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1.  General Project INFORMATION

Applicant Name and Address

Gulf Power Company – Crist Electric Generating Plant

One Energy Place

Pensacola, FL  32520-0328

Authorized Representative:
Gene L. Ussery, Jr., V.P. of Power Generation

Processing Schedule

12/26/02
Received the application for a pollution control project;

01/22/03
Department requested additional information;

02/06/03
Department received additional information; and

02/10/03
Department received certification of authorized representative and professional engineer; complete.

{Note:  The applicant submitted some initial information related to the ESP and SCR systems identified as “Attachment 2” and requested that it be handled as confidential information pursuant to Section 403.111(1), F.S.  The Department returned this information to the applicant without making any decisions based on it.  Instead, the Department asked specific questions about the control equipment and received a detailed response from Gulf Power Company, which made the application complete.  The Department currently holds no “confidential information” for this project and did not rely on such information to make its determination.}

Facility Description and Location

Gulf Power Company operates the existing Crist Power Plant, which is located on Governors Bayou off 10 Mile Road in Pensacola, Escambia County, Florida.  This site is in an area that is currently in attainment (or designated as unclassifiable) for all air pollutants subject to a National Ambient Air Quality Standard (NAAQS).

Standard Industrial Classification Code (SIC)

SIC No. 4911 – Electrical Services

Regulatory Categories

Title III:  The existing facility is identified as a major source of hazardous air pollutants (HAP).

Title IV:  The existing facility operates units subject to the acid rain provisions of the Clean Air Act.

Title V:  The existing facility is a Title V major source of air pollution in accordance with Chapter 213, F.A.C.

PSD:  The existing facility is a PSD-major source of air pollution in accordance with Rule 62-212.400, F.A.C.

Project Description

On August 28, 2002, Gulf Power Company and the Florida Department of Environmental Protection entered into an agreement titled, “Agreement for the Purpose of Ensuring Compliance with the Ozone Ambient Air Quality Standards” (Agreement).  The purpose of the agreement is to support continuing efforts to maintain compliance with the ambient air quality standard for ozone in the Escambia County area.  In brief, Gulf Power Company agrees to:

· Construct and operate a new electrostatic precipitator (ESP) for Crist Unit 7;

· Construct and operate a new selective catalytic reduction (SCR) system for Crist Unit 7;

· Ultimately retire Crist coal-fired Units 1, 2, and 3; and

· Employ additional NOx reduction techniques for one or more of the remaining coal-fired Units 4, 5, and 6.

The agreement is contingent on approval from the Public Service Commission to recover costs from the ratepayers related to the pollution control projects, which became final November 18, 2002.  Based on the agreement, Gulf Power Company submitted an application for an air permit to install the new ESP and SCR for Crist Unit 7.  The project will be constructed in the following general phases over the next several years:

· Phase 1 consists of the planning and construction of infrastructure support facilities such as: the addition of new parking lots, the demolition and relocation of the maintenance shop, the creation of construction lay-down areas, and crane erection for the project.  This phase also includes beginning the process of obtaining the necessary local, state, and federal permits and licenses.

· Phase 2 consists of the installation of pilings and foundations for the ESP and SCR, which includes excavations into the existing coal storage pile located east of the plant.  Foundation testing began on February 3, 2003.

· Phase 3 is the erection of the ESP and the ductwork support steel, which is scheduled for April of 2003.  Startup of the ESP is planned for May of 2004.

· Phase 4 is the construction of the SCR system and the ductwork support steel, which is scheduled for September of 2003.  Startup of the SCR system is planned for May of 2005.

2.  Applicable Regulations

State Regulations

This project is subject to the applicable environmental laws specified in Section 403 of the Florida Statutes (F.S.).  The Florida Statutes authorize the Department of Environmental Protection to establish rules and regulations regarding air quality as part of the Florida Administrative Code (F.A.C.).  In general, this project is subject to the applicable rules and regulations defined in the following Chapters of the F.A.C.

	Chapter
	Description

	62-4
	Permitting Requirements

	62-204
	Ambient Air Quality Requirements and Federal Regulations Adopted by Reference

	62-210
	Required Permits, Public Notice, Reports, Circumvention, Excess Emissions, and Forms

	62-212
	Preconstruction Review

	62-213
	Operation Permits for Major Sources of Air Pollution

	62-296
	Emission Limiting Standards 

	62-297
	Testing, Continuous Monitoring, and Alternate Sampling Procedures


{Note:  The project is not subject to Florida’s Power Plant Siting Act because there will be no change in steam-generated electrical capacity.}

General PSD Applicability

The Department regulates major air pollution sources in accordance with the Prevention of Significant Deterioration (PSD) program, as delegated by the EPA for electric utilities.  A PSD review is required only in areas currently in attainment with the National Ambient Air Quality Standard (AAQS) or areas designated as “unclassifiable” for a given pollutant.  A new facility is considered “major” with respect to PSD if it emits or has the potential to emit:

· 250 tons per year or more of any regulated air pollutant, or

· 100 tons per year or more of any regulated air pollutant and the facility belongs to one of the 28 PSD Major Facility Categories (Table 62-212.400-1, F.A.C.), or

· 5 tons per year of lead.

For new projects at PSD-major sources, each regulated pollutant is reviewed for PSD applicability based on emissions thresholds known as the Significant Emission Rates listed in Table 62-212.400-2, F.A.C.  Pollutant emissions from the project exceeding these rates are considered “significant”.  The applicant must employ the Best Available Control Technology (BACT) to minimize emissions of each such pollutant and evaluate the air quality impacts.  Although a facility may be “major” with respect to PSD for only one regulated pollutant, it may be required to install BACT controls for several “significant” regulated pollutants.

