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1.0  INTRODUCTION 

1.1 Overview 

South Florida Environmental Services, LLC of West Palm Beach, FL was retained by NEFCO to 
conduct a Particulate Matter (PM/PM10) and Visible Emission (VE) test program at the Biosolids 
Pelletization Facility (BPF) plant located in West Palm Beach, Florida.  The facility is owned by the 
Solid Waste Authority of Palm Beach County (SWA) and is operated by NEFCO.  As part of 
recent modifications on the two existing dryer systems cyclones and scrubbers, the Florida 
Department of Environmental Protection (FDEP) has mandated that each system (Dryer Train #1 
and #2) need to be retested for PM/PM10 within 180 days of completion of the upgrades.  VE 
testing was completed as part of permit-required annual testing.  As such, a compliance test date 
of June 27th, 2013 was chosen to verify compliance with the facility’s permit.  Per FDEP’s 
approval, preliminary testing was performed on both Dryer Train Venturi Scrubbers to determine 
CAM operating parameters.  A copy of the Testing Authorization letter is included in Appendix F.  
Preliminary testing was performed on June 24th, 25th, and 26th, 2013.  A summary of the primary 
parties involved in this test program is presented in Table 1-1. 

1.2 Program Scope 

The objective of the program was twofold: 

The first objective was to determine the optimum operating conditions of the “polishing” venturi 
scrubbers, by conducting a series of one-hour tests at water flows of 109, 55, 10, and 0 gpm and 
throat openings resulting in six inches of water column delta pressure and wide open. Eight 
individual tests were conducted, four per dryer.  From these results, the optimum operating 
condition was established for compliance testing.  Additionally, each dryer was then subjected to 
three additional test runs at its optimum operating condition, as determined through pretesting.   

The second objective was to determine compliance with particulate matter and visible emissions 
requirements, as set forth by the FDEP (Permit 0990234-022-AV) for each of the two dryer 
systems.  As stated in the permit, PM/PM10 and VE testing must be conducted in accordance with 
procedures set forth in Appendix A of 40 CFR 60.  Testing consisted of three 60-minute test runs 
on each dryer / RTO unit while it was operated between 90 and 100% of the maximum permitted 
processing rate for each dryer (i.e. between 12.65 and 14.06 tons per hour)  for PM/PM10 and one 
60-minute test run for VE’s. 
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1.3 Report Organization 

The remainder of this Final Report is organized into four additional Sections.  Section 2 provides a 
Summary of Results, while Section 3 presents a sampling point description.  A description of the 
flue gas monitoring procedures is provided in Section 4, while Section 5 addresses the quality 
assurance/quality control aspects of the program.  All reference method emissions data, 
laboratory data, facility process data sheets, cylinder gas certification and equipment calibration 
sheets and the facility permit is presented in Appendices A through F, respectively. 
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Table 1-1 Test Program Informational Summary 

Source Information 

 Facility Name: 

Owned By: 

Operated By: 

Plant Address: 
 

Contact: 

Phone: 

Email: 
 

Biosolids Pelletization Facility 

Solid Waste Authority of Palm Beach County 

New England Fertilizer Company (NEFCO) 

6600 – 45th Street 
West Palm Beach, FL 33412 

Mr. Mike Thayer (NEFCO) 

(617) 773-3131 

sludgy@nefcobiosolids.com  

Test Firm Information 

Test Firm Name: 

Address: 

 

Contact: 

Phone: 

Email: 

South Florida Environmental Services, LLC 

2257 Vista Parkway, Suite 25 
West Palm Beach, FL 33412 

Mr. Andrew R. Seaha 

(978) 499-9300 x14 

aseaha@eastmount.com 

Regulatory Information 

Organization:  
                                                                                                               
x 

Address: 
 
 

Contact: 

Phone: 

Email: 
 

Florida Department of Environmental Protection 
(Division of Air Resource Management) 

2600 Blair Stone Road, MS#5505 
Tallahassee, FL 32399 
 
Mr. Scott Trainor 

(561) 681-6629 

scott.trainor@dep.state.fl.us  
 

 

 

mailto:sludgy@nefcobiosolids.com
mailto:aseaha@eastmount.com
mailto:scott.trainor@dep.state.fl.us
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2.0  SUMMARY OF RESULTS 

2.1 Overview 

This test program was conducted over four test days.  Testing on each RTO was conducted while 
each dryer / RTO train was operated between 90 and 100% of the maximum permitted processing 
rate for each dryer.  Each test was one-hour and comprised of sampling of the control device for 
the determination of particulate matter and flow rate (scfm).  South Florida Environmental also 
verified that each drying train and scrubber met its visible emission standard. 

2.2 Preliminary Test Results 

South Florida Environmental Services (SFES) conducted the preliminary (or “tuning”) testing for 
the determination of concentrations for particulate matter while the drying trains were operating on 
natural gas and the RTOs were operating on landfill gas.  Preliminary testing on each dryer train 
consisted of four test runs while each unit’s venturi scrubber was operated at different operating 
conditions.  The results of these tests were used to determine the optimum operating conditions 
for the compliance testing.  SFES utilized a transportable Continuous Emission Monitoring System 
(CEMS) to conduct all diluent monitoring (oxygen and carbon dioxide), while using a Clean Air 
Engineering (CAE) EPA Method 5 metering system to conduct particulate matter sampling.  Also, 
for two runs on each dryer train (as outlined in the pretest protocol) partical sizing and 
condensable particulate matter testing was conducted.  Tables 2-1 and 2-2 show the test results 
for each dryer train.  All data can be found in Appendix A1 and A2 of this report.  Please note that 
the particle size distribution data can be found in Appendix A5 of this report. 
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Table 2-1 Preliminary Test Results – Unit No. 1 

NEFCO / SWA Biosolids Drying Facility
Summary of Preliminary "Tuning" Particulate Emission Test Results

