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1. Introduction  

 
On January 23, 2012, Duke Energy Carolinas LLC (“Duke”) submitted to the North Carolina Division of Air 

Quality (NCDAQ) a Prevention of Significant Deterioration (PSD) permit application (9600017.12A) 

requesting that nitrogen oxide (NOx) emissions data collected by the continuous emissions monitoring 

system (CEMS) or EPA reference test method during combustion turbine tuning events (which can last up to 

eight hours) be excluded from the compliance demonstrations for both the New Source Performance 

Standards (NSPS) and Best Available Control Technology (BACT) limits.  This applies to five simple cycle 

combustion turbines (Unit Nos. 10-14) which are capable of firing natural gas and No. 2 fuel oil and have a 

nominal power generation rating of 195 MW each.  These units are subject to PSD requirements and have 

BACT emission limitations for NOx.  Duke is requesting an alternative BACT limit/work practice standard 

only during turbine tuning events when firing natural gas, which will apply during a maximum of ten normal 

maintenance tuning events per year for all five turbines at a maximum of 8 hours per event, and during a 

maximum of three “Green Rotor Run-In” (GRRI) tuning events per year for all five turbines at a maximum 

of 4 hours per event.  Only one turbine will be tuned at a time.  Originally the application did not specify that 

the alternative limit was only for natural gas or that there were two different types of tuning events (normal 

maintenance and GRRI).  Additional information was received from Duke in their April 29, 2016 response 

to DAQ’s February 18, 2016 letter as discussed below.  When operating under normal circumstances, the 

facility can meet the current NOx BACT emission limitations; therefore the existing BACT NOx limits will 

continue to apply during normal operation when the turbines are not being tuned. 

 

The NOx emissions increase associated with this change is less than PSD significance, however the 

application has triggered a PSD review because this request modifies the original NOx BACT limits.   

 

Unit Nos. 10 and 11 are simple cycle internal combustion turbines (GE Model PG7241FA) nominally rated 

at 1,925.3 million Btu per hour and equipped with water injection for NOx control.  Unit Nos. 12 and 13 are 

simple cycle internal combustion turbines (GE Model PG7241FA) nominally rated at 1,819.2 million Btu 

per hour and equipped with dry low-NOx burners and water injection for NOx control.  Unit No. 14 is a simple 

cycle combustion turbine (GE Model PG7241FA) rated at 1,940.1 million Btu per hour heat input when firing 

natural gas and 2,030.9 million Btu per hour heat input when firing distillate fuel oil and equipped with dry 

low-NOx combustors and water injection for NOx control.  These turbines are permitted to operate up to 2000 

hours per year each. 

 

In addition to the above five simple cycle turbines, the facility consists of three nominal 170 MW natural 

gas/No. 2 fuel oil-fired simple/combined-cycle internal combustion turbines (Lee IC Unit Nos. 1A, 1B and 

1C).  The facility previously had three coal/No. 2 fuel oil/used oil-fired electric utility boilers (Unit 1 Boiler, 

Unit 2 Boiler and Unit 3 Boiler) and four No. 2 fuel oil-fired simple-cycle internal combustion turbines (Lee 

IC Unit Nos. 4, 5, 6 and 7) which were permanently retired on October 1, 2012. 

 

NCDAQ informed Duke in a letter dated April 26, 2012, that NCDAQ did not have the authority for 

excluding periods of emissions from being in compliance with the NSPS limits (Subpart GG for Unit Nos. 

10, 11 12 and 13; or Subpart KKKK for Unit No. 14) or for excluding results of EPA reference test methods.  

Also, NCDAQ stated that they would consider alternate NOx BACT limits rather than a blanket exemption 

of emissions during tuning and asked Duke to provide the proposed alternate limits for firing natural gas and 

fuel oil for each turbine.  Actual-to-projected actual emissions were requested; however, this request was 

later withdrawn (see paragraph below). 

 

In an email dated June 18, 2012, NCDAQ informed Duke that since they were requesting a change to the 

originally permitted short-term NOx BACT limits for the turbines, an actual-to-projected-actual (or actual –

to-potential) analysis as initially requested in NCDAQ’s letter of April 26, 2012, would not be required 

because the modification is not a new potential PSD change but rather a change to the original PSD BACT 

limits.  In addition, Duke was informed that a change to the original BACT limits will require a BACT 

analysis for the new emission rates requested during tuning events. 

 

On May 21, 2013, Duke responded to NCDAQ’s April 26, 2012 and June 18, 2012 additional information 

requests for the BACT analysis.  Duke requested a work practice standard limitation on emissions during 

tuning events and included the original BACT analysis when the turbines were first permitted.  

 



4 

 

In a meeting on May 11, 2015, as an example of the justification for the need for an alternative limit, Duke 

discussed a recent event where turbine 14 exceeded its NOx BACT limit of 9 ppmvd when firing natural gas 

on November 19, 2013.  During this event, NOx emissions on a four-hour rolling average ranged from 9.7 

ppmvd to 11.2 ppmvd.  NCDAQ therefore questioned the need for the high increase of 41 ppmvd as Duke 

originally proposed.  This increase was later found to be on the high side of the equivalent ppmvd 

concentration at the worst case rate for the 271.4 lb/hr emission rate modeled (see Section 6.2). 

   
On October 29, 2015, Duke submitted a technical addendum to the application proposing alternative NOx 

BACT limits for the turbines consisting of work practice standards instead of specific NOx emission limits 

(see Section 5). 

 

On February 18, 2016, NCDAQ raised concerns regarding the appropriateness of determining the level of 

NOx emissions during tuning which Duke had back-calculated from modeling at 95% of the 1-hour and 

annual SILs to determine a worst-case increase in the NOx emission rate (see Section 3.1). 

 

On April 29, 2016, Duke responded to NCDAQ’s February 18, 2016 letter to provide additional information 

on the tuning and expected emissions.  Duke stated that there are two types of turbine tuning events: (1) 

tuning for normal maintenance as discussed in the original application addendum on October 29, 2015, and 

(2) tuning associated with a “Green Rotor Run-In” (GRRI) which was not discussed in the application.  GRRI 

events follow major maintenance activities and are very infrequent, but have notably higher emissions than 

for normal maintenance tuning.  In addition, Duke provided expected emissions for the two types of tuning 

events and stated that the alternative limit was only needed when tuning on natural gas (see Sections 3.1 and 

3.2).   

 

  These permit modifications are being made in accordance with 15A NCAC 2Q .0501(d)(1).  Public notice of 

the draft permit is required.  The draft permit will go through both a PSD and a Title V public notice at this 

time. 

 

Chronology (see Appendix C for correspondence)  

January 23, 2012  Application received.  Deemed administratively complete. 

 

April 26, 2012  NCDAQ asked Duke to provide the proposed NOx BACT limits for firing natural gas 

and fuel oil for each turbine.   

 

June 18, 2012  Email from Ed Martin to Cynthia Winston requesting a BACT analysis. 

 

August 7, 2012 Federal Land Manager notified of the project and the preliminary estimate (5 tpy) for 

the increase in NOx emissions. 

 

August 7, 2012 Federal Land Manager notified DAQ that they did not need further information based 

on the preliminary estimate of emissions. 

 

May 21, 2013 Duke responded to DAQ’s April 26, 2012 and June 18, 2012 additional information 

request for the BACT analysis. 

 

July 1, 2013 Application deemed complete as of June 3, 2013, for review purposes pursuant to 40 

CFR 51.166(q)(1) and 15A NCAC 2D .0530(o).  

 

March 9, 2015  Application sent to EPA (second time). 

 

May 11, 2015 Meeting with DAQ and Duke to discuss project and additional information needed for 

the BACT analysis. 

 

August 27, 2015 Federal Land Managers again notified of project and the preliminary estimate (5 tpy) 

for the increase in NOx emissions. 

 

September 11, 2015 Federal Land Manager notified DAQ that they do not request a Class I analysis. 
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September 11, 2015 Modeling protocol was approved.  

 

October 28, 2015 Duke submitted a technical addendum to the application proposing alternative NOx 

BACT limits for the turbines. 

 

November 17, 2015 Modeling review for 1-hour and annual NO2 NAAQS completed.  

 

 February 18, 2016 In a letter to Duke, NCDAQ raised concerns regarding the appropriateness of 

determining the level of NOx emissions during tuning which Duke had based on back-

calculating from modeling at 95% of the 1-hour and annual SILs to determine a worst-

case NOx emission rate increase of 271.4 lb/hr.  

  

 April 29, 2016 Duke responded to DAQ’s February 18, 2016 letter to provide additional information 

on the tuning and expected emissions. 

 

 June 1-15, 2016 NCDAQ asked Duke about the turbine stack flow rate used to convert from the 95% 

modeled NOx rate of 271.4 lb/hr to determine the worst case ppm increase in NOx 

during turbine tuning.  It appeared the correct gas flow at 50% load was not used, as 

the rate seemed high for 50% load.  Duke responded with revised emission calculations 

using the correct stack flow rate at 50% load. 

 
2.0 Area Description 

 

2.1  Site Description 

 

The H.F. Lee Steam Electric Plant is located in Goldsboro, North Carolina. The approximate Universal 

Transverse Mercator (UTM) coordinates of the plant are Zone 17, 764.4 km east and 3918 km north, at an 

elevation of approximately 115 feet above mean sea level. Figure 2-1 displays the plant site location, and 

Figure 2-2 displays the plant site through an aerial overview of the operations.  The Goldsboro area is located 

in the Coastal Plain region of North Carolina, approximately 40 miles southeast of Raleigh. The terrain 

surrounding the site can be described as flat. 

  

The only Class I area within 200 km of the H.F. Lee Steam Electric Plant is the Swanquarter Wilderness 

Area (NC).  This Class I area is located approximately 160 kilometers from the site. 

 

2.2  Attainment Status of Area 

 

The H.F. Lee Steam Electric Plant is located in Wayne County. The current Section 107 attainment status 

designations for areas within the state of North Carolina are summarized in 40 CFR 81.344. Wayne County 

is classified as in attainment for annual (NO2) and 1-hour NO2. 

 

 3.0  Project Description 

 

3.1 Proposed Modification  

 

The alternative BACT limit/work practice standards for simple cycle combustion turbines (Unit Nos. 10-14) 

will apply only during turbine tuning events when firing natural gas, which will apply during a maximum of 

ten normal maintenance tuning events per year for all five turbines at a maximum of 8 hours per event, and 

during a maximum of three GRRI tuning events per year for all five turbines at a maximum of 4 hours per 

event.  Only one turbine is to be tuned at a time.  When operating under normal circumstances, the facility 

can meet the current NOx BACT emission limitations; therefore the existing BACT NOx limits will continue 

to apply during normal operation when the turbines are not being tuned. 

 

The following general tuning description was provided by Duke in Section 2.3 of the October 29, 2015 

application addendum (later they distinguished between normal maintenance and GRRI tuning):  
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General Turbine Tuning 

The combustion turbines are each equipped with sixteen burners, which are of lean, pre-mix design.  The 

burner design ensures that the fuel and air is mixed in stoichiometric proportions prior to ignition.  

 

Combustion turbines are subject to a regimented maintenance and operation plan developed by the 

original equipment manufacturer (GE).  Typical maintenance activities include hot gas path, combustion, 

and major and bore scope inspections.  During these maintenance activities, the components are 

inspected and replaced, as necessary.  Components are always replaced with like/in-kind parts.  

 

Following these periodic maintenance and inspection activities and for other reasons combustion 

dynamics tuning is required.  Tuning events would typically occur after completion of initial 

construction, a combustor change-out, major repair or various maintenance activities.  Tuning is required 

following any physical or mechanical changes made to the water injection system, fuel systems, or the 

inlet air (compressor); and changes in ambient conditions can necessitate a requirement to conduct 

seasonal tuning in the spring and fall of each year.   

 

When fuel is burned, there is a pressure increase, and depending on the design of the combustor, fuel 

nozzles, liner, etc., the combustion process can be stable or it can be subject to pressure oscillations or 

pulsations.  These oscillations or pulsations, if not minimized, can lead to premature failure of 

combustion components as well as an unstable flame.  During combustion, there is a very high air flow 

and this causes turbulence, which can be both desirable and undesirable.  It is desirable to achieve good 

mixing with the fuel for efficient combustion, but turbulence that leads to high pressure 

oscillations/pulsations is not desirable.  It can be difficult to achieve a balance between stable combustion 

and low dynamics (pressure oscillations/pulsations), and low emissions (which is the purpose of the lean, 

pre-mix design) for some lean pre-mix turbines.  

 

Tuning involves optimizing the combustion to achieve the proper stoichiometric ratios of fuel/air/water 

mixtures and the desired NOx and carbon monoxide (CO) emissions.  If the mixture is too lean then the 

flame extinguishes while rich mixtures cause flash back resulting in unstable combustion and pressure 

pulses throughout the combustion section and the stresses on the equipment increase and ultimately 

result in physical damage to the unit and extends the life of the unit components by reducing hardware 

stress levels.  Tuning events lasting from 4 to 8 hours and are conducted for both natural gas and fuel oil 

combustion.  It is possible to have elevated NOx emissions higher than current BACT limits during the 

tuning process.  Once tuned, turbine emissions are minimized for normal operation. 

Because the burners are a lean pre-mix design, ensuring that proper ratios of air and fuel are achieved is 

integral to proper combustion.  The purpose of the tuning is to set operating conditions where the 

emissions are minimized.  Lower CO and volatile organic compound (VOC) emissions are generally 

attained when adiabatic flame temperatures are high and the fuel rates are lean.  However, at higher 

temperatures, NOx emissions are higher. 

 

On February 18, 2016, in a letter to Duke, NCDAQ raised concerns regarding the appropriateness of 

determining the level of NOx emissions during tuning which Duke had back-calculated from modeling at 

95% of the 1-hour and annual SILs to determine a worst-case NOx emission rate increase of 271.4 lb/hr. 

 

In response to NCDAQ’s February 18, 2016 request, on April 29, 2016, Duke provided additional 

information on the tuning and expected emissions.  Duke stated that there are two types of turbine tuning 

events: (1) tuning for normal maintenance (discussed in this section above); and (2) tuning associated with a 

GRRI, which was not discussed in the application.  In addition, Duke provided expected emissions for the 

two types of tuning events and stated that the alternative limit was only needed when tuning on natural gas:    

 

Normal Maintenance Turbine Tuning 

Normal maintenance tuning includes all tuning that is not GRRI tuning.  In addition to the previously 

requested (per the October 29, 2015 addendum) work practices standard to conduct tuning in accordance 

with manufacturer’s recommendations and to minimize periods of excess emissions during a maximum 

of ten events per year for all five turbines at a maximum of 8 hours per event, Duke is proposing a 5 

ppmvd increase limit for units with NOx CEMS (Units 12, 13 and 14).  Units without CEMS (Units 10 

and 11) will not have a ppmvd limit in addition to the work practice standard since NOx emissions are 
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monitored according to 40 CFR Part 75 Appendix E and therefore there is no practical way to directly 

measure NOx concentrations.  Turbine loads during tuning will be at less than 50% load. 