PSD Applicability for Project

The Department’s Rule 62-212.400(2)(a)2, F.A.C. exempts certain pollution control projects from the requirements of PSD review.  Subparagraph “a” of this rule states that, “A pollution control project that is being added, replaced, or used at an existing electric utility steam generating unit and that meets the requirements of 40 CFR 52.21(b)(2)(iii)(h), adopted and incorporated by reference at Rule 62-204.800, F.A.C., shall not be subject to the preconstruction review requirements of this rule.”  This federal rule defines a “major modification” as any physical change in or change in the method of operation of a major stationary source that would result in a significant net emissions increase of any pollutant subject to regulation under the Act.  However, it also specifically states that a physical change or change in the method of operation shall not include the addition, replacement or use of a pollution control project at an existing electric utility steam generating unit, unless it is determined that such addition, replacement, or use renders the unit less environmentally beneficial, or except:

1. There is reason to believe that the pollution control project would result in a significant net increase in representative actual annual emissions of any criteria pollutant over levels used for that source in the most recent air quality impact analysis in the area conducted for the purpose of Title I, if any, and

2. It is determined that the increase will cause or contribute to a violation of any national ambient air quality standard or PSD increment, or visibility limitation.

The replacement of the ESP and the addition of the SCR system are not expected to result in any increased emissions.  The purpose of the project is to reduce nitrogen oxide emissions.  The following table summarizes past actual emissions and the project impacts.

Table 2A.  Estimated Emissions

	Pollutant
	Emissions, Ton Per Year a

	
	2000
	2001
	2-Year Avg.
	Post-Project
	Difference

	CO
	309
	236
	273
	No Change b
	0

	NOx
	6915
	4971
	5943
	891 c
	- 5052

	Pb
	0.22
	0.17
	0.20
	No Change d
	0

	PM
	307
	246
	277
	No Change d
	0

	PM10
	192
	154
	173
	No Change d
	0

	SO2
	24,470
	17,462
	20,966
	No Change b
	0

	VOC
	37
	28
	33
	No Change b
	0


Notes

a. Annual emissions are based on data compiled from the applicant’s Annual Operating Reports as recorded in the Department’s ARMS database.

b. The ESP and SCR projects are not expected to affect emissions of carbon monoxide, sulfur dioxide, or volatile organic compounds.

c. Based on the Agreement, the SCR project is designed for a NOx reduction from Unit 7 of 85%.

d. The new ESP is expected to be more efficient than the previous ESP, which would result in a reduction of particulate matter emissions.

The replacement of the ESP and the addition of the SCR system are considered a pollution control project.  During the period of 1997 to 2001, Unit 7 averaged about 6900 hours per year.  The annual capacity factor for Unit 7 during this period approached 50% based on the actual annual heat input versus the maximum potential annual heat input rate. [1]  Therefore, the addition of the pollution control equipment is not expected to result in an increase in the capacity utilization of Unit 7 and uncontrolled representative actual emissions are not expected to be any different than past actual emissions.  At a control efficiency of 85% for the proposed SCR system, actual representative controlled NOx emissions are expected to decrease by approximately 5000 tons per year.  The Department believes that the proposed pollution control project will be environmentally beneficial and will not result in a significant net increase in representative actual annual emissions of any criteria pollutant.  As such, this project is exempt from the requirements of PSD preconstruction review.  Nevertheless, an air construction permit is required to conduct the proposed work.

3.  Application Review

Crist Unit 7 (ARMS Emissions Unit 007) is a 578 MW Foster Wheeler balanced draft, front and rear wall-fired, dry bottom boiler.  The maximum heat input rate is 6406 MMBtu per hour while combusting the primary fuels of pulverized bituminous coal and/or natural gas.  Distillate oil and on-specification used oil fuel are also combusted as a secondary fuels.  Emissions of particulate matter are currently reduced by a Buell cold side electrostatic precipitator.  Nitrogen oxides are controlled with low NOx burners.  Unit 7 has continuous monitors for opacity, stack gas flow, carbon dioxide, nitrogen oxides, and sulfur dioxide.  Units 6 and 7 share a common stack that is 23.2 feet in diameter and 450 feet high.  Based on the current Title V air operation permit, Unit 7 is subject to Rule 62-296.405, F.A.C. (Fossil Fuel Fired Steam Generators > 250 MMBtu/Hour Heat Input), predates the requirements of Rule 62-212.400, F.A.C. (PSD Preconstruction Review), and is regulated under Phase I of the federal Acid Rain Program.  The applicant proposes to perform the following work.

Boiler Parameters

As a direct result of the pollution control project, the following boiler components will be modified: the economizer control damper, the economizer hopper, the air preheater and the air preheater inlet.  The modifications are necessary to accommodate the new pollution control equipment and duct work.  The proposed changes will not increase emissions nor add to the capacity of Unit 7.  The materials of construction should be carefully selected to inhibit corrosion.

Electrostatic Precipitator (ESP)

Proposal
Particulate matter emissions in the exhaust flue gas of Unit 7 are currently controlled with a Buell cold-side ESP, which generally functions as follows.  Particles in the flue gas are electrically charged by discharge electrodes.  The negatively charged particles migrate to a grounded collection electrode.  Periodically, the collecting plates are mechanically rapped to free captured particles, which fall in large sheets to collection hoppers below for removal.  An automated control system adjusts electrical field strength and rapping frequency to provide optimum removal efficiency and prevent opacity spikes that can occur when collected particles are re-entrained into the exhaust flue gas.  Cold-side ESPs have been used for over 70 years to remove particulate matter from boiler exhaust streams.