RTO #1 Stack  
Date 25-Jun-13 25-Jun-13 25-Jun-13 25-Jun-13
Run I.D. U1-M5/202-Pre1 U1-M5-Pre2 U1-M5-Pre3 U1-M5/202-Pre4 2009
Start Time 13:17 14:50 16:15 17:55 PM/PM10  PM/PM10
End Time 14:23 15:53 17:18 19:00 AVERAGE Limit Results
Venturi Scrubber Flow Setpoint gpm 109 55 10 0
Venturi Scrubber Flow gpm 112.0 58.0 10.0 0.0
Venturi Pressure Setpoint inches wc 6.0 6.0 wide open wide open
Venturi Pressure inches wc 6.7 6.7 3.6 3.3
Tray Scrubber Flow Rate gpm 1,123 1,126 1,130 1,137
Tray Scrubber Delta P inches wc 9.3 9.1 9.0 8.6
Sludge Feed Rate Limit Wet Tons/hr 14.0625 14.0625 14.0625 14.0625
Sludge Feed Rate Wet Tons/hr 13.3 13.7 13.6 13.3
Heat Input MMBtu/hr 28.449 30.510 32.771 31.254
Isokinetics (%) 87.2 103.7 107.7 79.2 94.5
Stack Temp (°F) 269.8 271.3 275.4 277.6 273.5
Moisture % by Vol 15.4% 16.8% 18.7% 19.0% 17.48%
Velocity Ft./Sec 30.94 30.10 30.68 35.75 31.87
Stack Flow DSCFH 483,940 462,211 458,049 530,053 483,563

DSCFM 8,066 7,704 7,634 8,834 8,059
ACFH 787,398 765,978 780,647 909,804 810,957
ACFM 13,123 12,766 13,011 15,163 13,516

Oxygen (%) 8.26 8.19 8.51 8.47 8.36
Carbon Dioxide (%) 7.64 7.65 7.48 7.54 7.58

Condensible PM LB/HR 0.797 n/a n/a 1.245 1.021

Particulate mg/dscm 1.56 7.52 3.61 4.03 4.18 3.79
mg/dscm @7% O2 1.71 8.22 4.06 4.51 4.63 -
LB/HR 0.047 0.217 0.103 0.133 0.125 2.42 0.162
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Table 2-2 Preliminary Test Results – Unit No. 2 

NEFCO / SWA Biosolids Drying Facility
Summary of Preliminary "Tuning" Particulate Emission Test Results

RTO #2 Stack  
Date 24-Jun-13 24-Jun-13 25-Jun-13 25-Jun-13
Run I.D. U2-M5-Pre1 U2-M5-Pre2 U2-M5/202-Pre3 U2-M5/202-Pre4 2009
Start Time 17:18 18:54 9:15 10:55 PM/PM10  PM/PM10
End Time  18:23 20:03 10:22 12:04 AVERAGE Limit Results
Venturi Scrubber Flow Setpoint gpm 55 10 109 0
Venturi Scrubber Flow gpm 53.8 9.2 113.8 0.0
Venturi Pressure Setpoint inches wc 6 wide open 6 wide open
Venturi Pressure inches wc 6.9 3.3 7.0 3.0
Tray Scrubber Flow Rate gpm 1,117 1,136 1,122 1,111
Tray Scrubber Delta P inches wc 8.0 8.0 8.1 8.1
Sludge Feed Rate Limit Wet Tons/hr 14.0625 14.0625 14.0625 14.0625
Sludge Feed Rate Wet Tons/hr 13.5 13.3 13.8 13.3
Heat Input MMBtu/hr 27.555 28.449 28.278 30.224
Isokinetics (%) 108.3 105.1 94.7 87.1 98.8
Stack Temp (°F) 225.9 234.2 239.3 247.2 236.7
Moisture % by Vol 15.4% 16.8% 15.6% 20.2% 17.00%
Velocity Ft./Sec 25.09 25.66 27.00 30.28 27.01
Stack Flow DSCFH 417,801 415,073 439,854 461,438 433,542

DSCFM 6,963 6,918 7,331 7,691 7,226
ACFH 638,389 652,916 687,193 770,501 687,250
ACFM 10,640 10,882 11,453 12,842 11,454

Oxygen (%) 7.85 7.68 8.43 9.07 8.26
Carbon Dioxide (%) 7.97 8.11 7.72 7.32 7.78

Condensible PM LB/HR n/a n/a 0.589 1.011 0.800

Particulate mg/dscm 1.64 2.47 3.50 4.44 3.01 4.48
mg/dscm @7% O2 1.75 2.60 3.90 5.22 3.37 -
LB/HR 0.043 0.064 0.096 0.128 0.083 2.42 0.193
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2.2.1 Preliminary Test Results – Venturi Flow at ~10 gpm  

After preliminary particulate matter testing revealed that a venturi scrubber flow setting of 
approximately 10 gallons per minute and open venturi throat would be used to prove compliance, 
a total of three runs on each dryer train was conducted prior to actual compliance testing.  A 
summary of the individual test runs are presented in Tables 2-3 and 2-4.  All data can be found in 
Appendix A3 and A4 of this report. 

Table 2-3 Preliminary Test Results – Unit No. 1 (10 gpm) 

NEFCO / SWA Biosolids Drying Facility
Summary of Particulate Emission Test Results

RTO #1 Stack  
Date 26-Jun-13 26-Jun-13 26-Jun-13
Run I.D. U1-M5-Pre5 U1-M5-Pre6 U1-M5-Pre7 2009
Start Time 9:00 10:20 11:48 PM/PM10  PM/PM10
End Time 10:03 11:27 12:52 AVERAGE Limit Results
Venturi Scrubber Flow Setpoint gpm 10 10 10 10
Venturi Scrubber Flow gpm 10.0 10.8 10.6 10.5
Venturi Pressure Setpoint inches wc wide open wide open wide open wide open
Venturi Pressure inches wc 4.3 4.1 4.4 4.3
Tray Scrubber Flow Rate gpm 1,132 1,129 1,125 1,129
Tray Scrubber Delta P inches wc 9.1 8.9 9.0 9.0
Sludge Feed Rate Limit Wet Tons/hr 14.0625 14.0625 14.0625 14.0625
Sludge Feed Rate Wet Tons/hr 13.7 13.7 13.5 13.6
Heat Input MMBtu/hr 31.998 33.080 29.397 31.492
Isokinetics (%) 106.3 102.6 103.4 104.1
Stack Temp (°F) 273.1 272.4 271.7 272.4
Moisture % by Vol 20.1% 18.6% 19.5% 19.42%
Velocity Ft./Sec 31.77 31.31 33.05 32.04
Stack Flow DSCFH 465,846 468,007 488,963 474,272

