy as a function of
dovmwind distance for stack emissions (Briggs, 1969, 1971, 1972, and
1975)

Procedures suggested by Huber and Snyder (1976); Huber (1977); Schulmann
and Hanna (1986); and Schulmann and Scire (1980) for evaluating building
wake effects

Procedures suggested by Briggs (1974) for evaluating stack-tip downwash

Separation of multiple-point sources

Consideration of the effects of gravitational settling and dry
deposition on ambient particulate concentrations

Capability of simulating point, line, volume, and area sources
Capability to calculate dry depesition

Variation with height of wind speed (wind speed-profile exponent law)
Concentration estimates for l-hour to annual average

Terrain-adjustment procedures for elevated terrain, including a terrain
truncation algorithm '

Receptors located above local terrain (i.e., "flagpole" receptors)
Consideration of time-dependent exponential decay of pollutants
The method of Pasquill (1976) to account for buoyancy-induced dispersion

A regulatory default option to set various model options and parameters
to EPA recommended values (see text for regulatory options used)

Procedure for calm-wind processing

Wind speeds less than 1 m/s are set to 1 m/s.

Source: EPA, 1990.

.
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For modeling analyses that will undergo regulatory review, such as PSD
permit applications, the following model features are recommended by EPA
(1987a) and are referred to as the regulatory options in the ISCST model:

1. Final plume rise at all receptor locations,

2. Stack-tip downwash,

3. Buoyancy-induced dispersion,

4. Default wind speed profile coefficients for rural or urban

option,

wn

Default vertical potential temperature gradients,

6, Calm wind processing, and

7. Reducing calculated SO, concentrations in urban areas by using a
decay half-life of 4 hours (i.e., reduce the S0, concentration

emitted by 50 percent for every 4 hours of plume travel time).

In this analysis, the EPA regulatory options were used to address maximum
impacts. Based on a review of the land use around the facility and
discussions with FDER, the rural mode was selected because of the lack of
residential, industrial, and commercial development within 3 km of the

plant site.

6.2 METEOROLOGICAL DATA

Meteorological data used in the ISCST model to determine air quality
impacts consisted of a concurrent 5-year period of hourly surface weather
observations and twice-daily upper air soundings from the National Weather
Service (NWS) stations at Orlando International Airport and Ruskin,
respectively; The 5-year period of meteorological data was from 1982
through 1986. The NWS station in Orlandoc, located approximately 53 km to
the south of the site, was selected for use in the study because it is the
closest primary weather station to the study area considered to have
metecrological data representative of the project site. This station has
surrounding topographical features similar to the project site and the most

readily available and complete database.
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The surface observations included wind direction, wind speed, temperature,
cloud cover, and cloud ceiling height. The wind speed, cloud cover, and
cloud ceiling values were used in the ISCST meteorological preprocessor
program to determine atmospheric stability using the Turner stability
scheme., Based on the temperature measurements at morning and afternoon,
mixing heights were calculated from the radiosonde data at Ruskin using the
Holzworth approach (Holzworth, 1972). The Ruskin station is located about
150 km to the southwest of the site. Hourly mixing heights were derived
from the morning and afternoon mixing heights using the interpolation
method developed by EPA (Holzworth, 1972). The hourly surface data and
mixing heights were used to develop a sequential series of hourly
meteorological data (i.e., wind direction, wind speed, temperature,
stability, and mixing heights). Because the observed hourly wind
directions at the NWS stations are classified into one of thirty-six
10-degree sectors, the wind directions were randomized within each sector
to account for the expected variability in air flow. These calculations

were performed using the EPA RAMMET meteorological preprocessor program.

6.3 EMISSION TNVENTORY
Stack operating parameters and air emission rates for the proposed HRSGs

were presented in Section 2.0.

Modeling of the proposed turbines demonstrated that the facility’s PM, NO,,
and CO impacts are below the significant impact levels. Further modeling

for this facility is not required.

6.4 RECEPTOR LOCATIONS
In the ISCST modeling, concentrations were predicted for the screening
phase using a polar receptor grid. A description of the receptor locations

for determining maximum predicted impacts is as follows:

The screening grid receptors consisted of 432 receptors located at
distances of 47; 100; 300; 600; 900; 1,200; 1,600; 2,000; 2,500; 3,000;
4,000; and 5,000 m along 36 radials with each radial spaced at 10-degree
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increments. The 47-m distance is representative of the minimum distance at
which the ISCST model will predict a concentration for the modeled building
height,

After the screening modeling was completed, refined modeling was conducted
using a receptor grid centered on the receptor that had the highest
concentration from the screening analysis. The receptors were located at
intervals of 100 m between the distances considered in the screening phase,
along 9 radials spaced at 2-degree increments, centered on the radial along
which the maximum concentration was produced. For example, if the maximum
concentration was produced along the 90-degree radial at a distance of

1.6 km, the refined receptor grid would consist of receptors at the

following locations:

Directions (degrees) Distance (km)
82, 84, 86, 88, 90, 92, 94, 1.3, 1.4, 1.5, 1.6, 1.7,
96, 98 1.8, and 1.9 per direction

To ensure that a valid maximum concentration was calculated, concentrations
were predicted using the refined grid for the entire year that produced the
highest concentration from the screening receptor grid. If maximum
concentrations for other years were within 10 percent of that for the

highest year, they also were refined.

Refined modeling analysis was not performed for the annual averaging period
because the spatial distribution of annual average concentrations are not
expected to vary significantly from those produced from the screening

analysis.

The maximum PSD increment consumption at the Chassahowitzka Wilderness
Area, a PSD Class 1 area, was determined for the proposed facility alone.
Receptors were located at 93 km and at radials 250° to 260° from the
proposed facility at intervals of 2°. The highest predicted concentration

over five years of meteorological data was compared with PSD Class I
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allowable increments. The highest concentration was used because the
proposed facility was below significant impact levels in Class II areas.

The analysis was performed for both PM and NO,.

6.5 BUILDING DOWNWASH EFFECTS

Based on the building dimensions associated with buildings and structures
planned at the plant, the stacks for the proposed turbinps will be less
than GEP. Therefore, the potential for building downwash to occur was

considered in the modeling analysis.

The procedures used for addressing the effects of building downwash are
those recommended in the ISC Dispersion Model User's Guide. The building
height, length, and width are input to the model, which uses these
parameters to modify the dispersion parameters. For short stacks (i.e.,
physical stack height is less than H, + 0.5 I, where Hy, is the building
height and L, is the lesser of the building height or projected width), the
Schulman and Scire (1980) method is used. If this method is used, then
direction-specific building dimensions are input for H, and L, for
36 radial directions, with each direction representing a 10-degree sector.
The features of the Schulman and Scire method are as follows:

1. Reduced plume rise as a result of initial plume dilution,

2. Enhanced plume spread as a linear function of the effective plume

height, and
3. Specification of building dimensions as a function of wind

direction.

For cases where the physical stack is greater than H, + 0.5 L, but less
than GEP, the Huber-Snyder (1976) method is used. For this method, the
ISCST model calculates the area of the building using the length and width,
assumes the area is representative of a circle, and then calculates a
building width by determining the diameter of the circle. If a specifie
width is to be modeled, then the wvalue input to the model musf be adjusted

according to the following formula:
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A
[}

M, = 0.8886 W

where: M, is input to the model to produce a building width of W used

in the dispersion calculation. W is the actual building width,

The building dimensions considered in the modeling analysis are presented
in Table 6-2. 1In the case of the existing beilers, the boiler stacks are
located on the existing boiler buildings and are affected by downwash for

all directions.
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Table 6-2. Building Dimensions Used in ISCST Modeling Analysis To Address Potential Building Wake Effects

Projected
Associated Actual Building Dimensions (m Width® Modeled Buildin imensions {m
Source ] Building Length Width Beight ] {m) Length, Width Height
Proposed Turbines Steam Generation 37.78 24,38 15.54 44,98 39.85 15.54
Building

*Diagonal of actual building dimensions.
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7.0 AIR QUALITY MODELING RESULTS

7.1 PROPOSED UNITS ONLY

7.1.1 SIGNIFICANT IMPACT ANALYSIS

A summary of the maximum concentrations as a result of the proposed
turbines operating at maximum load conditions is presented in Table 7-1.
The results are presented for a generic emission rate concentration of

10 g/s, and it is assumed that the stacks are coilocated. Since the inlet
air will be held constant by chillers, the operating load was assumed to be
a 100 percent load under all operating conditions. Table 7-1 indicates the
maximum screening concentrations for each year and averaging time with an
emission rate of 10 g/s. Based on the results in Table 7-1, refined
modeling was performed. The results of the refined modeling are presented
in Table 7-2, including receptor location and the day and period of the
maximum impacts. The maximum pollutant-specific concentrations for FPM,
NO,, and CO were determined from the maximum generic impacts and are

presented in Table 7-3.

The maximum predicted NO, concentration as a result of the proposed
turbines is 0.33 ug/m®. Since this concentration is below the significance
level for NO, (1.0 pg/m®), no further modeling analysis is necessary for
that pollutant. The maximum predicted l-hour and 8-hour CO concentrations
are 161.0 and 51.2 ug/m®, respectively. Because these concentrations are
below the PSD significant levels of 2,000 and 500 ug/m®, additional

modeling is not necessary for CO.

The maximum predicted annual and 24-hour average PM concentrations when
firing oil only are 0.07 and 3.70 pg/m®, respectively. With the primary
fuel, natural gas, the maximum impacts are 0.02 and 1.26 ug/m*® for the

annual and 24-hour averaging times, respectively. These maximum impacts
are less than the PM significance impact levels. Therefore, additional

modeling is not required for this pollutant.
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Table 7-1. Maximum Predicted Tmpacts for the Lake County Cogeneration
Facility Using a Generic Emission Rate of 10 g/s--Screening

Analysis
Receptor Location®
Averaging Concentration Direction Distance Day/
Time Year (pg/ma) (degrees) {(m) Period
Annual
1982 0.26 240 2,000 /
1983 0.23 240 2,000 /
1984 0.28 240 2,000 /
1985 0.25 250 2,000 /
1986 0.21 240 2,000 /
1-Hour?
1982 84,57 360 100 169/ 8
1983 62.64 80 100 83/16
1984 63.45 340 100 272/ 4
1985 53.72 90 100 137/17
1986 42.72 100 100 27/14
3-Hour?
1982 31.66 100 100 14/ 6
1983 39.30 80 100 83/ 6
1984 47.59 340 100 272/ 2
1985 36.54 90 100 137/ 6
. 1986 , 27.08 100 100 27/ 5
8-Hour®
1982 11.39 360 100 31/ 2
1983 15.14 80 300 114/ 2
1984 18.04 340 100 272/ 1
1985 23,07 950 100 43/ 1
1986 10.87 60 100 58/ 2
24 -Hour®
1982 6.14 100 100 14/ 1
1983 6.12 120 100 70/ 1
1984 6.56 40 100 88/ 1
1985 12.81 90 100 43/ 1
1986 5.51 100 100 27/ 1

®Relative to the location of the proposed units.
bA11 short-term concentrations indicate highest predicted concentrations.
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Table 7-2. Maximum Predicted Impacts for the Lake County Cogeneration
Facility Using a Generic Emission Rate of 10 g/s--Refined
Analysis
. Receptor Locatjon®
Averaging Concentration Direction Distance Day/
Time Year (pg/m°) (degrees) (m) Peried
Annual
1982 0.26 233 2,200
1984 0.28 240 2,100
1-Hour®
1982 84.6 360 100 169/8
3-Hour®
1984 47.6 340 100 272/2
8-Hour?
1985 26.9 92 200 43/1
24 -HourP

1985 14.7 92 200 43/1

*Relative to the location of the proposed units.
PA11l short-term concentrations indicate highest predicted concentrations.
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Table 7-3. Maximum Predicted Pellutant Impacts of the Lake County
Cogeneration Facility Turbines Compared to PSD Significant
Impact Levels
Emission Generic Predicted Significant
Averaging Rate Impact Impact Impact Level
Pollutant Period (1b/hr) (ug/m) (pg/m) (pg/m)
Particulate Annual 20.0° .28 0.07 (0.02) 1
Matter 24 -Hour (6.8)F 14.7 3.70 (1.286) 5
Nitrogen Annual 92.4° 0.28 0.33 1
Oxides
Carbon 1-Hour 151.0° 84.6 161.0 (149.9) 2,000
Monoxide 8-Hour (140.6)" 26.9 51.2 (47.7) 500

Note: Short-term maximum impacts are highest predicted concentrations for 1982-86.

