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RESPONSES TO GAEPD LETTER OF MARCH 25, 2011 
 
 

1. Typographical Errors:  Appendix A of this letter provides a listing of the typographical 
errors found in the Application. 

Response: All typographical errors have been corrected as appropriate.  See 
Appendix A of this document for specific comments. 

 
2. Section 2 – Process Description: 

a. Make it clear whether Chambers R&B Landfill will be the Permittee for the landfill 
gas to energy project. 

Response: Text has been revised to make it explicitly clear that Chambers R&B 
Landfill will be the Permittee for the landfill gas to energy project. 

b. Make it clear whether the applicant is requesting operational flexibility to use the 
existing flares or the IC engines to handle the landfill gases. 

Response: The text of this section has been revised to explicitly state that 
Chambers R&B Landfill is requesting operational flexibility to use the existing 
flares and/or the internal combustion engines to handle the landfill gases. 

 
3. Section 3 and Appendix B – Particulate Matter (PM, PM10, and PM2.5) Emissions: 

The combustion of any fuel causes the emissions of particulate matter (PM), PM less than 
10 microns in aerodynamic diameter (PM10), and PM less than 2.5 microns in 
aerodynamic diameter (PM2.5), which are regulated New Source Review (NSR) 
pollutants.  We expect that all PM emissions emitted from an internal combustion engine 
are very small and therefore assume that PM=PM10=PM2.5, as does the applicant. 

Response: Agreed 
 

The applicant proposes a PM emission factor of 48 pounds per million dry standard cubic 
feet (dscf) methane, which is about 0.048 pound per million Btu (lb/MMBtu) 1.  If 
PM=PM2.5 emissions, PM2.5 is assumed to be 0.048 lb/MMBtu.  We note that the PM 
AP-42 emission factor has an “E” rating.  The low rating does not disqualify the use of 
this factor, if it is the only one available.  However, it there is a more reliable factor, it 
should be used.  Please discuss the use of this emission factor. 
 
Response: R&B has used the AP-42 PM emission factor (EF) of 48 lb/106dscf methane 
(CH4) in multiple Title V applications across the United States.  This EF is from the 
final AP-42 Section 2.4 Municipal Solid Waste Landfills approved by EPA in November 
1998.   
 

                                                 
1 US EPA AP-42 Table 2.4-5. 
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The EPA has posted a draft Section 2.4 (October 2008), which has lowered the typical 
rate of PM emissions to 15 lb/106dscf methane.  The draft version has also raised the 
rating to a “D”.    
 
Therefore, even with a rating of “E”, the higher particulate EF used in this permit 
application is considered to be a conservative representation of engine PM emissions. 

  
Georgia EPD is required to address both filterable particulate matter and condensable 
particulate matter in establishing emissions limits for PM10 and PM2.5 in New Source 
Review (NSR) permits as of January 1, 2011.  The applicant did not indicate whether the 
proposed PM, PM10, and PM2.5 emissions include both filterable and condensable 
particulate matter.  As noted above, the applicant proposed a PM emission factor 
equivalent to 0.048 lb/MMBtu.  EPA’s AP-42 Section 3.2.2 for 4-Stroke Lean-Burn 
Engines burning natural gas includes a total PM emission factor of 0.00991 lb/MMBtu 
(which includes both filterable plus condensable PM).  Please confirm whether the PM 
emission factor of 0.048 lb/MMBtu, or any other PM emission factor, includes 
condensable PM, and can therefore be used as PM10 and PM2.5 emission factors. 
 
Response: The AP-42 emission factor for particulate emissions has the following footnote 
(AP-42, Table 2.4-5. Emission Rates for Secondary Compounds Exiting Control Devices 
(November, 1998):   
 

“Based on data for other combustion sources, most of the particulate matter will 
be less than 2.5 microns in diameter. Hence, this emission rate can be used to 
provide estimates of PM-10 or PM-2.5 emissions”. 

 
 
The applicant sets the mass emission rate of PM10 to be equal to the mass emission rate 
of PM from the IC engines.  The PM emission factor is stated in units of pounds per 
million dry standard cubic feet (lb/MM dscf).  The applicant uses a flow rate of landfill 
gas (LFG) to the engine in units of standard cubic feet per minute (scfm).  This raises the 
following questions.  

a. As stated above, the PM emission factor is on a dry basis.  The applicant uses a flow 
rate of 589 scfm of LFG to the engine.  Does that represent a wet or dry basis? 