Gulf Power Company proposes to replace the existing ESP with a cold-side ESP manufactured by Alstom Power Inc.  A cold-side ESP is installed after the air preheater and typically operates at flue gas temperatures of less than 400° F.  The low temperature results in reduced flow rates, which means a smaller overall ESP and reduced costs.  Cold-side ESPs can experience fly ash collection problems when firing low sulfur coals, which is not the case for the existing boiler.  Gulf Power Company expects to tie into existing Unit 7 during a scheduled outage in the spring of 2004.  The majority of construction will be completed prior to this outage.

Based on the preliminary design, the new ESP will consist of two casings or gas tight chambers.  Each casing will have three cells with five fields per cell.  The precipitator will have 30 total fields (electrical bus sections) with each field having approximate overall dimensions of 29 feet wide by 12 feet deep with a height of about 49 feet.  The collecting plates will be 16-gage steel with a spacing of 15.75 inches.  The discharge electrodes will be rigid.  Each of the 30 electrical bus sections will be controlled by a microprocessor-based controller with field energizing optimization and high-speed field bus communication.  The ESP will also be equipped with a data management system for remote control and communications with the high voltage power supplies and rapper control systems.

Design Specifications

The following specifications summarize the preliminary design of the proposed new ESP.

· Collection Efficiency:  The proposed ESP is designed for a collection efficiency of 99.64%, a maximum controlled particulate emission rate of 0.05 lb/MMBtu, and a maximum stack opacity of 10%. 

· Specific Collection Area (SCA):  The specific collection area is the ratio of the total collection surface area to the flue gas exhaust rate and is a rough indicator of the overall efficiency.  The preliminary design has a total collection plate area of 767,326 ft2 based on a volumetric flow rate of about 2,167,106 ft3/minute.  For the proposed project, the SCA is estimated as follows:

SCA = (767,326 ft2) / (2,167,106 ft3/minute) = 0.354 min/ft, or 354 ft2 per 1000 ft3/minute

This falls within the optimum SCA range for fly ash precipitators (200 to 400 ft2 per 1000 ft3/minute). [5]
· Aspect Ratio (L/H):  The aspect ratio is ratio of the effective length of the ESP over the effective height of the ESP.  If the aspect ration is small (< 1.0), then there is a greater chance that particulate matter will be re-entrained during periods of rapping and carried out of the ESP before reaching the hoppers.  For the proposed ESP design, a rough estimate of the aspect ratio is:

Aspect Ration (L/H) = (5 fields) (12 ft length/field) / (49 ft high) = 1.22

This falls with the expected range of aspect ratios (1.0 to 1.5) for an ESP with a high collection efficiency for (> 99%). [5]
· Particle Migration Velocity (w):  Particle migration velocity represents the collectability of a particle based on the design of a specific ESP.  The critical design parameter for an ESP is the collection efficiency, which is a function of the plate collection area, the volumetric flow rate, and the particle migration velocity.  The following simplified equation shows the general relationship of these parameters. [5]
Ac = - Q / w [ ln ( 1 – n) ], where:

Ac is the plate collection area, ft2
Q is the volumetric flow rate, ft3/min

w is the particle migration velocity, ft/sec

n is the collection efficiency, (decimal form)

In addition to a particle collection efficiency of 99.64%, the preliminary design has a total collection plate area of 767,326 ft2 based on a volumetric flow rate of about 2,167,106 ft3/minute.  Based on the above equation and the preliminary design, a rough estimate of the particle migration velocity is:

w = – (2,167,106 ft3/min) / (767,326 ft2) [ ln (1 – 0.9964) ] (min/60 sec) = 0.26 ft/sec

This falls within the expected range of particle migration velocities (0.1 – 0.5 ft/sec) for fly ash precipitators.[2, 5]
· Plate Area / Electrical Transformer-Rectifier (T-R) Set:  In most cases, a larger number of electrical bus sections (T-R sets) means a higher probability of continually achieving the designed collection efficiency.  A general rule-of-thumb is to have one T-R set for every 10,000 to 30,000 ft2 of collection plate area.  Given that the preliminary design has a total collection plate area of 767,326 ft2 and 30 T-R sets, this ratio would be:

ft2 / T-R set = (767,326 ft2) / (30 T-R sets) = 25,600 ft2 / T-R set 

This value falls within the optimum range for fly ash precipitators.[2, 5]
Flue Gas Conditioning

Currently, sulfur is burned to condition the boiler exhaust flue gas.  The added sulfur compounds lower the fly ash resistivity and improve the removal performance of the existing ESP.  The new ESP will not require any flue gas conditioning and the existing sulfur burner will be removed.

Fly Ash Handling

A tumbling hammer rapping system will be used to remove captured fly ash from collecting plates.  The maximum rapping density will be about 1163 square feet of collecting electrode per rapper.  The preliminary design uses the existing control system to adjust the cleaning cycle and frequency that will minimize opacity spikes due to re-entrainment.  Sixty hoppers (two per field) will hold the collected ash.  The new ash collection hoppers will be tied in to the existing dry fly ash removal system.  Since ash collection will be similar to the existing ESP, no significant changes in capacity are expected.  As necessary, modifications will be made to extend the transport piping and increase the transport performance.  New ductwork will be added to some of the air preheater outlet hoppers.  New ash collection hoppers will be added at the bottom of the SCR inlet when it is installed.  On-going engineering evaluations will determine whether additional minor changes will be needed for removal of the ash from these new hoppers that may change or add to the ash collection system.
Soot Blowing

The project is not expected to result in any changes to current boiler or air preheater soot blowing methods, frequency, or duration or add to the ash collection system.