® Emission rate for two turbines firing oil, which will only be used up to 240 hr/yr
" and only during natural gas curtailments.

Emission rate for two turbines and duct burners firing natural gas, the primary

fuel. Impacts for natural gas shown in parentheses.

¢ Emission rate based on 404.7 TPY.
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7.1.2 CLASS I ANALYSIS

The maximum predicted facility impacts at the Chassahowitzka Wilderness
Area using a generic emission rate of 10 g/sec are presented in Table 7-4.
The maximum annual and 24-hour generic impacts are 0.02 and 0.24 ug/md.
The pollutant-specific results are presented in Table. 7-5. Based on a M
emission rate of 20 1b/hr (oil), the maximum PSD PM annual and 24-hour
increment consumption is 0,005 an& 0.06 ug/m®, respectively. These

concentrations are considerably below the allowable increments of 1 and

5 pg/m’.

Based on a NO, emission rate of 92.3 1b/hr (gas), the maximum NO, PSD
increment consumption is 0.02. This is well below the allowable increment

of 2.5 ug/m3.

7.2 TOXIC POLLUTANT ANALYSIS

The maximum impacts of regulated and nonregulated hazardous pollutants that
will be emitted in significant amounts by the proposed facility (see

Table 3-3) are presented in Table 7-6. Inorganic arsenic is the only
pollutant to be addressed and is compared in the table to the Florida
Department of Environmental Regulation (FDER) No Threat Levels (NTL). The
maximum 8-hour, 24-hour, and annual impacts for arsenic are well below the

NTL for each respective averaging time.

7.3 ADDITIONAL IMPAGCT ANALYSIS

7.3.1 IMPACTS UPON SOILS AND VEGETATION

Predicted impacts of all regulated pollutants are less than the significant
impact levels (see Table 7-3). As a result, no impacts are expected to
occur to soils or vegetation as a result of the proposed emissions of other

regulated pollutants.
7.3.2 IMPACTS DUE TO ADDITIONAL GROWTH

A limited number of additional personnel may be added to the current plant

personnel. These additional persomnnel are expected to have an

7-5
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insignificant effect on the residential, commercial, and industrial growth

in Lake County.

7.3.3 TIMPACTS TO VISIBILITY

The plant is located approximately 93 km from the Chassahowitzka Wilderness

" Area, a PSD Class I area. Impacts to visibility were estimated using the

VISCREEN computer model. Impacts were calculated for particulates and
nitrogen oxides (as nitrogen dioxide). The results of the screening
analysis are presented in Table 7-7. Based on the results, the proposed
facility is not expected to significantly impair visibility in the

Chassahowitzka Wilderness Area.

7-6
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Table 7-4. Maximum Predicted PSD GClass I Impacts for the Lake County
Cogeneration Facility Using a Generic Emission Rate of
10 g/s
Receptor Location®
Averaging Concentration Direction Distance Day/
Time Year (pg/ma) {degrees) (m) Period

Annual o

1982 0.01 250 93000 /

1983 0.01 260 93000 /

1984 0.01 250 93000 /

1985 0.01 250 23000 /

1986 0.02 254 23000 /
24-Hour?

1982 0.19 250 93000 114/ 1

1983 0.15 258 93000 211/ 1

1984 0.24 258 93000 132/ 1

1985 0.20 256 93000 266/ 1

1986 0.23 252 93000 297/ 1

*Relative to the location of the proposed units.
PA11 short-term concentrations indicate highest predicted concentrations.

7-17
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Table 7-5. Maximum Predicted Pollutant Impacts of the Lake County
Cogeneration Facility Turbines Compared to PSD Class I
Allowable Increments
Emission Generic Predicted PSD Class I
Averaging Rate Impact Impact Increment
Pollutant Period (1lb/hr) (pg/m) {pg/m) (ug/m)
Particulate Annual 20.0® 0.02 0.005 (0.002) 44
Matter (PM10) 24 -Hour (6.8) 0.24 0.06 (0.02) gd
Nitrogen Annual . 92.4b 0.02 0.02 2.5
Oxides

Note: Short-term maximum impacts are highest predicted concentrations for
1382-86.

® Emission rate for two turbines firing oil, which will only be used up to

240 hr/yr and only during natural gas curtailments.

b Emission rate for two turbines and duct burners firing natural gas, the primary
Impacts for natural gas shown in parentheses.

fuel.

¢ Emission rate based on 404.7 TPY.

Proposed.
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Table 7-6. Predicted Maximum Impacts of Toxic Pollutants for the Lake

County Cogeneration Facility

Emission Generic Predicted No Threat
Averaging Rate - Impact Impact Levels
Pollutant Period (1b/hr) (pg/m) (pg/m) (pg/m)
Non-Regulated
Inorganic Arsenic 8-Hour 0.0033* 26.9 0.0011 0.50
24-Hour 14.7 0.0006 0.48
Annual  9.13x107% 0.28 3.2x1077 2.3x107*

Note: Short-term generic impacts are highest predicted concentrations for

1982-86,

* Based on maximum emissions when firing oil, which will only be used for

up to 240 hr/yr.

b Rased on total TPY for two turbines.

7-9




Table 7-7. Visibility Analysis for the Lake County Cogeneration
Facility on the PSD Class I Area
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Visual Effects Screening Analysis for

Source:
Class 1 Area:

kK

Input Emissions for
Particulates 27.00
NOx (as NO2) 404.70
Primary NO2 .00
Soot .00
Primary S04 .00

*%*%* Default Particle

TON/YR
TON/YR
TON/YR
TON/YR
TON/YR

Level-1 Screening

LAXE COGENERATION FACILITY
CHASSAHOWITZKA WILDERNESS AREA

ik

Characteristics Assumed

Transport Scenario Specifications:

Background Ozone:
Background Visual Range:
Source-Observer Distance:

Min. Source-Class I Distance:
Max. Source-Class I Distance:

Plume-Source-0Observer Angle:

Stability:
Wind Speed:

6

1.00 m/s

RESULTS

.04 ppm

25.
93.
93.
125,
11.

00 km
00 km
00 km
00 km
25 degrees

Asterisks (*) indicate plume impacts that exceed screening criteria

Maximum Visual Impacts INSIDE Class I Area
Screening Criteria ARE NOT Exceeded
Delta E Contrast

Backgrnd Theta Azi Distance Alpha Crit

Plume Crit Plume

SKY 10.
SKY 140,
TERRAIN 10.
TERRAIN 140

B4,
84,
84.
84,

84,
84.
B4.
84,

.023 .05 -.000
.007 .05 -.000
.001 .05 .000

.000 .05.  .000

Maximum Visual Impacts OUTSIDE Class 1 Area
Screening Criteria ARE NOT Exceeded
Delta E Contrast

Backgrnd Theta Azi Distance Alpha Crit Plume Crit Plume

SKY 10.
SKY 140.
TERRAIN 10.
TERRAIN 140,

75.
75,
65,
65,

90.0
90.0
85.1
85.1

94 .
9%
109.
109.

2.00
2.00
2.00
2.00

.024 .05 -.000
.007 .05 -.000
.002 .05 .000
.000 .05 .000

7-10
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GE LM6000 Development of the
First 40% Thermal Efficiency Gas Turbine

ABSTRACT

General Electric has launched development of a
new generation aeroderivative gas turbine, the
LM6000. This 40MW-class machine, targeted for 1992
field service introduction, combines GE Aircraft
Engines’ latest engine technology together with a new
method of aeroderivative load coupling to achieve two
gas turbine firsts:
¢ The first simple cycle industrial gas turbine to

_achieve an iso base-rated thermal efficiency in
excess of 40% (LHV). '
e The first simple cycle, acroderivative gas turbine to
.be competitive on a first cost basis with all other gas
turbines in its size class.

This paper describes the LM6000 concept, basic
engine, expected performance and development pro-
gram for this revolutionary gas turbine.

INTRODUCTION

Since their initial introduction in the 1960’s,
aeroderivative gas turbines have been at the industrial
gas turbine forefront in terms of simple cycle efficiency.
The close association of the acroderivatives to their air-
craft engine ancestors have atiowed them to be close-
coupled beneficiaries of the enormous amount of
resources poured into aircraft engine research and
technology development. The heavy weight industrial
gas turbines have also benefitted greatly from this tech-
nology development but on a much delayed time scale
and not to the full extent of the acroderivatives. The
result has been a consistent 4 to 5 percentage point
thermal efficiency advantage for the aeroderivatives in
industrial applications.

This efficiency advantage has come with a price
tag, however. Although on a $/hp basis, a high technol-
ogy aircraft engine cost is comparable to that of a heavy
weight industrial gas turbine, this is largely due to vol-
ume effects. A successful aircraft engine will have 5 to
10 times the annual production volume of a compara-
ble successful industrial machine with the obvious
effect on unit cost and development cost amortization.
Where aeroderivative engines suffer on the cost front is
in the area of modifying the machine for industrial use.
Typically, this is done by developing unique hardware
to adapt the high efficiency, high volume aircraft com-

ponents to drive a generator or other industrial load.
Although the amount of unique hardware is generally
small, the factor of 5 to 10 reduction in volume for
these unique components can have a major impact on
the total engine cost. The result is a hybrid machine
that has the high efficiency of its ancestors but also a
relatively high price tag due to the low volume unique
components contained in the machine.

In 1988, GE’s aeroderivative gas turbine arm, the
Marine and Industrial Engines and Service Division
(GE MX&I), initiated studies to find a means of provid-
ing customers with the proven aeroderivative advan-
tages of high efficiency, availability and maintainability
but at a first cost significantly lower than previous
machines. The result of that study and the develop-
ment program internally launched at GE in mid-1989 is
the LM6000. As described in subsequent sections of
this paper, the LM6000 will not only provide aero tech-
nology at significanty lower cost but also will provide a
quantum step in industrial gas turbine performance.

CONCEPT

In trying to develop a more firstcost effective
method of applying aircraft engines for industrial use,
GE focussed on maximizing the commonality between
the aircraft engine and the industrial derivative. This
approach was viewed as having two advantages:

1. The higher volume aircraft common parts would
bring the desired cost improvement, and

9. Maximizing use of aircraft common parts would
improve performance relative to use of unique
industrial parts which are designed with low volume
as a major consideration with the tradeoff often
being performance.

