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1.  General Project INFORMATION

General Facility Information
The United States Sugar Corporation (U.S. Sugar) operates the existing Clewiston sugar mill (SIC No. 2061) and refinery (SIC No. 2062), which are located at the intersection of W.C. Owens Avenue and State Road 832 in Hendry County, Florida. The existing sugar mill and refinery are regulated according the following classifications:
Title III:  The existing facility is identified as a potential major source of hazardous air pollutants (HAP).

Title IV:  The existing facility operates no 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 facility as defined in Rule 62-212.400, F.A.C.

Project Request
In accordance with Permit No. PSD-FL-346, U.S. Sugar installed cyclone dust collectors in combination with an Entoleter Centrifield wet atomizing venturi scrubber to control particulate matter emissions from a new fluidized bed sugar dryer.  After completing construction, U.S. Sugar encountered a variety of problems with the installed particulate matter control system.  Although PM10 emissions were low, PM emissions were much higher than expected.  Based on investigations, recommendations by technical experts, corrective actions, and additional testing, U.S. sugar requests the following revised standards as BACT for particulate matter emissions:

· Opacity ≤ 10% based on a 6-minute average, as determined by EPA Method 9 (unchanged)

· PM10  ≤  0.005 grains per dscf and 4.2 lb/hour, as determined by EPA Method 201A (revised to include only PM10 emissions)
· PM  ≤  15 lb/hour, as determined by EPA Method 5 (added to include particles greater than PM10)

U.S. Sugar believes that all reasonable and cost effective corrective actions have been taken to mitigate particulate matter emissions.
2.  Department Review
Original Project

In February of 2005, the Department issued Permit No. PSD-FL-346 to construct a new fluidized bed white sugar dryer to remove moisture from refined sugar prior to storage in a conditioning silo.  No fuel is combusted.  Low-pressure steam supplies the necessary heat.  Due to the large volume of sugar being processed and the fluidized bed system, a significant portion of sugar particles will carryover into the dryer exhaust.  Sugar particles in the exhaust stream are removed with a set of four cyclone collectors followed by a wet atomizing venture-type scrubber.  Sugar captured by the cyclones is transferred to storage.  Sugar captured by the scrubber water is recycled back to the refining process.  The project resulted in only a small increase in the maximum daily sugar production (from 2200 to 2250 tons per day) due to other restrictions in the refining process such as the granular carbon regenerative furnace.
The original project was subject to PSD preconstruction review for PM/PM10 emissions.  Based on an overall control efficiency of 99.96%, the following standards were determined to represent the Best Available Control Technology (BACT) for the project.

PM  ≤  0.005 grains per dscf and 4.2 lb/hour, as determined by EPA Method 5

Opacity ≤ 10% based on a 6-minute average, as determined by EPA Method 9

The standards could be achieved by either a fabric filter collector or a wet scrubbing system.  In making this determination, the Department considered the following:  overall control efficiency, the nature of the particulate matter emitted (sugar), the application of the control equipment (sugar dryer), and the fact that there is an economic incentive to recover and recycle the sugar.
U.S. Sugar’s existing sugar dryer controlled by a fabric filter showed excessive wear on the front rows of bags due to the abrasive particles as well as caking and bridging of the bags due to moisture.  These issues lead to frequent down times and high operating costs.  As a result, U.S. Sugar elected to install a set of four high-efficiency Entoleter cyclone collectors followed by an Entoleter Centrifield Vortex wet scrubber.  A process flow diagram of the installed equipment is provided at the end of this report.
Initial Construction and Testing

During installation of this system, it was discovered that the actual air flow through the dryer would be approximately 92,000 acfm and not the original design flow rate of 104,500 acfm.  To increase the velocity and pressure drop across the scrubber, Entoleter added a blanking plate (shroud) at the bottom of the vane cage of the scrubber to block approximately 25% of this area.  In addition, it was determined that the outlet of the cyclones were too small creating very high pressure drops.  Entoleter recommended bypassing 25% of the dryer exhaust around the cyclones directly to the wet scrubber.