 

GRRI Turbine Tuning 

Turbine rotors may be replaced as part of the manufacturer’s maintenance schedule.  GRRI tuning events 

follow major maintenance activities and are very infrequent, but have notably higher emissions than for 

normal maintenance tuning.  Upon turbine rotor replacement and subsequent testing to ensure safe and 

reliable operation of the unit, turbine tuning is required on both fuel oil and natural gas.  Based on CEMS 

data, peak hourly NOx emissions are expected to vary from 36 to 57 ppmvd during GRRI tuning.  NOx 

emissions could potentially be as high the 271.4 lb/hr as modeled in the SIL analysis (Section 6.2 below).  

Duke proposes a work practice standard to conduct tuning in accordance with manufacturer’s 

recommendations and to minimize periods of excess emissions during a maximum of three GRRI tuning 

events per year for all five turbines at a maximum of 4 hours per event. Turbine loads during tuning will 

be at less than 50% load. 

 

3.2  Project Emissions 

The potential NOx increase for this modification does not exceed the PSD threshold (40 tons/year) and 

therefore there is not a significant emissions increase under PSD.  As stated previously, this proposed change 

is a PSD revision to the originally established original NOx BACT limits.  

  

Based on historical data during tuning events, concentrations are variable depending on conditions 

encountered during tuning.  Depending on the maintenance activities completed, there may also be trouble-

shooting of operational issues during this time as well.  Duke states that peak concentrations of NO2
 
during 

natural gas tuning events are anticipated to range from approximately 36 ppmvd to 57 ppmvd.   

Due to the significant variability of emissions that can occur during the tuning process conducted in 

accordance with manufacturer recommendations, Duke is requesting that a work practice standard apply 

during tuning events as an alternative BACT limit instead of specific emission limits.  Duke has shown that 

the alternative BACT limit does not adversely impact air quality and that there are no feasible control 

technologies (see Section 5.0) that could be applied during tuning.  

 

In order to demonstrate that air quality will not be adversely impacted, the modeling evaluation presented in 

Section 6.2 established the maximum emission rate increase that any turbine could operate during a tuning 

event without causing a “significant impact.”  This modeling rate was determined to be 271.4 lb/hr.  There is 

only minor variability in the exhaust flow rates, and, for conservatism, the estimated maximum concentration 

increase for each of the five turbines is taken as the lowest emissions from any turbine (turbine 10) shown in 

Section 6.2, Table 2.  The 1-hour averaging period emission rates (lb/hr) shown in Table 2 are the most 

restrictive; therefore, the annual rates (lb/hr) do not apply since those would exceed the 1-hour rates and 

therefore, if used, would cause an exceedance of the 1-hour SIL. 

 

1-hr NOx Emission Rate 

The increase in the 1-hr mass emission rate corresponding to the worst case 57 ppmvd increase in 

concentration is calculated as follows:   

 

Conversion of ppmvd Concentration to lb/hr Mass Emission Rate  

Conversion of Actual Gas Flow to Standard Conditions 

Given: 1,663,346 acfm, Air Flow at 50% Operation and 59ºF Ambient Conditions 

From Appendix C of the August 2005 Permit application for Wayne County CT Facility 

955ºF, Stack Exhaust Temperature 

70ºF, Ambient Temperature 

5% Typical Moisture Content of Exhaust 

14.7 psi, Typical Stack Exhaust Pressure 

 

DSCFM = (ACFM) ((Standard Temp)/(Actual Temp) (Actual P/Standard P) (1 - 0.05 moisture)  

= (1,663,346 acfm) ((460+70)/(460+955) (14.7/14.7) (0.95) 

= 591,869 dscfm 
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Calculation of lb/hr Emission Rate at 50% Operation and Maximum Expected NOx Concentration 

Given: 57 ppmvd, Maximum Expected NOx Emissions from Tuning Event 

46 Molecular Weight of NO 

 

Use the Ideal Gas Law to calculate volume of 1 lbmole of gas: 

 

PV=nRT 

 

where: 14.7 psi, Typical Stack Exhaust Pressure 

529.67°R, Stack Exhaust Temperature 

10.731 ft3 psi/lbmol ºR, Universal Gas Constant  

 

Volume occupied by 1 lbmole of exhaust gas, 

 

𝑉 𝑓𝑡3

𝑛 𝑙𝑏𝑚𝑜𝑙𝑒
=  

(10.7316 
𝑓𝑡3

𝑙𝑏𝑚𝑜𝑙𝑒 𝑅
) (70 ℉ + 459.67) °𝑅

14.7 𝑝𝑠𝑖
= 386.7 

𝑓𝑡3

𝑙𝑏𝑚𝑜𝑙𝑒
 

 

Calculated Emission Rate at 50% Load and Maximum Expected NOx Emissions = 

 

(
57 𝑓𝑡3 𝑁𝑂𝑥

106 𝑓𝑡3
) (

591,869 𝑓𝑡3𝑔𝑎𝑠 𝑓𝑙𝑜𝑤

𝑚𝑖𝑛
) (

60 𝑚𝑖𝑛

ℎ𝑟
) (

1 𝑙𝑏𝑚𝑜𝑙𝑒

386.7 𝑓𝑡3
) (

46 𝑙𝑏

𝑙𝑏𝑚𝑜𝑙𝑒
) = 𝟐𝟒𝟎. 𝟖 

𝒍𝒃

𝒉𝒓
 

 

Annual NOx Emissions Increase 

The maximum annual facility-wide NOx emissions increase due to this permit modification is calculated as 

follows: 

 

Normal Tuning Events 

There are a maximum of ten normal maintenance tuning events per year for all five turbines at a 

maximum of 8 hours per event with an emissions increase 5 ppmvd.  Using the emission rate determined 

above for 57 ppmvd with its corresponding mass rate of 240.8 lb/hr, the annual increase for a 5 ppmvd 

increase is: 

 

𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 (𝑇𝑃𝑌)  =  (
𝑛𝑜. 𝑜𝑓 𝑡𝑢𝑛𝑖𝑛𝑔𝑠

𝑦𝑟
) (

ℎ𝑟𝑠

𝑡𝑢𝑛𝑖𝑛𝑔
) (240.8 

𝑙𝑏

ℎ𝑟
) (

5 𝑝𝑝𝑚𝑣𝑑

57 𝑝𝑝𝑚𝑣𝑑
) (

1 𝑡𝑜𝑛

2000 𝑙𝑏
)   

 

=  (
10 𝑡𝑢𝑛𝑖𝑛𝑔𝑠

𝑦𝑟
) (

8 ℎ𝑟𝑠

𝑡𝑢𝑛𝑖𝑛𝑔
) (240.8 

𝑙𝑏

ℎ𝑟
) (

5 𝑝𝑝𝑚𝑣𝑑

57 𝑝𝑝𝑚𝑣𝑑
) (

1 𝑡𝑜𝑛

2000 𝑙𝑏
)    

 

=  𝟎. 𝟖𝟓 
𝒕𝒐𝒏𝒔

𝒚𝒓
    

 

GRRI Tuning Events 

There are a maximum of three “Green Rotor Run-In” (GRRI) tuning events per year for all five turbines 

at a maximum of 4 hours per event.  Using a maximum increase in the NOx concentration emission rate 

for GRRI tunings of 57 ppmvd, the annual increase is:  

 

𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 (𝑇𝑃𝑌)  =  (
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑢𝑛𝑖𝑛𝑔𝑠

𝑦𝑟
) (

ℎ𝑟𝑠

𝑡𝑢𝑛𝑖𝑛𝑔
) (240.8

𝑙𝑏

ℎ𝑟
) (

1 𝑡𝑜𝑛

2000 𝑙𝑏
)     

 

 =  (
3 𝑡𝑢𝑛𝑖𝑛𝑔𝑠

𝑦𝑟
) (

4 ℎ𝑟𝑠

𝑡𝑢𝑛𝑖𝑛𝑔
) (240.8

𝑙𝑏

ℎ𝑟
) (

1 𝑡𝑜𝑛

2000 𝑙𝑏
)                                           

 

         =  𝟏. 𝟒𝟒 𝒕𝒐𝒏𝒔

𝒚𝒓
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Total Annual NOx Emissions Increase 

 

𝑇𝑜𝑡𝑎𝑙 𝑁𝑂𝑥 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒
=  𝑁𝑜𝑟𝑚𝑎𝑙 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑇𝑢𝑛𝑖𝑛𝑔 𝑁𝑂𝑥 𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 + 𝐺𝑅𝑅𝐼 𝑇𝑢𝑛𝑖𝑛𝑔 𝑁𝑂𝑥 𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 

 

 = 0.85
𝑡𝑜𝑛𝑠

𝑦𝑟
+ 1.44 

𝑡𝑜𝑛𝑠

𝑦𝑟
   

 

 = 𝟐. 𝟐𝟗
𝒕𝒐𝒏𝒔

𝒚𝒓
   

 

4.0  Regulatory Analysis  

Regulatory Evaluation  

Pursuant to the Federal Register notice on February 23, 1982, North Carolina (NC) has full authority from 

the Environmental Protection Agency (EPA) to implement the PSD regulations in the State effective May 

25, 1982.  Accordingly, the NCDAQ will conduct a full PSD review and process the PSD permit application 

for the proposed project.   NC's State Implementation Plan (SIP) - approved PSD regulations have been 

codified in 15A NCAC 02D .0530, which implement the requirements of 40 CFR 51.166. 

 

This PSD application is subject to review and processing under the North Carolina Administrative Code, 

Title 15A, Subchapter 2D, Section .0530 "Prevention of Significant Deterioration" (PSD).  The plant must 

also comply with all applicable specific NCDAQ air pollution regulations. 

 

Duke’s application has been reviewed by the NCDAQ, Permitting Section staff, to determine compliance 

with the requirements of all NCDAQ air pollution regulations and has made a preliminary determination, 

based on the information submitted, that it complies with all applicable North Carolina air quality regulations 

including the PSD requirements.  Therefore, the attached draft air permit (Appendix A) for the modification 

described herein, with specific permit conditions and emission limits, is being submitted for public comment.  

The purpose of the public comment period is to develop a complete record, taking into account all available 

information, so that NCDAQ can make a fully informed determination of whether this application in fact 

meets all legal and regulatory requirements.   

   

Revisions to PSD Permits 

Under EPA’s draft June 11, 1991 guidance for proposed changes to a source, the proposed change is 

considered as a “revision” since there is not a significant emissions increase and therefore it is not a “major 

modification.”  In accordance with EPA’s guidance, the proposed change must be examined to see if any 

existing (original) analyses elements (i.e.: BACT analysis, ambient impact analysis, monitoring 

requirements, additional impacts analysis, Class I area protection and public participation) should be revised 

and also to see if any new analyses should be performed.  It has been determined that the existing BACT 

analysis (see Section 5.0 below) and ambient impact analysis (see Section 6.2 below) could be affected by 

this change.  The standard public participation process in accordance with 40 CFR 51.166(q) is being 

followed and is not revised from the original process (see Section 8.0). 

 

Also, based on the guidance, the criterion for requiring additional new PSD review elements is whether the 

original modification underwent all of the review which would have applied had the application been 

submitted in its revised form originally.  For this change to allow work practice standards and NOx emission 

limits during turbine tuning, clearly no additional PSD review elements would have applied.   

 

Further, in accordance with the guidance on the process by which proposed changes to PSD permits should 

be handled, “…a revision can be exempted from any new PSD requirements that were added between the 

time of the original permit issuance and the submission of the proposed change if the source had commenced 

construction prior to the adoption of the new PSD requirement...”  Since construction of the turbines 

commenced prior to the effective date of the greenhouse gas PSD review requirement, and the PM-2.5 and 

the 1-hour NO2 National Ambient Air Quality Standard (NAAQS) modeling requirements, the reanalysis 

does not need to include these new PSD requirements.  Nevertheless, 1-hour (and annual) NO2 NAAQS 

modeling was performed, (see Section 6.0 below).  
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5.0 BACT Analysis for NOx 

 

 The purpose of the BACT analysis was to determine whether the revision to allow a higher short-term NOx 

emission rate during turbine tuning would invalidate the original BACT analysis or result in a different BACT 

determination had the application been submitted in its revised form originally.  The reason for allowing 

somewhat higher emission rates during short-term tuning events is analogous to the startup provisions 

originally placed in the permit.  If the tuning provision had been permitted originally to allow the additional 

2.29 tons/yr of NOx emissions and factored into the BACT analysis, the original BACT determination would 

not have changed.  Therefore, the following BACT limits during tuning apply in addition to the existing 

controls originally evaluated to be BACT as described in Section 1.0. 

 

Duke has proposed the Best Available Control Technology (BACT) for this change to allow for turbine 

tuning to be a work practice standard to conduct tuning in accordance with manufacturer’s recommendations 

and to minimize periods of excess emissions during a maximum of ten normal maintenance tuning events 

per year for all five turbines at a maximum of 8 hours per event and during a maximum of three GRRI tuning 

events per year for all five turbines at a maximum of 4 hours per event.   

 

In addition, during normal maintenance tuning for units with NOx CEMS (Units 12, 13 and 14), Duke is 

proposing a 5 ppmvd increase above the existing BACT limit of 12 ppmvd limit for Units 12 and 13, and 9 

ppmvd for Unit 14, not to exceed a total of 17 ppmvd at 15% O2 (24-hour rolling averaging period) for Units 

12 and 13, and not to exceed a total of 14 ppmvd at 15% O2 (4-hour rolling average) for Unit 14 during 

normal maintenance tuning.  For units without NOx CEMS (Units 10 and 11), Duke is proposing the work 

practice standard only.  However, NOx for these units is monitored according to 40 CFR Part 75, Appendix 

E.  Therefore, NCDAQ is using the same 5 ppmvd increase above the existing BACT limit of 25 ppmvd limit 

for Units 10 and 11, not to exceed 30 ppmvd at 15% O2 (24-hour rolling average) for Units 10 and 11 during 

normal maintenance tuning. 

  

Also, during GRRI tuning, each turbine will be limited to the maximum expected NOx emission rate increase 

of 57 ppmvd above the existing limit.  This corresponds to (or is slightly less than) the worst-case NOx 

emission rate of 271.4 lb/hr of any single turbine used to show compliance at 95% of the 1-hour or annual 

NO2 SIL (see Section 6.2).  Emissions of NOx will be limited to a total of 82 ppmvd at 15% O2 (1-hour 

average) for Lee IC Unit No. 10 and Lee IC Unit No. 11, a total of 69 ppmvd at 15% O2 (1-hour average) for 

Lee IC Unit No. 12 and Lee IC Unit No. 13, and a total of 66 ppmvd at 15% O2 (1-hour average) for Lee IC 

Unit No. 14.   