Figure 1 illustrates the approach used on the tradi-
tional aeroderivative machine like the LM5000. The
twin spool LM5000 gas generator maintained a high
degree of commonality with the parent aircraft engine,
the CF6-50. The low pressure compressor (LPC), high
pressure compressor (HPC), combustor and high pres-
sure turbine (HPT) were nearly identical. The low pres-
sure turbine (LPT) which drives the LPC and fan of the
aircraft engine, however, was totally unique on the
industrial machine. In effect, the aircraft engine LPT
was split into two pieces - a single stage LPT for driving
the gas generator LPC and a power turbine, acro-



dynamically coupled 1o the gas generator 1o drive the
industrial load. The unique LPT and power turbine of
the industrial machine, because of their relatively low
volume, represent 40 to 50% of the cost of an LM5600
gas turbine. In addition, the more industrial-based
design of the power turbine and its aerodynamic cou-
pling resulted in the loss of some performance. The ef-
ficiencydifference between the aircraft engine LPT and
the combined aeroderivative LPT/power turbine is not
insignificant.
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Traditional adaptation of aircraft engine
to industrial use,

The LM6000 gas turbine approach takes advantage
of the fact that the low pressure rotor normal operating
speed of the large turbofan aircraft engines, such as the
GE CF6-80C2, is approximately 3600 rpm. The GE
LMG6000 concept provides for direct coupling of the gas
turbine low pressure system to the load, as illustrated in
Figure 2. For 60 cycle generator applications, the
match is perfect. This concept allows the entire LPT of
the aircraft engine to be utilized instead of a unique
LPT and power turbine resulting in a nearly 10 to |
reduction in the cost of these components of the en-
gine. The result is a significant reduction in the cost of
an L.M6000 relative to its aeroderivative predecessors.
In addition, use of the entire high tech aircraft engine
LPT and direct coupliug results in a precedent-setting
improvement in engine performance — the first ma-
chine to exceed 40% (LVH) thermal efficiency
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IM600¢ adaptation of aircraft engine
to industrial applicafion.

LM6000 ENGINE

The LM6000 gas turbine is designed around GE’s
latest production aircraft engine, the CF6-80C2 (Figure
3). This engine, certified in 1985, is the industry’s lead-
ing new power plant for large, widebody aircraft with
more than 600 units in service and total firm orders in
excess of 1600. The CF6-80C2 has set new standards for
both performance and reliability during its initial 2 mil-
lion hours of revenue service. This, combined with a
production volume approaching 300 units per year
made it a natural choice for use as the basis for the
LM6000. Table I provides some CF6-80C2 statistics.

Figure 3
GE CFG6-80C2 Aircraft Engine.
Table 1
CF6-80C2 Characteristics
Thrust 52,500 -61,500tbs.
Units in service 57
- (12/31/89)

Flight hours 2.05 million
{12/31/89)
Applications 767; 747; A300;

A310; A330; MD-11

The LM6000 gas turbine, shown in the Figure 4
and 5 cross-section and illustration utilizes the CF6-
80C2 HPC, combustor, HPT and LPT almost totally
intact. Only a minor seal change and modification of
the LPT shaft to allow coupling to the load prevent
these sections from being identical. The LPC is adapt-
ed from the LM5000 and its predecessor the CF6-50.
This selection was made due to the excellent air flow
match between this LPC and the cycle selected for the
LM6000. The LPC rotor and stator airfoils are common
to the LM5000 with the remaining hardware only
slightly modified to adapt it to the CF6-80C2 mating

components.




Figure 5
GE LM6000 Aeroderivative Gas Turbine

A variable inlet guide vane system has been added
to modulate airflow during startup, shutdown and part
load operation when the low pressure system operates
at a constant 3600 rpm while the high pressure system
operates at reduced speed. A variable bleed system
between the low pressure and high pressure systems
will also function under these conditions to provide the
proper match between LPC and HPC airflows.

The LM6000 rear frame area has been modified to
provide a low pressure rotor thrust balance system
needed to offset the 60,000 pounds of thrust lost with
climination of the fan from the engine.

Table 2 provides a description of the various
engine sections.

As illustrated in Figure 4, the LM6000 will provide
for both front and rear end drives. This feature will
maximize the applicability of the machine by allowing
two LM6000’s to be coupled to a single generator for
installations requiring higher output; by enabling
LM6000's to be retrofit into older, existing installations
with a minimum of modifications and by allowing pack-
age and facility designs to be optimized for the overall
mission of the installation. All LM6000 gas turbines will

. be produced with front and rear drive capability.

The LM6000 will be initially offered with a variety
of fuel and NOx suppressions alternatives as listed in
Table 3.

LM6000 Engine Description
LPC
Derived from: LM5000/CF6-50
Normal operating speed 3600 rpm
Stages — Rotor 5
Stator 5+ VIGV
HPC
Commeon to: CF6-80C2
Stages — Rotor 14
Stator 14 {6 variable)
HPT
Common to: CFe6-80C2
Stages — Rotor 2
Stator 2
LPT
"Common to: CF6-80C2
Stages - Rofor 5
Stator 5
Overall length
{fwd. coupling to rear coupling) 172.¢in
Total weight (estimated) 12,300 lbs
Table 3
LM6000 Fuel/NOx System Alternatives
Fuel systems NOx suppression
(ref 15% Oy)
Gas Water — 25 ppm
Steam — 25 ppm
Distillate Water — 42 ppm
Dual fuel Water — 42 ppm (liquid)

Water — 25 ppm {gas)

PERFORMANCE

On a simple cycle, dry, base-rated, ISO no-loss-
basis, the LM6000 will produce 43.1MW at a thermal
efficiency of 41.8% (LHV) at the gas turbine shaft. This
precedent-setting performance is attributable to the
LM6000 heritage in the latest proven aircraft engine
technology and the method of application wherein it
fully utilizes that aircraft engine technology.

This excellent performance extends to operation
under more typical base load conditions requiring
NOx suppression. Table 4 lists the LM6000 perfor-
mance under base load, 15O conditions for various
NOx level and method circumstances.

The base-rated conditions are established on a cri-
teria of achieving a minimum of 25,000 hours between.
hot section maintenance actions and 50,000 hours



Table 4 ‘
LM6000 Base Load Performance

Dry  Steam Waler
175 ppm 25 ppm 42 ppm

NOx suppressant
NOx level (ref 15%0o)

Inlet foss (in HyO) 4 4 -4
Exhaust loss (in HyO) 4 10 4
Power (MW) 42.4 422 42.4

Heat rate (BtwkW-hr) — LHV 8230 7980 8440
Thermal efficiency (%) — LHV 415% 428% 40.4%
Gas turbine exhaust temp (°F) 846 799 825
Gas turbine exhaust flow (Ib/sec) 276 280 278
Pressure ratio

Conditions:

« Base rating (25,000 hour hot section life;
50,000 hour averhaul)

= Sealevel

= 59°F (15°C)

« Shaft performance

+ 3600 rpm

+ Natural gas

+ 60% relative humidity

between overhauls. As with other aeroderivatives, the

hot section maintenance activity at 25,000 hours will be

accomplished on-site with only a 2-3 day outage.

The base load, off-design temperature perfor-
mance of the LM6000 is illustrated in Figure 6. Two
unusual characteristics are readily apparent:

1. The single curve is representative of three different
operating modes (dry, steam to 25 ppm NOx and
water to 42 ppm NOx).

9. Power falls off with ambient temperatures below
~60°F.

Conditions:

« 3600 pm

+ Natwal gas

+ Baserating

+ Sea level

« 60% RH

+ Dry, 4147

+ Steam (25 ppm) 410"
+ Water (42 ppm) €7/4°

Asriient temp., °F

Figure 6
LM6000 output vs. abmient temperature.

The reasons for these unusual characteristics lie in
the conservative initial rating limitations established by
GE o assure an experience-hased, reliable introduction
of the machine. Unlike most gas turbines which are

limited by turbine inlet temperature, the LM600G intro-
ductory limits are based on mass flow-dependent
parameters below ~60°F and by compressor exit tem-
perature above 60°F. These limits have been set based
on actual test and operating experience of the CF6-
80C2. During development testing of the LM6000, the
limiting characteristics will be examined at higher lev-
els and, if justified by the resuits, the limits will be
relaxed to allow the machine to operate up to its ulti-
mate capability.

The base rating heat rate versus ambient perfor-
mance is shown in Figure 7 and the part load perfor-
mance is shown in Figure 8.
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Figure 7
L.M6000 heat rate vs. ambient temperature
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LMG6000 part load heat rate.

The above mentioned characteristics also affect the
initial peak rating of the LM6000 as illustrated in
Figure 9. As shown, below G0°F the base and peak rat-
ings are the same, This again is due to the fact that GE
has limited performance based on mass flow-depen-
dent parameters. Above 60°F where compressor exit
temperature is the limiting parameter, higher output is
achievable. The rating in this region is based on 2 6




year maintenance interval for a typical 1000 hour/year
peaking application. Once again, when development
testing increases the knowledge base, improved peak
rating performance is expected.

50000

Xy N
« Steam (2% ppm} 47107
+ Wates (42 ppm) 4'44°

Shaft output (kW)
g
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Figure 9
LM6000 peak vs. base rating characteristics.

In combined cycle the LM6000 is also anticipated
to provide industry-leading performance in its size
class. Depending on the method used for NOx control,
an LM6000 combined cycle system will produce from
49 to 53MW at the generator terminals with a thermal
efficiency ranging from 49 to almost 52%.

The electrical generating performance discussed
above is for 60 cycle application with this 3600 rpm
driver. For 50 cycle applications, it is anticipated thata
reduction gear will provide the most efficient, econom-
ic method of adapting the LM6000. Studies are being
made to determine if modifications to the gas turbine
are practical to achieve satisfactory 3000 rpm opera-
tion. It is expected, however, that the 3000 rpm engine
uniqueness will result in a first cost and development
cost impact that will exceed the 1-1.5 percentage point
penalty associated with the gear.

COST

GE's effort to develop an aercderivative gas turbine
with a cost significantly lower than previous acroderiva~
tives was quite successful. The minimizing of hardware
in the LM6000 unique to the aircraft version of the
engine has resulted in a machine expected to be
competitive on a first cost basis with any machine in its
size class.

DEVELOPMENT PROGRAM

The high degree of utilization of existing aircraft
engine hardware will enable GE to bring the LM6000
to reality on a schedule faster than traditional new gas

turbines. The program was internally launched at GE
in mid-1989 and the first unit will go to test in
Evendale, Ohio, in the third quarter of 1991, This test-
ing, which will utilize a generator for load, will center
on optimizing the variable geometry schedules of the
gas turbine, qualifying the limited unique hardware
and expanding the proven operating envelope of the
machine to establish actual gas turbine capabilities.

The first LM6000 for field application will be
shipped in late 1991 with full production anticipated to
start in early 1992.

Additional program milestones are provided in
Table 5.

Table 5
« Program launch {intemal} 6/89
« Release to production 11/89
+ Ratings established 4/90
= Detail design complete 3Q/0
= Publicrelease - 6/90
» First engine assembly complete 2Q/91
= First engine development test 3Q/91
+ Ship first engine 4Q/91
= First production shipment 1Q/92
+ First field engine operation 3092

During the development program, GE has been
working closely with its aeroderivative OEM’s to pro-
vide installation and performance data to allow their
development of system packages which will be both
timely and, in character with the gas turbine, cost effec-
tive. With this close coordination, GE and its OEM’s
anticipate initial LM6000 field operation in mid- to late
1992 with significant early penetration of the market
due to the superior economics of the LM6000 system.

Additional performance, installation and applica-
tion information is now available from these OEM'’s.

SUMMARY

In 1989, GE initiated development of a revolution-
ary aeroderivative industrial gas turbine in the 40 MW
size range. The new machine, the LM6000, will achieve
thermal efficiencies in excess of 40% and be provided
at a cost comparable to less efficient heavy weight
machines in the same size class. The LM6000 will direct
drive the load from the aero-based low pressure gas tur-
bine system to achieve the unprecedented cost and effi-
ciency. Under development at GE’s aircraft engine
facility in Evendale, Ohio, the LM6000 will be tested in
mid-1991 and achieve initial field operation in 1992.