In December of 2005, initial particulate matter (PM) compliance tests were conducted in accordance with EPA Method 5.  The results are provided in Table B-1 at the end of this report.  Individual test runs ranged from 0.005 to 0.027 grains/dscf (3.65 to 19.23 lb/hour) and the 3-run average was 0.014 grains/dscf (9.9 lb/hour) showing non-compliance.  In addition to the large range of emissions, the tests indicated that 99% of the captured PM came from the probe wash and not the filter, which is unusual.  
U.S. Sugar entered into a Consent Order with the South District Office regarding the failed compliance test.  The Consent Order allows operation of the sugar dryer until the end of 2006 to investigate, take corrective actions, and demonstrate compliance.  U.S. Sugar believes the problems are flaws in the design and has filed a lawsuit against Entoleter.  

Subsequent Investigations

After the December compliance test, blanking plates were also added to the radial liquid separator to increase the velocity at this point.  In addition, the scrubber water flow rate was increased from 500 to 750 gpm.  In May of 2006, U.S. Sugar conducted two series of nine, half-hour test runs to evaluate total particulate matter (PM) emissions, particulate matter emissions less than 10 microns in diameter (PM10), and the scrubber performance.  These results are also provided in Table B-1 at the end of this report.  In summary:

· Individual PM test runs conducted with EPA Method 5 ranged from 0.026 to 0.044 grains/dscf (18.61 to 32.55 lb/hour) and the 3-run average was 0.031 grains/dscf (22.7 lb/hour), again showing non-compliance.  The probe wash contributed 99% to the total PM emissions. 
· Individual PM10 test runs conducted with EPA Method 201A ranged from 0.0013 to 0.0032 grains/dscf (0.94 to 2.37 lb/hour) and the 3-run average was 0.0019 grains/dscf (1.3 lb/hour).  For the PM10 tests, the probe wash contributed only 57% to the PM10 emissions.  These test runs indicate that PM10 emissions are being controlled below the permitted emissions standards.
It is noted that some of the test runs were conducted at 50% of the maximum sugar processing rate.  However, some of these test runs show very high PM emission rates.  The dryer is designed to operate at a continuous flow rate of approximately 90,000 acfm regardless of the sugar processing rate.  This means that a low process rate will create a less dense bed of fluidized sugar, which more readily entrains sugar in the exhaust.

Test Port Locations

The new white sugar dryer with cyclones and wet scrubber are located inside the refinery building.  The test ports are installed between the wet scrubber outlet and the I.D. fan.  This location provides the necessary upstream and downstream duct lengths as required by the test methods.  After the I.D. fan, there is 40 feet of horizontal duct inside the building.  However, there are silencer vanes within this ductwork to minimize noise levels inside the building.  These vanes present disturbances and test ports cannot be added in this area.  The exhaust exits a horizontal vent in the side of the building that is 82 feet above ground level.  There is a visible liquid discharge down the side of the refinery building from the outlet vent.  Observations show little or no visible emissions (5% opacity or less).
Test Results Evaluation by Winkler APC, LLC
U.S. Sugar hired Winkler APC, LLC to analyze the test data and provide a technical opinion as to the cause.  The consultant believes that water droplets from the wet scrubber are being carried over with the exhaust gas leaving the scrubber.  The droplets contain dissolved sugar and are being captured by the Method 5 sampling probe as evidenced by the high contribution of PM from the probe wash.  The Method 201A sampling train prevents large droplets from entering, so the reported PM10 emissions test results appear more consistent with emissions expected from a high-energy wet scrubber such as the Entoleter.  Collecting a single large droplet containing dissolved sugar in the Method 5 sampling train would results in very high PM emissions.
The consultant estimated that the majority of water droplets are 200 microns in size from the gas atomized venturi wet scrubber operating with a pressure drop of 10 inches of water column.  Particles of this size would have a terminal settling velocity of 2.2 feet per second.  The discharge vent is located in the side of the refinery building and 82 feet above ground level.  This means that the droplets will fall to the ground approximately 40 feet from the refinery building assuming no influence by wind.  It would take a steady 27 mph wind to drive some of the droplets far enough to fall outside U.S. Sugar’s property.
Investigation by Innovative Scrubber Solutions, Inc.

U.S. Sugar hired David Taub of Innovative Scrubber Solutions, Inc. to inspect the scrubber during operation and provide his analysis of the control equipment as installed.  Mr. Taub was a former Vice President of Entoleter and very familiar with the scrubber design.  He noted several issues with the wet scrubber system as installed:
· The cyclone manifolds should have been installed sloping to the back to better balance the pressure drop.