 

6.0 Air Quality Ambient Impact Analysis 

 

6.1  PSD Requirements 
 

PSD regulation 40 CFR 51.166 (k), Source impact analysis, requires that the owner or operator of the 

proposed source or modification shall demonstrate that allowable emission increases from the proposed 

source or modification, in conjunction with all other applicable emissions increases or reduction (including 

secondary emissions), would not cause or contribute to air pollution in violation of: 

 

(a)   Any national ambient air quality standard in any air quality control region; or 

(b)  Any applicable maximum allowable increase over the baseline concentration in any area. 

 

PSD regulation 40 CFR 51.166 (m), Air quality analysis, requires that any application for a permit under 

regulations approved pursuant to this section shall contain an analysis of ambient air quality in the area that 

the major stationary source or major modification would affect for each of the following pollutants: 

(a)  For the source, each pollutant that it would have the potential to emit in a significant amount (as 

defined by 40 CFR 51.166(b)); 

(b) For the modification, each pollutant for which it would result in a significant net emissions increase. 

 

As stated previously, the increase from this proposed modification does not exceed the PSD threshold for 

NOx of 40 tons per year and therefore does not result in a significant emissions increase under PSD.  

However, even though the above PSD modeling requirements strictly do not apply in this case, the facility 

was required to demonstrate compliance with the ambient air quality standards to show that the increase in 
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the project’s NO2 emissions will not adversely affect ambient air quality levels or PSD increments in the 

facility's vicinity.  

 

The facility is located in Goldsboro, NC, in Wayne County.  For modeling purposes, the area, including and 

surrounding the site, is classified rural, based on the land use type scheme established by Auer 1978.  Duke 

evaluated the increase in NOx emissions using the EPA AERMOD model and five years (2010-2014) of 

surface meteorological data from Seymour Johnson Air Force Base with the upper air data from the Newport 

National Weather Service (NWS) station.  Full terrain elevations were included, as were normal regulatory 

defaults.  Sufficient receptors were placed in ambient air beginning at the fenceline to establish maximum 

impacts. 

 

6.2 Modeling Analysis 

 

Since there is an increase in NOx emissions, the existing ambient impact analysis must be evaluated to 

determine whether it should be revised.  The turbine tuning modification results in an increase in hourly 

emissions and a small increase annual NOx emissions (below the PSD significant threshold).  As stated above 

in Section 6.1, because there is not a significant net emissions increase in NOx emissions, an air quality 

analysis is not strictly required.  However, out of an abundance of caution, the NCDAQ requested that Duke 

demonstrate compliance with the ambient air quality standards to show that the increase in the project’s NO2 

emissions will not adversely affect ambient air quality levels or PSD increments in the facility's vicinity.  

Duke modeled the NOx increase against the 1-hour and annual NO2 significant impact levels (SILs) of 10 

g/m3 and 1 µg/m3 respectively.  

 

Duke developed a modeling protocol through discussions with NCDAQ to describe the modeling approach 

to be used to satisfy its compliance demonstration obligations. The modeling protocol was approved by 

NCDAQ on September 11, 2015. 

 

For both the 1-hour and annual NO2 analyses, an emission rate of 1 lb/hr was modeled for each individual 

turbine together with a Tier 2 methodology for estimating the ratio of NO2/NOx conversion.  For 

conservatism, using the worst case ambient concentration, emission rates were scaled up to 95% of the 1-

hour and annual NO2 SILs to determine the maximum emission rate that would result in concentrations 

remaining below the SILs.  The maximum emissions rate assumes that only one turbine is being tuned at any 

one time.  This modeling procedure results in the compliant emission rates for each turbine for the 1-hour 

and annual averaging periods as shown in Table 2. 

 

The worst case NOx emissions increase during tuning is 57 ppmvd and the corresponding lb/hr mass NOx 

increase as shown in Section 3.2 of 240.8 lb/hr is below the worst case modeled rate of 271.4 lb/hr shown in 

Table 2 below.  Therefore, compliance with the 1-hr and annual NOx SILs is demonstrated. 

 

Table 2 - Class II NO2 Significant Impact Results  

 

Source ID Averaging 

Period 

Class II Significant 

Impact Level 

(µg/m3) 

Facility Maximum 

Impact  

(µg/m3) 

Estimated Compliant 

Emission Rate with Tier II 

ARM (lb/hr) 

Lee IC Unit No. 10 1-hour 10 9.5 271.4 

Lee IC Unit No. 11 1-hour 10 9.5 291.2 

Lee IC Unit No. 12 1-hour 10 9.5 316.0 

Lee IC Unit No. 13 1-hour 10 9.5 315.2 

Lee IC Unit No. 14 1-hour 10 9.5 313.2 

Lee IC Unit No. 10 annual 1 0.95 833.3 

Lee IC Unit No. 11 annual 1 0.95 861.7 

Lee IC Unit No. 12 annual 1 0.95 931.4 

Lee IC Unit No. 13 annual 1 0.95 931.4 

Lee IC Unit No. 14 annual 1 0.95 931.4 
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6.3  Class I Impacts 

 

The only Class I area within 200 km of the H.F. Lee Steam Electric Plant is the Swanquarter Wilderness 

Area (NC).  This Class I area is located approximately 160 kilometers from the site. 

 

On August 7, 2012, the Federal Land Manager, Jill Webster (US Fish and Wildlife Service), was notified of 

the preliminary estimate for the increase in NOx emissions of 5 tons/year and to see if there is a potential 

problem.  The FLM notified NCDAQ on August 7, 2012, that if this was the total emissions increase, they 

did not need further information.  This preliminary estimate was based on another similar project for Duke 

at the Rockingham facility, because at the time the FLM was initially notified, Duke had not provided an 

estimate of the increased NOx emissions because they were requesting that emissions during tuning be totally 

excluded from compliance demonstrations.  The project was then delayed while NCDAQ made an effort to 

obtain a BACT analysis for the change from Duke (as discussed in Section 1).    

On August 27, 2015, the Federal Land Managers were again notified of the project and the estimate for the 

increase in NOx emissions of 5 tons/year and asked whether they had any interest in Duke conducting any 

specific Class 1 analyses.  Jill Webster (FLM) asked if the project is triggering PSD and if emissions data 

was available.  On August 31, 2015, NCDAQ responded that this is a PSD modification; however, it is not a 

PSD modification due to exceeding the 40 tpy significance level for NOx, but rather because it is a change 

to an existing BACT limit.  NCDAQ also responded that the exact increase has not been determined, but the 

worst case would be an increase of no more than 5 tons/year in NOx emissions.  On September 11, 2015, Jill 

Webster replied that if the project doesn't trigger PSD, and if there is no more than a 5 tpy increase in 

pollutants, then they do not request a Class I analysis for the Swanquarter Class 1 area. 

The final annual increase in NOx emissions of 2.29 tpy, as calculated in Section 3.2, is below the 5 tpy 

estimate originally given to the FLM; therefore there are no concerns with the Class I impacts. 

 

6.4 Modeling Results Summary 

 

Based on the PSD air quality ambient impact analysis performed, the proposed modification will not cause 

or contribute to any violation of the Class II NAAQS, PSD increments, Class I Increments, or any FLM 

AQRVs. 

 

7.0 Permit Changes 

 

The following changes were made to the Duke Energy Progress, LLC - H. F. Lee Steam Electric Plant Air 

Permit No. 01812T41:  

Page(s) Section Description of Change(s) 

Cover 

  

--- Amended permit numbers and dates. 

9 2.1.A.2.a.v.(A)  Corrected section numbers referenced for start-up and shutdown emissions 

from Sections 2.1.A.3.a.i and ii to Sections 2.1.A.2.a.i and ii. 

10 

 

2.1.A.2.a.v.(B) Corrected section numbers referenced for start-up and shutdown emissions 

from Sections 2.1.A.3.a.iii and iv to Sections 2.1.A.2.a.iii and iv. 

2.1.A.2.a.vi Added turbine tuning condition. 

2.1.A.2.b 

 

Added new NAAQS emission limit section and moved the long term 

emission rate limits from the BACT limit section (old Section 2.1.A.2.a.vi) 

to this NAAQS limit section to correct previous permit. 

Corrected previous permit to show all four turbine ID numbers (added Lee 

IC Unit No. 12 and Lee IC Unit No. 13) for long term emission rate limits.   

11 2.1.A.2.j Added that periods of excess emissions for nitrogen oxides include any unit 

operating hour during which the limits in Sections 2.1.C.3.a.iii.(A) and (B) 



13 

 

are exceeded during turbine tuning events when firing natural gas.   

18 2.1.C.3.a.iii Added turbine tuning condition. 

19 2.1.C.3.j.ii Added that periods of excess emissions for nitrogen oxides include any unit 

operating hour during which the limits in Sections 2.1.C.3.a.iii.(A) and (B) 

are exceeded during turbine tuning events when firing natural gas. 

 

8.0. Public Participation 

 

 In accordance with 40 CFR 51.166(q), Public participation, the reviewing authority (NCDAQ) shall: 

1. Make available in at least one location in each region in which the proposed source would be 

constructed a copy of all materials the applicant submitted, a copy of the preliminary 

determination, and a copy or summary of other materials, if any, considered in making the 

preliminary determination. 

These materials will be available at the Washington Regional Office located at 943 Washington Square 

Mall, Washington, NC 27889, phone number (252) 946-6481. 

2. Notify the public, by advertisement in a newspaper of general circulation in each region in which 

the proposed source would be constructed, of the application, the preliminary determination, the 

degree of increment consumption that is expected from the source or modification, and of the 

opportunity for comment at a public hearing as well as written public comment. 

Pursuant to 15A NCAC 02Q .0307, the public notice of the draft permit will be published in the 
Goldsboro News-Argus on July 20, 2016 to provide for a 30-day comment period with an opportunity 
for a public hearing.  Appendix B contains a copy of the public notice. 

3. Send a copy of the notice of public comment to the applicant, the Administrator and to officials 
and agencies having cognizance over the location where the proposed construction would occur as 
follows: Any other State or local air pollution control agencies, the chief executives of the city and 
county where the source would be located; any comprehensive regional land use planning agency, 
and any State, Federal Land Manager, or Indian Governing body whose lands may be affected by 
emissions from the source or modification. 

 The public notice will be sent via email (US mail for the Wayne County Manager) to the affected parties. 

4. Provide opportunity for a public hearing for interested persons to appear and submit written or 
oral comments on the air quality impact of the source, alternatives to it, the control technology 
required, and other appropriate consideration. 

 The public notice provides for the opportunity to request a public hearing for the modification. 

5. Consider all written comments submitted within a time specified in the notice of public comment 

and all comments received at any public hearing(s) in making a final decision on the approvability 

of the application. The reviewing authority shall make all comments available for public inspection 

in the same locations where the reviewing authority made available preconstruction information 

relating to the proposed source or modification. 

 

 The NCDAQ will consider all timely comments submitted.  All documents related to this determination, 

including comments received, will be available as public records at both the Regional Office and the 

Central Office.  

 

6. Make a final determination whether construction should be approved, approved with conditions, 

or disapproved. 

  

 After completion of the public notice process of the draft permit, NCDAQ will issue a final determination 

regarding the change.  
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7. Notify the applicant in writing of the final determination and make such notification available for 

public inspection at the same location where the reviewing authority made available 

preconstruction information and public comments relating to the source. 

 

 The applicant will be informed of the final determination via a revised permit.  All documents related to 

this determination, including comments received, will be available as public records at both the Regional 

Office and the Central Office. 

 

Appendix D includes a mail listing of entities and associated materials to be sent for this proposed PSD major 

modification application, satisfying the requirements in §51.166(q) “public participation”.  
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9.0 Other Requirements 

  

PE Seal 

Not applicable, no controls are being added. 

 

Zoning 

There is no expansion of the facility, therefore zoning consistency is not needed.  

 

Fee Classification 

The facility fee classification before and after this modification will remain as “Title V”. 

 

Increment Tracking 

Wayne County has triggered increment tracking under PSD for PM-10, SO2 and NOx.  This modification 

will result in an increase in 240.8 pounds per hour of NOx as calculated in Section 3.2.  This permit 

modification does not consume or expand increments for SO2 or NOx.  

 

10.0  Recommendations 

 

 Based on the application submitted and review by the NCDAQ, the NCDAQ is making a preliminary 

determination that the modification can be approved and a permit issued.  A final determination will be made 

following public notice and comment and consideration of all comments. 
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APPENDIX A 

Draft Permit 

  



17 

 

APPENDIX B 

Public Notice 
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APPENDIX C  

Correspondence Attachments 

 

Date/Subject           Addressed To     From 
January 23, 2012           Don van der Vaart    Julie Turner 

Application received.  Deemed administratively complete.  NCDAQ       Progress Energy 

  

April 26, 2012 (letter)        Julie Turner    `  Edward L Martin 

Request for Additional Information       Progress Energy     NCDAQ 

 

June 18, 2012 (email)          Cynthia Winston      Ed Martin  

Add Info Request for BACT analysis      Progress Energy     NCDAQ  

 

August 7, 2012 (email)        Jill Webster      Chuck Buckler 

Notification of proposed PSD project       Class I Federal Land Manager  NCDAQ AQAB 

 

August 7, 2012 (email, included with above)     Chuck Buckler     Jill Webster 

No Class I analysis needed pending refined emissions   NCDAQ AQAB     Class I FLM 

 

May 21, 2013 (letter)        Don van der Vaart    Rick Grant 

Response to add info request        NCDAQ       Duke Energy 

 

July 1, 2013 (letter)        Rick Grant      Edward L Martin 

Application deemed complete as of June 3, 2013     Duke Energy      NCDAQ 

 

March 9, 2015 (email)         Lorinda Shepherd     Mark Cuilla 

Application sent to EPA (second time)      EPA       NCDAQ 

 

August 27, 2015(email)        FLMs       Nancy Jones 

Federal Land Managers again notified of project     various       NCDAQ AQAB 

 

September 11, 2015 (November 2, 2015)     Nancy Jones      Jill Webster 

FLM notified DAQ that they do not request a Class I analysis NCDAQ AQAB     FLM 

 

September 11, 2015        Rick Grant      Nancy Jones 

Modeling protocol was approved        Duke Energy      NCDAQ AQAB 

 

October 28, 2015 (letter/addendum)       William Willets     Rick Grant 

Duke submitted a technical addendum to the application   NCDAQ       Duke Energy 

 

November 17, 2015 (memorandum)      Ed Martin      Nancy Jones 

Modeling review for 1-hour and annual NO2 NAAQS   NCDAQ       NCDAQ AQAB 

 

February 18, 2016 (letter)        Rick Grant      William Willets 

Request for additional information        Duke Energy      NCDAQ 

  

April 29, 2016 (letter)        William Willets     Jeffrey D Hines 

Response to NCDAQ’s February 18, 2016 letter     NCDAQ       Duke Energy 

 

June 1, 2016 (email)        Erin Wallace      Ed Martin 

Questions on stack flow rate         Duke Energy      NCDAQ 

 

June 6, 2016 (email, included with above)     Ed Martin      Erin Wallace 

Response to questions on stack flow rate     NCDAQ       Duke Energy 
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June 7, 2016 (email, included with above)     Erin Wallace      Ed Martin 