90116G2/4-1
05/02/91

EMISSION CALCULATIONS AND FACTORS

Emission rates for all regulated and nonregulated pollutants were
calculated using both manufacturer’s data and EPA emission factors. The
design information and emissions data are presented in Tables A-1 through
A-5. These tables were generated using a computerized spreadsheet (i.e.,
Lotus 1-2-3). Tables A-1 through A-5 have been annotated to show the
columns (i.e., A ,B, C, and D) and rows (i.e., 1, 2, 3, ..... ) in the
spreadsheet. Following these tables is a printout of all the calculations
made in the spreadsheet, along with the basis for the calculation. The
calculations, as well as text comments, are listed alphanumerically in
ascending order. For example, in Table A-1, column D row 12 is listed as
A:D12 on the calculation page, and the data input is 9232; as noted, these
data were provided by General Electric (GE). A copy of the relevant EPA

emission factors also is included in this appendix.
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Table A-1. Design Information and Stack Parameters for 1
Cogeneration Project 2
3
4
Data Gas Turbine Duct Burner Gas Turbine 5
Natural Gas Natural Gas Fuel 0il 6
A B C D 7
8
g
General: 10
Power (kW)? 42,044 .0 NA 41,917.0 11
Heat Rate (Btu/kwh)? 9,112.0 NA 9,232.0 12
Heat Input (MMBtu/hr}) 383.1 156.0 387.0 13
Fuel 0il (1b/hr) 18,533 .4 7,256.5 21,031.4 14
(cf/hr) 403,268.3 157,894.7 15
16
Fuel: ) 17
Heat Content - (LHV) 20,671 Btu/lb 20,671 Btu/lb 18,400 Btu/lb 18
Sulfur 1 gr/100cf 1 gr/100cf 0.1 19
20
CT Exhaust: 21
Volume Flow (acfm) 593,208 590,922 22
Volume Flow (scfm) 247,404 244,711 23
Mass Flow (1lb/hr)P 1,079,779 1,081,322 24
Temperature (°F) 806 815 25
Moisture (% Vol.) 11.00 9.30 26
Oxygen (% Vol.) 13.36 13.46 27
Molecular Weight 28.03 28.38 28
Water Injected (1lb/hr) 19,061 21,793 29
30
HRSG Stack: n
Volume Flow (acfm) 324,249 320,720 32
Temperature (°F) 232 232 33
Diameter (ft) 11.0 11.0 34
Velocity (ft/sec) 56.9 56.2 35
36
37
38
Source: General Electric and Stewart and Stevenson, 1991, 39

Note: All data shown on this table and subsequent tables are for each - 40
combustion turbine and duct burner.

® Represents ISO conditions, which produces maximum potential emissions; actusl

operating power and heat rate will produce lower heat input.

P A 5% margin added to maximize emissions since machine is new and the operating

history in industrial applications has not yet been developed.
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Table A-2. Maximum Criteria Pollutant Emissions for 47
Cogeneration Project 48
49
50
Pollutant Gas Turbine Duct Burner Gas Turbine 51
Natural Gas Natural Gas Fuel 0il 52
A B C D 53
54
55
Particulate: 56
Basis Manufacturer 0.006 1b/MMBtu Manufacturer 57
1b/hr 2.50 0.90 16.0 58
TPY 10.95 1.58 1.2 59
60
Sulfur Dioxide: 61
Basis 1 gr/100 cf 1 gr/100 cf 0.1% Sulfur 62
1b/hrx 1.15 0.45 39.96 63
TPY 5.05 0.79 4.8 64
65
Nitrogen Oxides: 66
Basis 25 ppm® 0.1 1b/MMBtu 42 ppm® 67
1b/hr 39.4 15.0 68.5 68
TPY 172.37 26.3 8.2 69
PpPm 25.0 NA 42.0 70
71
Carbon Monoxide: 72
Basis 42 ppm® 0.2 1b/MMBtu 78 ppm® 73
1b/hr 40,3 30.0 75.5 T4
TPY 176.58 52.5 9.1 75
ppm 42.0 NA 78.0 76
77
VOCs: 78
Basis 4 ppm® 0.03 1b/MMBtu 10 ppo® 79
1b/hr 1.65 4.50 4.15 80
TPY 7.2 7.9 0.5 81
PpPm 4.0 NA 10.0 82
83
Lead: B4
Basis EPA(1988) BS
1b/hr NA Na 3.44E-03 86
TPY NA NA 4_13E-04 87
88
89
® Corrected to 15% 0, dry conditions. 90
» Corrected to dry conditions. 91
Note: Annual emission for CT when firing natural gas based on 8,760 hr/yr 92
and 240 hr/yr for fuel oil firing. Annual emissions for duct burners 93
on 3,500 hr/yr. 94
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Table A-3. Maximum Other Regulated Pollutant Emissions for 96
Cogeneration Project 97

98

99

Pollutant Gas Turbine Duct Burner Gas Turbine 100
Natural Gas Natural Gas No.2 0il 101

A B o] D 102

103

104

As (1lb/hx) : NEG, NEG. 0.0016253065248 105
(TFY) NEG. NEG. 1.95E-04 106
107

Be (1b/hx) NEG. NEG. 0.00096744436 108
{TPY) NEG. NEG. 1.16E-04 109
110

Hg {(1b/hrx) NEG. NEG. 1.16E-03 111
{TPY) . NEG. NEG, 1.39E-04 112
113

F (1b/hr) NEG. NEG. 0.01257677668 114
(TPY) NEG. NEG. 1.51E-03 115 .
116

H2804 (1lb/hr) 8.81E-03 3.45E-03 3.22E4+00 117
(TPY) 3.86E-02 6.04E-03 3.86E-01 118
119

120

121

Sources: EPA, 1988; EPA, 1980 122
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Table A-4. Maximum Nonregulated Pollutant Emissions for 125
Cogeneration Project 126

- 127

128

Pollutant Gas Turbine Duct Burner Gas Turbine 129
Natural Gas Natural Gas No.2 0il 130

A B C D 131

132

133

Manganese (lb/hr) NEG. NEG. 2.49E-03 134
(TPY) NEG. NEG. 2.99E-04 135
136

Nickel (1lb/hr) NEG. NEG. 6.58E-02 137
({TPY) NEG. NEG. 7.89E-03 138
139

Cadmium (1b/hr) - NEG. NEG. 4 . 06E-03 140
(TPY) . NEG. NEG. 4 ,88E-04 141
142

Chromium (lb/hr) NEG. NEG. 1.84E-02 143
(TPY) NEG. NEG. 2.21E-03 144
145

Copper (1lb/hr) NEG. NEG. 1.08E-01 146
(TPY) ' NEG. NEG. 1.30E-02 147
o - 148
Vanadium (lb/hr) NEG. NEG. 2.70E-02 149
{TPY) NEG. NEG. 3.24E-03 150
151

Selenium (1b/hr) NEG. NEG. 9.08E-03 152
({TPY) NEG. NEG. 1.09E-03 153

' 154
POM (1b/hr) 4. 27E-04 1.67E-04 1.08E-04 155
(TPY) 1.87E-03 2.93E-04 1.30E-05 156
157

Formaldehyde (1b/hr) 3.38E-02 6.08E-02 1.57E-01 158
(TPY) 1.48E-01 1.06E-01 1.88E-02 159
160

161

162
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Table A-5. Maximum Emissions for Additional Nonregulated Pollutant 165
for Cogeneration Project 166

167

168

Pollutant Gas Turbine Duct Burmer Gas Turbine 169
Natural Gas Natural Gas No.2 0il 170

A B c D 171

172

173

Antimony (lb/hr) NEG. NEG. .45E-03 174
(TPY) NEG, NEG. 1.01E-03 175

176

.55E-03 177
.07E-04 178
179

Cobalt (1b/hr) NEG. NEG. 3.51E-03 180
(TPY) . NEG. NEG. 4,21E-04 181
182

Zinc (1b/hr) NEG. NEG. 2.64E-01 183
(TPY) ' : NEG. NEG. 3.17E-02 184
185

Chlorine?® (1b/hr) NEG. NEG. 1.05E-02 186
(TPY) NEG. NEG. 1.26E-03 187
188

189
Source: EPA, 1979 190
8pssumes 0.5 ppm in fuel oil. 191

[+

Barium (1lb/hr) NEG. NEG.
(TPY) NEG. NEG.

WO ~J
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W61 (E18+1)

W] (E19+1)

[W24] ~CT Exhaust:

W1 (E20+1)

W24) rvolume Flow (acfm)

(,0) [W18] (B24*1545%(460+B25)/(B28*2116.8%60)) . . . . . . - = & 4 o o « = =« e e e e e e e e . See Note A
(.03 [W18] (D24*1545*(460+D25)/(D2B*2116.8*60))

N61 (E21+1)

W24} ‘Volume Flow (scfm)

(,0) [W18] (B24*1545%(460+68)/(B2B*2116.8%60)) . . . . . . . . . . . . e s e e e mmeee e See Note A
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€,0) [WIBY 1028361*1.05 . . . . v ¢ ¢ ¢« = & . P e e e e e s e e e s s e n e e e e From GE w/ 5% Margin
(,0) [W183 1029830*1.05

[M6] (E23+1)

[W24] ‘Temperature (oF)

(,0) (Wi8) 806 . . . & v v v ¢ 4 @ 4 d e w e e e s e e Ch e e s e e s e e e e + « » + From GE
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W6) (E26+1)

{W24] *Molecular Weight
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AtEB3:
AzAB4:
AzE84:
A:AB5:
A:D85:
A:EBS:
AzABS:
A:886:
A:CB6:
A:DES:
A:EBS:
AzABT:
A:B87:
A:C87:
A:D8T:

W6l (E75+1)

W61 (E76+1)

[W24]1 *VOC’s:

W6) (E77+1)

{W24) ' Basis

¢, 81 "4 ppm+

¢.1) 18) "0.03 Lb/mBtu
¢,1) gl "10 ppm+

(W61 (E78+1)

w241 *  Lb/hr

90116C1/FORM-6
05702/91

(F2) [W18] (BB2*(1-B26/100)*B22*2116.8%12*60/(1545*(460+B25)*1000000)) . . . . . » . - « a e s e aa See Note C

(F2) 18] (C13*0.03)

(F2) IW181 (D82*(1-D26/100)*D22*2116.8*12*60/(1545*(4560+D25)*1000000))

W61 (E7T9+1)

w24 + TPY

{.1) 181 (BBO*87460/2000)
¢.1) [WiB] (CBO*3500/2000)
{,1) D181 (DBO*240/2000)
[W6] (EBO+1)

w241 * ppm

(1) M8l 4

(, 1) V18] "NA

(1) i) 10

[W51 (EB1+1)

[W6) (EB2+1)

W24] ‘Lead:

[W6) (E83+1)

[W24] * Basis

(w181 "EPA(1988)

W61 (EB4+1)

W24]1 *  Lb/hr

(52) [W181 "NA

(52) [W18] “NA

(S2) [W18) (D13*8.9/1000000) . . . . . + + - = «

[Wé) (EBS+1)

[wWe4) * TPY

(S2) [W18] ®NA

(52) [W1B] "NA

(S2) [W181 (DB&*240/2000)
[W&) (EBS+1)

D W24) \_

WiB)1 \_

W18]1 \_

W18] \_

[W6] (EB7+1)

W61 (EBB+1)

W24]1 ** corrected to 15X 02 dry conditions
6] (EB9+1)

W24) *+ corrected to dry conditions

W61 (E90+1)

From EPA 1988: Page 4-156; Heat Input * Emission Factor




AA92:
AE92:
AzA93:
A:E93:
AzA94:
AzEDG:
AzA96:
AzED6:
AAST:
AzE9T:
A:A98:
A:B98:
A:(C98:
A:D98:
AE9B:
AEP9:
A:A100:
A:B100:
A:C100:
A:D100:
A:E100:
A:B101:
A:C101:
A:D101:
A:E101:
AzA102:
A:B102:
A:C102:
A:0102:
A:E102:
A:A103:
A:B103:
A:C103:
A:0103:
A:E103:
AzE104:
A:A105:
A:B105:
A:C105:
A:D105:
A:E105:
A:A106:
A:B106:
A:C106:
A:D106:
A:EN06:
AE107:
A:AI08:
A:B108:
A:C108:

[W24] ‘Note: Anrwal emission for CT when firning natural gas based on 8,760 hrs/yr

[W5) {E91+1}
w241 ¢ and 240 hrs/yr
[W5]) (EF2+1)

for fuel oil firing. Annual emissions for duct burners

W24] ¢ on 3,500 hrs/yr.