· Bypassing 25% of the dryer exhaust directly to the wet scrubber should have no effect on the scrubber operation or its emissions.

· An initial review of the test results indicates possible droplet carryover from the wet scrubber.

· A mitered elbow was installed on the outlet of the scrubber which results in a velocity of 60 feet per second.  A side tangential duct should have been installed on the separator tank to maintain an outlet velocity of 45 feet per second.  The higher velocity and turbulence caused by the mitered elbow may be cooling the exhaust and generating liquid droplets due to condensation.  

· From a visible inspection during operation, the existing mist eliminator appears to be functioning properly.  This may mean that water vapor is condensing prior to the test ports.  If this is the case, then adding a chevron mist eliminator before the test ports would not be effective in removing droplets.
· The blanking plate retrofit to the bottom of the vane cage allows water to spill out of the bottom and bypass the cloud.  This can decrease the amount of water entering the cloud and adversely affect the cleaning action on the inside of the scrubber as well as particle removal efficiency.

· The scrubber water recycle rate was increased from 500 gpm to 750 gpm in an effort to improve removal performance.  However, too much water could result in larger drops, the formation of a watery cloud, and poor particle removal.  

· From a visible inspection during operation, the vane cage did not appear to be functioning properly.  The wet scrubber is designed to form an atomized droplet cloud, which collects the sugar particles.  The cloud did not appear in the top portion of the vane cage.  In the bottom section, it would only appear about one-third of the time and when present appeared watery.
Based on his inspection, Mr. Taub recommended the following modifications to improve performance:  remove the retrofit blanking plate and bottom row of vanes in the vane cage to allow proper formation of the atomized droplet cloud; install a drain on the bottom of the duct with the silencer vanes to remove the captured liquid, prevent re-entrainment of the water into the gas stream, and stop the liquid from coating the side of the refinery building; and reduce the solids content of the recycled scrubber water to prevent captured particle from being re-entrained.

In addition, the consultant indicates that it may be possible to extend the existing outlet duct to conduct new tests.  The consultant believes there is a reasonable chance of demonstrating compliance at the new port locations, assuming the silencer removes the entrained water droplets and the drain removes the liquid from the ductwork.  If problems continue, other, more drastic options include:  redesigning the cyclone system (possibly adding a cyclone) to accept all of the dryer exhaust; moving the I.D. fan from after the scrubber to between the cyclones and the scrubber; and removing the mitered elbow and installing a properly sized vertical duct at the scrubber outlet.
Corrective Actions Taken
In July, U.S. Sugar took the following corrective actions:  removed the retrofit blanking plate and bottom row of vanes in the vane cage; and reduced the solids content of the recycled scrubber water from 50 to 15 brix.  The wet scrubber now shows continuous, proper formation of the atomized droplet cloud.  In August, U.S. Sugar conducted a series of six test runs in accordance with EPA Method 5.  PM emissions ranged from 0.011 to 0.022 grains/dscf (6.91 to 14.09 lb/hour) and the 3-run average was 0.016 grains/dscf (10.6 lb/hour).  Although the test results did not show compliance with the original emission standard of 0.005 grains per dscf (4.2 lb/hour), it did show a 50% reduction in particulate matter emissions from the tests conducted in May.  
U.S. Sugar considered extending the exhaust duct an additional 40 feet outside of the building to provide new test ports after the silencer vanes with the proper upstream and downstream duct lengths.  In addition, the cross sectional area of the new ductwork could be increased to reduce the velocity and promote fall out of the water droplets.  However, additional structural support would be necessary for the new duct, which would be more than 6 feet tall by 7 feet wide.  The total cost was estimated to be $80,000 to $100,000, which is about one-third of the cost of the entire cyclone/wet scrubber system for the sugar dryer.  This was considered too costly with an unknown benefit and was not pursued.
Conclusion
The Department visited the site and confirmed the original configuration of the equipment.  Subsequent improvements include removing the blanking plate and lower vanes in the vane cage and reducing the maximum sugar content of the recycled scrubber water.  Based on additional tests conducted in August, the changes appear to have reduced average emissions by approximately half of the May test results.  Performance of the wet scrubber has been improved and the entrained water droplets may present more of a “housekeeping” problem than an emissions problem.  Nevertheless, not all options have been explored and additional testing should be performed.  Therefore, the Department agrees to revise the permit and require the following:
· Install a drain(s) in the ductwork with the silencer vanes to remove collected water.