Conclusion

The new ESP is being designed for a wide range of coals with varying ash contents.  The design company, Alstom Power Inc., is a well-known engineering design and equipment manufacturer specializing in the power generation industry.  They offer services ranging from design, consultation, fabrication, installation, and project management to complete turnkey projects.  Design services include fabric filters (FF), flue gas desulfurization (FGD), electrostatic precipitator (ESP), post-combustion DeNOx (SCR), and ammonia-free DeNOx for gas turbines (SCONOxTM).  With over 70 years of experience in environmental control, Alstom Power Inc. has become a leading supplier of ESPs during the last 20 years.  The preliminary design specifications for this project appear to fall within the typical design values of fly ash precipitators.

Particulate matter emissions continue to be regulated by Rules 62-296.405(1)(b) and 62-210.700(3), F.A.C. in accordance with current Title V Permit Nos. C.7 and C.8.  To reflect a minimum level of control for the new ESP, the Department will include the following permit condition:

Stack Opacity:  The flue gas opacity from Unit 7 shall not exceed 20% based on a 6-minute block average, except for one 6-minute block per hour that shall not exceed 27%.

This standard will apply for routine operation of Boiler No. 7 with a properly functioning ESP.

Selective Catalytic Reduction (SCR)

Unit 7 currently uses low NOx burners to inhibit the formation of NOx.  Gulf Power Company proposes to add a new SCR system manufactured by Southern Company Services, Inc.  SCR is an add-on control technology in which ammonia is injected into the exhaust gas stream before a section of catalyst.  The ammonia combines with NOx in the presence of the catalyst in a reduction reaction to form nitrogen and water.  For conventional catalysts such as vanadium pentoxide, the exhaust gas temperature must be maintained between 450° F and 850° F for the reaction to proceed satisfactorily.  Ammonia that escapes past the catalyst without reacting with NOx is called “ammonia slip”.  If a fuel contains significant amounts of sulfur, high levels of ammonia slip can lead to the formation of bisulfates and other particulate matter, which can foul the catalyst and reduce heat transfer rates.  To avoid these problems, SCR systems can be designed with very low levels of ammonia slip (< 5 ppmv) while still achieving control efficiencies greater than 90%.  SCR is a commercially available, demonstrated control technology currently employed on numerous utility boilers and combined cycle gas turbine projects worldwide.

Design Specifications

The following specifications summarize the preliminary design of the proposed new SCR system.

· Basic Design Specifications:  The SCR system is designed for a NOx conversion efficiency of 90% based on an inlet NOx emissions rate of 0.70 lb/MMBtu.

· Catalyst Design Specifications:  The catalyst will consist of titanium dioxide and molybdenum oxide with vanadium pentoxide as the active component.  The catalyst is fabricated by applying ceramic catalyst material to a perforated stainless steel mesh grid plate.  The catalyst will be arranged in a plate-type structure with 5.7 mm pitch arranged in four layers.  The operational temperature range is approximately 600° to 800° F.  The initial configuration is for a catalyst volume of approximately 26,000 cubic feet in 2½ layers.  With all four potential layers in place, the catalyst volume will be approximately 41,600 cubic feet.

· Ammonia Storage and Mixing:  Anhydrous ammonia will be delivered by truck (or possibly rail) and stored on site in two 20,500 gallons tanks.  Ammonia is diluted with air (< 10% by volume) and injected into the SCR inlet duct through the ammonia injection grid (AIG), which is divided into about two dozen zones.  Each zone is equipped with a flow indicator and manual control valve for tuning the AIG to match the inlet NOx profile.  Effective ammonia distribution and NOx conversion are dependent on the velocity profile entering the AIG.  A static mixer installed upstream of the AIG creates flow resistance, flattens the velocity profile, and provides uniform gas flow.  Downstream of the AIG, a second static mixer is positioned at the AIG injection points to impart a swirl to the diluted ammonia and promote good mixing with the flue gas.  For 90% NOx conversion, the design molar ratio of ammonia-to-NOx is 0.95 at SCR inlet.
· Ammonia Slip:  The design target ammonia slip level is less than 5 ppmv measured at the stack.  There are no provisions for continuously monitoring ammonia concentration in the flue gas.  When ammonia measurements in the flue gas are required, a wet chemical method will be utilized.  These measurements are taken periodically over the operating life of the SCR catalyst.  More frequent tracking of ammonia slip will be monitored by measuring the amount of residual ammonia adsorbed by the fly ash.  Fly ash samples will be measured periodically using an ion-specific electrode.  Ammonia slip may also be estimated from the ammonia injection monitoring system based on the NOx rate at the SCR inlet/outlet and the ammonia injection rate.

· Gas Sampling Grid (GSG):  During commissioning and periodically over the life of the system, it will be necessary to tune the AIG to optimize the distribution of ammonia in the SCR inlet duct relative to the NOx distribution to provide optimum NOx conversion with minimum ammonia slip.  To facilitate tuning, a manual gas sampling grid (GSG) is installed downstream of the last catalyst layer.  The GSG allows a high-resolution traverse of the flue gas stream for composition across the outlet of the SCR, which can be used to precisely adjust the AIG.  The GSG is comprised of individual small-bore (~½”) heavy-wall pipes extending from outside the SCR to distributed sampling locations below the last catalyst layer.  Portable equipment is used to sample and measure gas concentrations using the GSG.