DSCFM 7,764 7,800 8,149 7,905
ACFH 808,383 796,811 841,064 815,419
ACFM 13,473 13,280 14,018 13,590

Oxygen (%) 8.59 8.52 8.64 8.58
Carbon Dioxide (%) 7.52 7.54 7.42 7.49

Particulate mg/dscm 3.45 2.94 3.38 3.26 3.79
mg/dscm @7% O2 3.90 3.30 3.83 3.68 -
LB/HR 0.100 0.086 0.103 0.096 2.42 0.162
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Table 2-4 Preliminary Test Results – Unit No. 2 (10 gpm) 

NEFCO / SWA Biosolids Drying Facility
Summary of Particulate Emission Test Results

RTO #2 Stack  
Date 26-Jun-13 26-Jun-13 26-Jun-13
Run I.D. U2-M5-Pre5 U2-M5-Pre6 U2-M5-Pre7 2009
Start Time 13:32 15:15 16:34 PM/PM10  PM/PM10
End Time 14:34 16:17 17:37 AVERAGE Limit Results
Venturi Scrubber Flow Setpoint gpm 10 10 10 10
Venturi Scrubber Flow gpm 10.3 9.4 10.5 10.0
Venturi Pressure Setpoint inches wc wide open wide open wide open wide open
Venturi Pressure inches wc 3.9 3.4 3.6 3.6
Tray Scrubber Flow Rate gpm 1,120 1,122 1,120 1,121
Tray Scrubber Delta P inches wc 7.9 7.8 7.8 7.8
Sludge Feed Rate Limit Wet Tons/hr 14.0625 14.0625 14.0625 14.0625
Sludge Feed Rate Wet Tons/hr 13.3 13.2 13.6 13.4
Heat Input MMBtu/hr 21.848 29.650 30.616 27.371
Isokinetics (%) 105.3 104.9 106.4 105.5
Stack Temp (°F) 219.7 230.8 230.3 226.9
Moisture % by Vol 18.6% 18.3% 18.1% 18.32%
Velocity Ft./Sec 28.25 27.58 27.59 27.81
Stack Flow DSCFH 455,382 438,695 440,579 444,885

DSCFM 7,590 7,312 7,343 7,415
ACFH 718,857 701,783 702,021 707,554
ACFM 11,981 11,696 11,700 11,793

Oxygen (%) 7.23 7.65 7.53 7.47
Carbon Dioxide (%) 8.16 7.93 8.04 8.04

Particulate mg/dscm 1.55 2.02 1.66 1.74 4.48
mg/dscm @7% O2 1.57 2.12 1.73 1.81 -
LB/HR 0.044 0.055 0.046 0.048 2.42 0.193
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2.3 Compliance Test Results 

South Florida Environmental Services (SFES) conducted the compliance testing for the 
determination of concentrations for particulate matter while the drying trains were operated on 
natural gas and the RTOs were operated on landfill gas.  Compliance testing on each dryer train 
consisted of three 60-minute test runs (with visible emissions being read on one of the runs) while 
each unit was operated between 90% and 100% of the maximum permitted feed rate.  Venturi 
Scrubber operating parameters were 10 gpm water flow and wide open throat.  The results of the 
tests show that the facilities emissions in units of standard are within the facility permit and lower 
than results from previous stack testing performed in 2009.  SFES also utilized a transportable 
Continuous Emission Monitoring System (CEMS) to conduct all diluent monitoring (oxygen and 
carbon dioxide), while using a Clean Air Engineering (CAE) EPA Method 5 metering system to 
conduct particulate matter sampling.  A summary of the individual test runs are presented in 
Tables 2-5 and 2-6.  All data pertaining to this testing can be found in Appendix B of this report. 

Table 2-5 Compliance Test Results – Unit No. 1 

NEFCO / SWA Biosolids Drying Facility
Summary of Particulate Emission Test Results

RTO #1 Stack  
Date 27-Jun-13 27-Jun-13 27-Jun-13
Run I.D. U1-M5-R1 U1-M5-R2 U1-M5-R3 2009
Start Time 13:40 15:00 16:20 PM/PM10  PM/PM10
End Time 14:44 16:03 17:23 AVERAGE Limit Results
Venturi Scrubber Flow Setpoint gpm 10 10 10 10
Venturi Scrubber Flow gpm 10.3 10.7 10.1 10.4
Venturi Pressure Setpoint inches wc wide open wide open wide open wide open
Venturi Pressure inches wc 3.8 4.1 4.0 4.0
Tray Scrubber Flow Rate gpm 1,117 1,125 1,133 1,125
Tray Scrubber Delta P inches wc 9.2 9.0 8.8 9.0
Sludge Feed Rate Limit Wet Tons/hr 14.0625 14.0625 14.0625 14.0625
Sludge Feed Rate Wet Tons/hr 13.3 13.1 13.1 13.2
Heat Input MMBtu/hr 30.138 31.991 32.147 31.425
Isokinetics (%) 103.1 103.9 103.1 103.4
Stack Temp (°F) 247.8 254.4 260.0 254.1
Moisture % by Vol 18.6% 18.4% 17.9% 18.29%
Velocity Ft./Sec 30.91 31.15 31.91 31.32
Stack Flow DSCFH 478,505 478,448 489,738 482,230