· Reduce the maximum sugar content to 15 brix in the recirculated scrubber water.

· Establish PM10 emissions standard of 0.005 grains per dscf and 4.2 lb/hour (as determined by EPA Method 201A) and a separate PM emissions standard of 15.0 lb/hour (as determined by EPA 5).

· Conduct two series of three, 1-hour test runs in accordance with EPA Method 5 to demonstrate compliance with the new “15 lb/hour” emissions standard.  One series shall be conducted at a recirculation flow rate of 500 gpm and the second series shall be conducted at a recirculation flow rate of 750 gpm.
· Conduct one series of three, 1-hour test runs in accordance with EPA Method 201A to demonstrate compliance with the proposed PM10 emissions standards.

· In conjunction with the stack test reports for PM/PM10 emissions, submit a report on individual costs estimates based on bids and a detailed description of the necessary work for:  redesigning and modifying the cyclone system (possibly adding a cyclone) to accept all of the dryer exhaust; moving the I.D. fan from after the scrubber to between the cyclones and the scrubber; and removing the mitered elbow and installing a properly sized vertical duct at the scrubber outlet.  The Department may use this information to modify this permit and reduce the particulate matter emissions standards accordingly.
The revisions will allow U.S. Sugar to demonstrate compliance with the proposed standards, gather additional operational data, and investigate costs for possible additional improvements.  The original air quality analysis evaluated PM10 emissions from the new white sugar dryer.  Since PM10 emissions are not changing, additional modeling was not necessary.
3.  Preliminary Determination

Copies of the application were provided to the EPA Region 4 Office and the Department’s South District Office.  The Department makes a preliminary determination that the proposed project will comply with all applicable state and federal air pollution regulations as conditioned by the draft permit.  This determination is based on a technical review of the complete application, reasonable assurances provided by the applicant, and the conditions specified in the draft permit.  Jeff Koerner is the project engineer responsible for reviewing the application and drafting the permit changes.  Deborah Nelson is the staff meteorologist responsible for reviewing the ambient air quality analyses.  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.
Process Flow Diagram - New White Sugar Dryer and Controls
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 * This diagram is from the additional information provided by Golder Associates Inc. dated September 20, 2006.
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WHITE SUGAR DRYER NO. 2 PM EMISSION TESTS

Allowable Actual Avg
Run Test | Start/End | % | Stack Gas | Stack Gas | PM Emissions PM Emissions Water Avg, Pressure Drop Particulate Data

Number |  Date Time | Load | Flow Rate | Flow Rate | (EPA Method 5) (EPA Method 5) Flow | Cyclone | Scrubber | Filter | Wash | % Wash
(dsefm) (actm) | omr | grdsef | /e grfdsef | (gpm) | (n.H,0) | (in.H,0) | (mg) | (mg) | ofTotal

1 12/07/05_| 1056-1206 | 100 82,909 96,941 42 0.005 682 0.0096 5294 38 9.6 03 235 98.7

2 12/07/05_| 1235-1345| 100 82,093 97,239 42 0.005 365 00051 527.8 40 9.0 02 124 984

3 12/07/05 | 1453-1605| 100 82,541 97,104 42 0.005 19.23 0.0272 524.8 4.0 9.0 04 652 994

Average= 82,814 97,095 | 4.2 0.005 9.9 0.0140 527 39 9.2 98.8

1 05/24/06 | 0852-0927| 100 83,682 96,546 42 0.005 26.10 0.0364 747.7 5.0 9.0 10 46.5 97.9

g 05/24/06 | 1002-1037| 100 82,769 95,849 42 0.005 1861 00262 747.7 43 9.0 07 338 98.0

3 05/24/06_| 1100-1134| 100 83.743 96,872 42 0.005 20.89 00291 750.0 43 9.0 06 36.6 98.4

4 05/24/06 | 1208-1243| 50 85,704 98,102 42 0.005 19.65 0.0267 750.0 48 9.5 053 35.1 986

5 05/24/06 | 1303-1337| 50 86,321 98,919 42 0.005 3255 0.0440 7473 3.7 10.7 0.5 57.1 99.1