 
Response: The text portion of the permit application package which includes a flow rate 
of 589 scfm is correct.  Those sections of the application where 531 scfm was incorrectly 
shown have been changed.  A new section has been added to the text to demonstrate how 
the 589 scfm flow rate was determined.  The correct flow rate of 589 scfm has been used 
in the emission calculations in Appendix B in this resubmittal of the permit application.   
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The calculations have been based on dry standard cubic feet per minute of LFG entering 
the engine.  The LFG rate is multiplied by the methane fraction to determine the dscfm of 
CH4.  This is consistent with the use of the AP-42 emission factor of 48 lb/106dscf CH4. 

 

b. What are the standard temperature and pressure conditions that are assumed for this 
PM emission factor? 

Response: The PM emissions factor has been approved by the EPA AP-42, Section 2.4 
Municipal Solid Waste Landfills.  The EPA standard temperature and pressure 
conditions are 68 degrees F and 1 atm. 

c. What are the standard temperature and pressure conditions that are assumed for the 
flow rate of LFG to the engine of 589 scfm? 

 
Response: The text portion of the permit application package includes typographical errors 
where an incorrect flow rate of 589 scfm of LFG to the engines.  All calculations were performed 
using the 531 scfm and the typographical errors in the text has been revised and resubmitted with 
this response. 
 
The LFG flow to the engines is based on the higher heating value of methane (1012 btu/scf) 
which has been noted as “WM process knowledge” and is used in the EPA’s website, “Landfill 
Methane Outreach Program”.  The temperature and pressure conditions of this standard heating 
value are assumed to be consistent with the EPA standards. 

d. If the standard temperature and pressure conditions of the emission factor and flow 
rate of LFG to the engine are not equivalent please make the appropriate correction(s) 
to the computation of PM, PM10, and PM2.5 emissions. 

Response: The conditions are equivalent and revisions are not required. 
 
The applicant sets the mass emission rate of PM2.5 to be equal to the mass emission rate 
of PM 10 from the applicable pieces of equipment.   The applicant also states that PM10 
will serve as a surrogate for PM2.5.  However, the NSR program requirements for PM10 
can no longer be used in Georgia to meet the NSR program requirements for PM2.5.  
Please conduct a “best available control technology” (BACT) and air impact analyses for 
PM2.5, as required by NSR. 
 
Response: Particulate matter (PM) is usually low from engines burning natural gas or landfill 
gas and is controlled by good combustion design and not with add-on emission controls. Gas 
pretreatment and proper operation and maintenance of the engines will control PM to an 
acceptable level.  Gas pretreatment consists of a condensate knockout tank, followed by a blower, 
a 10 micron filter before being fed into the generator units. Flue gas treatment such as an 
electrostatic precipitator, fabric filters, or wet scrubber are rejected as BACT because the 
engines do not generate sufficient particulate in the exhaust to warrant these controls.  Therefore 
these controls would not be cost effective.   
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4. Section 3 and Appendix B – Sulfur Dioxide Emissions: 

a. The applicant uses a “flow rate of LFG” to the engine of 531 cfm, yet uses a value of 
589 cfm on Page 3 of Appendix B.  Which value is correct?  We note that the number 
589 was associated with the units of scfm in earlier computations.  It is not clear 
which is correct, 589 scfm, or 589 cfm, or 531 cfm.  Please make sure that the correct 
values are used in all computations. 
 
Response:  As previously stated, all flow rates were intended to be 531 scfm using 
EPA standard temperature and pressure conditions.  All calculations were performed 
using the 531 scfm and the typographical errors in the text has been revised and 
resubmitted with this response. 

b. The SO2 emission calculations in Section 3 is not consistent with the calculation in 
Appendix B. Different flow values are used and values do not seem to be correctly 
carried through all steps of the calculation.  The applicant computed a volume flow 
rate of sulfur of 1,978.42 cubic meters per year (Page 3-4); however, the applicant 
uses 1,975.42 cubic meters per year and then 2,194.69 cubic meters per year in 
subsequent calculations.  Please correct these calculations. 

Response: There were several typographical errors in the original application that 
resulted in discrepancies between the values in the Appendices and the text of the 
application.  In order to correct these problems, the example calculations have been 
deleted from the Tables in Appendix B and all example calculations are shown in 
Sections 3 and 8. 

c. Section 3 estimates SO2 emissions from each IC engine as 5.7 tpy; whereas, 
Appendix B and EPD estimate it to be 6.33 tpy.  Please correct these calculations. 

Response: There were several typographical errors in the original application that 
resulted in discrepancies between the values in the Appendices and the text of the 
application.  In order to correct these problems, the example calculations have been 
deleted from the Tables in Appendix B and all example calculations are shown in 
Sections 3 and 8. 