[W6) (E93+1}

[W24] ’Table A-3. Maximum Other Regulated Pollutant Emissions for

wWs) 96

[W24] ¢ Cogeneration Project

[W5) (E96+1)
W241 \_
181 \_
W81 \_
w181 \_
W61 (E97+1)
w6l (E9B+1)

[W24) “Pollutant
[W18] "Gas Turbine
[W18] "Duct Burner
[W18) “Gas Turbine
M6) (E99+1)
W18] ®Natural Gas
W18]1 "Natural Gas
W18) "No.2 Oil
W61 (E100+1)
W241 “A

i8] =B

181 =C

18] »p

tWél (E101+1)
wW2é) \_

W18) \_

w181

w181 \_

[W6) (E102+1)

W61 (E103+1)
w241 * As (lb/br)
[W18) “NEG.

[W18) “EG,

w181 (p13*4.2/1000000) .
(W61 (E104+1)
24y ! (TPY)
[W18]1 “NEG.

[W181 “NEG.

(S2) w181 (D105%240/2000)
IN6) (EV05+1)

W61 (E106+1)
W24]l ' Be (lb/hr)
[W18]1 “NEG.

[W18] “NEG.

90116C1/FORM-7
05/01/9M

From EPA 1988, See Page 4-158



A:D0108:
A:E108:
AzA109:
A:B109:
A:C109:
A:D109:
AzE109:
A:E110:
AzA111:
A:B111:
A:C111:
A:D111:
AzE111:
AzA112:
A:B112:
A:C112:
A:D112:
AzEN2:
A:E13:
A:A114:
AzB114:
A:C114:

:D114:
AzE114:
A:A115:
A:B115:
A:C115:
A:D115:
A:E115:
A:E116:
AzA11T:

AB11T7:-

A:C117:
A:D117:
A:ENT:
A:A118;
A:8118:
A:C118:
A:D118:
A:E118:
AzE119:
AzA120:
A:B120:
A:C120:
A:D120:
A:E120:
AE121:
AzA122:
A:E122;
A:A125;

90116C1/FORM-8
05/02/91

W1B] (D13%2.5/1000000) . . . & & & & 4 & 4 v & e s s e e e s e s e e From EPA 1988, See Page 4-15%9
W61 (E107+1)

w241 ¢ (TPY)

[W18] "NEG.

(W18] “NEG.

(S2) W18]1 (D0108*240/2000)

(W61 (E108+1)

W&E) (E109+1)

W241 + Hg (\b/hr)

[W18) "NEG.

[W18] “NEG.

(S2) W18 (D13*3/1000000) . & & o & 4 4 4 4 4 ittt e e e e e e e e e e s from EPA 1988, See Page 4-157
We) (E110+1)

W24y (TPY)

[W18) "NEG.

[W18] "NEG.

(52) [Wi8]1 (D111*240/2000)

W61 (E111+1)

[W6) (E112+1)

w241 ¢+ F (lb/hr)

(W18} “NEG.

[W18} “NEG.

(W18] (D13*32.5/1000000) . . . & & ¢ v ¢ @ @ o @ o s 4 o & From EPA 1981, 2.324 pq/d * 14 pg/d = 32.5 Lb/10* BTV
W61 (E113+1)

(w241 - (TPY)

[W18] *NEG.

[W181 “NEG.

(52) [(W18] (D114*24072000)

W61 (E114+1)

W61 (E115+1)

[W24] * H2804 (ib/hr) -

(S2) [M18) (B63*C.005*3.06/2) . . . . . . « . . . e+ s« o o« 850, Emission * 0.005 (XH,50, Formed) * MM, e0./ MWy,
(S2) W18 (C63*0.005*3.06/2) . . . . . S0, emissions * XH,50, formed (5X) * MW,.../MW,,, * correction to total SO,
{S2) [W18] (D63*0.05*3.06/2/0.95)

(W61 (E116+1)

W24] ¢ (TPY)

{S2) [W18] (B117*8760/2000)

(52) [W18] (C117*3500/2000)

(S2) w181 (D117*240/2000)

W61 (E117+1}

[W6) (E118+1)

W24] \_

18] \_

W18] \_

W18) \_

W61 (E119+1)

W61 (E120+1)

[W24) fScurces: EPA, 1988; EPA, 1980

W61 (E121+1)

[W24) ‘Table A-4. Maximum Non-Regulated Pollutant Emissions for



A:E125:
A:A126:
AzE126:
A:A127:
A:B127:
A:C127:
A:D127:
AzE127:
A:E128:
AzA129:
A:B129:
A:C129:
A:D129:
A:E129:
A:B130:
A:C130:
A:D130:
AE130:
AzA131:
A:B131:
A:C131:
AzD131:
A:E131:
AzA132:
A:8132:
A:C132:
A:D132:
AET32:
A:E133:
AA134:
A:B134:
AsC134:
A:D134:
A:E134:
AzA135:
A:B135:
A:C135:
A:D135:
A:E135:
AzE136:
AA137:
A:B137:
A:C137:
A:D137:
A:E137:
A:A138:
A:B138:
A:C138:
A:D138:
AE138:

P0116C1/FORM-9
05/01/91

wé1 125

[W24] * Cogeneration Project
W61 (E125+1}

W24] \_

18] \_

W181 \_

w181 \_

IW81 (E126+1)

W61 (E127+1)

W24) “Pollutant

[W18) “Gas Turbine

[(W18] "Duct Burner

W18]1 "Gas Turbine

W61 (E128+1)

[Wi8) "Natural Gas

[W18) "Natural Gas

W18] "“No.2 0il

(W61 (E129+1)

w241 “A

w18} "8

W81 “C

w181 "o

(W61 (E130+1)

V241 \_

w181 \_

M1B)

W18Y \_

W6) (E131+1)

(W61 (E132+1)

[W24) ¢ Manganese (lb/hr)
[W18] “NEG.

(w181 “NEG.

(52) TW18] (DI13*6.44/1000000) . . . + & & o = = « o o s o = = = = = = e+ « + « « . From EPA 1988, See Page 4-156
6] (E133+1)

[W24) * (TPY)

[W181 “NEG.

[W18] “NEG.

(S2) [M18} (D134*240/2000)
[W61 (E134+1)

(W61 (E135+1)

W24) ¢ Nickel (lb/hr)
[W18) “NEG.

[W18] "NEG.

(52) [WiB] (D13*170/1000000) . . . . . . e s e r s e e e e e « + s o « « - From EPA 1988, See Page 4-158
W61 (E136+1)

w24) ¢ (TPY)

[W18] "“NEG.

[W181 "“NEG.

(S2) [W18] (D137*240/2000)
W61 (E137+1)



A:E139:
A:A140:
A:B140:
A:C140:
A:D140:
A:E140:
A:A141:
AzB141:
A:Cl41:
A:D141:
AzE141:
A:E142:
A:A143:
AzB143:
A:C143:
A:D143:
A:E143:
AzA44:
A:B144:
A:C144:
A:D144:
AEV44:
A:E145:
A:A146:
A:Bl146:
A:C146:
AD146:
A:E146:
AzA14T:
A:B147:
A:C14T:
A:D14T:
AE14T:
AE148:
AA149:
A:B149:
A:C149:
A:D149:
A:E149:
A:A150:
A:B150:
A:C150:
A:D150:
A:E150:
A:E151:
A:A152:
A:B152:
A:C152:
A:D152:
AzE152:

90116C1/FORM-10
05/01/91

61 (E138+1)

(W24] * Cadmium (lb/hr)

[W1B] "NEG.

[W18] “NEG.

(S52) WIB] (D13®10.5/1000000) . . . - - & & & « o = = & = = ¢ = & = 2 = « « = « = = From EPA 1988, See Page 4-159
W61 (E139+1)

241 (TPY)

[W18] "“MEG.

[W18] "MEG.

(52) [W18] (D140*240/2000)

(W61 (E140+1)

WA (E141+1)

(W24) ¢ Chromium (lb/hr}

[W181 "NEG.

[W18] “NEG.

(523 [W18) (D13*47.5/1000000) . . . . . . ; et s e s e ema e s s s e e From EPA 1988, See Page 4-160
W61 (E142+1)

[W24] * (TPY)

[W18) “NEG.

[W18] "NEG.

(52) WiB]1 (D143*240/2000)

W61 (E143+1)

W61 (E144+1)

{W24]1 * Copper (lb/hr)

[W18] "“MEG.

[W18] “MEG.

(52) [W18] (D13*280/1000000) . & & v » = = = = o o o s o o = = = = = « ¢ « + « « « From EPA 1988, See Page 4-161
[W6) (E145+1)

[W24] ¢ (TPY)

[W18] "“NEG.

[W18] “NEG.

(S2) [W18) (D146%240/2000)

[W6) (E146+1)

W6) (E147+1)

[W24) * Vanadium {lb/hr)

[W18] “NEG.

[W18]1 “NEG.

(52) [W1B] (D13*30%2.324/1000000) . . . . . . . « . « . From EPA 1988, See Page 4-162; 2.324 pa/J = 1 Lb/10* BTU
W6) (E148+1)

W24) ¢ (TPY)

[W18) "NEG.

[W18) “NEG.

(52) [W18] (D149*240/2000)

[W6] (E149+1)

W6l (E150+1)

w24l * Selenium (lb/hr)

[W181 “MEG.

[W18) "NEG.

($2) W18l (D13*10.1%2.324/1000000) . . . . . . - . - . . e h e e m e e e e e e From EPA 1988, See Page 4-162
[W6) (E151+1)




A:A153:
A:B153:
A:C153;
A:D153:
A:E153:
A:E154:
A:zA155:
A:B155:
A:C155:
A:D155:
AE155:
A:A156:
A:B156:
A:C156:
A:D156:
A:E156:
AzE157:
A:A158:

. A:8158:

A:C158:
A:0158:
A:E158:
AtA159:
A:B159:
A:C159:
A:D159:
A:E159:
A:A160:
A:B160:

_ AsC160:

A:D160:
AzE160:
AzE161:
AzE162:
A:A165:
A:E165:
AtA166:
A:E166:
AzA167:
A:B167:
A:C167:
A:D167:
AE167:
AzE168:
A:A169:
A:B169:
A:C169:
A:D169:
AE169:
A:8170:

90116C1/FORM-11
05/01/91

w241 * {TPY)

[W18] “NEG.

(W18] “NEG.

(S2) [(W181 (D152*240/2000)

W61 (E152+1)

(W61 (E153+1)

W24 * PoM (lb/hr)

(S2) [W1B) (SBS13*0.48%2.324/1000000) . . . . . «. & ¢ & ¢ 4 ¢ & 4 s o a = mm = a s From EPA 1988, See Page 4-161
(S2) [W1B8) ($C$13*0.48*2.324/1000000)

(52) [W181 ($D$13*0.12*2.324/1000000)

W61 (E154+1)

m24] - (TPY)

(52) (Wi8) (B155*8760/2000)

(52) (Wi8) (C155*3500/2000)

(52) (W18) (D155%240/2000)

{W6) (E155+1)

W61 (E156+1)

{W24] * Formaldehyde (lbs/hr) -
(52) [W1B) ($B%13*38+*2,324/1000000) . .. ...................... From EPA 1988, See Page 4-156
{S2) [W1B] ($C$13*405/1000000)

{52) [M18] ($0%$13*405/1000000)

W61 (E157+1)

W24] ¢ (TPY)

(S2) [W181 (B158*8760/2000)

(s2) [W18) (C158*3500/2000)

(S2) MiB81 (D158*240/2000)

W61 (E158+1)

w241 \_

181 \_

18] \_

1B \_

W61 (E159+1)

W61 (E160+1)

W61 (E161+1)

[W24] fTable A-5. Maximum Emissions for Additional Non-Regulated Pollutant
W51 165

w24y ¢ for Cogeneration Project
W51 (E165+1)

W24) \_

18] \_

M81

w181 \_

W6] (E166+1)

W6} (E167+1)

241 “Pollutant

[W181 “Gas Turbine

W18] "Duct Burner

[W18] “Gas Turbine

(W61 (E168+1)

[W18] "Natural Gas




A:C170:
A:D170:
A:EN70:
AA1T:
A:BI71:
AC171:
A:D171:
AET71:
AA172:
A:B172:
A:C172:
A:D172:
A:E172:
A:E173:
AA1T74:
A:B174:
A:C174:
A:D174:
A:E1T4:
AA1TS:
A:B175:
AzC175:
A:D175:
AE175:
AE176:
AATT:
A:B177:
A:CI77:
A:D177:
AENTT:
A:A178:
A:B178:
A:C178:
A:D178:
AE178:
AEN79:
A:A180:
A:B180:
A:C180:
A:D180:
A:E180:
A:A181:
A:B181:
A:c181:
A:D181:
AzE181:
A:E182:
A:A183:
A:B183:
A:C183:

[W18] “Matural Gas

w181 “No.2 0il

W6] (E169+1)

[W24] “A

(W18} “B

W18) “C

W18) "D

W61 (E170+1)

W24 \_

18] \_

el \_

w18] \_

WE1 (E171+1)

W61 (E172+1)

W24] ¢ Antimony (lbshr)
[W18]1 “NMEG.