DSCFM 7,975 7,974 8,162 8,037
ACFH 786,523 792,555 812,135 797,071
ACFM 13,109 13,209 13,536 13,285

Oxygen (%) 8.72 8.35 8.46 8.51
Carbon Dioxide (%) 7.23 7.40 7.29 7.31

Particulate mg/dscm 2.86 2.76 1.40 2.34 3.79
mg/dscm @7% O2 3.26 3.06 1.56 2.63 -
LB/HR 0.085 0.083 0.043 0.070 2.42 0.162
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Table 2-6 Compliance Test Results – Unit No. 2 

NEFCO / SWA Biosolids Drying Facility
Summary of Particulate Emission Test Results

RTO #2 Stack  
Date 27-Jun-13 27-Jun-13 27-Jun-13
Run I.D. U2-M5-R1 U2-M5-R2 U2-M5-R3 2009
Start Time 8:12 9:33 11:28 PM/PM10  PM/PM10
End Time 9:15 11:08 12:33 AVERAGE Limit Results
Venturi Scrubber Flow Setpoint gpm 10 10 10 10
Venturi Scrubber Flow gpm 10.7 10.3 10.2 10.4
Venturi Pressure Setpoint inches wc wide open wide open wide open wide open
Venturi Pressure inches wc 3.6 3.5 3.8 3.6
Tray Scrubber Flow Rate gpm 1,120 1,123 1,122 1,122
Tray Scrubber Delta P inches wc 7.9 8.0 7.9 7.9
Sludge Feed Rate Limit Wet Tons/hr 14.0625 14.0625 14.0625 14.0625
Sludge Feed Rate Wet Tons/hr 13.1 13.4 13.6 13.4
Heat Input MMBtu/hr 32.716 31.382 28.494 30.864
Isokinetics (%) 102.3 104.0 104.0 103.4
Stack Temp (°F) 240.7 242.3 242.9 242.0
Moisture % by Vol 15.6% 17.5% 19.2% 17.43%
Velocity Ft./Sec 26.57 27.17 27.40 27.05
Stack Flow DSCFH 430,938 429,360 423,532 427,943

DSCFM 7,182 7,156 7,059 7,132
ACFH 676,204 691,333 697,179 688,238
ACFM 11,270 11,522 11,620 11,471

Oxygen (%) 7.55 7.45 7.02 7.34
Carbon Dioxide (%) 7.86 7.90 8.16 7.97

Particulate mg/dscm 2.02 1.50 3.88 2.47 4.48
mg/dscm @7% O2 2.11 1.55 3.88 2.51 -
LB/HR 0.054 0.040 0.103 0.066 2.42 0.193
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2.4 Visible Emissions Test Results 

South Florida Environmental Services (SFES) also conducted compliance visible emissions 
testing on both drying trains as well as both building odor scrubbers.  Table 2-7 below shows the 
results of this testing.  All data pertaining to this testing can be found in Appendix B3. 

Table 2-7 Visible Emissions Summary of Results 

Source Location Date Time Max 6-min 
Average 

Permit Limit 
%Opacity 

RTO #2 Stack Exit 6/27/13 8:12 – 9:12 0.0 5.0 

Scrubber #2 Stack Exit 6/27/13 8:12 – 9:12 0.0 5.0 

RTO #1 Stack Exit 6/27/13 13:55 – 14:55 0.0 5.0 

Scrubber #1 Stack Exit 6/27/13 13:55 – 14:55 0.0 5.0 
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3.0  SOURCE SUMMARY  

3.1 Source Description 

The SWA has selected NEFCO to operate the Biosolids Pelletization Facility located in West Palm 
Beach, FL.  The facility consists of two identical, independent drying trains consisting of the 
following: 

• A Baker Rulllman direct-fired rotary dryer equipped with a Maxon low NOx burner and 
separator cyclone; 

• A Sly three stage impingement tray scrubber/condenser; 

• A Sly variable throat venturi scrubber; and 

• A Cycletherm Regenerative Thermal Oxidizer (RTO). 

Each dryer train is permitted to process 337.5 wet tons of sludge per day (wtpd) and can either 
combust natural gas or landfill gas, which is available from the landfill near the facility.  During 
both preliminary testing and compliance testing, sufficient landfill gas was not available to operate 
each dryer at 90 – 100% of the permitted rate, and all preliminary tests were conducted while the 
dryer used natural gas and the RTO used landfill gas. Each dryer has a rated capacity of 40 
MMBTU/hr heat input (either from landfill or natural gas) plus an additional 2 MMBTU/hr heat input 
from each RTO for a total rated capacity of 84 MMBTU/hr heat input for the dryers and RTOs. 

The facility also operates two odor scrubbers that treat ventilation air as well as baghouse 
exhaust.  These scrubbers were tested for their annual Visible Emissions as part of this program. 

All sampling (both PM/PM10 and VE) was conducted at the discharge end of the system at the 
stack location.    

3.2 Process Operations During Testing  

For each test run, NEFCO personnel recorded all pertinent operating data, or as appropriate.  
These include gas usage (i.e. estimated firing rates), feed rates, dryer temperatures and emission 
control parameters.  This data can be found in Appendix D of this report. 
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3.3 Sample Point Description – Particulate Matter 

All Particulate Matter test runs utilized two sampling ports located 90 degrees to each other on a 
vertical section of stack with an inside diameter of 36”.  The ports are located approximately 26’ 
downstream and approximately 88’ upstream from the closest bend or expected pollution 
concentration change (stack exit) and each test port is 4” in diameter.  A summary of the traverse 
points are presented in Figure 3-1. 

Figure 3-1 Sampling Schematic – RTO Outlet 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Stack Configuration 

Description Distance Equivalent Diameters 

Upstream (A) ~88’ ~29.3 

Downstream (B) ~28’ ~9.3 

Diameter (C) 36” NA 

Number of Ports 2 NA 

PM/PM10 Traverse Points (per diameter) – not including port sleeve 

Traverse Points % Diameter Distance (inches) 

1 4.4 1.6 

2 14.6 5.3 

3 29.6 10.7 

4 70.4 25.3 

5 85.4 30.7 

6 95.6 34.4 

CEM Traverse Points 

Traverse Points % Diameter Distance (inches) 

1 16.7 6.0 

2 50.0 18.0 

3 83.3 30.0 

A stratification test was conducted at these traverse points prior to 
compliance testing to determine proper number of sampling points in 
accordance with Section 8.1.2 of EPA Method 7E. 