Additional questions on stack flow rate      Duke Energy      NCDAQ 

 

June 15, 2016 (email, included with above)     Ed Martin      Erin Wallace 

Response to additional questions on stack flow rate   NCDAQ       Duke Energy 
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APPENDIX D  

 

Mail Listing 

 

       Letters         Email      
APPLICANT Mr. Rick Grant, Plant Manager   Rick.Grant@duke-energy.com 

Duke Energy Progress, LLC    Erin.Wallace@duke-energy.com 

H.F. Lee Steam Electric Plant 

1199 Black Jack Church Road 

Goldsboro, NC 27530 

 

WASHINGTON   Mr. Robert Bright       robert.bright@ncdenr.gov  

REGIONAL OFFICE  943 Washington Square Mall 

       Washington, NC 27889 

 

 EPA      Ms. Ceron Heather      ceron.heather@epa.gov       

 Air Permits Section       shepherd.lorinda@epa.gov  

 U.S. EPA Region 4     

 Sam Nunn Atlanta Federal Building   

 61 Forsyth Street, S.W. 

 Atlanta, Georgia 30303-3104 

  

COUNTY     Mr. George A. Wood     Public Notice  

MANAGER     Wayne County Manager 

       224 East Walnut Street  

PO Box 227 

Goldsboro, NC 27530 

 

NEWSPAPER    Classified Ads        Public Notice  

  

 

 

 

 attachments to emails  

 lee_permit_T42_turbine_tuning 

 lee_review_T42_turbine_tuning_preliminary_determination 

 lee_review_T42_turbine_tuning_appendix_C 

 lee_review_T42_turbine_tuning_appendix_C_October_28,_2015_addendum 

public notice 

4 Letters (above) 

 
 

 

mailto:robert.bright@ncdenr.gov
mailto:ceron.heather@epa.gov
mailto:shepherd.lorinda@epa.gov
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SECTIONONE Introduction 
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1. Section 1 ONE Introduction  

1.1 BACKGROUND 
The purpose of this Addendum is to propose an alternative Best Available Control Technology 
(BACT) for oxides of nitrogen (NOx) for the existing combustion turbines located at the Duke 
Energy Progress, LLC H.F. Lee Steam Electric Plant (H.F. Lee Steam Electric Plant) during 
tuning events. A previous application request was submitted on January 19, 2012. This 
application requested a number of revisions including a tuning condition. On May 21, 2013 
additional information was provided to NCDAQ confirming that this was a major modification 
and included a BACT analysis. During a meeting with NCDAQ on May 11, 2015, NCDAQ 
indicated that certain additional information supporting a proposed BACT should be provided 
and that modeling for NOx should be provided. This addendum is being submitted in response to 
the 2015 meeting.  

The H.F. Lee Steam Electric Plant is located in Goldsboro, NC. The plant’s operations are 
categorized under North American Industrial Classification System (NAICS) code 221112 for 
Electric Power Generation, fossil fuel and Standard Industrial Classification (SIC) code 4911 for 
Electric Services. The H.F. Lee Steam Electric Plant is comprised of five simple cycle 
combustion turbines (Unit Nos. 10-14) and a 3-on-1 combined cycle combustion turbine (Unit 
Nos. 1A, 1B, and 1C). The facility began operations with 3 coal-fired units and 4 oil fired simple 
cycle turbines (all retired now). Then construction began on Unit Nos. 10-13 (in phase I) in 
2000; then Unit No. 14 was added 2009. Each of the units are capable of firing natural gas and 
No. 2 fuel oil and have a nominal power generation rating of 195 MW. During the permitting 
process, Units Nos. 10-14 were subject to the Prevention of Significant Deterioration (PSD) 
regulations and have BACT emission limitations for NOx.  

Unit Nos. 10 and 11 are simple cycle internal combustion turbines (GE Model PG7241FA) 
equipped with water injection for NOx control. Each is nominally rated at 1,925.3 million Btu 
per hour. Unit Nos. 12 and 13 are simple cycle internal combustion turbines (GE Model 
PG7241FA). Each is equipped with dry low-NOx burners and water injection for NOx control. 
Each is nominally rated at 1,819.2 million Btu per hour.  

Unit No. 14 is a simple cycle combustion turbine (GE Model PG7241FA) rated at 1,940.1 
million Btu per hour heat input when firing natural gas and 2,030.9 million Btu per hour heat 
input when firing distillate fuel oil. The unit is equipped with dry low-NOx combustors and 
water injection for NOx control.  

1.2 TECHNICAL CONCLUSIONS 
The following is a summary of the technical and regulatory conclusions in this addendum to the 
original permit application: 
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• The facility is requesting that an "Alternative Operating Scenario" be identified in the 
permit as BACT that applies during tuning events. Specifically, no more than ten 
tuning events per turbine may occur per 12-month period. 

• The facility is proposing a work practice standard which would apply over the course 
of the tuning event. The work practice would require that tuning be conducted in 
accordance with the manufacturer recommendations. NCDAQ indicated during the 
May 2015 meeting that work a practice standard would be acceptable. 

• The BACT analysis indicates that additional pollution controls for NOx during tuning 
operations are not cost effective. 

• Air dispersion modeling conducted for nitrogen dioxide (NO2) demonstrates that 
emissions occurring during tuning will not significantly increase NO2 concentrations 
in the vicinity of the plant.  
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2. Section 2 TW O Site and Project D escription  

2.1 SITE DESCRIPTION 
The H.F. Lee Steam Electric Plant is located in Goldsboro, North Carolina. The approximate 
Universal Transverse Mercator (UTM) coordinates of the plant are Zone 17, 764.4 km east and 
3918 km north, at an elevation of approximately 115 feet above mean sea level. Figure 2-1 
displays the plant site location, and Figure 2-2 displays the plant site through an aerial overview 
of the operations. The Goldsboro area is located in the Coastal Plain region of North Carolina, 
approximately 40 miles southeast of Raleigh. The terrain surrounding the site can be described as 
flat. 

The only Class I area within 200 km of the H.F. Lee Steam Electric Plant is the Swanquarter 
Wilderness Area (NC). This Class I area is located approximately 160 kilometers from the site. 

2.2 ATTAINMENT STATUS OF AREA 
The H.F. Lee Steam Electric Plant is located in Wayne County. The current Section 107 
attainment status designations for areas within the state of North Carolina are summarized in 40 
CFR 81.344. Wayne County is classified as “better than national standards” for annual (NO2) 
and 1-hour NO2. 

2.3 PROCESS DESCRIPTION 
In addition to three combined cycle combustion turbines (Units Nos. 1A, 1B, and 1C), the plant 
operates five simple cycle combustion turbine units, each having a nominal power generating 
rating of 195 MW. Unit Nos. 10 and 11 are simple cycle internal combustion turbines (GE 
Model PG7241FA) equipped with water injection for NOx control. Each is nominally rated at 
1,925.3 million Btu per hour. Unit Nos. 12 and 13 are simple cycle internal combustion turbines 
(also GE Model PG7241FA). Each is equipped with dry low-NOx burners and water injection for 
NOx control. Each is nominally rated at 1,819.2 million Btu per hour. Unit No. 14 is a simple 
cycle combustion turbine (GE Model PG7241FA) rated at 1,940.1 million Btu per hour heat 
input when combusting natural gas and 2,030.9 million Btu per hour heat input when firing 
distillate fuel oil. The unit is equipped with dry low NOx burners that are used when combusting 
natural gas and utilizes water injection for NOx control when burning No. 2 fuel oil. The 
combustion turbines are currently permitted to operate up to 2,000 full load equivalent hours per 
year.  

The combustion turbines are each equipped with sixteen burners, which are of lean, pre-mix 
design. The burner design ensures that the fuel and air is mixed in stoichiometric proportions 
prior to ignition. Combustion is then “staged” in multiple levels and the actual combustion takes 
place on a “plane within the combustion chamber.” 
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Combustion turbines are subject to a regimented maintenance and operation plan developed by 
the original equipment manufacturers (OEM). Typical maintenance activities include hot gas 
path, combustion, and major and bore scope inspections. During these maintenance activities, the 
components are inspected and replaced, as necessary. Generally, a component may be 
refurbished up to three maintenance cycles prior to requiring complete replacement. Components 
are always replaced with like/in-kind parts. 

Following these periodic inspection activities and for other reasons discussed in this subsection, 
combustion dynamics tuning is required. Combustion dynamics refers to the combustion process 
inside a combustion device. When fuel is burned, there is a pressure increase, and depending on 
the design of the combustor, fuel nozzles, liner, etc., the combustion process can be stable or it 
can be subject to pressure oscillations or pulsations. These oscillations or pulsations, if not 
minimized, can lead to premature failure of combustion components as well as an unstable 
flame. When fuel is burning in a combustion turbine, there is a very high air flow and this causes 
turbulence, which can be both desirable and undesirable. It is desirable to achieve good mixing 
with the fuel for efficient combustion, but turbulence that leads to high pressure oscillations/ 
pulsations is not desirable. For some combustion systems with lean fuel/air ratios, it can be very 
difficult to achieve a balance of stable combustion, stable flame, low dynamics (pressure 
oscillations/pulsations), and low emissions (which is the purpose of lean fuel/air ratios in 
combustion turbines). 

Combustion dynamics tuning involves the acquisition and analysis of real-time dynamics data 
using locally installed equipment and adjustment of a turbine's operating configuration. During 
the tuning process, an onsite DCS technician works with an outside specialist (typically from 
GE) to optimize combustion in the units. This team works to identify optimum flame 
characteristics in each of the sixteen burners at multiple loads. Optimum combustion is defined 
as the unit meeting all emission limitations and proper stoichiometric ratios of fuel/air/water 
mixtures. When the stoichiometric ratios are not optimized, the flame can become too rich or 
lean. If the mixture is too lean then the flame extinguishes and rich mixtures cause flash back. 
Each time this flame extinguishes or flashes back, the combustion “plane” becomes unstable and 
causes pressure pulses throughout the combustion section of the unit. These pulses are also 
termed “dynamics” within the unit. As the dynamics increase, the stresses on the equipment 
increase exponentially and ultimately results in physical damage to the unit. All of these criteria 
must be factored into the tuning process. 

Events other than periodic maintenance can necessitate tuning. Major tuning events would 
typically occur after completion of initial construction, a combustor change-out, major repair or 
select maintenance activities. Tuning is required following any physical or mechanical changes 
made to the water injection system, fuel systems, or the inlet air (compressor). Changes in 
ambient conditions can necessitate a requirement to conduct seasonal tuning in the spring and 
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fall of each year. As ambient temperatures change the air density (and subsequent mass through 
the machine) changes. These changes can be significant enough to affect optimum combustion 
within the turbine. 

Tuning involves optimizing NOx and carbon monoxide (CO) emissions and extends the life of 
the unit components by reducing hardware stress levels. Tuning events lasting from 4 to 8 hours 
and are conducted for both natural gas and fuel oil combustion. It is possible to have elevated 
NOx emissions higher than current BACT limits while collecting data used in the tuning process. 
Once tuned, turbine emissions are minimized for normal operation. For purposes of this 
addendum, it is assumed that up to 10 tuning events may occur per calendar year.  

2.4 OVERVIEW OF THE PROPOSED PROJECT 
When operating under normal circumstances, the facility can meet the current NOx BACT 
emission limitations. Because the burners are a lean pre-mix design, ensuring that proper ratios 
of air and fuel are achieved is integral to proper combustion. If the mixture is too lean then the 
flame extinguishes and rich mixtures cause flash back. The purpose of the tuning is to set 
operating conditions where the emissions are minimized. It is recognized that low CO and 
volatile organic compound (VOC) emissions are generally attained when the adiabatic flame 
temperature is high and the fuel rate is lean. However, higher temperature conditions result in 
higher NOx emissions. 

A discussion of emissions estimates during tuning is presented in Section 3. 
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3. Section 3 THR EE Project Emissions 

3.1 PROJECT EMISSIONS 
Based on historical data during tuning events, concentrations are variable depending on 
conditions encountered during tuning. Depending on the maintenance activities completed, there 
may also be trouble-shooting of operational issues during this time as well. Anticipated peak 
concentrations of NO2 during natural gas tuning events is anticipated to range from 
approximately 35 ppmvd to 55 ppmvd @15% O2.  

Due to the significant variability of emissions that can occur during tuning process conducted in 
accordance with manufacturer recommendations, the H.F. Lee Steam Electric Plant is requesting 
that a work practice standard apply during tuning events instead of specific emission limits. The 
H.F. Lee Steam Electric Plant realizes that the alternative BACT limit that applies during tuning 
cannot adversely impact air quality and that there are no feasible control technologies that could 
be applied during tuning and, accordingly, these issues are addressed in this addendum. 

In order to demonstrate that air quality is not adversely impacted, the modeling evaluation 
presented in Section 5 established the maximum increased emission rate that any turbine could 
operate during a tuning event without causing a “significant impact. This modeling rate was 
determined to be 271.4 lb/hr (see Table 3-1). The estimated increase in stack gas concentration 
of NO2 over the existing BACT limit corresponding to this emission rate increase is 
approximately 41 ppmvd @15% O2 at the maximum load of the turbines. There is only minor 
variability in the exhaust flow rates, so the estimated maximum concentration increase is 
approximately the same for all five turbines.  
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4. Section 4 FOUR  Best Av ailable Control Technology Analysis 

4.1 INTRODUCTION 
The PSD regulations (40 CFR 51.166) and North Carolina air regulations (15A NCAC 2D .0530) 
require a BACT analysis for new emission units and modified emission units at an existing major 
stationary source that will have a significant increase in emissions of a PSD-regulated pollutant 
subject to PSD review. The purpose of this addendum is to request an alternative BACT 
operating conditions that will apply during tuning events. 

4.2 TOP-DOWN BACT APPROACH 
The NC DAQ regulations incorporate the federal PSD regulatory requirement to conduct a 
BACT analysis, which is set forth as follows in the PSD regulations [40 CFR 51.166(j)(3)]: 

(j) Control Technology Review. 

(3) A major modification shall apply best available control technology for each 
regulated NSR pollutant for which it would result in a significant net emissions 
increase at the source. This requirement applies to each proposed emissions unit 
at which a net emissions increase in the pollutant would occur as a result of a 
physical change or change in the method of operation in the unit. 

Under 40 CFR 51.166(b)(12) BACT can be a work practice standard when imposition of an 
emission standard is infeasible. In the instance of tuning events, application of an emission 
standard is impractical due to the variability of emissions during tuning which must be conducted 
according to manufacturer specifications. 