 
5. Section 3 and Appendix B – NOx and CO Emissions: 

The applicant states on Page 3-1 that emission estimates are based on a CO emission 
factor of 4.13 grams per bhp-hr.  The applicant uses 4.31 grams per bhp-hr to computer 
emissions in Appendix B of the application.  The engine specification sheet has a CO 
emission factor of 2.5 g/bhp-hr.  Which emission factor is correct and why? 

Response: As explained in Section 3.2.3 of the original application, the engine 
specification sheet (page 1 of 3) lists a NOMINAL CO emissions factor of 2.5 g/bhp-hr, 
and a NTE CO emissions factor of 4.13 g/bhp-hr. Note 15 of the emissions specification 
sheet (page 3 of 3) states “15. NOMINAL CO IS A NOMINAL VALUE AND IS 
REPRESENTATIVE OF A NEW ENGINE DURING THE FIRST 100 HOURS OF 
ENGINE OPERATION”.  Note 14 of this same page states “14. NTE CO, CO2, THC, 
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AND NMHC VALUES ARE’NOT TO EXCEED’”.  Accordingly, the value of 4.13 g/bhp-
hr is used for CO emissions rate calculations.  The 4.31 grams per bhp-hr was a 
typographical error. As stated above, there were several typographical errors in the 
original application that resulted in discrepancies between the values in the Appendices 
and the text of the application.  In order to correct these problems, the example 
calculations have been deleted from the Tables in Appendix B and all example 
calculations are shown in Sections 3 and 8. 
 

6. Section 3 and Appendix B – VOC Emissions: 

a. The applicant is conservatively assuming that non-methane organic compounds 
(NMOCs) are 100% VOCs.  Georgia EPD supports that conclusion; it is conservative 
because there are NMOCs that are not VOCs.  The applicant provides several 
different VOC emission factors that might be applicable for characterizing VOC 
emissions from IC engines combusting LFG.  Appendix B of this letter lists the 
various VOC emissions factors found in the application.   
 
A review of the VOC emission factor table in Appendix B of this letter shows that all 
but one of the VOC emission factors results in potential VOCs exceeding 40 tons per 
year of VOC.  This would make the modification significant for VOC emissions, 
requiring a BACT analysis.  However, the applicant is proposing to avoid PSD 
review for VOC emissions by limiting VOC emissions to 0.081 lb/MMBtu (or 20 
ppmvd NMOC, as hexane at 3% oxygen). 

 
As indicated above, other VOC engine emission factors indicated emissions could be 
significantly higher than the applicant calculates.  As an example, the New Source 
Performance Standard (NSPS) 40 CFR 60 Subpart JJJJ limits VOC emissions from 
such engines to 1.0 g/hp-hr.  Each engine is allowed to emit 4.92 lb/hr for a total 
potential to emit (PTE) of 129.38 tons per year (tpy). 
 
Response: The engines will operate in a manner such that they could meet the NSPS 
emissions limits for compliance with NSPS WWW if the facility ever lost its treatment 
system designation by a change in the definition of treatment systems by the EPA or 
by a rule change.  Before the EPA began accepting treatment systems such as the one 
proposed for R&B as a NSPS WWW control device, in many instances, landfill gas 
fired engines were required to be the control devices and the engine exhausts were 
subject to the 20 ppmV NMOC limit.  40 CFR 60.72(b)(2)(iii)(B) requires a control 
system designed and operated to reduce NMOC by 98 weight percent, or when an 
enclosed combustion device is used for control, to either reduce NMOC by 98 weight 
percent or reduce the outlet NMOC concentration to less than 20 parts per million by 
volume, dry basis as hexane at 3 percent oxygen.  If the engines were not preceded by 
the landfill gas treatment system or if the gas treatment system suddenly did not meet 
the definition of a treatment system due to NSPS WWW rule changes, then the engines 
would become subject to the 20 ppmV NMOC limit on the outlet.   Therefore the 
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calculations in Section 3.2.4 are based upon the maximum allowable concentration in 
the engine exhausts as 20 ppmv as if the engines are or become a NSPS WWW 
control device(s).  The language in Section 3.4 has been modified to clarify the basis 
of these emissions calculations. 
 
Furthermore, in addition to VOC emissions, R&B landfill has requested to take CO 
and NOx limits that are less than the emission limits provided in NSPS JJJJ.   
 