  

A 

B 

Flow 

C 

Sampling Ports 
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4.0  TEST PROCEDURES 

4.1 Overview 

Diagnostic testing for these sources consisted of concurrent reference method testing for 
particulate matter (either Method 5 or Method 202 with particle sizing) and instrumental monitoring 
for CEMS (O2 and CO2) while each dryer train was operated at the specified condition.  The 
remainder of this section provides greater detail to each of the monitoring procedures that as a 
whole comprised that portion of the test program.   

Compliance testing for these sources consisted of concurrent reference method testing for 
particulate matter (using Method 5 only) and instrumental monitoring for CEMS (O2 and CO2) 
while each dryer train was operated at greater than a 90% feed rate.  The remainder of this 
section provides greater detail to each of the monitoring procedures that as a whole comprised 
the test program.   

4.1.1 Particulate Matter Monitoring – Method 5 

Particulate matter was measured using EPA Methods 1 through 5. Reference Method 5 (RM5) 
measurements include the determination of the proper number of sampling points and their 
locations in the stack (RM1), stack velocity and volumetric flow rate (RM2), stack gas molecular 
weight (RM3) and stack gas moisture content (RM4).  The train was an EPA Method 5-type 
isokinetic sampling train.  Sampling was conducted isokinetically for a period of 60 minutes per run, 
collecting a minimum of 30 dry standard cubic feet. 

The sampling train consisted of a stainless steel nozzle, stainless steel union, heated glass-lined 
probe, a glass filter holder, heated quartz glass filter, Teflon filter support, and a series of impingers.  
Please refer to Section 4.1.4 for a description of the impinger configuration.  All glassware was 
thoroughly cleaned and sealed as per EPA Methods 5 prior to mobilization.   

All filters and beakers were weighed before and after sampling in strict accordance with the Method 
and the EPA Quality Assurance Handbook.  They were desiccated for at least 24 hours, and then 
weighed at six-hour intervals until two consecutive weighings demonstrated a constant weight, + 
0.5 milligrams.   

Prior to sampling, the K-factor was established, the train was assembled and leak checked.  After 
the probe and filter box reached the desired operating temperature, the probe was placed in the 
stack, and isokinetic sampling took place. 
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At the completion of isokinetic sampling, the train was leaked checked, disassembled, and sealed.  
All train recovery procedures were conducted in accordance with EPA Method 5.  The filter was 
carefully removed from the filter holder, placed in a labeled petri dish and stored in a portable 
desiccator.  The nozzle, probe and filter holder front half were thoroughly brushed and rinsed with 
acetone into a container labeled for identification.  Volumes were noted and liquid levels marked. 

A set of reagent blanks were also taken for analysis along with the samples. The impinger 
condensate was measured in a graduated cylinder for determination of moisture in the flue gas. 

Particulate samples were analyzed gravimetrically at South Florida Environmental’s laboratory in 
accordance with the method.  The acetone rinses were evaporated to dryness in tared beakers.  All 
filters and beakers were desiccated before and after sampling for 24 hours, and weighed at 6-hour 
intervals until two consecutive weights are within +0.5 mg.   

4.1.2 Particulate Matter Monitoring – Methods 5/202 with Particle Sizing and CPM 

PM2.5/10 and condensable particulate matter (CPM) was measured using EPA Method 5/202.  This 
involved using a combined train consisting of a nozzle, inertial impactor equipped with tared filter 
substrates and a tared filter, glass-lined heated probe, a filter bypass contained in a hot box, and a 
Method 202 type impinger condenser. 

Particle size testing for PM2.5/10 utilized an inertial impactor manufactured by Andersen Samplers, 
Inc.  This is an 8-stage impactor equipped with eight tared substrate filters and a tared final 
collection filter.  The flow rate in the inertial impactor was set to allow determination of both PM10 
and PM 2.5 cut sizes while maintaining an approximate isokinetic sampling rate.  The final stage filter 
is supported in a stainless steel in-stack filter holder located in the stack.  CPM was collected in the 
impinger train and the probe (after the in-stack filter). 

Before sampling, the appropriate nozzle size and sample rate was calculated in order to achieve a 
2.5 and 10 micron cut size.  After the train was assembled and leak checked, the impactor was 
placed in the stack for approximately ten minutes to allow the cyclone to heat up to the stack 
temperature. 

Sampling was then conducted at a constant sampling rate under approximate isokinetic conditions 
for one hour.  The required flow rate through the cyclone was very specific in order to achieve the 
proper cut size.   

During sampling, specific CPM criteria was also maintained.  Sample gas exiting the tared PM filter 
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traveled through the probe to the external filter bypass.  The gas exited the filter bypass, and was 
routed through a water-jacketed glass coil condenser which is designed to reduce the sample 
temperature to 65° - 85°F.  Upon exiting the condenser coil, the sample passed through an empty 
knockout (short stem) impinger, an empty modified Greenburg Smith impinger, and then a dry, 
condensable PM filter (consisting of a glass filter holder, Teflon filter support, and an untared Teflon 
CPM filter).  A thermocouple was located at the outlet of the dry filter holder to verify that the dry 
gas sample temperature was between 65°F and 85°F.  The remainder of the sampling train 
consisted of a third impinger initially loaded with 100ml of DI H20 and a fourth impinger initially 
loaded with a known amount of silica gel (200-300g).    

After sampling was completed, the 8-stages of the impactor were recovered to their respective 
petri dishes with the filter tare weight and identification number.  Extra care was taken to insure 
that any substrate filter fibers that remaining on the  stages ring were recovered to the appropriate 
petri dish.  The nozzle and portion of the impactor body prior to the first stage was rinsed with 
acetone into a labeled jar.   