Guidelines for the evaluation of BACT can be found in EPA’s Guidelines for Determining Best 
Available Control Technology (BACT) (US EPA, 1978) and in the NSR Workshop Manual (US 
EPA, 1990). These guidelines were drafted by the 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. Unlike many of the Clean Air Act programs, the PSD program’s BACT 
evaluation is determined on a case-by-case basis. To assist applicants and regulators with the 
case-by-case process, in 1987 U.S. EPA issued a memorandum that implemented certain 
program initiatives to improve the effectiveness of the PSD program within the confines of 
existing regulations and state implementation plans.1  Among the initiatives was a “top-down” 
approach for determining BACT. In brief, the top-down process suggests that all available 
control technologies be ranked in descending order of control effectiveness. The most stringent 
or “top” control option is the default BACT unless the applicant demonstrates, and the permitting 
authority in its informed opinion agrees, that energy, environmental, and/or economic impacts 

                                                           

1 Memo dated December 1, 1987, from J. Craig Potter (EPA Headquarters) to EPA Regional Administrators, titled “Improving 
New Source Review Implementation.” 
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justify the conclusion that the most stringent control option is not achievable in that case. Upon 
elimination of the most stringent control option based upon energy, environmental, and/or 
economic considerations, the next most stringent alternative is evaluated in the same manner. 
This process continues until BACT is selected. 

The BACT analysis presented in this section follows the general guidelines of the top-down 
process using maximum emission rates discussed in Section 3 during tuning.  

4.2.1 Top-Down BACT Assessment Methodology 
The following sections provide detail on the BACT assessment methodology utilized in preparing 
this BACT analysis. 

Step 1 

The first step is to define the spectrum of process and/or add-on control alternatives potentially 
applicable to the subject emissions units. The following categories of technologies are addressed 
in identifying candidate control alternatives: 

• Demonstrated add-on control technologies applied to the same emissions unit at other 
similar source types; 

• Add-on controls not demonstrated for the source category in question but transferred 
from other source categories with similar emission steam characteristics; 

• Process controls such as combustion or alternate production processes; and 

• Equipment or work practices. 

A review of the RACT/BACT/LAER Clearinghouse (RBLC) and a review of technologies in use 
at similar sources were performed as part of this process. Specific information regarding 
emissions during tuning was not provided in the RBLC. 

Step 2 

The second step in the top-down approach is to evaluate the technical feasibility of the 
alternatives identified in the first step and to reject those that can be demonstrated as technically 
infeasible based on an engineering evaluation or on chemical or physical principles. The 
following criteria were considered in determining technical feasibility: previous commercial-
scale demonstrations, precedents based on issued PSD permits, state requirements for similar 
sources, technology transfer, and engineering evaluations for the control devices considered. 

Step 3 

The third step is an assessment, or ranking, of each technically feasible alternative considering 
the specific operating constraints of the emission units undergoing review. After determining 
what control efficiency is achievable with each technically feasible control alternative, the 
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alternatives were ranked into a control hierarchy from most to least stringent, using the percent 
removal efficiency or emissions concentration for the pollutant of concern.  

Step 4 

In the fourth step, a cost effectiveness and environmental and energy impact analysis is 
conducted if the top level of BACT control is not selected, starting with the most stringent 
control alternative. If the top level of control is selected as BACT, then a cost effectiveness 
evaluation is not required. An element of the environmental impacts analysis is the consideration 
of toxic or other pollutant impacts from the control alternative choice. The economic analysis is 
performed using procedures recommended by the EPA’s Office of Air Quality Planning and 
Standards (OAQPS) Air Pollution Control Cost Manual (sixth edition, January 2002). If the top 
level of control is determined to be economically infeasible based on a high cost effectiveness, or 
to cause adverse energy or environmental impacts, the control technology is rejected as BACT 
and the impact analysis is performed on the next most stringent control alternative until all 
control alternatives have been assessed. The cost effectiveness analysis looks at the annualized 
control cost (in dollars per ton of emissions removed) and compares the value to commonly 
accepted values for cost effective emission controls established by the state regulatory agency.  

Step 5 

The final step is to summarize the selection of BACT and propose the associated emission limits 
or work practices to be incorporated into the permit plus any recommended recordkeeping and 
monitoring conditions that should be incorporated into the final permit. 

The following sections present the detailed BACT analysis for the modified equipment that will 
have a significant emissions increase of NOx due to the proposed alternative emission limitation. 

4.3 BACT ANALYSIS FOR NOX EMISSIONS FROM THE SIMPLE CYCLE 
COMBUSTION TURBINES 

The H.F. Lee Steam Electric Plant currently operates five Simple Cycle Combustion Turbines 
(SCCTs). These SCCT may be fired on natural gas or No. 2 fuel oil. The BACT analysis for 
NOx emissions from firing natural gas in the SCCT’s is presented below. 

4.3.1 Step 1a – Identification of Control Technologies – Technologies in Use in the United 
States 

The gas turbine, generally, is a low emitter of exhaust pollutants because the fuel is burned with 
ample excess air to ensure complete combustion. The exhaust emissions of concern and the 
emission control techniques can be divided into several categories as described herein. A review 
of EPA’s RACT/BACT/LAER Clearinghouse (RBLC) on Process Code 15.110 indicates that 
Dry Low NOx (DLN) Combustion and Selective Catalytic Reduction (SCR), with and without 
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water/steam injection, are common control technologies used to control NOx emissions from 
larger simple cycle combustion turbines during steady state operation. The RBLC does not 
include any determinations for alternative operating scenarios applicable to tuning events. The 
RBLC search results are presented in Appendix A. Other less common NOx control technologies 
are also discussed herein.  

A list of candidate NOX emissions control technologies for this analysis is provided below. 
 
• Rich/Quench/Lean (RQL) Combustion • Nonselective Catalytic Reduction (NSCR) 
• Catalytic Oxidation/Absorption - SCONOxTM • Flue Gas Recirculation (FGR) 
• Catalytic Combustion - XONONTM • Fuel Switching 
• Selective Catalytic Reduction (SCR) • Dry Low-NOX Combustion Technology 
• Selective Non-catalytic Reduction (SNCR) 

 
• Good Work Practices 

 

4.3.2 Step 1b – Identification of Control Technologies –Technologies in Use at Other Duke 
Energy Facilities 

NOx emissions control technologies in use at other Duke Energy facilities include SCR and DLN 
Combustion technology, with and without water/steam injection. However, these technologies 
are only used at combined cycle units. None of the Duke Energy simple cycle units have SCRs. 
As stated previously, the NOx emissions from Units Nos. 12, 13 and 14 are minimized by using 
DLN combustion technology with water injection to control emissions. However, Units Nos.10 
and 11 are only equipped with water/steam injection.  

4.3.3 Step 2 – Technical Feasibility Analysis 
The following paragraphs discuss the technical feasibility of each of the control technologies 
listed in Step 1 above. 

Rich/Quench/Lean (RQL) Combustion  

Rich/Quench/Lean (RQL) combustors burn fuel-rich in the primary zone and fuel-lean in the 
secondary zone, and reduce both thermal and fuel NOx. Incomplete combustion under fuel-rich 
conditions in the primary zone produces an atmosphere with a high concentration of CO and H2, 
which replace some of the oxygen for NOx formation and also act as reducing agents for any 
NOx formed in the primary zone. This control alternative is more effective for fuels with higher 
fuel-bound nitrogen content in reducing the rate of fuel NOx formation. Theoretically, this 
control alternative can be applicable to CTs, but based on information presented in the EPA 
Alternative Control Techniques (ACT) document (“NOx Emissions from Stationary Gas 
Turbines,” EPA-453/R-93-007), RQL combustors are not commercially available for most CT 
designs. Furthermore, there is no known application for simple-cycle CTs in the utility industry. 
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Thus, the control alternative utilizing RQL combustion will be precluded from further 
consideration in this BACT analysis.  

 

Catalytic Oxidation/Adsorption – EMXTM (formerly SCONOX 
TM) 

The EMx system is based on a unique integration of catalytic oxidation and absorption 
technology. CO and NO are catalytically oxidized to CO2 and NO2. The NO2 molecules are 
subsequently absorbed on the treated surface of the catalyst. The system manufacturer, 
EmerChem, has offered performance guarantees for CO emissions of 1 ppm and for NOx 
emissions of 2 ppm on boilers and small to medium size reciprocating internal combustion 
engines. The EMx system does not require the use of ammonia, eliminating the potential of 
ammonia slip conditions evident in existing SCR systems. NOx emissions data was not available 
for large gas turbine equipped with a SCONOX system. The available data reflected HAP 
emissions and was not sufficient to verify the manufacturer’s claims for NOx or CO. 

This is an emerging catalytic oxidation/absorption technology that has been applied for 
concurrent reductions of NOx, CO, and VOC from an assortment of combustion applications 
including boilers, and lean-burn reciprocating internal combustion engines. However, based on 
available information, this technology has never been applied to simple-cycle combustion 
turbines. SCONOx

TM employs a single catalyst for converting NOx, CO, and VOC. The flue gas 
temperature should preferably be in the 300-700° F range for optimal performance to prevent 
damaging the catalyst assembly. The technology was developed as an alternative to traditional 
SCR applications that utilize ammonia and result in additional operational safeguards, 
unfavorable environmental impacts, and increased costs. In the initial oxidation cycle, CO is 
oxidized to CO2, NO is converted to NO2, and VOC is oxidized to carbon dioxide and water. 
The NO2 is then absorbed on a potassium carbonate (K2CO3) coated catalyst surface forming 
potassium nitrites and nitrates (KNO2, KNO3). Prior to saturation of the catalyst surface, the 
catalyst enters the regeneration cycle. 

In the regeneration phase, the saturated catalyst section is isolated with the help of moving 
hinged louvers and then exposed to a dilute reducing gas (methane in natural gas) in the presence 
of a carrier gas (steam) in the absence of oxygen. The reductant in the regeneration gas reacts 
with the nitrites and nitrates to form water and elemental nitrogen. CO2 in the regeneration gas 
reacts with potassium nitrites and nitrates to recover the K2CO3, which is the absorber coating 
that was on the surface of the catalyst before the oxidation/ absorption cycle began. Water (as 
steam) and elemental nitrogen are exhausted up the stack and the re-deposited K2CO3 allows for 
another absorption cycle to begin. 

Because the SCONOx
TM technology is a variation of traditional SCR technology, it makes 

similar demands for optimal performance, such as: stable gas flows, lack of thermal cycling, 
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invariant pollutant concentrations, and residence times on the order of 1-1.5 seconds. However, 
the initial attractive feature of not using ammonia has been replaced by other application 
problems that impair the effectiveness of the technology. 

In summary, an effective SCONOx
TM application to a simple-cycle peaking turbine application is 

accompanied with the following considerations: 

• The technology is not readily adaptable to high-temperature applications outside the 
300-700° F range and is susceptible to the thermal cycling that would be experienced 
at the H.F. Lee Steam Electric Plant; 

• Scale-up is still an issue. The technology has only been demonstrated for smaller gas 
turbines; 

• Optimum SCONOx
TM operation is predicated by stable gas flow rates, NOx 

concentrations, and temperature. The nature of the tune ups and performance 
evaluations for the simple cycle/peaking turbine operations does not afford any of 
these conditions which will significantly impair the effective control efficiency of the 
SCONOx

TM system; 

• The K2CO3 coating on the catalyst surface is an active chemical reaction and 
reformulation site which makes it particularly vulnerable to fouling. On some field 
installations, the coating has been found to be friable and tends to foul in the harsh in-
duct environment. The catalyst is also very sensitive to sulfur from the fuel; 

• During the regeneration step, the addition of the flammable reducing gas into the hot 
flue gas generates the possibility of exceeding the Lower Explosive Limit (LEL) if 
the catalyst isolation is not hermetic or if there is a failure in the carrier steam flow; 

• Installation cost exceeds the cost of traditional SCR by a factor of 2 to 3; and, 

• This technology produces twice the pressure drop of traditional SCR, increasing fuel 
and energy costs. 

Therefore, there are significant reservations regarding the technical feasibility of this control 
technology for simple-cycle turbine application. The general consensus at this point in time is 
that SCONOx

TM technology is not available for larger simple-cycle turbine applications such as 
the H.F. Lee Steam Electric Plant, due to the reasons discussed in this analysis. In view of the 
above limitations, SCONOx

TM is not considered technically feasible for the proposed 
application. Thus, this control alternative will be excluded from further consideration in this 
BACT analysis. 

Catalytic Combustion - XONONTM 
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XONONTM is a catalytic combustion technology that reduces the production of NOx by using a 
catalyst in the combustion stage.  

In a catalytic combustor, the fuel and air are premixed into a fuel-lean mixture and then passed 
into a catalyst bed. In the bed, the mixture oxidizes without forming a high-temperature flame 
front, thereby reducing peak combustion temperatures below 2,800o F, which is the temperature 
at which significant amounts of thermal NOx begin to form. This particular technology has only 
been tested on smaller combustion turbines (less than 10 MW) and it is not commercially 
available for larger size utility turbines, such as the ones at the H.F. Lee Steam Electric Plant. 
This technology has not been fully demonstrated in practice and is not commercially available 
for larger combustion turbines. Therefore, XONON catalytic combustors are not considered 
technically feasible and will be precluded from further consideration in this BACT analysis. 

Selective Catalytic Reduction (SCR) 
Selective Catalytic Reduction is an add-on control technology that involves injection of a 
reagent, usually ammonia or urea, into the hot combustion exhaust steam from a combustion 
turbine. The gas steam then passes through a porous catalyst to selectively reduce NOx to 
nitrogen and water vapor emissions. SCR reduces NOX emissions by injecting ammonia (NH3) 
into the flue gas in the presence of a catalyst. Ammonia reacts with NOX in the presence of a 
catalyst and excess oxygen yielding molecular nitrogen and water (H2O) according to the 
following simplified reaction: 

4NO + 4NH3 + O2 => 4N2 + 6H2O 

6NO2 + 8NH3 => 7N2 + 12H2O 

The catalysts are available for applications at temperatures between roughly 300 and 1,100 °F 
and typically are comprised of titanium oxide (as TiO2), vanadium (as V2O5) and tungsten (as 
WO3). The formulations contain progressively less vanadium and become more costly for the 
higher temperature applications. The temperature range for SCR to be optimally effective is 
480oF to 800o F, although fluctuations of ± 200o F may be tolerated. While SCR allows units to 
achieve the lowest NOx emission levels, the catalyst activity reduces over time due to various 
physical and chemical factors, and must be disposed of and replaced on a somewhat routine 
basis. This technology can result in undesirable emissions of unreacted ammonia (ammonia slip) 
and particulate matter from ammonium salts that are formed in the exhaust steam of the control 
device. In addition, as the catalyst continues to foul and degrade, NOx emissions can tend to 
creep up gradually over time. Despite these considerations, SCR is considered to be technically 
feasible for these types of combustion turbines. NOx control efficiencies for SCR technology can 
range from 70% to 90%. Ninety percent (90%) is a viable control efficiency and the control cost 
estimates are based on this performance specification. 
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Selective Non-Catalytic Reduction (SNCR) 
Selective Non-Catalytic Reduction is a control technology that entails the injection of a reagent, 
usually ammonia or urea, into a high-temperature combustion gas steam (1600o F to 2100o F), to 
reduce NOx to nitrogen and water vapor emissions. NOx control efficiencies for SNCR 
technology, where the temperature range is acceptable, ranges from 30% to 75%, depending on 
the operating conditions and design basis. The higher control efficiencies are realized when 
SNCR is combined with Dry Low NOx combustion technology. The chemical reaction is similar 
to that of SCR, except that a catalyst is not used to promote the conversion reaction. Since the 
simple cycle combustion turbines at the H.F. Lee Steam Electric Plant have an exhaust 
temperature around 1,000o F, a substantial amount of heat, and consequently additional NOx 
emissions, would have to be added to the exhaust steam to make this technology feasible. In 
addition, this technology is typically only used in applications with higher in-stack NOx 
concentrations. This technology can result in undesirable emissions of unreacted ammonia 
(ammonia slip) and particulate matter from ammonium salts that are formed in the exhaust steam 
of the control device. It is for these reasons this technology is not used on simple cycle 
combustion turbines. Therefore, SNCR is not technically feasible and will be excluded from 
further consideration in this BACT analysis. 