Georgia EPD finds that all data point to emissions being higher than that and believes 
that the proposed project triggers PSD because potential VOC emissions exceed 40 
tpy.  VOC emissions per engine have to be 0.104 lb/MMBtu or less in order to avoid 
PSD review for VOC emissions.  Absent a demonstration that VOC emissions could 
be that low, a BACT determination is required to be submitted.  We suggest that the 
applicant obtain a guarantee from the engine manufacturer that the engines will emit 
no more than 0.104 lb/MMBtu or 0.30 grams per bhp-hr (see Appendix B of this 
letter – VOC Emission Factor Table).  Other demonstrations of being able to meet 
that limit will be considered. 
 
Response: As demonstrated in the calculations based upon the VOC emissions 
concentration of 20 ppmvd, VOC emissions do not exceed 40 tpy.  See Section 5( as 
revised)  of the application for a discussion of the BACT demonstration for VOC 
emissions from landfill gas fired internal combustion engines. 
 
Also note that the applicant needs to include formaldehyde emissions when 
calculating the VOC emission rate to determine if potential emissions exceed 40 tpy.  
Natural gas fired engines tend to have high emissions of formaldehyde. 
 
Response: We have added formaldehyde to the emissions calculations in the revised 
application. 

b. On Page 3-5, the parameters QExstd is defined as 4,393 standard cubic feet per minute.   
Does this value represent he IC engine volume flow rate exhaust? What are the 
temperature and pressure values for “standard”?  What is the orign of this value?  It 
should also be noted that in Table B-1a, on Page 2 of 25, the exhaust gas flow is 
4,875 wet scfm.  It does not match air flow values from IC engine technical data 
sheet, although this may result from using a different standard temperature and 
pressure than found on the IC engine technical data sheet.  Which value is correct? 

Response: We have added a table that provides an example calculation for the 
exhaust gas flow rate.  The correct value is 4,393 wet cfm as shown in the example 
and the calculation tables have been according revised. 

c. Table B-2 Concentration Chlorinated Compounds refers to Landfill A and Landfill C.  
What is meant by Landfill A and Landfill C? 



Items in standard typeface are comments by GAEPD 
Items in italic typeface are responses by Waste Management 

 

7 
 

Response: This information is extracted from Table 4-3 of the EPA Report “Field 
Test Measurements at Five Municipal Solid Waste Landfills with Landfill Gas 
Control Technology” that is included in Appendix D of the application submittal.  
The footnotes on Table B-2 have been updated to reflect this information. 

 
7. Section 4: 

The following table shows that there are discrepancies in emission increases between 
those in Table 4.1 and Appendix B.  For each discrepancy, please explain why the two 
values are not the same and/or indicate which value is correct. 

 
Regulated NSR 
Pollutant 

PTE Table 4-1  
(tpy) 

PTE Table Appendix B 
(tpy) 

Comments 

SO2 34.2 37.95 The values do not match 
NOx 77.62 77.62 N/A 
PM 20.09 34.5 The values do not match 
PM10 20.09 34.5 The values do not match 
PM2.5 534.32 34.5 The values do not match 
CO 557.6 557.6 N/A 
VOC 31.01 34.41 The values do not match 
 

Response: Table 4-1 contained typographical errors and has been updated to correspond 
to PTE Table in Appendix B. 

 
8. Section 5: 

The applicant presents BACT analysis for emission of NOx, CO, PM10, and PM2,5 in 
Section 5 of the application.  This is done using a “top down analysis” via the five-steps 
listed in EPA’s New Source Review Workshop Manual Draft, October 1990.  Georgia 
EPD finds the BACT analyses deficient for the following reasons. 

a. The term “BACT” is defined in 40 CFR Part 52.21(b)(12).  According to 40 CFR 
Parts 52.21 (b)(12) and 52.21(j), this requires specifying an emissions limitation or 
work practice standard.  The BACT documentation in this application does not 
include proposed BACT emission limits, nor proposed associated averaging times, 
test methods, monitoring, record keeping, for reporting for NOx, CO, PM 10, and PM 
2.5.  Please resolve this deficiency.  Be sure to identify the types of controls and 
pollution prevention measures required for similar sources permitted by other state 
and local air pollution control programs.  This should include a list of sources that the 
requirements.  The RACT/BACT/LAER Clearinghouse (RBLC) is a good starting 
place for identifying this information, but if there is information not in the RBLC, that 
must also be included.   

Response: Section 5 has been revised to address these comments 

b. As indicated above, Georgia EPD expects that a BACT analysis will be required for 
VOC emissions.  If that is the case, the applicant submits a VOC BACT analysis, be 
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sure that it is done in accordance with EPA’s New Source Review Workshop Manual 
and that it includes supporting documentation for each component of a BACT 
analysis along with substantiation for any proposed numerical emissions limit or 
work practice standard.  Be sure to include an averaging time for each proposed 
numerical emission list along with documentation of the proposed compliance 
method. 