[W18] "“NEG.

152} [W18]1 ($DS13%9,4*2,324/1000000)
M&1 (E173+1)

W24) ¢+ (TPY)

[W18] “NEG.

(W8] “NEG.

(S2) [W18] (D174%240/2000)
W6) (E174+1)

W6] (E175+1)

w24] ¢+ Barium (lb/hr)
(Vi8] "“NEG.

[W1B] "NEG.

{52) TW18]1 ($D$13*8.4*2.324/1000000)
W6 (E176+1)

W24) 7 (TPY)

[W18) “NEG.

{W18] “NEG.

(S2) [W1B] (D177*240/2000)
6] (E177+1)

W61 (E17B+1)

w241 ¢ Colbalt (lb/hr}
(W18) “NEG.

IW18] “NEG.

(S2) {W18]1 (SDS13*3.9%2.324/1000000)
Wa1 (E179+1)

[W24) * (TPY)

[W18] “NEG.

[W18] “NEG.

(S2) [W18]1 (D180*240/2000)
[W&] (E180+1)

W61 (E181+1)

W24 ¢ Zinc (lbs/hr)
W18] “NEG.

[W18] "NEG.

90116C1/FORM-12
05/01/91

From EPA 1979, See Page 137

From EPA 1979, See Page 137

From EPA 1979, See Page 137



A:0183:
A:E183:
A:A184:
A:B184:
A:C184:
A:D184:
AzE184:
AE185:
A:A186:
A:B185:
A:C186:
A:D186:
A:E186:
A:A187:
A:B18T7:
A:C187:
A:D187:
A:E187:
A:A188:
A:8188:
A:C188:
A:D188:
AzE188:
AzE189:
A:AR190:
AzE150:
AzA191:
AE191:

€52) [W18]1 (3D$13*294%2.324/1000000)
(W61 (E182+1)

W24) 7 (TPY)

[W18] “KEG.

W18] “NEG.

{52) [W1B] (D183*240/2000)
W51 (E183+1)

(W8] (E184+1)

w24] * Chlorine®a (lb/hr)
[W18] “NEG.

[W18] “NEG.

$0116C1/FORN-13
05/01/9

4 4 4w = s = =+ = « o From EPA 1979, See Page 137

{S2) [WIB] (D14*0.5/1000000) . . . & & v & & & o = = = = & o = = = e s " e e e e .. 0.5 ppm in Fuel Dil Assumed

W61 (E185+1)

(W24] ¢ {TPY)

[W18] “NEG.

[W18] “NEG.

(S2) [M181 (D186*240/2000)
W61 (E186+1)

(W24l \_

W18 \_

18] \_

Wi8) \_

W61 (E187+1)

W61 (E183+1)

w241 ‘Source: EPA, 1979
{Wé) (E189+1)

[W241 * ~a Assumes 0.5 ppm in fuel ofl.

W61 (E190+1)



90116C2/NOTES1
05,/02/91

NOTE A

Volume is calculated based on ideal gas law:

PV = mRT/M
where: P = pressure = 2116.8 1lb/ft?
= mass flow of gas (lb/hr)
= universal gas constant = 1545
= molecular weight of gas
= temperature (K)

H=mB8

Example: V = mRT/(MP) for natural gas
= 1,079,779 * 1,545 * (460 + 806) / 28.0323 / 2,116.8 / 60
593,208 ft3/min

NOTE B

NO, is calculated by correcting to 15% 0, dry conditions using ideal gas
law and moisture and 0, conditions.

Oxygen correction:
Vyox (151) = Vrox pry * 3.9

20.9 - %0, oo,
Vyox pry = Viox (151y (20.9 - %0z pyy) / 5.9
%02 pry = %0z pr / (1 - ZHR0) ; %0 g = %0z pry (1 - %Hz0)
Viox act = Vrox Dry (1 - ZH0)
Substituting:

Viox act = Viwox 152 (20.9 - %0, Drjr) (1 - XH0) / 5.9

Viox (151) [20.9 - (%0; 5ce / (1 - XH30))] (1 - %H0) / 5.9

- v“o,x (151) [20.9 (1 - ZHzo) - ZOZ) / 5.9

Dyox = PVMpox = Viox a1syy [20.9 (1 - XH0) - %0;) * P * My, / (RT * 5.9)
RT

Example calculation for natural gas

myg, = 25 * 593,208 [20.9 (1 - 0.1100) - 13.36] * 2,116.8 * 46
* 60 * 1/10% / [(460 + 806) * 1,545 * 5.9]

= 39.4 1b/hr




90116G2/NOTES2
05,/01/91

NOTE C
Same as D except only moisture correction is used:
Vo act = Voo pry (1 - %Hz0)
Dco = PVeo actMco / RT
= PVep pry (1 - %H30) Mg / RT
Example for natural gas

Mmeg = 42 * 593,208 * (1 - 0.1100) * 2,116.8 * 28 * 60
/ [1,545 % (460 + 806) * 10°]

= 40.3 lb/hr
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October 1988

Toxic Air Pollutant Emission Factors—A
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By
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U.S. Environmental Protection Agency
Research Tripngle Park, North Carolina 27711

Patricia A. Cruse
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Rasearch Triangle Park, North Carolina 27709

U.S. ENVIRONMENTAL PROTECTION AGENCY
Office Of Air And Radiation

Oflice Of Air Quality Planning And Standards

Research Triangle Park, North Carolina 27711

Qctober 1988




INGUSTRIAL PROCESS

Horrylphenol production
Nonylphenol production
Nonylphenol production

Wormal superphosphate
product on

NHormal superphosphate
production

oIl snd coal cambustion
01l and coal combustion

0il combustion

0fl comdxrstion

0§l combustion

ol

combustion

0il combustion

05l conbustion

ol combustion

nil combustion

2049
2849
049
Fo10)

2874

&9

.utlllcmrc/lmtrlrnldentt

calculated based on enginecring

At
EMISSION SCURCE $cC POLLUTANT MMBER EWISSION SACTOR NOTES REFERERCE
Oenaral 3 Phenol 108952 8.0 x 10E-4 Lb/lb vaed From engineering estimates 13
fugitive k3] Phenol 108952 1.9 x 10E~4 Lb/lbd used From engineering estimates i3
Storsge L0TONA Phenat 103952 1.0 x 10E-5 Lb/(b uvsed From engineering estimates 13
Curing buflding 30102808  Fluoride 16984488 3.8 1b/ton P20S Uncontrotled 97
fixer and den 30102805  Fluoride 14984488 0.2 Lb/ton PZOS. Wet scrubber (9TX) 97
steck « pertieulate 102 Polychlorinated 68 m/y No penta homotogue ncluded, one 1y
dibenzo-p-dioxins l.o:lt[on. TCOD detection = 20 no/g
stack - particulste 102 Tetrachlorodibenzo-p-diox 17446014 Mot detecteble mo locatlon, detection limit = 10 119
' in, 2,3,7,2- . m/e

Ofl-fired boller or furnece, 1 formaldehyde 50000 405 Lb/10E12 Bty \// Uncontrolled, based on emissions 14
: u:illcuurellrﬂutrlru!dmtl testing

] : 1

tndustrisl, commrelial, snd 1 Leod TA321 8.9 tb/10E12 Bty . Uncontrolled, calculated besed on 36
restdential boilers ) . enginesring judgement, assumed use

distiiiete ofl

Reafdmt ofi-fired bollers, 1 Manganese 4I065 - 26 Ib/IOEI2 Bty bncontrolled, calculated based on 3
u{lllcmrefimtrlm!dentl ' enginsering judgement

a8

Resicuat of L« fired bollers, 1 Hanganese - TRIFNES 11.96 Lb/10E12 Bty . Controlled with multiclone, 3%
utit/commere/indutr/resident| calcutated bazed on engineering

al Judgement

I‘-

Residusl ofl-fired boilers, 1] Hanganess 7439965 5.72 Ib/I0EI2 Bt Controlled with ESP, calculated 34
u:l,llcmrclindntr[rnldenti based on engineering judqement

.

Residusl oll-fired bollers, 1 Hengenese TA39945 2,84 LB/10E12 Btu Controlled with scrutber, 35
utillemr:tlmtrlruidentl celeulnted based on engineering

al Judgement .

pistiliate ofl-fired boflers, 1 Horganese TL39945 14 Lb/10E12 Bty Controllied with scrubber, 35
util/comnerc/ induste/resident! calculated based on engineering

sl - Judgement

pistitlate ofl-fired bollers, 1 Menganese TAI9965 8,44 Lb/10EY2 Bty e controlled with multiclone, 38



INDUSTRIAL PROCESS

oil

oil

ol

oil

oil

oil

oit

ot

oft

ofl

it

ofl

combustion
combustion
combuation
combust{on
cm'tust.im
combustion
combustion
combustion
combustion
'cotrbunim
corbustion

combust fon

sic
CODE

L. G O G O G BN R O e =

util/coomere/industr/resident!

enginesring Judgement

N CAS
EXISSION SOURCE == POLLUTANT MMBER ENISSION FACTOR NOTES REFERENCE
al Judgement
olstitlate oli-fired bollers, 1 Rangeneie 7439965  3.08 LB/10E12 Aty Controlled with ESP, calculated 38
u:illmrellmtrlmidtnﬂ based on engineering judgement
.
pistillate ofl-fired bollers, 1 Ranganess Th39945 1,54 Lb/10E12 Btu Controlled mith scrubber, 35
ut! | /comoerc/ Industr/resident! calculsted based on ergineering
ol Judgement
Residual ofl-fired boller, 1 Hercury 7439976 3.2 Lb/1DEN2 Bty Uncontrolled, bated on angineering 36
u:lllmmlmtrlmidmtl . Judgement
2
Restduat ofl-fired boiler, 1 Heroury | TA399T6 3.2 Lb/10E12 Bty . Controlled by mutticlone, based on 3
u:lucmrcf!rd-trlmldmu engineering judigement
.
Res{dual ofl-fired boller, 1 Rercury T4IPPT6 2.4 Ib/10E12 Bty tontrolled by ESP, based on 36
u:illeaﬂtrcllnd-lrfruldmtl i H engineering judgement
N
Residual ofl-fired boiler, 1 Mercury TLITE 0,83 l'wwm Btu Controlled by scrubber, based on 3%
u:ll/eagcrcﬁrdutrlmldmtl engineering Judgement .
a
plstillate ofl-fired bofler, 1 Nefcury 7435975 3.0 (b/10€92 Bty tk\cmtrolled, based on engineering 36
u{lllce-nrellmtrlmidmtl \ .. . Judgament
[}
Distillate oil-fired botler, 1 Nereury 7630976 3.0 Lb/10E12 Btu controtled by mutticlone, based on 3
utit/commere/induate/resident! agineering judgement
[
pistillate ofl-fired boller, 1 Nercury 7439976 2.25 Lb/I0E12 Aty émtrollnd by ESP, based on 34
u:!llcmrcflm.ntrlmidenti engineering judgement
a .
pistillate oll-fired boiler, 1 Rereury 7439974 0,78 Lb/10E12 Bty Controlled by scrubber, based on 38
u:lllcmrellrﬁutrlmldmtl . enginesring Judgement
. B
Residual oll-fired boflers, 1 Nickel 7440020 1260 1b/10E12 Btu Uncontrol led, besed on engineering 36
. uttlfconmerc/ Industr/resident{ Judgement
ol
Restdual oll-{ired bollers, _ Mickel 7440020  642.6 Lb/IDE12 Btu tontrolled by multiclone, based on 16