Nonselective Catalytic Reduction (NSCR) 
Nonselective catalytic reduction (NSCR) technology has been applied successfully to 
automobiles and stationary reciprocating internal combustion engines. The NSCR process 
utilizes a platinum/rhodium 3-way catalyst to reduce NOx to nitrogen and water vapor under 
fuel-rich conditions. Since combustion turbines typically utilize high excess air rates, these units 
typically operate in fuel-lean conditions. Therefore, because the process must take place in a 
fuel-rich environment to be successful, NSCR technology is technically infeasible for 
combustion turbines, and is being excluded from further consideration in this BACT analysis. 

Flue Gas Recirculation (FGR) (aka Inlet Bleed Heat) 
Flue gas recirculation (FGR) is a NOx emission reduction technique based on recycling 15 to 
30 percent of the products of combustion (flue gas) to the primary combustion zone, similar to 
what is done in a boiler. The recirculation of flue gas dilutes the combustion reactants, reduces 
the peak flame temperature, and reduces the local oxygen concentrations, thereby inhibiting 
thermal NOx formation. 

Several inherent drawbacks limit its potential use with gas-fired simple cycle combustion 
turbines. Flue gas recirculation requires a relatively large capital investment because of the need 
for high-temperature fans and ductwork. The low flame temperature and susceptibility to flame 
instability limits FGR usage in high-temperature applications. Since FGR is believed to have 
only a small effect on fuel NOx formation, it may not be as effective on gas-fired combustion 
turbines. Furthermore, due to the dynamic and intermittent operations of natural gas peaking 
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units, balancing of the gas flows and flame stability would be a significant challenge. Since it 
does not appear that flue gas recirculation has been demonstrated on simple cycle combustion 
turbines, and based on the reasons above, FGR is technically infeasible and is being excluded 
from further consideration in the BACT analysis. 

Dry Low NOx (DLN) Combustion Technology 
Dry Low NOX Combustion Technology is inherent to the design of gas turbines 12 through 14. 
DLN involves the staging and mixing of the combustion air and fuel prior to combustion. This 
technology inherently reduces the formation of thermal NOX emissions by reducing the 
combustion temperature. DLN technology in general has been shown to reduce NOx emissions 
to levels between 9 ppmvd and 25 ppmvd. Units 10 and 11 do not include DLN but they do 
include steam injection. They are designed to meet 25 ppmvd at 15 percent oxygen when 
operating under normal conditions. Units 12 and 13 have DLN and Steam Injection. These two 
units are designed to meet 12 ppmvd at 15 percent oxygen. However, during tuning conditions 
all of these combustion turbines experience low-frequency dynamics (LFD) issues and neither a 
12 ppmvd nor 25 ppmvd NOx level can be safely achieved. Hence addition of DLN to units 10 
and 11 will be excluded from further consideration in the BACT analysis.  

Good Work Practices 

Staff involved in the tuning will follow standard industry practices, taking into account any 
requirements needed to protect worker safety and turbine equipment.  Tuning events will be 
managed by trained technicians. The amount of time during each tuning event will be monitored 
and documented to ensure that the activity does not take more than 8 hours.  

4.3.4 Step 3 – Ranking of NOx Control Technologies 
A summary of the NOx removal efficiencies/emission rates for each of the technically feasible 
control technologies under consideration, ranked in order of decreasing control effectiveness, is 
presented below: 

1. SCR with existing controls = 2.5 to 5 ppmvd NO2 @ 15% O2 

2. Good work practices. 

 
4.3.5 Step 4 – Cost Effectiveness Evaluation 
As discussed earlier, the top-down BACT approach requires an economic evaluation of the 
control options being considered. The H.F. Lee Steam Electric Plant is proposing to control NOx 
emissions by using good work practices during tuning events. Since the use of the current control 
technology does not have any additional cost impacts, the analysis will focus on the cost of 
installing and operating SCR technology on the five simple cycle combustion turbines. 



SECTION FOUR Best Available Control Technology Analysis 

 4-10 

 

 

Cost Effectiveness Evaluation 

A cost effectiveness evaluation was conducted for each technically feasible control technology 
identified in Step 3. Budgetary estimates of capital and operating costs were determined and used 
to estimate the annualized costs for each control technology. The cost effectiveness for each 
technically feasible control technology was calculated based on the annualized control 
technology costs and the amount of NOx removed based on the procedures presented in EPA’s 
Control Cost Manual (6th Edition). 

Capital and Operating Costs 

Capital, operating, and annual costs were estimated using the SCR design and cost estimation 
equations as published in EPA’s Control Cost Manual, 6th Edition. The total annual costs were 
estimated to be approximately $3,138,964. As summarized in Table 4-1, the estimated cost 
effectiveness of SCR was approximately $10,258 per ton of NOX reduction, which is 
economically infeasible. Since the economic impacts of SCR technology are clearly cost 
prohibitive, assessment of environmental and economic impacts are unnecessary. Table 4-2 
presents the detailed calculations for the SCR technology. 

4.3.6 Step 5 – Proposed BACT for the Five Simple Cycle Combustion Turbines 
Results of the top-down BACT analysis indicate that BACT for the five simple cycle combustion 
turbines is good work practices by conducting tuning in accordance with manufacturer’s 
recommendations.  
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5. Section 5 F IVE Dispersion Modeling  

5.1 INTRODUCTION AND PROJECT DESCRIPTION 
The purpose of this report is to present results of an air quality modeling analysis in support of an 
air permit application for the H.F. Lee Steam Electric Plant. The five combustion turbines (Unit 
Nos. 10-14) have had difficulty meeting their respective short term BACT NOx emission limits 
during tuning events.  The H.F. Lee Steam Electric Plant is submitting modeling to demonstrate 
that it is possible to accommodate increased NO2 emissions during tuning events. Tuning events 
may last up to eight hours per day, and the H.F. Lee Steam Electric Plant expects no more than 
10 tuning events each year. Emissions of other regulated pollutants are not increasing with this 
proposed change. 

The emissions projections resulting from the proposed projects, as shown in Section 3, have 
triggered PSD review based on the potential for an increase in actual 1-hour and annual NO2 

emissions due to tuning events. NC DAQ has subsequently requested dispersion modeling of 
1-hour and annual NO2 emissions increases. 

The air quality dispersion modeling methods are described in the following sections, including 
discussion of model inputs and resulting model concentrations. 

5.2 DISPERSION MODELING PROCEDURES 
As part of the PSD review process, the H.F. Lee Steam Electric Plant must demonstrate 
compliance with ambient air quality standards to show that the project’s emissions will not 
adversely affect ambient air quality levels or PSD increments in the Facility’s vicinity. To this 
end, the H.F. Lee Steam Electric Plant developed a modeling protocol through discussions with 
NCDEQ- DAQ, to describe the modeling approach to be used to satisfy its compliance 
demonstration obligations. The modeling protocol was approved by NCDEQ-DAQ on 
September 11, 2015. 

To assess impacts to ambient air quality as a result of the proposed project, the H.F. Lee Steam 
Electric Plant completed a dispersion modeling analysis for comparison with the 1-hour and 
annual NO2 significant impact levels (SILs). 

The dispersion modeling procedures included: 

Model Input Components 

• Use of the latest version of the EPA approved AERMOD model (version 15181). 

• Use of the latest five years (2010-2014) of complete and representative National 
Weather Service (NWS) surface and upper-air meteorological data as obtained from 
the NC Division of Air Quality (NC DAQ) website. 
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• AERMAP (version 11103) was used to determine terrain heights for each receptor 
location. Elevations for the Plant’s sources and buildings were provided by H.F. Lee 
Steam Electric Plant. 

• Project emissions were modeled applying appropriate exhaust parameters to 
characterize the emission type (point, fugitive), including the determination of 
location, height above grade, exit temperature, exit diameter, exit flow or velocity, or 
volume or area source parameters.  

• A good engineering practice (GEP) evaluation was completed for the project sources 
and performed using the Building Profile Input Program with PRIME algorithms 
(BPIP-PRIME version 04274) and the known building/structure dimensions. 

• An emissions rate of 1 lb/hour was modeled for each individual turbine to determine 
the worst-case modeled concentration from each turbine.  

Model Output Components 

• For conservatism, modeled emissions rates were scaled up to 95% of the respective 
annual and 1-hour NO2 significant impact levels (SILs) using the worst-case modeled 
concentration for each individual turbine. The maximum emissions rate assumes that 
only one turbine is being tuned at any one time.  

The modeling approach outlined above is more fully described in the following sections, 
including the model inputs associated with source characteristics, meteorological data 
processing, receptor grid locations, building downwash, land use, and methodology. 

5.3 MODEL INPUT DISCUSSION 
5.3.1 Emission Unit Inventory 
The project NO2 emission rates and parameters are shown in Table 5-1. The project source 
locations are depicted in Figure 5-1. Emission sources were modeled as point sources. Worst 
case exit temperatures and flow rates for any load case were used for the five simple cycle 
turbines. 

5.3.2 Meteorological Data 
The latest five years (2010-2014) of complete and representative National Weather Service 
(NWS) surface meteorological data from Seymour Johnson Air Force Base and upper air 
observations from Newport, NC was obtained from the NC Division of Air Quality (NC DAQ) 
website and used in the modeling analysis. The location of the Seymour Johnson Air Force Base 
meteorological monitoring station is east-southeast of the H.F. Lee Plant, approximately 10 
kilometers distant. 

Land use in the immediate project area is considered predominantly rural. The Auer technique 
uses the land use classifications within 3 km of the source to determine if greater than 50 percent 
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is classifiable as either urban or rural. This is corroborated by applying the 3km approach to the 
new National Landcover Dataset (NLCD) and the categories in Figure 6-2. 

In accordance with these NLCD categories, categories 21, 22, 23, and 24 or Developed Land, 
open space, or of low, medium, or high intensity, would be considered urban. Based on recent 
(2006) land cover data as shown in Figure 5-2, the area within 3 km of the facility is currently 
much less than 50 percent of the urban categories; therefore, the area is considered rural. 

5.3.3 Receptor Grids 
One of the primary input parameters to a dispersion modeling assessment is the proper location 
of receptors. A receptor is a coordinate location where the model will calculate a concentration 
value. For comparison of concentration values with PSD and NAAQS levels, receptors are 
placed in ambient air. The EPA defines ambient air as “that portion of the atmosphere, external 
to buildings, to which the general public has access.”  These accessible areas are generally those 
where the project owner or operator does not own or control access. 

The project ambient air boundary is a physical fence that surrounds the facility. Receptors were 
placed less than 50 meters apart along this boundary and at 50 meter spacing out to 500 meters. 
Between 500m and 1 km from the facility, receptors were placed every 100 meters, from 1 km 
and 5 km receptors were placed every 500 meters, and every 5 km from 10 km receptors were 
placed every 1,000 meters, and from 10km to 20km receptors were placed every 2,000 meters. 
The receptor grid is depicted in Figure 5-3. 

AERMAP (version 11103) was used along with elevation data to determine elevations and 
critical hill heights for each receptor location. The receptor heights were determined from 
elevation data in GeoTIFF format obtained from the USGS. 

5.3.4 Good Engineering Practice – Building Downwash 
A good engineering practice (GEP) stack height evaluation and determination of direction 
specific building downwash parameters can be an important component in a dispersion modeling 
assessment as emitted plumes can be influenced by wind flow over nearby buildings and 
structures. 

The dimensions and locations of structures at the H.F. Lee Steam Electric Plant are shown in 
Figure 5-4. 

5.4 PSD MODEL ANALYSES 
The PSD dispersion modeling procedure, as typically applied, has three tests relative to a 
threshold, increment, or standard. The first modeling procedure is designed to determine if the 
emissions associated with the PSD project (i.e., a new source or existing modification with 
emissions exceeding PSD applicability levels) will return an ambient impact that potentially 
exceeds a SIL. 
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The SIL can be different for each pollutant and averaging period and as developed in regulation, 
is a percentage of the respective NAAQS. The SIL concept allows the reviewing agency to 
determine if the project could “cause or contribute” to a violation of a NAAQS or PSD increment 
level. If a project does not return impacts potentially in excess of a SIL, then no further modeling 
is required as the applicant has demonstrated that the project emissions as modeled cannot cause 
or contribute to any impacts beyond its ambient air boundary. 

The first test, or SIL assessment, is based on the maximum modeled project impacts for each 
pollutant and averaging period as required. For pollutants with modeled concentrations that equal 
or exceed a SIL, additional modeling is required.  

The H.F. Lee Steam Electric Plant has completed a SIL analysis for 1-hour and annual NO2 to 
determine significant impacts individually from each of the five turbines. Modeled impacts are 
below the SIL, so additional modeling was not conducted. 

5.5 MODEL RESULTS 
5.5.1 Comparison with Significant Impact Levels 
The H.F. Lee Steam Electric Plant has completed the modeling using the input values described 
above to assess the relative impacts of the projects versus the SILs. The 1-hour and annual NO2 
SIL values are shown in the prior section (Table 5-2). For both the 1-hour and annual NO2 
analyses, an emissions rate of 1 lb/hour was modeled for each individual turbine to determine the 
worst-case modeled concentration from each turbine. Section 5.2.4 of 40 CFR Part 51, 
Appendix W, outlines a three tiered approach to estimating modeled NO2 concentrations:   

• Tier 1 – assume full conversion of NO to NO2, where total NOx concentrations are computed 
with a refined modeling technique specified in Section 4.2.2 of Appendix W, 

• Tier 2 – multiply Tier 1 results by empirically derived NO2/NOx ratios, with 0.75 as the 
national default ratio for annual NO2 and 0.80 as the national default ratio for hourly NO2, 

• Tier 3 – detailed screening methods may be used on a case-by-cases basis. At this time, the 
Ozone Limiting Method (OLM) and the Plume Volume Molar Ratio Method (PVMRM) are 
considered to be appropriate as detailed screening techniques. 