Attachment A to this report shows the process flow diagram for the proposed system and provides parametric data for normal load operation.

Ammonia Control System

An ammonia flow control valve adjusts the flow of undiluted anhydrous ammonia vapor from the operating vaporizer into the diluted ammonia stream via a mixing chamber.  The flow control valve set point for the SCR reactor is established by an algorithm using an ammonia flow control loop with a cascaded, feed-forward control scheme.  The lower controller in this scheme is a simple ammonia flow controller.  The upper controller and its feed-forward signal develop the ammonia flow set point, which is compared to the measured ammonia flow compensated for temperature and pressure.  The ammonia flow control valve is then adjusted accordingly when in automatic mode.  The feed-forward signal is generated from the measured SCR inlet NOx, the outlet NOx set point, and the heat input to the boiler, which is estimated from the measured megawatt output of the steam turbine.  The multiplication of the two signals, and the scaling factor, is used to determine the flow of ammonia (lbs/hr) required for the current uncontrolled NOx emission rate into the SCR.
The upper controller of the cascaded control loop compares the SCR outlet NOx rate to the preset NOx set point.  It then trims the feed-forward signal to adjust for any inaccuracies in the other measurements and for any ammonia slip that actually occurred.  The stack NOx signal is also monitored since it is the measurement used to determine compliance with the air permit limits.  The scaling factor for the ammonia flow feed-forward signal (0.39) is based upon the differences in molecular weight between one molecule of NOx and one molecule of ammonia.  This calculation assumes that 95% of the NOx will be NO and 5% of it will be NO2.  It also assumes that all of the ammonia molecules find NOx to react with and that there is no ammonia slip.

The following table summarizes the expected ammonia injection rates at various loads:

	Load

%
	Ammonia Injection Rate

lb/hour

	Peak
	1319

	75%
	1000

	50%*
	695


*
It is expected that the SCR will limit low load operation to a minimum load of about 275MW because the economizer outlet temperature may not meet the minimum 600°F required for ammonia injection.  At 275 MW, the ammonia injection rate is expected to be about 785 lb/hour.

SCR Startup Procedure

The SCR dampers will initially be in the “bypass” position.  The boiler should reach a minimum load of approximately 220 MW with stable firing on coal.  The unit may be at any other load up to maximum, but load should be steady while the SCR is valved into the flue gas path.  

The SCR outlet dampers are stroked in tandem to the full open position and pinned in place.  The continuous cleaning sequence of the sonic horns is activated.  Dilution airflow to the AIG is initiated to preclude flue gas or fly ash accumulation in the AIG.  The SCR bypass damper is then slowly opened to SCR in-service position over a period of hours to heat the SCR reactor in a controlled manner while avoiding any upset to the furnace draft controls.  The limiting constraint on thermal ramp rate is differential temperature, which must be no greater than 150° F (preliminary) between the internal structural members and stiffeners on the external skin of the reactor.  The reactor is heated as quickly as possible within this constraint to minimize the transition time through the moisture and sulfuric acid dew points. It takes from 12 to 14 hours to open the dampers the first time the SCR is put in service, in part because moisture is driven off the insulation in the process.  Thereafter, the heat-up procedure may take 8 to 12 hours.

The boiler load may be dispatched as required when the damper is fully opened and all of gas flow is through the SCR reactor.  An FGAS sample fan is started and the SCR inlet and outlet NOx concentration monitors are verified to agree with the stack CEMS.  The bypass damper seal air pressure and flow are verified to assure 0% bypass.  Ammonia injection may begin when the SCR catalyst reaches the minimum operating temperature of 600°F.  If the boiler is at full load and the gas flow is at 100% of the design rate, the catalyst performance is still temperature limited.  Ammonia should be limited to 80% of the flow rate at design conditions because the catalyst activity is only sufficient to provide about 75% NOx conversion at 600°F.  When the catalyst reaches the design temperature of 680° F, ammonia flow can be increased to achieve the full 90% NOx conversion.

Alternately the SCR may be in the flue gas path in while the unit undergoes a hot or cold start.  The same reactor differential temperature constraints and minimum ammonia injection temperature applies.  The catalyst is exposed to soot because the burners are not optimized for No. 2 fuel oil, which is used as a startup fuel.  The unburned hydrocarbons from the fuel oil may block the catalyst pores and reduce the catalyst life.  However, most deposits are expected to occur on the thin layer of fly ash on the catalyst surfaces.  At this time, it is unknown whether the boiler or the catalyst will be the limiting constraint on startup time.  The following conditions must be met before ammonia may be injected to the SCR:

· No unit Master Fuel Trip;

· SCR inlet and outlet dampers are fully opened;

· Catalyst at or above minimum operating temperature (~ 600° F);

· Ammonia / dilution air ratio is not high (> 10% by volume);

· Dilution air flow is not low; and

· Gaseous ammonia is above the minimum vaporizer outlet temperature.