Also after sampling was completed, the CPM portion of the sampling train (dry impingers 1 and 2) 
were first measured for net condensate gain.  The contents of the third and fourth impingers were 
also measured for moisture net gain, but then discarded as they are not considered part of the CPM 
sample.   

The contents of the first two impingers (dry impingers) were then poured back into a single dry, 
modified G/S impinger before being purged with nitrogen (long stem impinger was placed first in the 
purge) for 60-minutes at a rate of at least 14 liters per minute.  If there was not adequate moisture 
in the impinger to promote bubbling, then 100 ml of DI water may have been added to the impinger 
for the purge.  A filter was placed between the nitrogen tank and the coil condenser inlet to remove 
any contaminant particulate.  Purging of the coil condenser, CPM condensate, and dry filter then 
occured for 60 minutes.   

Following the purge, the contents of the first two (dry) impingers were poured into a sample 
recovery bottle (CPM DI H2O fraction).  Subsequently, each of the components in the dry impinger 
section (probe, filter bypass, offset 90°, condenser coil, two dry impingers, and the front half of the 
condensable PM filter housing) were rinsed twice with DI water into the same DI H2O sample jar.  
Lastly, each of these components were rinsed first with acetone (once) and then hexane (twice) into 
a separate sample recovery bottle (CPM acetone/hexane fraction).  The dry CPM Teflon filter was 
placed in a separate sample jar.  All three fractions were analyzed for condensable particulate 
matter (organic and inorganic).      

The PM2.5/10 samples were then analyzed gravimetrically by South Florida Environmental in 
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accordance with the methods.   Condensable particulate matter samples were shipped to Maxxam 
Analytics where they were analyzed in strict accordance with EPA Method 202.    

4.1.3 Visible Emission Monitoring 

EPA Reference Method 9 was adhered to for the determination of opacity emissions during this 
test program.  During the compliance test, opacity emission readings were taken at fifteen-second 
intervals for a minimum of one-hour. Ten 6-minute averages were then calculated from the 15-
second readings and the highest 6-minute average reported for compliance purposes.  A certified 
observer recorded all opacity emissions.   

4.1.4 Diluent Monitoring 

In general, the sample was extracted, analyzed, and recorded in accordance with the applicable 
EPA sampling methods and performance specifications while following procedures delineated in 
the applicable instrumental analyzer procedures.  All calibrations were conducted utilizing EPA 
Protocol G1 gases.  The results of calibrations were used to determine the acceptability of the test 
data.  Each analyzer that was used during this test program is detailed below.   

4.1.4.1 Oxygen 

During this test program, oxygen was monitored in accordance with both Performance 
Specification 3 (PS3) and EPA Method 3A, 40 CFR 60, Appendix A.  SFES complied with 
instrumental analyzer procedure 3A by utilizing a Teledyne Model 326A oxygen analyzer operated 
on a 0-25% range. 

4.1.4.2 Carbon Dioxide 

During this test program, carbon dioxide was monitored in accordance with 40 CFR 60, Appendix 
A, Method 3A.  SFES complied with instrumental analyzer procedure 3A by utilizing a Fuji Model 
3400 non-dispersive infrared analyzer (NDIR) operated on a 0-20% range. 

4.2 Particulate Matter Sampling System Description  

Clean Air Engineering (CAE) manufactures the specific train that was used during this test.  The 
design specifications of this train meet all the requirements of EPA's Reference Method 5 as found 
in the Federal Regulations under Section 40 CFR 60 Appendix A, as amended.  The following is a 
description of the individual pieces of equipment that made up the train. 
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Nozzle - The nozzle was constructed of stainless steel of the buttonhook design.  A range of sizes 
suitable for isokinetic sampling were available.  All nozzles were calibrated before testing and the 
calibration data can be found in Appendix E of this report. 

Probe - A 5-foot heated stainless steel probe with heated quartz or borosilicate glass liner was 
used at the stack.   

Heating System - The filter temperature was regulated by maintaining the hot box temperature at 
248o + 25oF.  This temperature was constantly monitored by use of a thermocouple (located in the 
hot box) and temperature readout. 

Pitot Tube - A Type S pitot tube attached to the probe was used to monitor the stack gas velocity.   
Since the pitot tube meets all of the dimensional criteria set forth in Method 2 of 40CFR60, a 
coefficient of 0.84 was used. 

Filter Holder - A borosilicate glass type filter holder with a Teflon support was used for all isokinetic 
testing. 

Condenser  - Four impingers, connected in series with leak-free ground glass fittings, was used as 
the condenser.  The first, third and fourth impingers were of the Greenburg-Smith design modified 
by replacing the tip with a 1/2" diameter glass tube extending to approximately 1/2" from the bottom 
of the flask.  The second impinger was a standard Greenburg-Smith. 

Metering System - A vacuum gauge, inclined manometer, leak-free pump, calibrated 
thermocouples, and a calibrated dry gas meter were the basic components used to meter the dry 
sample gas through the system.  Meter box and thermocouple calibration sheets may be found in 
Appendix E of this report. 

Gas Molecular Weight Determination - CEMS was used to determine O2 and CO2 content.  They 
were used to calculate the molecular weight of the flue gas and for correcting results to a common 
diluent.  

4.2.1 Isokinetic Sampling Procedures 

All sampling procedures were conducted in strict accordance with the Methods prescribed in the 
Code of Federal Regulations as found in 40CFR60 as amended, where available. The following is 
the sequence of events that occurred prior to and during the actual test. 
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Traverse Points - The traverse points were calculated in accordance with Method 1 and the probe 
was marked accordingly. 

Static Pressure - The static pressure of the ducts were checked and recorded. 

Preliminary Traverse - A preliminary traverse was conducted.  Readings included the pressure 
drops and gas temperatures. 

Nomograph - Once the above information had been obtained, the nomograph for the actual test 
was set up to correlate the isokinetic relationships. 

Barometric Pressure - Barometric pressure was obtained and recorded from a local weather 
station via the internet.  

Sampling Train Set-Up: 

(a)  The filter was placed in the filter holder and visually checked.  Filter number and tare weight 
was recorded on the field data sheets. 