Under the modeling protocol submitted for this project, the NCDEQ-DAQ approved use of any 
of the three tiers presented above. The Tier 2 methodology was selected for this evaluation. The 
maximum concentrations for each turbine were then multiplied by the appropriate 1-hour and 
annual Tier II ratios (0.80 for 1-hour, 0.75 for annual) to get a final maximum concentration.  
Emissions rates for each individual turbine were then scaled up to 95% of the respective annual 
and 1-hour NO2 SILs using the worst-case modeled concentration to determine a maximum 
emission rate that would remain below the SIL. The SIL modeling results are shown in Table 5-3 
and 5-4. Appendix B contains the electronic modeling files. 
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Figure 2-1. Site Location 



 

 

 

Figure 2-2. Site Aerial Photograph 



 

 

  

Figure 5-1. Source Locations 



 

 

 

Figure 5-2. Land Cover 



 

 

 

Figure 5-3. Receptor Grid 



 

 

 

Figure 5-4. Structures
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Table 3-1 
Conversion of Modeled Emission Rate to Concentration 

Given: 
 Modeled Hourly Emission Rate 

 

 

271.4 lb/hr 

 

 
Typical oxygen content = 

 
15% 

 
 

Typical moisture content = 
 

5% 
 

 
Stack flow rate at 50% load (Bwo) =        2,581,577  acfm  
Stack temperature = 

 
955 deg. F  

Ambient Temperature 
 

70 deg. F  
  

 

 
Conversion of ACFM to DSCFM  

   
DSCFM = ACFM * [(460+70)/(460 + temp)] *(actual P / 14.7) * (1 - H2O fraction)  

   
DCFM = 2,581,577.00 acfm 530 14.7 95%  

  
1,415  14.7 

 
 

 

 
= 918,604 dscfm  

   
Conversion from lb/hr to ppmvd 

 
 

   
Concentration = (lb/hr) / (MW * dscfm * constant)  

   
= 271.4 lb 1   1   1  

  
 

hr 46 MW NO 918,604 dscfm 1.554E-07 constant 
  

 
= 41.3 ppmvd @ 15% O2 



 

 

Table 4-1 
Summary of Economic Evaluation 

Duke Energy Progress, LLC – H.F. Lee Steam Electric Plant 

Estimated Cost SCR 
  

Cost   
Total Annual Cost $3,138,964  

  
Tons of NOx per year for tuning 1 340 
Incremental NOx Removed at 90% 306 

  

$/ton Cost Effectiveness per ton of 
NOx removed 

$10,258  

1 The maximum annual emission rate associated with tuning any 
one of the 5 Engines is based on Unit 14. The PTE basis for all 
engines is 2,000-hrs/yr. The PTE of Units 10 and 11 is 338 tpy, 
Units, Units 12 and 13 is 319 tpy, and Units 14 is 340 ton/yr.   

 
 



Estimated Annual Cost Associated with the Installation of Selective Catalytic Reduction (SCR)

The Cost Control Manual is designed to provide study-level cost estimates that have a relative accuracy of +/- 30%.

1940.10 MMBtu/hr, Unit Capacity of SCCT
1 Number of Units to be Installed

1940.1 MMBtu/hr, Total Heat Input of SCCT's
Note that this heat input rate is the term "QB" used throughout the following equations

2,000 hr/yr, Maximum Operating Hours
0.1670 lb/MMBtu, Uncontrolled NOx Emission Rate (Inlet Concentration)

90% Assumed NOx Removal Rate

2,581,577 acfm, Flue Gas Volume 

The equation presented in the Cost Manual for estimating Direct Capital Cost (DCC) is as follows:

$8,615,913.67 Direct Capital Cost for the Installation of 1 SCR with duct work to connect all 5 turbines in isolation

Calculation of each of the equation components is detailed below:

1.  Adjustment for the SCR Reactor Height

-8.03 Calculated Adjustment for SCR Reactor Height

2689.1 ft2, Catalyst Cross-Sectional Area

3092.5 ft2, SCR Reactor Cross-Sectional Area
55.61 ft, Length and Width of a Square Reactor

3.1 ft, Nominal Height of the Catalyst
0.90 First Estimate for the Number of Catalyst Layers

The number of catalyst layers is then rounded to the nearest integer
1.00 Rounded Number of Catalyst Layers Required

3.20 ft, Height of Each Catalyst Layer
Value must be between industry standards of 2.5-5 feet.
Additionally, an empty catalyst layer will be included for future expansion.

7 Industry Standard Value for c1

9 Industry Standard Value for c2

2 Total Number of Layers
29.39 ft, Height of SCR Reactor (Including Initial and Future Catalyst Layers)

Table 4-2 SCR Control Costs for Simple Cycle Combustion Turbines
Duke Energy Progress, LLC - H.F. Lee Steam Electric Plant

Goldsboro, North Carolina

As a way to potentially minimize NOx emissions from the 5 SCCT's, installation of a selective catalytic reduction system was investigated.  
The following spreadsheet outlines the estimated costs associated with the installation.  The cost estimates are based on Section 4, Chapter 2 
of the US EPA's Cost Control Manual (Document No. EPA/452/B-02-001).  All costs are initially presented in 1998 dollars and are converted 
at the end of the calculation.
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Estimated Annual Cost Associated with the Installation of Selective Catalytic Reduction (SCR)

Table 4-2 SCR Control Costs for Simple Cycle Combustion Turbines
Duke Energy Progress, LLC - H.F. Lee Steam Electric Plant

Goldsboro, North Carolina

                      
                      

                      
     

2.  Adjustment for the Ammonia Flow Rate

-23.29 Ammonia Flow Rate Adjustment Factor

17.03 Molecular Weight of Ammonia
46.01 Molecular Weight of NOx (NO2)
1.05 Nominal Stoichiometric Ratio

113.33 lb/hr, Reagent Flow Rate

3.  Adjustment for a New Installation

4.  Adjustment for a SCR Bypass

5.  Capital Cost for the Initial Charge of Catalyst

$240.00 Cost per Cubic Foot for Ceramic Honeycomb Catalyst
$2,062,375.79 DCC for Initial Catalyst Charge

8593.2 ft3, Volume of Catalyst Required

1.2391

0.167 lb/MMBtu, Inlet NOX Concentration 
0.9059736 NOx Adjustment Factor for Inlet NOx Concentration

2 ppm, Estimated Allowed Ammonia Slip
1.1701 Ammonia Slip Adjustment Factor

1 Assumed Value for Fuel Sulfur Adjustment

800 oF, Estimated SCR Inlet Exhaust Temperature
1.2 Temperature Adjustment Factor

1 Number of SCR Reactor Vessels

The following lines detail the assumptions used to determine Indirect Installation Costs (IIC):

$430,795.68 General Facilities (5% of Total Direct Capital Costs)
$861,591.37 Engineering and Fees (10% of Total Direct Capital Costs)
$430,795.68 Process Contingency (5% of Total Direct Capital Costs)

$20,000.00 Stack testing
$1,743,182.73 Total Indirect Installation Costs

$1,553,864.46 Project Contingency (15% of Total Direct Capital and Indirect Installation Costs)

NOx Efficiency Adjustment Value Based on Assumed 
Efficiency of Unit
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Estimated Annual Cost Associated with the Installation of Selective Catalytic Reduction (SCR)

Table 4-2 SCR Control Costs for Simple Cycle Combustion Turbines
Duke Energy Progress, LLC - H.F. Lee Steam Electric Plant

Goldsboro, North Carolina

                      
                      

                      
     

Finally, the remaining cost to be evaluated is the  cost of the initial tank of reagent.

29% Weight Percent Ammonia in Aqueous Solution
390.78 lb/hr, Aqueous Ammonia Flow Rate

56 lb/ft3, Aqueous Reagent Solution Density
7.481 gal/ft3, Specific Volume of Aqueous Solution

14 days, Onsite Storage Capacity
17540.73 gal, Tank Capacity

$0.10 Cost per Pound of Solution
$13,261.65 Initial Cost Associated with Tank Filling

$11,926,222.51 Total Capital Investment

The following calculations detail the methodology used to determine the annual operating costs:

1.  Direct Annual Costs $996,495.96 Total Direct Annual Cost

$0.00 Operating and Supervisory Labor

$178,893.34 Annual Maintenance Cost

  c.  Annual Reagent Cost

390.78 lb/hr, Aqueous Ammonia Flow Rate
2,000 hr/yr, Annual Operating Hours
$0.10 Cost per Pound of Solution

$78,938.37 Annual Reagent Cost

3 in. w.c., Pressure Drop Across the Duct
1 in.w.c., Pressure Drop per Layer of Catalyst

539.9 kW-hr, Additional Power Consumption
$0.07 $/kW-hr, Electricity Cost

$75,585.15 Additional Power Cost Associated with SCR Operation

$2,062,375.79 Total Catalyst Replacement Cost

15% Interest Rate 
24,000 hours, Assumed Life of the Catalyst

2.74 Calculated Y Value (Life divided by 8,760)

0.322 Future Worth Factor
$663,079.09 Annualized Catalyst Cost

2.  Indirect Annual Cost $1,125,751.04 Total Indirect Annual Cost

  e.  Catalyst Replacement Cost - The cost of replacing all catalyst is first determined.  Then this cost is annualized using a Future Worth 
Factor.  

   a.  Operating and Supervisory Labor - The SCR reactor is a stationary device with no moving parts.  The system incorporates minimal 
rotating parts, therefore, existing staff can operate the equipment from the control room.  Generally, an SCR does not require any additional 
operating or supervisory labor.  

  b.  Maintenance Cost - This may be estimated as 1.5% of the Total Capital Investment

  d.  Utility Cost - Electrical Power Consumption for the SCR equipment, ammonia vaporization, and additional ID fan power may be 
estimated by the following equation:

( )( )FWFCostplacementCatalystCostCatalystAnnual Re=
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Estimated Annual Cost Associated with the Installation of Selective Catalytic Reduction (SCR)

Table 4-2 SCR Control Costs for Simple Cycle Combustion Turbines
Duke Energy Progress, LLC - H.F. Lee Steam Electric Plant

Goldsboro, North Carolina

                      
                      

                      
     

  a.  Capital Recovery Factor
7% Interest Rate 
20 Operating Life of SCR

0.0944 Capital Recovery Factor
$1,125,751.04 Capital Recovery Cost

3.  Total Annual Cost
$996,495.96 Total Direct Annual Cost

$1,125,751.04 Total Indirect Annual Cost
$2,122,246.99 Total Annual Cost

4.  Cost Effectiveness per Ton of NOx Removed

340.00 tpy, Maximum Inlet NOx
90% NOx Removal Efficiency of SCR

306.00 tpy, NOx Removed by SCR

$6,935 $/ton, Cost Effectiveness per ton NOx Removed (1998 Dollars)
389.5 1998 Chemical Engineering Plant Cost Index
576.1 2015 Chemical Engineering Plant Cost Index

$10,258 $/ton, Cost Effectiveness per ton NOx Removed (2015 Dollars)

$17,639,786 Total Capital Investment (2015 Dollars)
$3,138,964 Total Annual Cost (2015 Dollars)

( )
( ) 11

1
−+

+
= n

n

i
iiCRF



 

 

 
 

 

Table 5-1 
Point Source Stack Parameters 

Duke Energy Progress, LLC - H.F. Lee Steam Electric Plant 

Source ID Model ID 

UTM Coordinates 
(NAD83 - Zone 17) Base 

Elevation 
(ft) 

Stack 
Height 

(ft) 

Stack 
Temperature 

(F) 

Stack 
Exit 

Velocity 
(ft/s) 

Exit 
Flow 
Rate 
(ft3/s) 

Stack 
Diameter 

(ft) 
Easting 

(m) 
Northing 

(m) 
Lee IC Unit  No. 10 SC_NG10 763,681.4 3,918,648.7 116 100 956.0 63.8 567.75 20.0 

Lee IC Unit  No. 11 SC_NG11 763,640.1 3,918,612.5 116 100 956.0 63.8 567.75 20.0 

Lee IC Unit  No. 12 SC_NG12 763,590.8 3,918,569.4 116 115 956.0 78.8 567.75 18.0 

Lee IC Unit  No. 13 SC_NG13 763,549.6 3,918,533.2 116 115 956.0 78.8 567.75 18.0 

Lee IC Unit  No. 14 SC_NG14 763,532.9 3,918,482.8 116 115 956.0 78.8 567.75 18.0 

 



 

 

Table 5-2 
PSD Modeling Thresholds 

Duke Energy Progress, LLC - H.F. Lee Steam Electric Plant 

Regulated 
Pollutant 

Averaging 
Period 

SIL SMC 
PSD Class II 
Increment NAAQS 

(µg/m3) (µg/m3) (µg/m3) (µg/m3) 
NO2 Annual 1 14 25 100 
NO2 1-hour 10a -- -- 188 

a. Interim North Carolina SIL 
     



 

 

Table 5-3 
Summary of 1-Hour NO2 Emissions Analysis 

Duke Energy Progress, LLC - H.F. Lee Steam Electric Plant 

Source ID Model ID Year 
Averaging 

Period 

Maximum Unit 
Emissions 

Concentration a 
((ug/m3)/(lb/hr)) 

Significant 
Impact Level 

(ug/m3) 

Estimated Compliant 
Emission Rate b 

(lb/hr) 

Estimated Compliant 
Emission  

Rate with Tier II ARM 
(0.80) 
(lb/hr) 

Lee IC Unit  
No. 10 SC_NG10 2010-2014 1-hour 0.04376 10.0 217.1 271.4 

Lee IC Unit  
No. 11 SC_NG11 2010-2014 1-hour 0.04078 10.0 233.0 291.2 

Lee IC Unit  
No. 12 SC_NG12 2010-2014 1-hour 0.03758 10.0 252.8 316.0 

Lee IC Unit  
No. 13 SC_NG13 2010-2014 1-hour 0.03768 10.0 252.1 315.2 

Lee IC Unit  
No. 14 SC_NG14 2010-2014 1-hour 0.03791 10.0 250.6 313.2 

 

        Notes: 
      

 a 1-hour concentration estimates represent highest-eighth high values, averaged over 5 years. 
  

b Emission rate estimated to model at 95% of the SIL. 
  



 

 

 

Table 5-4 
Summary of Annual NO2 Emissions Analysis 

Duke Energy Progress, LLC - H.F. Lee Steam Electric Plant 

Source ID Model ID Year 
Averaging 

Period 

Maximum Unit 
Emissions 

Concentration a 
((ug/m3)/(lb/hr)) 

Significant 
Impact Level 

(ug/m3) 

Estimated Compliant 
Emission Rate b 

(lb/hr) 

Estimated Compliant 
Emission  

Rate with Tier II 
ARM (0.75) 

(lb/hr) 
Lee IC Unit  
No. 10 SC_NG10 2011 Annual 0.00152 1.0 625.0 833.3 

Lee IC Unit  
No. 11 SC_NG11 2011 Annual 0.00147 1.0 646.3 861.7 

Lee IC Unit  
No. 12 SC_NG12 2011 Annual 0.00136 1.0 698.5 931.4 

Lee IC Unit  
No. 13 SC_NG13 2011 Annual 0.00136 1.0 698.5 931.4 

Lee IC Unit  
No. 14 SC_NG14 2011 Annual 0.00136 1.0 698.5 931.4 

 

        Notes: 
      

 a Annual concentration estimates represent the annual average concentrations. 
  b Emission rate estimated to model at 95% of the SIL. 
  