SCR Shutdown Procedure

The ammonia injection is stopped and a delay time (< 1 hour) is allowed for the outlet NOx concentration to rise to equal the inlet concentration.  This period of gas flow without ammonia injection assures that all residual ammonia is consumed and provides the NFPA 8502 purge requirement.  For a short outage, the SCR inlet bypass damper is stroked to the full bypass position in a controlled manner to avoid any furnace draft upset.  The SCR outlet damper is then closed and seal airflow is established at both dampers.  Operation of the sonic horns, FGAS sample fan, and dilution airflow may then be halted.  The SCR catalyst is thus “bottled up” hot and will remain above the acid dew point for a considerable length of time because the reactor is well insulated.  This procedure allows the boiler to be cooled more quickly because it is not also necessary to gradually cool the SCR reactor.  It also allows the SCR system to be put back in service more quickly because gradual warm up of the catalyst is avoided.

For a long outage, if access to the inside of the reactor is required, the SCR dampers are kept open as the boiler is brought off line in the normal fashion.  After discontinuing fuel flow, the ID and FD fans are left running to cool the boiler and SCR.  The cooling time will be extended by up to 12 hours due to the thermal capacity of the SCR.  The reactor should be isolated during any maintenance procedure that could subject the catalyst to excessive moisture, such as air preheater washing or economizer maintenance.

Techniques to Prevent Catalyst Fouling and Masking

Large “popcorn” ash particles have the potential to plug the protective screens on catalyst modules and may even plug the catalyst elements themselves.  Such plugging leads to poor gas distribution within the SCR, higher draft loss across the SCR and reduced catalyst life.  Large (> 4mm diameter) particles must be collected before they reach the catalyst.  Fly ash particles must be kept moving through the catalyst and not allowed to accumulate.

Flow model studies of the SCR system are being conducted using both numerical and experimental methods.  The numerical method uses computational fluid dynamics to predict flow patterns and particle behavior throughout the system.  The experimental method includes a 1/12th scale model of the SCR system.  Fans force air to flow through the model at velocities selected for similitude across the operating range of the full-scale reactor.  Gas flow patterns in the model are observed using smoke, tracer gas and tufts of yarn.  Areas of ash deposition are observed using cork dust to simulate fly ash.  Gas flow distribution devices and popcorn ash collection devices are developed and tested. 

The SCR inlet duct is designed to facilitate collection and removal of large ash particles.  The 90-degree bend upward from the economizer outlet duct provides the change of flow direction necessary for momentum-based devices such as deflector plates.  The large cross-sectional area is sized for low velocity (~ 35 feet/second) with upward vertical flow.  This allows particle screens to be used with minimal abrasion and draft loss.  Devices of these types will be tested and proven as part of the flow model study.

Acoustic cleaning devices (sonic horns) are provided for on line cleaning of fly ash from the catalyst and reactor surfaces.  The SCR reactors are equipped with eight sonic horns per catalyst elevation to prevent ash accumulation.  These horns operate in the audible sound range and prevent ash deposits by continually vibrating or fluidizing ash particles.  The fluidized particles pass through the SCR under the force of flue gas flow and gravity.  The compressed air system that supplies the sonic horns will be sized to allow for additional horns which may be added in the SCR inlet area to prevent ash deposits on turning vanes, beams, collection devices, etc.

Catalyst Maintenance Procedures and Schedule

The catalyst has been selected for a 16,000-hour life at design conditions.  The initial catalyst load consists of two and a half layers. At the end of the first 16,000 hours, a full fourth layer is added.  After the next interval (40,000 total hours), the half-layer is replaced with a full layer.  Full layers are replaced in succession thereafter.  Catalyst deactivation can be observed in a variety of ways such as ammonia slip tests, increased ammonia usage, and estimated ammonia slip determined by the ammonia injection control system.
SCR Bypass Duct

The SCR bypass duct is configured to allow boiler exhaust gas to bypass the SCR catalyst under specific circumstances.  Initial design locates it so the bypass inlet is at the top of the SCR reactor and the outlet is at the bottom of the SCR reactor.  Two large bypass dampers redirect the gas flow through this duct.  The SCR reaction takes high temperatures for the chemical reaction to occur.  These temperatures (> 600° F) do not exist until the unit is loaded to approximately 275 MW.  In addition, a cold SCR must be gradually warmed to control thermal expansion.

Three conditions are anticipated that require bypass duct operation. 
1. Boiler Problems:  Problems may occur that require personnel entry into the boiler for maintenance:  By closing the bypass dampers in this situation, the SCR remains thermally isolated and warm while the boiler is cooled for entry.  By keeping the SCR warm, the SCR can be returned to operation much faster.  It is estimated that boiler problems may occur approximately 10 to 12 times per year for a bypass time of approximately 60 hours.  Note the unit is off line approximately 36 of these hours.

2. Boiler Startup:  The SCR typically would require a longer startup time without bypassing.  With the bypass, the dampers can be gradually opened to control SCR warming, which allows the system to reach the minimum SCR reactor temperature quicker than by adjusting boiler operation alone.  It is estimated that such startups could occur about 10 times per year for a bypass time of approximately 48 hours.

3. SCR Catalyst Problems:  Problems with the catalyst (such as plugging) would require maintenance and inspections on the SCR itself.  The bypass would be used to allow entry and work on the SCR reactor without taking the boiler off line.  These events on other units range from 4 days to 2 weeks in duration and would be expected to occur about 3-4 times per year on a unit operated with SCR year-round.