(b)  The impingers were loaded with de-ionized water.  Volumes were recorded on the field data 
sheets. 

(c)  Approximately 200 grams of silica gel was placed in the final impinger.   Exact weights are 
logged on the field data sheets. 

(d)   Crushed ice was placed around the impingers. 

(e)   Once the entire train was assembled, the probe and hot box heaters were turned on. 

Pre-Test Leak Check - Once the heater box was at the desired temperature for testing, the system 
was leak checked at fifteen inches of vacuum (15"Hg).  A leak rate of less than 0.02 CFM was 
achieved prior to the start of sampling. 

Final Check – When sampling was ready to commence, plant operations was checked to confirm 
that the facility was operating at the desired capacity. 

Sampling - Isokinetic sampling, per the Reference Method then took place. 

Post-Test Leak Check - Upon completion of each test run, the system was leak checked at the 
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highest vacuum recorded during that run.  All leak checks were less than 0.02 CFM. 

Sample Recovery - All samples were recovered according to the respective Reference Method 
procedures.  Because of the extreme importance of proper sample recovery techniques, details of 
the sample recovery procedures may be found in Sections 5 of this report. 

Isokinetics - Once all sample recovery was completed (including moisture determination), 
calculations were conducted to determine the percent isokinetics of the test run. 

4.3 CEMS Sampling System Description  

What follows is a description of the individual components of South Florida’s CEM system that 
was used to quantify each of the diluents/pollutants that comprised this test program.   

4.3.1 Sample Delivery and Conditioning System  

• Sample Probe – A stainless steel probe was used to reach the sampling points as 
described in Table 3-1. 

• Filter - A spun glass fiber filter contained in a heated sheath.  The filter was located 
between the sample probe and sample line; it was designed to remove particulate from 
the gas stream. 

• Sample Line - 3/8” Teflon tubing in a heated sample line prior to the condenser   
designed to transport the sample gas from the probe to the sample conditioning system 
(in the CEMS trailer). 

• Condensers (2) – A thermo-electric chiller was located just prior to the main sample 
pump for removal of moisture from the gas stream. 

• Sample Pump - A diaphragm type vacuum pump was used to draw gas from the 
sample probe through the conditioning system before distributing the gas to the 
individual analyzers.  The pump head is stainless steel while the valve disks are Viton 
and the diaphragm is Teflon coated. 

• Sample Distribution System - A series of flow meters, valves and backpressure 
regulators allowed the operator to maintain constant flow and pressure conditions during 
sampling and calibration. 
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4.3.2 Calibration System 

• Calibration Gases – Only EPA Protocol Gases certified in accordance with EPA 
Protocol G1 procedures were used. 

• Calibration Solenoid System - A series of solenoids designed to deliver a specified 
gas either directly to an analyzer or through the entire sampling system by activating the 
appropriate solenoid. 

• Calibration Line – Teflon line (1/4”) run in parallel to the sample line. 

• Calibration Tee - Stainless steel tee (3/8”) located between the probe and the filter that 
allows the operator to inject calibration gas through the entire sampling system.  Excess 
calibration gas exits the probe eliminating any potential over pressurization. 

4.3.3 Data Acquisition System 

• Computer – A Dell Vostro 1710, 2.50 GHz.   

• Software – Iotech data acquisition system (Personnel Daq 55/56).  This system is 
programmed to collect data once per 2 seconds, while reporting 1-minute averages.  This 
software operates in a Windows environment. 
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5.0  QUALITY ASSURANCE/QUALITY CONTROL 

5.1 Overview 

Strict QA/QC protocols were followed during all phases of this project.  These protocols include: 

 • QA objectives for measurement data; 

 • Data reduction; 

 • Internal QC; 

 • Calibration of equipment; 

 • Corrective action, if necessary; and 

 • Use of standardized field data sheets. 

The following sections summarize specific aspects of the test program. 

5.2 Particulate Matter QA 

South Florida’s meter boxes, pitot tubes, thermocouples and barometers are maintained in 
accordance with specifications set forth in EPA “Quality Assurance Handbook for Air Pollution 
Measurement Systems – Volume III Stationary Source Specific Methods” and with manufacturer’s 
suggested procedures.  A summary is presented below: 

• Dry Gas Meter and Orifice Meter/EPA Method 5 – All dry gas meters are calibrated 
against a GCA/Precision wet test meter that is calibrated against a spirometer.  The orifice 
meters in the meter control box are calibrated against the wet test meter and checked 
against the dry gas meter to which it is attached. 

• Balance – All analytical balances are calibrated against Class M weights.  A daily onsite 
check is also conducted using a Class S weight. 

• Thermocouples – All type K thermocouples are calibrated against ASTM mercury in 
glass thermometers at three points.  The first point is in an ice bath and the second in 
ambient air and the third in boiling oil. 

• Pitot Tubes – All standard and Type “S” stainless steel pitot tubes are designed to meet 
the dimensional criteria set forth in Method 2, therefore a coefficient of 0.99 (standard) or 
0.84 (Type “S”) was used. 
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Table 5-1 Particulate Sampling Procedural Summary 

Task Procedure 

Filter/beaker 
preparation 

1. Identify filters and beakers.  Wash beakers in warm, soapy water, rinse with DI water and 
allow to air dry. 

2. Desiccate filters and beaker for 24 hours. 
3. Calibrate balance to within 0.5 mg of standard daily using 1 g. and 100 g. NIST traceable 

weights. 
4. Weigh filter and beakers to nearest 0.1 mg every six hours until two consecutive weight 

agree within + 0.5 mg 
 

Glassware/Teflon 
Preparation 

 

1. Wash all glassware and Teflon components in warm, soapy water.  Rinse clean with tap 
water.  Rinse thoroughly with DI water. 

2. Allow to air dry and seal with parafilm. 
3. Use only high purity quartz filters and glass or Teflon components. 

Sampling Train 
Set up 

1. Load/assemble sampling train components in field lab.  Re-seal components and send 
up to stack. 

2. Finish assembling train on stack.  
Sampling Train 

Operation 
1. Operate sampling train between 0.50 and 1.0 cfm. 
2. After leak check, seal train components with parafilm. 