INDUSTRIAL PROCESS

ofl

ol

oft

o1l

ot

oil

“oit

oitl

oil

oit

oil

oit

corbustion

corbustion

conbustion

conbustion

combustion

combiation

combustion

combustion

combustion

combustfon

combustion

combustion

CAS
EMISEION SOURCE sce POLLUTAXT NUMSER ENISSION FACTOR NOTES REFEREWCE
al
Resicunl ofl=-fired bollers, 1 Nickel 7440020  352.8 \b/10E12 Bty Controlled by ESP, based on 38
u:lll:mrcllrdmrlruidmtl engineering judgement
al
Residual of 1-f1red boflers, 1 Wickel 7460020 50,4 IB/1OE12 Bty Controlled by scrubber, based on 36
utillcmreflmtrlruldmtl engineering Judgement
2
Distiliate of l-fired bollers, 1 Kickel 7440020 170 Ib/10E12 Btu ‘/ Uncontrolled, based on engineering 38
util/commerc/ industr/resident! Judgement
al
pistillate oil-fired bollers, 1 kel TH40020 84,7 Lb/10E12 Btu tontrolled by multictone, based on 36
u:!llemr:lindntr/midtntl engineering judgement
s
piatittate ofl-fired boilers, 1 Nickel 7440020  &47.8 Lb/10E12 Stu tontrolled by ESP, based on . 36
u{lllcmnlimulmldentl engineering Judgement ’
’
piatitlate ol l-fired Dollers, 1 Nickel 7440020 4.8 Ib/10E12 Btu Controlled by scrubber, based on 36
u:lllemrclimwlruldentl engineering Judgement
[
Residual ofl-fired bolters, 1 Arsenic 40382 19 (b/0EN2 Bty Uncontrol led, calculated based on 3
utlL/commrc/Industr/resident| engineering judgement
sl
distiltate ofl-fired boflers, 1 Arsenic 7440382 4.2 Ib/10E12 Btu e Uncontrolled, calculated based on 36
util/commerc?incdustr/resident! ) engineering judgement
al
pistiitate ofl-fired bollers, 1 " Arsenté 7440382 2.0 Ib/10E12 Btu Controlled with milticione, 36
util/commerc/industr/rasidenti caleulated based on engineering
] Judgement
pistitlate ofl«fired boflers, 1 Arzenle 7440382  0.50 Lb/10E12 Bty Controlled with ESP, colculated 36
util/commerc/induste/resident] based on engineering Judgement
al
pistiliate ofl-fired boilers, ] Argenic 7440382  0.42 Lb/10E12 Btu Controlled with scrubber, 34
util/commerc/ indstr/resident| caleulated based on engineering
al Judgement
Resicuel eil-fired bollers, 1 Arsenic T440382  9.31 Lb/10E12 Bty tontrollad with mlticlone, 36

wut{1/commerc/industr/resident|

calcufated bated on engineering



FHOUSTREAL PROCESS

oil

0l

ol

ail

oit

oi

3]

o1

of

0it

ol

oll

combustion

corbustion

combustion

combustfon

combustion

combust fon

combustion

corbuat fon

combustion

combustion

corbustion

combust fon

sIc
COOE

cas

., util/commerc/induate/renident!

ergineering judgement

ENISSION SOURCE $CC POLLUTANT WUMBER ENISSION FACTOR NOTES REFERENCE
al Judgement

Residml olt-fired boflerd, 1 Arsenfe 7440382 2,28 \b/10E12 Btu Controlled with ESP, celculated 38
-u{lllcmrcllndntrlmldmtl based on engineering Judgement

L] ,

Resicaml oft-fired botflers, 1 Arsenfe 7440382 1,90 1b/10E12 Btu Controlled with scrubber, 34
util/commerc/indatr/resident! calculated bosed on engineering

sl Judgement

Resicuat oli-fired boilers, 1 feryllium 7440417 4.2 Ib/10E12 Bty Uncontrolled, calculated bazed on 36
ntlllmm!mulruldentl . ' enginesring |

[

Distiliate ofl-fired bollers, 1 feryllium TA40417 2.9 Lb/10ET2 Btu Uncontrolled, calcvlated based on 16
u:lllcnr:lird.utrlmldun:l engineering Judgement

»

plstitiate oil-fired bollers, 1 .leryil!un T540417 1,58 [D/MO0E12 Bru controlied with multiclone, 34
util/commre/industr/restdent| calculated based on engineering

sl Judgement

Distitlate ofl-fired bollers, 1 Berylliuvm T440417 0.35 /10812 Bty controlied with ESP, calculated 36
u:“lcmrclirdntrlmldentl based on enginesring Judgement

a F

Distiilate olt-fired bollers, 1 Beryllium 7440417 0,15 Ib/ICET2 Btu controlled with serubber, 38
ut!{l/coomere/ Industr/resident| caleulated based on engineerfng

sl ’ udgement

Residuel ofl-fired doiters, 1 Beryliium TH00T 2.65 Lb/10E12 Bty Controlled with smulticlone, 36
util/commerc/industr/residenti calculated based on engineering

ol A ] Judgenent

Residual ofl-fired boflers, 1] Seryltium T44041T 0,59 Lb/10ET2 Bty controlled with ESP, caleulated k1)
u:lllcmrellmtrlmldmti based on englineering judgement

.

Reaicmt oit-fired bollers, 1 Seryllium TRAOLIT 0,25 Lb/10£12 Bty Controlled with scrubber, 34
utit/commere/industy/resfdent| : caleulated based on engineering

[1} Judgement

Residual oli-fired bolflers, 1 Codnfum Ta40439 15,7 b/10E12 Bty Uncontrotled, calculeted based on 34
util/commerc/ induste/renidenti ' engineering judgement

sl

Distiliate oll-fired boilers, 1 Cochaiim Thi419 10,5 1b/10E12 Sty '/ Uncontrolled, calculated based on 35



INOUSTRIAL PROCESS

ofl

oil

oit

oitl

ofl

oft

oit

oft

oil

oil

oil

okl

combustion

combustion

corbust §on

combustion

combustion

corbustfon

combustion

corbustion

corbuation

combustion

combustion

combustion

$1c
CoE

r—

utll/commere/ frduste/resident!

caleulated based on engineering

CAS
EXISSION SOURCE $ce POLLUTANT MNMIER EMISSION FACTOR NOTES REFERENCE
al
pistiitiate oil-fired bollers, 1 Codnium 7440439  7.45 {b/10E12 Bty Controlled with multiclone, 36
wtit/commerc/industr/resident! calculated based on erglneering
al Judgement
pistitiate oltl-fired boflers, 1 Codnlum 7440439  1.58 Ib/10E12 Btu Controlled with ESP, ¢alculated 16
utit/commere/ induste/resident! based on engineering judgement
al
pistftlate all-fired bollers, 1 Codmium 7440439  0.63 Lbs10E12 Btu Controlled with scrubber, 36
util/commerc/industr/resident| : calculated based on engineering
sl Judgement
Res{dual ail-fired bollers, 1 _.Cadmium T4L0439 46,846 (b/10E12 Bty Contretled with mutticlone, 16
utit/commerc/industr/residenti ’ ' calculated based on engineering
al Judgement
tealcdual ofl<fired bollers, 1 Cadmlum 7440439 9.90 Lbs10E12 Bty controlled with ESP, calculated 34
ut{l/commere/ industr/residenti based on englneering judgement
al
Residust ofl-fired bollers, 1 Cadnium 7440439, 3.96 Ib/I0E12 Btu tontrolled with scrubber, 34
util/commerc/ industr/resident| calcutated based on engineerimg
al Judgement
Residusl oll-flred bollers, 1 throatum TR404T3 21 Lb/10E12 Btu Uncontrolied, calculated based on 36
util/commere/industr/residenti : . enginesring judgement
ot
.platillate oll-fired boflers, 1 Chromium To404TS 47.5 Lb/10E12 ALy “Uncontrolled, caleulated based on T4
wtil/commare/ Industr/residenti engincering judgement
al
Distillate oll-fired boilers, 1 ' G\run'll..n 7440473 27.8 Lb/10E12 Bty tontrotled with sulticlone, 34
util/commere/industr /residentd ’ cslculated based on engineering
al Judgement
pistillate ofl-fired boilers, 1 Chronium T4404T3 13.92 1b/10E12 Btu Controlled with ESP, calculated 35
ut{t/commerc/industr/resident! tased on engineering judgement
al ’
Distitlate oll«fired bellers, 1 Chremfum . ThA0AT3 3.85 Ib/10E12 Bty Controlied with scrubber, 36
util/commere/industr/resident| calcutated based on engineering
sl Judgement
fesidual oil-fired boflers, 1 Chromium 7440473 . 12,18 Lb/10E12 Bru _Contrqlted with milticlone, 34



IKDUSTRIAL PROCESS

olt

ol

ail

Qi

ofl

ail

0il

ail

0il

ol
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combuation
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combustion

combustion

combustion
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combustion

combustion

combustion

combustion

combustfon

$1¢
CoE

CAS
ENISSION SOURCE s$CC POLLUTANT NUMBEK EMISSTON FACTOR NOTES REFERENCE
al judgement
Residust ofl-fired boliers, 1 Chromium T4A0AT3 6,09 Lb/IDE12 Bru Contrelled with isP. calcutated 16
u:lllcmrellndutrlruldanti based on engineering Judgement
2
Residuel oft-fired botlers, 1 chroalun TMAOAT3 1,68 Lb/10E12 Btu Controlled with scrubber, 36
util/commere/industr/residenti - calculated based on engineering
al Judgement
Restdumt ofl-fired boilers, 1 Copper 7440508 © 278 1b/10612 Btu tncontrol(ed, calculated besed on 36
utlil/commerc/Induste/resident| ) engineering Judgement
al
piatiliste ofl-fired bolliers, 3 Copper TAR0508 250 (b/10E12 Btu l/ Uncontrolled, calculated bated on 3%
u:ltfemrcllrdntrlm!dmtl engineering Judgement
]
pistiltate oil-fired bollers, 1 Copper 7440508  145.2 Ib/10E12 Btu controlled with multiclone, 38
utilseconmerc/industr/resident| calculated based on engineering
al Judgement
Distitlate ol}-ﬂrd boflers, 1 Coppet 7440508 &2 Lb/10E12 Btu Controlled with £SP, calcutated 36
u:u/cmm nestr/eesident] based on enginesring Judgement
. :
‘Distiliate oft-fired bollers, 1 Copper 7440508  25.2 Lb/10E32 Aty tontrolled uith scrubber, 35
utfl/commere/Industr/resident| caleulated based on engineering
ol Judgement
Reafdusl ofl-fired boflars, 1 Copper 7440508 165.2 Lb/10EY2 Bty tontrolled with multiclone, 34
utli/commere/industr/resident! calculated besed on ergineering
al Judgemsnt
tesiduat ofl-fired boflers, b Coppar 7440508 42.0 Lb/I0E1Z Btu tonteolled with ESP, calculated 34
uti{sconmerc/ industr/resldent] * based on engineering Judgement
st i
Reatcuel oft-fired bollers, 1 Copper TRi0S08  25.2 1B/10E12 Btu controlled with scrutber, 3%
utilfeommerc/industr/residenti calculated based on engineering '
F1] Judgement  ”
‘Utility bollers 101004 Leod TR 28 Lb/10£42 Bty Uncontrolled, caleuleted beased on 3%
engineering judgement, assumed use
. resfdual ofl
Distillate watertube boilera 103003501 PO <0.12 pa/d hest irput d Uncontrolted 114