Gulf Power believes operations during periods of startup, shutdown and malfunction do not constitute representative conditions and are exempt as excess emissions.  Thus, the SCR bypass should be authorized for unit startup and shutdown including boiler and SCR maintenance as “periods of malfunction”.  Gulf Power requests that bypass operation for boiler and SCR maintenance be permitted for 15 days during 2005 and up to 15 days per calendar year thereafter.  During bypass operations the NOx emissions limit should be a 24-hour average at 0.35 lb/MMBtu from Crist Unit 7.  These periods should not be included in the 30-day emission average for NOx on a daily average basis during those days.
Conclusion

In the mid-1990’s, Southern Company Services participated in a joint SCR demonstration project with the U.S. Department of Energy.  The purpose of the project was to evaluate SCR retrofit technology for reducing NOx emissions from utility boilers burning U.S. coals with a high sulfur content (~ 2.5% sulfur by weight).  The demonstration project was conducted on Unit 5 at the Crist Electrical Generating Plant.  Unit 5 is a tangentially fired, dry bottom boiler rated at 75 MW, which was built in 1961.  Particulate matter emissions are controlled by both hot-side and cold-side ESPs.  A slipstream of exhaust gas was used to test nine different SCR catalyst configurations.  The SCR demonstration project showed the following:

· Each tested SCR catalyst provided at least 80% NOx reduction with an ammonia slip of less than 5 ppm.  

· There was no unusual catalyst deactivation attributed to the use of high-sulfur U.S. coals containing typical amounts of metals such as arsenic.

· Both plate and honeycomb catalysts performed satisfactorily.

· The project concluded that the SCR process can achieve up to 90% NOx reductions with relatively low ammonia slip levels over an extended period of operation (at least two years).

In addition to this early experience, Southern Company Services recently designed and installed 12 SCR systems for five power plants in the Atlanta and Birmingham metropolitan areas.  Based on Southern Company’s designs, SCR systems began operation at Georgia Power’s Bowen Plant in 2001 and Alabama Power’s Plant Gorgas in 2002.

The design specifications appear to fall within the typical ranges for similar SCR projects and the conclusions of the earlier SCR demonstration project conducted at the Crist plant.  Based on the application, the preliminary design will achieve a minimum NOx conversion efficiency of 85% as required by the Agreement.  Although the Department does not oppose the SCR bypass as a design element, it does not believe it is appropriate exclude periods of uncontrolled NOx emissions during the ozone season from the plant-wide NOx standard specified in the Agreement.  To reflect a minimum level of control for the SCR system and to address the bypass issue, the Department intends to include the following permit conditions:

· SCR Design:  The permittee shall construct, tune, operate, and maintain a new SCR system for Unit 7 to reduce emissions of nitrogen oxides (NOx) as described in the application, approved drawings, plans, and other documents on file with the Department.  The SCR system shall be designed to achieve no less than an 85% reduction in NOx emissions as measured across the SCR unit inlet and outlet.  The designed target ammonia slip level is 5 ppmv based on a 24-hour average.  The storage of ammonia shall comply with all applicable requirements of the Chemical Accident Prevention Provisions in 40 CFR 68.  [Design; Paragraph 1 of the Agreement; Rule 62-204.800, F.A.C.; 40 CFR 68]

· Unit 7 NOx Standard (Interim):  Prior to implementing the required NOx control strategy for Units 4, 5, and 6, the NOx emissions from Unit 7 shall not exceed 0.15 lb/MMBtu of heat input based on a 30-day rolling average when the SCR system is operational with a catalyst temperature of at least 600° F.  The permittee shall demonstrate compliance with data collected from the certified CEMS.  This standard is effective on the date the CEMS is re-certified in accordance with the acid rain provisions of 40 CFR 75.  After the required NOx control strategy is implemented for Units 4, 5, and 6, the plant-wide NOx standard shall supersede this interim standard.  {Note:  This covers the period after the Unit 7 SCR is placed in operation, but before implementation of the additional NOx control strategy required for Units 4, 5, 6 and 6.}  [Design; Rules 62-4.070(3), F.A.C.]

· SCR Bypass, Startup/Shutdown:  During Unit 7 startup and shutdown, the SCR system may be bypassed in accordance with manufacturer’s recommended procedures to allow for controlled catalyst heating and cooling.  During startup, the SCR system shall be on line and functioning when the minimum operating temperature of the catalyst is achieved (( 600° F).  During shutdown, the SCR system may be removed from service when the catalyst temperature drops below 600° F.  [Design; Rule 62-210.700, F.A.C.]  {This is a critical design specification for the catalyst.  Below this temperature, the efficiency of NOx reduction reaction across the catalyst begins to drop rapidly.  In addition, Unit 7 will be at low loads (< 275 MW) below a catalyst temperature of 600° F.}
· SCR Bypass, Catalyst Maintenance and Repair:  The permittee may bypass the SCR system to perform catalyst maintenance and repair for up to 15 days per year during the non-ozone season.  During such allowable bypass periods, the uncontrolled NOx emissions from Unit 7 shall not exceed 0.35 lb/MMBtu based on a 24-hour average.  The daily NOx emission rates for these periods may be excluded from the plant-wide 30-day NOx standard.  The permittee shall notify the Compliance Authority in advance of the purpose of the SCR bypass, the expected dates of SCR bypass, and the expected duration of SCR bypass.  [Rules 62-210.700 and 62-4.070(3), F.A.C.]  {Note:  The ozone season is defined as May 1st through September 15th.  For this 4 1/2 months period, the Department believes that prudent planning will allow the permittee to schedule and perform catalyst maintenance and repair during the non-ozone season.}
· Plant-wide NOx Standard:  Emissions of nitrogen oxides (NOx) from the combined operation of Units 4, 5, 6, and 7 shall not exceed 0.2 lb/MMBtu heat input based on a 30-day rolling average except for periods when Unit 7 is shutdown.  {Note:  The draft permit details the determination of compliance with this standard.  It allow for the exclusion of CEMS data when the catalyst temperature is below 600° F during a startup/shutdown or when the SCR is bypassed as authorized during the non-ozone season.}
The draft permit requires continuous monitoring to demonstrate compliance with the standards for opacity and NOx emissions.  Performance testing is required for particulate matter, NOx reduction efficiency, and ammonia slip.  Quarterly reports are required to summarize compliance with the NOx and opacity standards.