 



 

 

Appendix A  

RACT/BACT/LAER Clearinghouse (RBLC) Search 



FACILITY_NAME FACILITY_COUNTY ST PERMIT_NUM PERMIT_ISSUANCE_DATE PROCESS_NAME PRIMARY_FUEL THROUGHPUT THROUGHPUT_UNIT CONTROL_METHOD_DESCRIPTION
EMISSION_LIMIT_

1 EMISSION_LIMIT_1_UNIT
EMISSION_LIMIT_1_AVG_
TIME_CONDITION

EXXON MOBILE -- MOBILE 
BAY - BON SECURE BAY 
FIELD MOBILE AL 503-0012-X005 2/1/2005 TURBINE, SIMPLE CYCLE NG 3600 bhp SOLONOX COMBUSTION 25 PPM @ 15% 02

EXXON MOBILE BAY -- 
NORTHWEST GULF FIELD MOBILE AL 503-0013-X00 2/1/2005 TURBINE, SIMPLE CYCLE NG 6000 bhp SOLONOX COMBUSTOR 25 PPM @ 15% 02
ESCONDIDO ENERGY 
CENTER LLC SAN DIEGO CA 985693 7/2/2008 Gas turbine simple cycle NG 46.5 MW SCR water injection 2.5 PPM @ 15% 02 1 HOUR

EL CAJON ENERGY LLC SAN DIEGO CA 987824 12/11/2009 Gas turbine simple cycle NG 49.95 MW Water injection and SCR 2.5 PPM @ 15% 02 1 HOUR

PIO PICO ENERGY CENTER OTAY MESA CA SD 11-01 11/19/2012
COMBUSTION TURBINES 
(NORMAL OPERATION) NG 300 MW WATER INJECTION, SCR 2.5 PPM @ 15% 02 @15% O2, 1-HR AVG

PUEBLO AIRPORT 
GENERATING STATION Pueblo CO 09PB0591 12/11/2014 Turbines - two simple cycle gas NG 799.7 mmbtu/hr each SCR and dry low NOx burners 23 1 hr average LB/H Startup/shutdown
ARVAH B. HOPKINS 
GENERATING STATION LEON FL PSD-FL-343 10/26/2004

TURBINE, SIMPLE CYCLE, 
NATURAL GAS, (2) NG 50 mw WATER INJECTION SYSTEM, SCR 5 PPM @ 15% 02 24 H AVERAGE

TEC/POLK POWER ENERGY 
STATION POLK FL PSD-FL-363 4/28/2006 SIMPLE CYCLE GAS TURBINE NG 1834 MMBTU/H DRY LOW NOX 9 PPM @ 15% 02

OLEANDER POWER 
PROJECT BREVARD FL

PSD-FL-377 AND 
0090180-003-AC 11/17/2006

SIMPLE CYCLE COMBUSTION 
TURBINE NG 190 MW

DLN COMBUSTORS
WATER INJECTION 9 PPM @ 15% 02 24-HR ROLLING (NG)

JACKSONVILLE ELECTRIC 
AUTHORITY/JEA DUVAL FL

0310047-015-AC AND 
PSD-FL-386 12/22/2006

SIMPLE CYCLE TURBINE 172 
MW NG 1804 MMBTU/H

NATURAL GAS AS PRIMARY FUEL WITH 0.05% SULFUR 
DISTILLATE AS BACKUP.  USES WATER INJECTION WHEN 
FIRING OIL. 15 PPM @ 15% 02 4-HR ROLLING

PROGRESS BARTOW 
POWER PLANT PINELLAS FL

PSD-FL-381 AND 
1030011-010-AC 1/26/2007

SIMPLE CYCLE COMBUSTION 
TURBINE (ONE UNIT) NG 1972 MMBTU/H

WATER INJECTION
DRY LOW NOX 15 PPM @ 15% 02

4-HOURS BASIS - NATURAL 
GAS UNCORRECTED

SHADY HILLS GENERATING 
STATION PASCO FL PSD-FL-402 1/12/2009

TWO SIMPLE CYCLE 
COMBUSTION TURBINE - 
MODEL 7FA NG 170 MW

FIRING NATURAL GAS AND USING DLN 2.6 COMBUSTORS TO 
MINIMIZE NOX EMISSSIONS. 9 PPM @ 15% 02

24-HR BLOCK AVG BY 
CEMS

DAHLBERG COMBUSDTION 
TURBINE ELECTRIC 
GENERATING FACILITY (P JACKSON GA 4911-157-0034-V-04-1 5/14/2010

SIMPLE CYCLE COMBUSTION 
TURBINE - ELECTRIC 
GENERATING PLANT NG 1530 MW

DRY LOW NOX BURNERS (FIRING NATURAL GAS). WATER 
INJECTION (FIRING FUEL OIL). 9 PPM @ 15% 02

3 HOUR 
AVERAGE/CONDITION 
3.3.23

CALCASIEU PLANT CALCASIEU LA PSD-LA-746 12/21/2011
TURBINE EXHAUST STACK NO. 1 
&amp; NO. 2 NG 1900 MM BTU/H EACH DRY LOW NOX COMBUSTORS 17.5 PPM @ 15% 02 HOURLY MAXIMUM

FAIRBAULT ENERGY PARK RICE MN 13100071-001 7/15/2004
TURBINE, SIMPLE CYCLE, 
NATURAL GAS (1) NG 1663 MMBTU/H

DRY LOW-NOX COMBUSTORS OPERATING IN LEAN PREMIX 
MODE. 25 PPM @ 15% 02 3 HOUR AVERAGE

GREAT RIVER ENERGY - ELK 
RIVER STATION SHERBURNE MN 14100003-004 7/1/2008

COMBUSTION TURBINE 
GENERATOR NG 2169 MMBTU/H

DRY LOW-NOX COMBUSTION WHEN COMBUSTING NATURAL 
GAS 9 PPM @ 15% 02

4 HR ROLLING AVG, NG, 
>/= 60% LOAD

PERRYMAN GENERATING 
STATION MD 9136 7/31/2015

(2) 60-MEGAWATT PRATT & 
WHITNEY GAS TURBINE 
GENERATOR PACKAGE NG 120 MW DRY-LOW NOX BURNERS 9 PPM @ 15% 02 3 HOUR AVERAGE

SOUTH HARPER PEAKING 
FACILITY CASS MO 122004-017 12/29/2004

TURBINES, SIMPLE CYCLE, 
NATURAL GAS, (3) NG 1455 mmBtu/h DRY-LOW NOX BURNERS 15 PPM @ 15% 02 3 HOURS ROLLING AVG.

MOSELLE PLANT JONES MS 1360-00035A 12/10/2004
COMBUSTION TURBINE, GAS-
FIRED, SIMPLE-CYCLE NG 1143.3 MMBTU/H DRY, LOW-NOX BURNER WITH INLET GAS COOLING. 9 PPM @ 15% 02 3 H ROLLING AVERAGE

TVA - KEMPER 
COMBUSTION TURBINE 
PLANT KEMPER MS 1380-00015 12/10/2004 EMISSION POINT AA-002 NG 12 PPM @ 15% 02 NATURAL GAS
TVA - KEMPER 
COMBUSTION TURBINE 
PLANT KEMPER MS 1380-00015 12/10/2004 EMISSION POINT AA-001 NG 12 PPM @ 15% 02 NATURAL GAS

Nitrogen Oxides (NOx)
RBLC Search Results for Simple Cycle Combustion Turbines (10 year lookback)
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FACILITY_NAME FACILITY_COUNTY ST PERMIT_NUM PERMIT_ISSUANCE_DATE PROCESS_NAME PRIMARY_FUEL THROUGHPUT THROUGHPUT_UNIT CONTROL_METHOD_DESCRIPTION
EMISSION_LIMIT_

1 EMISSION_LIMIT_1_UNIT
EMISSION_LIMIT_1_AVG_
TIME_CONDITION

Nitrogen Oxides (NOx)
RBLC Search Results for Simple Cycle Combustion Turbines (10 year lookback)

Appendix A

CASE-BY-
CASE_BASIS

TVA - KEMPER 
COMBUSTION TURBINE 
PLANT KEMPER MS 1380-00015 12/10/2004 EMISSION POINT AA-003 NG 12 PPM @ 15% 02 NATURAL GAS
TVA - KEMPER 
COMBUSTION TURBINE 
PLANT KEMPER MS 1380-00015 12/10/2004 EMISSION POINT AA-004 NG 12 PPM @ 15% 02 NATURAL GAS

LONESOME CREEK 
GENERATING STATION MCKENZIE ND PTC 13049 9/16/2013

Natural Gas Fired Simple Cycle 
Turbines NG 412 MMBtu/hr SCR 5 PPM @ 15% 02

4 HOUR ROLLING 
AVERAGE EXCEPT 
STARTUP

BAYONNE ENERGY CENTER HUDSON NJ 12863- BOP080001 9/24/2009
COMBUSTION TURBINES, 
SIMPLE CYCLE , ROLLS ROYCE, 8 NG 603 MMBTU/H

SELECTIVE CATALYTIC REDUCTION SYSTEM (SCR) AND WET 
LOW-EMISSION (WLE) COMBUSTORS 

SUBJECT TO LAER 2.5 PPM @ 15% 02

HOWARD DOWN STATION CUMBERLAND NJ 75507-BOP090003 9/16/2010
SIMPLE CYCLE (NO WASTE HEAT 
RECOVERY)(&gt;25 MW) NG 5000 MMFT3/YR

THE TURBINE WILL UTILIZE WATER INJECTION AND 
SELECTIVE CATALYTIC REDUCTION (SCR) TO CONTROL NOX 
EMISSION AND USE CLEAN FUELS NATURAL GAS AND ULTRA 
LOW SULFUR DISTILLATE OIL TO MINIMIZE NOX EMISSIONS 2.5 PPM @ 15% 02

3HR ROLLING AVERAGE 
BASED ON 1-HR BLOCK

PSEG FOSSIL LLC KEARNY 
GENERATING STATION HUDSON NJ 12200-BOP100002 10/27/2010 SIMPLE CYCLE TURBINE NG 8940000 MMBtu/year (HHV) SCR and Use of Clean Burning Fuel:  Natural gas 2.5 PPM @ 15% 02

3-HR ROLLING AVERAGE 
BASED ON 1-HR BLOCK

GOODSPRINGS 
COMPRESSOR STATION CLARK NV 468 5/16/2006

LARGE COMBUSTION TURBINE - 
SIMPLE CYCLE NG 97.81 MMBTU/H

THE SOLONOX BURNER IN EACH TURBINE UTILIZES THE DRY 
LOW-NOX TECHNOLOGY TO CONTROL NOX EMISSIONS. 25 PPM @ 15% 02 15% OXYGEN

OHIO EDISON CO.-WEST 
LORAIN PLANT LORAIN OH 02-13376 11/17/2004

SIMPLE CYCLE COMBUSTION 
TURBINES (5) W/ NATURAL GAS NG 85 MW DRY LOW NOX BURNERS 9 PPM @ 15% 02 EACH TURBINE

ROLLING HILLS 
GENERATING PLANT VINTON OH 06-07747 1/17/2006

NATURAL GAS FIRED TURBINES 
(5) NG 209 MW DRY LOW NOX BURNERS 15 PPM @ 15% 02

DAYTON POWER AND 
LIGHT COMPANY MONTGOMERY OH 08-04380 3/7/2006

COMBUSTION TURBINE (1), 
SIMPLE CYCLE NG 1115 MMBTU/H DRY LOW NOX burners 15 PPM @ 15% 02 FROM NATURAL GAS

DAYTON POWER AND 
LIGHT COMPANY MONTGOMERY OH 08-04380 3/7/2006

COMBUSTION TURBINES (2), 
SIMPLE CYCLE NG 1115 MMBTU/H 25 PPM @ 15% 02 WITH NATURAL GAS

DAYTON POWER & LIGHT 
ENERGY LLC MONTGOMERY OH P0104867 12/3/2009

Turbines (4), simple cycle, 
natural gas NG 15020 H/YR dry low NOx burners 15 PPM @ 15% 02 EACH TURBINE

WESTERN FARMERS 
ELECTRIC ANADARKO CADDO OK 2005-037-C(M-2) PSD 6/13/2008

COMBUSTION TURBINE 
PEAKING UNIT(S) NG 462.7 MMBTU/H WATER INJECTION 25 PPM @ 15% 02 ADJUSTED 15% O2

NACOGDOCHES POWER 
ELECTRIC GENERATING 
PLANT NACOGDOCHES TX

77679, PSDTX1061M1 
& O-3455 10/14/2015

Natural Gas Simple Cycle 
Turbine (>25 MW) NG 232 MW

Dry Low NOx burners, good combustion practices, limited 
operations 9 PPM @ 15% 02

SHAWNEE ENERGY CENTER Hill TX  PSDTX1442, 125963 10/132015
  Simple cycle turbines greater 
than 25 megawatts (MW) NG 230 MW Dry Low NOx burners 9 PPM @ 15% 02

ANTELOPE ELK ENERGY 
CENTER Hale TX

109148, 
PSDTX1358M1 5/12/2015

Simple Cycle Turbine & 
Generator NG 202 MW

Dry Low NOx burners, good combustion practices, limited 
operations (4572 hours each) 9 PPM @ 15% 02 3 hour average

CLEAR SPRINGS ENERGY 
CENTER (CSEC) Guadalupe TX

120849 AND 
PSDTX1414 5/18/2015

  Simple cycle turbines greater 
than 25 megawatts (MW) NG 183 MW

Dry Low NOx burners, good combustion practices, limited 
operations (2500 hours each) 9 PPM @ 15% 02 3 hour average

SR BERTRON ELECTRIC 
GENERATION STATION Harris TX 102731, PSDTX1294 3/20/2015

Simple cycle natural gas 
turbines NG 225 MW Good Combustion Practices 9 PPM @ 15% 02 3 hour average

ROAN’S PRAIRIE 
GENERATING STATION Grimes TX 114698 PSDTX1378 3/19/2015

Simple cycle natural gas 
turbines NG 600 MW DLN COMBUSTORS 9 PPM @ 15% 02

3 hr rolling average, 2920 
hours per year

CHEYENNE PRAIRIE 
GENERATING STATION LARAMIE WY CT-12636 8/28/2012 Simple Cycle Turbine (EP03) NG 40 MW SCR 5 PPM @ 15% 02 1-HOUR
CHEYENNE PRAIRIE 
GENERATING STATION LARAMIE WY CT-12636 8/28/2012 Simple Cycle Trubine (EP04) NG 40 MW SCR 5 PPM @ 15% 02 1-HOUR AVERAGE
CHEYENNE PRAIRIE 
GENERATING STATION LARAMIE WY CT-12636 8/28/2012 Simple Cycle Turbine (EP05) NG 40 MW SCR 5 PPM @ 15% 02 1-HOUR
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