 
Sampling Train 

Recovery 
 

1. Rinse components from nozzle through front half of filter holder with reagent-grade 
acetone into container 1.  

2. Remove filter and place in original petri dish. 
3. Obtain reagent and filter blanks. 

Sample Identification 
and Shipping 

1. Identify all samples by stack, method, run no. fraction and contents.   
2. Generate chain of custody form identifying all samples. 
3. Ship samples to analytical laboratory. 

Particulate Analysis 

1. Desiccate filters for 24 hours.   
2. Slowly evaporate acetone rinses in tared beakers.  Desiccate beaker for 24 hours. 
3. Calibrate balance to within 0.5 mg of standard daily using 1 g. and 100 g. NIST traceable 

weights. 
4. Weigh filter and beakers to nearest 0.1 mg every six hours until two consecutive weight 

agree within + 0.5 mg. 

PM2.5/10 
1. Evaporate acetone rinse in container #2 to dryness in tared beaker. 
2. Place filter and beaker in desiccator and desiccate for 24 hour hours. 
3. Weight at six hour intervals until two consecutive weights agree by +0.5 mg. 

CPM 
Sample Analysis 

1. Receive samples, verify chain of custody/contents. 
2. Combine container #3 and #4 into separatory funnel and shake.  Allow fractions to 

separate.  Drain off organic fraction into a clean container.  Rinse funnel with 75 ml of 
methylene chloride, shake, separate and drain.  Repeat. 

3. Evaporate organic fraction and inorganic fraction separately in tared beakers. 
4. Evaporate front half acetone rinse in tared beaker. 
5. Desiccate beakers for 24 hours.  Weight at six hour intervals until two consecutive 

weights agree by +0.5 mg. 
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5.3 CEMS QA 

Specific procedures were followed to ensure the validity of the CEMS data collected for this 
program.  The following subsections outline the specific procedures and performance criteria that 
were utilized to maintain quality assurance throughout this program.  

5.3.1 Calibration Gases 

All calibration gases utilized for the emission testing were prepared according to EPA Protocol G1 
quality standards.  Gas specification sheets for all calibration gases utilized during this test 
program are presented in Appendix E. 

5.3.2 Instrumental Monitoring 

CEMS data quality was assured throughout the test program by following procedures delineated 
in Performance Spec 3 for O2 and CO2. 

5.3.3  Sampling Setup 

The following procedures were conducted during the initial phase of the program: 

• Leak Check – Prior to the initiation of testing the reference method CEMS system 
wasleak checked from the end of the sample probe.  If a leak was detected, it would be 
traced and fixed.  The procedure would  then repeated until successful. 

• System Response Time – Prior to the initiation of sampling a Reference Method (RM) 
CEMS response time was determined.  During the test program, the reference method 
CEMS was allowed to sample a minimum of 2.5 times the RM CEMS response time prior 
to the initiation of any sampling runs. 

5.3.4 Calibration Criteria 

The following subsections present the CEMS criteria that was adhered to throughout the conduct 
of the test program. 

• Analyzer Calibration Error (ACE) – At the beginning of each test day an analyzer 
calibration error (direct calibration) was conducted for each analyzer by introducing zero 
and an upscale calibration gas upstream from the respective analyzers and calibrating the 
respective analyzers to the corresponding calibration gas value.  A mid-range gas is then 
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injected to the respective analyzers in order to demonstrate linearity.  The maximum 
allowable calibration error is 2% of instrument span.  If this limit were not achieved, 
corrective action would be taken and the procedure would be repeated until successful.  
Analyzer calibration error is calculated as follows: 

100×
−

CS
 )C(C

 = ACE vDir  

Where: 

CDir = Measured concentration of a calibration gas (low, mid, or high) when 
introduced in direct calibration mode, ppmv. 

Cv = Manufacturer certified concentration of a calibration gas (low, mid, or high), 
ppmv. 

CS = Calibration span, ppmv. 
 

• Sampling System Bias (SB) – Following the performance of the analyzer calibration error 
a system bias check was conducted by introducing sampling gas through the entire 
sampling system (system calibration) and comparing the response of the analyzer 
calibration error with that of the system calibration.  The maximum allowable calibration 
error is 5% of instrument span.  If this limit were not achieved, the test run would be voided 
and corrective action would be taken.  If analyzer adjustments were made, the analyzer 
calibration error and system bias checks would be repeated until the calibration met the 
EPA Method 7E criteria.  System bias is calculated as follows: 

100×
−
CS

 )C(C
 = SB Dirs  

Where: 

  Cs = Measured concentration of a calibration gas (low, mid, or high) when 
introduced in system calibration mode, ppmv. 

• Calibration Drift (D) – Prior to and following each test run a system calibration was 
conducted in order to determine calibration drift during each test period.  The maximum 
allowable calibration drift is 3% of instrument span.  If the calibration drift were exceeded, 
corrective action would be taken. If any analyzer adjustments were made, a new analyzer 
calibration error and system bias check would be conducted.  Calibration drift is calculated 
as follows: 
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100×− iniitalfinal SBSB = D  

5.3.5 Calibration Drift and System Bias Correction  

Each instrumental analyzer method requires the correction of CEMS data for the system bias and 
calibration drift observed over each test period.  All run averages are corrected for system bias 
and calibration drift as follows:   

]
C - C

C[ )C - (C = C
oM

MA
oAvgGas  

Where: 

CGas  = Average effluent gas concentration adjusted for bias, ppmv. 

CAvg   = Average unadjusted gas concentration indicated by data recorder for test run. 

Co     = Average of initial and final system calibration bias (or 2-point system calibration error) 
check responses from the low-level (or zero) calibration gas, ppmv. 

CM    = Average of initial and final system calibration bias (or 2-point system calibration error) 
check responses for the upscale calibration gas, ppmv. 

CMA   = Actual concentration of the upscale calibration gas, ppmv.      
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