6 05/24/06 | 1350-1425| 50 85981 98,614 4.2 0.005 20,89 0.0283 749.0 40 10.0 08 36 97.8

7 05/25/06 | 0802-0836 | 100 82,866 96,457 42 0.005 2430 0.0342 747.7 47 10.0 05 427 98.8

8 05/25/06 | 0850-0925 | 100 82,501 96,272 42 0.005 2021 0.0286 749.7 40 103 07 34.1 98.0

9 05/25/06 | 0934-1008 | 100 83,246 97,078 42 0.005 20.99 00294 745.7 30 11.0 0.6 354 983

Average= 84,090 97,190 | 42 0.005 337 0.0314 748 42 9.8 98.3

1 08/23/06 | 13201353 | 50 74,966 88,000 42 0.005 14.09 00219 750 3.0 85 0.8 289 97.9

2 08/23/06 | 1415-1449| 50 75,900 88,771 42 0.005 1038 00160 750 23 39 08 25 98.0

| 08/23/06 | 1502-1535| 50 75,677 89,775 42 0.005 10.61 00164 751 3.0 8.7 07 233 984

4 08/23/06 | 1543-1600| 50 75,650 89.117 42 0.005 11.97 00185 747 25 9.0 07 262 986

5 08/23/06 | 1635-1708 | 50 75,618 89,384 42 0.005 9.72 00150 757 30 8.7 038 211 99.1

6 08/23/06 | 1720-1753| 50 76,365 89,939 42 0.005 691 0.0106 752 33 9.0 L1 142 98.3

Average= 75,696 | 89,179 42 0.005 106 0.0164 751 29 3.8 98.4

ounds per hour
rains per dry standard cubic foot

mg = milligrams





    * This table is from additional information provided by Golder Associates Inc. dated September 20, 2006.

[image: image4.jpg]TABLE B-2

WHITE SUGAR DRYER NO. 2 PM,, EMISSION TESTS
Allowable Actual Avg.
Run Test Start/End %o Stack Gas| Stack Gas PM,y Emissions PM;, Emissions Water Avg. Pressure Drop Particulate Data

Number Date Time Load |Flow Rate| Flow Rate (EPA Method 2104) Flow Cyclone Scrubber Filter Wash % Wash
(dscfm) (acfm) Ib/hr gri/dscf Ib/hr gr/dsef (gpm) (in. H,0) (in. H,0) (mg) (mg) of Total

1 05/23/06_| 1015-1040 50 85299 93,003 4.2 0.005 2,37 0.00324 749.7 47 9.7 151 15 5T.7

] 2 05/23/06 | 1127-1200 30 85,082 92,570 4.2 0.005 .59 0.00218 753.0 43 9.7 07 1 588

3 05/23/06 | 1220-1254 50 85713 92,883 4.2 0.005 113 0.00154 750.0 4.0 9.8 07 0.5 41.7

4 05/23/06 | 1400-1433 100 83,395 91,246 4.2 0.005 1.02 0.00143 750.0 4.0 9.7 0.4 08 66.7

5 05/23/06 | 1450-1554 100 84,14 91,790 4.2 0.005 1:75: 0.00242 750.6 4.0 10.0 1 1 50.0

6 05/23/06 | 1545-1619 100 83,009 90,815 4.2 0.005 1.06 0.00149 750.3 4.0 10.0 0.5 0.7 583

7 05/25/06 | 1024-1058 100 83,263 91,101 4.2 0.005 1.02 0.00143 749.7 40 103 Q.5 07 583

8 05/25/06 | 1110-1144 100 83,058 90,876 4.2 0.005 0.94 0.00131 7457 4.0 100 0.4 07 63.6

9 05/25/06 | 1153-1228 100 82,799 90,877 4.2 0.005 1.26 0.00177 751.0 3.7 11.0 0.7 08 533

Average= 83,973 91,684 4.2 0.005 13 0.00187 750 4.1 10.0 56.5

Notes:

Ib/hr = pounds per hour
gr/dscf = grains per dry standard cubic foot
mg = milligrams





  * This table is from additional information provided by Golder Associates Inc. dated September 20, 2006.

{Filename:  PSD-FL-346A Sugar Dryer - TEPD}
Test port location.





Possible new “dry” fan location.