Continuous Monitoring

The existing NOx CEMS will be replaced with a dual-range model.  The low range will be used to monitor emissions with the SCR in operation and the high range when the SCR is out of service.  There will be no change in the monitor location.  The stack probe and duct locations will remain as currently noted in the facility’s CEMS monitoring plan.  Other related miscellaneous equipment changes to the monitor and data acquisition system will be made to support the dual range analyzer.  A chemical ammonia scrubber will be added to the sampling line to remove any ammonia in the sample to avoid interference with determining the NOx emission rate.  According to EPA guidance, an ammonia scrubber is an appropriate response to this potential problem. 6  Due to the numerous changes, it will be necessary to recertify the NOx CEMS for purposes of the Acid Rain program, 40 CFR 75.

Gulf Power also proposes to modify the current CEMS to compensate measurements for changes in temperature, pressure, and molecular weight based on the EPRI dilution probe correction algorithm.  This will require changes to the existing dilution probe, addition of pressure and temperature sensors, and the data acquisition system.  The purpose is to provide a more accurate determination of the heat input rate, which is used to demonstrate compliance with permits standards (lb/MMBtu).  New SCR inlet/outlet NOx monitors will be installed to provide the inputs necessary to adjust the ammonia injection rate.

5.  Preliminary Determination

The pollution control project is based on the design and operation of conventional air pollution control equipment: an electrostatic precipitator and a selective catalytic reduction system.  These air pollution control devices are operating successfully on numerous coal-fired utility boilers throughout the world.  However, the Department acknowledges that the designs presented in the application are preliminary and based on the information that was available at the time of application.  The draft permit requires Gulf Power to update the Department with final design specifications and any major changes made to the final design specifications during the actual construction phase.

The Department makes a preliminary determination that the proposed project will comply with the terms of the Agreement and all existing applicable air pollution regulations.  This determination is based on a technical review of the application, the preliminary design, reasonable assurances provided by the applicant, and the conditions specified in the draft permit.  No air quality modeling analysis is required because the project does not result in a significant increase in emissions.  Jeff Koerner is the project engineer responsible for reviewing the application and drafting the permit.  Additional details of this analysis may be obtained by contacting the project engineer at the Department’s Bureau of Air Regulation at Mail Station #5505, 2600 Blair Stone Road, Tallahassee, Florida  32399-2400.
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Process Flow Diagram for Crist Unit 7 ESP/SCR Project

NORMAL MAX LOAD MASS AND ENERGY BALANCES
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PROCESS STREAM DETAILS

Document No.:

STREAM A B C D E F G H

Economizer 

Outlet

AIG Inlet SCR Inlet SCR Outlet APH Gas Inlet

APH Gas 

Outlet

ID Fan Inlet ID Fan Outlet

Temperature, F 725 724 720 719 719 240 230 234

Pressure, in. w.g. -10.0 -10.6 -12.2 -14.3 -14.5 -23.1 -24.8 0.0

Pressure, in.w.a. 394.2 393.6 392.0 389.9 389.7 381.1 379.4 404.2

Gas Flow, acfm 2,408,482 2,440,264 2,464,625 2,475,671 2,480,568 1,754,182 1,823,540 1,722,044

Gas Flow, scfm 1,039,916 1,052,971 1,062,577 1,062,577 1,064,225 1,239,433 1,301,405 1,301,405

Gas Flow, lb/hr 4,762,428 4,768,532 4,812,037 4,812,037

4,819,498

5,612,957 5,893,605 5,893,605

NOx, lb/hr (as NO2) 3,414 3,414 3,414 341 341 341 341 341

Particulate, lb/hr

23,835 23,835 23,835 23,835 23,835 23,835 119 119

STREAM 1 2 3 4 5 6 7 8 9 10

FD Fan Inlet FD Fan Outlet APH Air Outlet

Dilution Air 

Fan Inlet

Dilution Air 

Fan Outlet

AIG Feed

Ammonia Feed 

Pump Suction

Ammonia Feed 

Pump 

Discharge

Regulated 

Ammonia Flow

Damper Seal 

Air from 

Secondary

Temperature, F 75 76 460 75 77 77 75 75 40 460

Pressure, in. w.g. -0.4 13.0 7.0 -1.0 40.0 30.0 - - 25.0 2.0

Pressure, in.w.a. 403.8 417.2 411.2 403.2 444.2 434.2 - - 429.2 406.2

Gas Flow, acfm 1,208,946 1,171,654 1,735,295 9,684 8,824 9,283 - - 406                    5,300

Gas Flow, scfm 1,184,339 1,184,339 1,006,688 9,472 9,472 9,740 - - 452                    3,046

Gas Flow, lb/hr 5,289,729 5,289,729 4,496,270 42,307 42,307 43,504 1,197 1,197 1,197 13,566

-

Pressure, psig - - - - - - 125 125 - -

NOTES:

1. All flows are total for one boiler unit.

2. Standard conditions are based on 68 deg. F and 29.921 in.Hg.

3. Air to sonic horns and bypass due to FGAS sampling is neglected.

4. Flows streams exclude equipment sizing margins.
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