314 CAS -
INDUSTRIAL PROCESS C0E  ENISSION SOURCE 1<+ POLLUTANT WUMEER ENISSION FACTOR NOTES REFERENWCE
0!l combustion $cotch marine boilers, 10300501 PN 17.7 po/é Uncontrolled 114
distitlate oll
0il combustion Cast Tron sectional boilers, 10300501  POM 4.9 p/d Uncontrolled, home heating 114
distitlate ofl spptication
il combustion not alr furnace, distiliste 10300501 poM <0.14 pg/d Uncontrolled, same reference alic 114
oft . Lists <15.4 for seme boiler/fuel
- type
oil combustion i9 Boller flue gas 1 Tatrachlorodibenzo-p-dlox 1744016 Not detectable Low ash, 2% sulfur ofl, sempled 119
In, 2,3,7,8- after heat exch., before ESP,
. 23TR-TC0D detec, Limite<k, 2-<7.9
‘ ng/a3
0fl combustion [$) Flue gas ] ‘Tetrachlorodibenzofuran, 51207319 Aot detectable Low ash, 2X sulfur of (, sarpled 1g
2,3,7,8 ' after hest exch., before ESP,
ZIN-1000 detec,
Uimitncd. 67-<1,3ng/m3
011 combustion, commercial Resldual ofl-fired tangentisl 103004 Vanedium (ThR0622 3650 pa/d Uncontrollied, based on reported 54
furnaces emissions end engineering judgement
oil conbustion, commercial Residual oil-fired wall 103004 Vanadium Te40622 3450 py/d tncontrolled, based on reported b
furneces . emisafons and erginecering judgement
0il combustion, commercial Tengentisl furnace, resjdual 103004 Seleniun TT82492 10.% pa/d uUncontrolled, based on reported 54
ofl | . ' .emisnions data snd englneering
. Judgement
- . .
0fl combustion, commercial Wall furnace, residual ofl 103004 Selenium - TTB2492 10.1 po/d '\,// Uncontrotled, based on reported 54
. emissions data and engineering
Judgement
il combustion, commerclat Scotch marine boflers, 10300401  POM 0.95 pg/d heat [nput . Uncontrolled, represer;ts 114
resldual ofl X benzo{s)pyrene only
0i1 combustion, commercisl Distillate oll-fired 103005 Vanadium 4022 - 30,0 po/d Uncontrolied, based on reported 54
tangentisl furnaces emisslons data end englneering
Judgement
0fl combustion, commerclal Dlstiiiate ofl-fired wall 103005 Yanadium TLk0622  30.0 pg/d \/ Uncontrol led, based on reported 54
furnaces emiesions dats and engineering
Judgement
oil combustion, commerclal Targentiat furnace, 103005 Selenium TIs2ie2 10.1 pp/d Uncontrolled, based on reported 54

distillate ofl

emfssfohs data and engineering
Jjudgement




THOUSTRIAL PROCESS

EMISSION SOURCE

5C

POLLUTANT

.

CAS
NUMBER

EMISSION FACTOR

NOTES

REFERENCE

ol

oil

oit

oit

oit

ol

o1

oil

ol

oil

ol

oil

oil

combustion,

combuation,

combust fon,

combustion,

combustlon,

combustion,

combustion,

combustion,

corbustion,

combustlon,

combustion,

corbustion,

combustion,

cormercisl

industrisl

Inchatrial

Inchustrfal

Industrisl

industrisl

industrial

industrial

industrial

industrist

{rdusteial

residential

residential

valt furnace, distillate ofl
Tergential furnsces

Tengential furnsces

Vall furnaces

Vall furneces

Tergential furnace

Targential furnace

Vell furnace

wall furnace

Steam atomized watertube,
residust ofl

Vatertube, residual ofl

pistillate oft-fired boilers

‘Dlatillate ofl-fired furneces

103003

102

102

102

102

102

102

102

102

10200401

10200401

Selenium

vanadium

Vanadium

Vanediua

Varnedium

Selenfum

SelenTun

Selenfum .

Selenfun

Yanadium

Seloniuvm

TT82492

0622

7440622

Thi0622

Thi0822

TTB2AS2

TTB2A92

Trezage

Traam

ThR0422

a9

10.% py/i

zs'o peld

1300 po/d -

260 pg/d

1300 po/4

2.0 pa/d
10.1 po/d
2.0 pa/d
10.1 pysd

2.3 pg/d heat Irput
0.63 p3/d heat Trput

10.9 po/d

2.9 peld

Uncontrol led, based on reported
emfssions dats and engineering
Judgement

Controlled by scrubber, based on
reported eaissions snd engineering
judgement

Uncontrolled, besed on reported
emisalons and engineering |udgement

Controlled by scrubber, bsted on
reported enitsions and ergineering
Judgemant .

Uncontrolled, based on reported
emissions snd engineering judgement

Controlled by scrubber, based on
reported emissions data and
engineering judgement

Uncontrol led, based on reported
enissiors data and erineering
Judgement

Controlied by scrubber, based on
reported emissions dste and
engineering Judgement

bncontrolled, based on reported
emissions data and engineering

- Judgement

Uncontrolled, represents mostly
particulate POM

Uncontrol led, represents both
gesecus and particulate POM

Uncontrolled, besed on reported
enisstonm data snd erginesring
Judgement

Uncontrolisd, based on reported
emissions dets and engineering
Judgement

54

54

54

54

S4

54

54

54

54

14

114

54

54



IROUSTRIAL PROCESS

0§

ol

of

l

l

t

oft

of

af

0§

ol

0i

ol

ol

oi

of

L

L

1

1

combustion,

combustion,

conbust{on,

combustion,

corbustion,

combustion,

combustion,

combustion,

combrastion,

combustion,

cotbuston,

wtitity

utflity
utility

utility

utility

utility

utflity

utility
utitity
utility

utitity

shale retorting

thale retorting

sic
oot

42

L3l

4

911

im

491

M

L3120

13

Faall

produced

fac. using 13,000 tons/day rew |
shale to prod, 12,000 bbl/day oil

CAS
EMISSION SOURCE  {» POLLUTANT WUMBER EMISSTON FACTOR NOTES REFERENCE
Vall-tired, resicual ofl 10100401 PO 3.9 pg/d hest input Uncontrolled, ave. of & values 114
ranging from 0.45-12.3 py/J,
represents gaseous L particulate
PO
Face-fired, residusl ofl 10100407  POM 0.37 pg/? heat Input Uncontrolled, represents both 144
goseous arxs particulate POM
Tangentist-fired, residual ofl 10100404 POM . 2.5 po/) heat fnput Cyclone controls, represents both 114
gaseous and particulate POM
Resfdun! ofl-fired tengential 101004 Vanadiun 7440822 303 pyld Controlled by ESP, based on 54
furneces reported emissions and englneering
Judgement
Residusl ofl-fired tengential 101004 Vansdium Th40622 1518 pgly Uncontrolled, besed on reported 54
furnaces . ! enlssions and engineering judgement
Residual oil~fired wall 101004 vanad!um Thk0622 303 pg/d Controlled by ESP, based on 56
furnaces reported emlssions snd engineering
Judgement
Residual ofl-fired wall 101004 Vanadium 74404622 1514 posd Uncontrolled, besed on reported 5
furneces enissions and englineering judgement
Tangential, residusl ofl 101004 Selenium TIoi92 2.0 potd controlled by ESP, based on 54
‘ reported emfssions data end
engineer|ng Judgement
hr;gent{al.‘ residual ofl 101004 Selenfum TIB24%2 10.1 patd Uncontrolled, based on reported 54
emissions date and engineering
. judgement
"wall furnece, residual ol 101006 Seléntum TTe2492 2.0 pard Controlled by ESP, based on 5
reported emissions data and
engineering judgement
wall furnsce, residual efl 101004 Seleniun T782492 10.1 pasd Uncontrolled, besed on reported S&
emisslons data and engineering
) Judgement
Modified in altu retort P 3.3 g/tr Based on of fgas concentration and 114
{low rate
Entire process Mercury 7439978 2.2 X 108-4 tbu/barrel oil Includes By compound form, assumes (14}
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TABLE 61. COMPARISON QF EXISTING TRACE CLEMENT EMISSION FACTOR DATA
WIIH RESULTS OF CURRENT STUDY OF QIL-FIRED INHOUSTRIAL
COMBUSTICN SOURCES, pysl '

Distillate Residual
oil-fired boilers oil-fired boilers .

Existing data txisting data

CHATR N R b Pl RWER RS FI4 AT WAL Y TTE S WL BT Y e ek d

Current Current X

Element study Ref. 42 Ref. 43 study Ref. 42 Ref. 21 Ref. 28
Aluminum {Al) 178 15 7250 177 156 g7 132
Arsenic (As) 3.5 1.3 1.5 1.2 9.1 18 12
Bariuw (D3) 1.2 8.4~ 15 3.3 9.5 29 31
Calciua (Ca) 75 845 450 . 229 780 320 1428
Cactnium (Cd) 1.3 2.5 11 0.66 0.2 52 6.9
Cobalt (Co) 1.6 z.3 1.0 1 23 50 10
Chromium (Cr) 24 6 29 29 50 30 L
Copper (Cu} 37 205 160 10 93 64 " 350
- - - o 27 g A
Iron (Fe) 363 545 140 83 379 411 453
Hercury (lig) - 1.7 1.2 - 1.9 0.9 1.5
Potassiun (K) 85 60 230 261 213 177 392
Cithium {L%) 0.5 1.6 1.2 1.1 1.0 1.4 1.7
Magnesium {Hg) - 4C 40 210 z4 i 297 2384
tlickel (Iii) 255 12 230 728 804 964 433
Lead (Ib) 24 43 42 2 7 80 34
AnLimony (5b) - L7 5.7 - 21 10 25
Silicor (Si) 735 173 - 8655 1610 400 595
Yanadium (V) 195 30 2.9 366 250 3656 4
Linc {In) 42 40 110 33 46 29 66
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TABLE 52. COMPARISON OF TRACE ELEMENT EMISSICN FACTORS FOR DISTILLATE
OIL-FUELED GAS TURBINES AND DISTILLATE OIL ENGINES

Mean Emission Factor, pg/J

Distillate 0i1 Fueled Distillate 011

S e b e . Car———

[ L LT L T

l # Trace Element Gas Turbine Recinrocating Engine
i Aluminum 64 66
l . Antimony 9.4 12
; - Arsenic 2.1 2.2
£ Barium 8.4 14
I : Beryllium 0.14 G.03
~ Boron 28 1
l" ' Bromine 1.8 4.0
‘Cadmium 1.8 3.1
: g~ Calcium 330 237
l - < Chromium 20 26
Cobalt 3.9 5.7
l . “* Copper 578 453
- ~ Tron 256 325
el Lead 25 26
. e “Magnesium 100 aa
1t - ' Manganese 145 16
. 1. ‘Mercury 0.39 0.13
o ‘Molybdenum 3.6 12.5
02 v Nickel 526. 564
l i ,. Phosphorus 127 97
: .~ Potassium 185 179
' E. - seleniun 2.3 2.1
BL ' Silicon 575 ° 301
. [ Sodium 590 1625
l " ¥, Tin 35 9.1 .
§.  Vanadium 1.9 0.95
' ___ Zinc 294 178