Response: Section 5 has been revised to address these comments. 

c. The BACT determinations must address startup and shutdown emission of the IC 
engines as part of the BACT analysis. 

Response: Section 5 of the Application addresses BACT and has been revised to 
address startup and shutdown emissions. 

 
9. Section 6 and Section 8 – Waste Heat Leachate Concentrator: 

a. Heartland Technology Partners, LLC is the proposed vendor for the Waste Heat 
Leachate Concentrator to be used at the Chambers R&B Landfill.  Georgia EPD has 
discussed the proposed HC1 emission rate with Mr. Bernie Duesel of Heartland 
Technology Partners, LLC.  Heartland Technology Partners, LLC does not support 
the proposed emission rate of HC1 and knows of no evidence that HC1 will be 
emitted.  With this in mind, does the applicant still want to assume that potential 
emission of HC1 will equal or exceed 10 tons per year? 

Response: Table B-5 shows an analysis of the leachate that will be injected into the 
leachate concentrator.  For the purposes of the potential to emit calculations the 
facility has assumed the conservative approach that all HCl in the leachate will be 
transferred to the air stream and become a constituant of the exhaust gas.  Therefore, 
notwithstanding Mr. Duesel comments, the facility represents that the leachate 
concentrator would be a source of HCl emissions. 

b. Assuming HC1 emissions exceed 10 tpy, the Waste Heat Leachate Concentrator 
system is a major source of individual HAP and total HAPs.  Please provide a 
regulatory analysis of 40 CFR Part 63 applicability for these HAP emissions.   

Response: As demonstrated in the emission calculations Table B-1b, the potential to 
emit of HCl exceeds the 10 tpy threshold for the definition of a major source for 
HAPs. The facility is currently subject to, and Complies with the Landfill MACT, 40 
CFR Part 63, Subpart AAAA since the landfill NMOC emissions are in excess of 50 
megagrams per year.  By extension, the facility is also currently subject to 40 CFR 
Part 63 Subpart A.  As enumerated in Section 6.11 of the application and in the 
applicable application forms, the facility is subject to 40 CFR Part 63 Subpart ZZZZ 
since construction will commence after June 12, 2006, the engines will be 
manufactured after July 1, 2007, and the landfill is an major source of hazardous air 
pollutants.  As a new stationary RICE with a rating of more than 500 bhp located at 
major source for HAP which combusts landfill gas equivalent to 10 percent or more 
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of the gross heat input on an annual basis, the facility must meet the initial 
notification requirements of 40 CFR 63.6645(h) and the requirements of 
§§63.6625(c), 63.6650(g) and 63.6655(c).  These stationary RICE do not have to 
meet the emissions limitations and operating limitations of 40 CFR Part 63 Subpart 
ZZZZ 

c. The applicant defines the facility as an area source in regard to 40 CFR 63 Subpart 
ZZZZ (Page 6-2).  If the determination is made that the facility is a major source as 
described in paragraph b. above, the IC engines must meet the initial notification 
requirements of 40 CFR 63.6645(f) and the requirements of 40 CFR 63.6625(c), 
63.665(g), and 63.6655(c).  Please update the regulatory analysis found in the 
application as it related to 40 CFR Part 63 and include these requirements.  

Response: As noted above, the facility is subject to 40 CFR Part 63 Subpart ZZZZ 
The application has been updated in to acknowledge the initial notification 
requirements of this Subpart, as well as the monitoring, requirements of 40 CFR 
63.6625(c), the performance test requirements of 40 CFR 63.6645(g) and the 
recordkeeping requirements of 40 CFR 63.6655(c). 

 
 

10. Section 7 Greenhouse Gas (GHG) Applicability: 

a. The application lists the following emissions rates of GHG emissions from biogenic 
and anthropogenic sources, on a CO2e basis:  

 
Scenario #1 Scenario #2 
From Flares = 166,514.54 tpy From IC Engines = 108,816.06 
In Fugitive LFG = 39,546.64 In Fugitive LFG = 25,817.79 
Total; = 206,061.18 Total = 134,633.85 
 
The applicant requests operational flexibility to operate under Scenario #1 and Scenario 
#2.  Scenario #1 is their current operational mode.  Their application is, essentially, a 
request to include Scenario #2 as an operational mode.  Since the potential GHG 
emission rate (in CO2e) form the flares is currently greater than 100,000 tpy, GHG is a 
regulated NSR pollutant.   Because the potential GHG emission rate (in CO2e) is greater 
than 75,000 tpy, GHG emissions are subject to PSD and require a BACT determination. 
 
b. The applicant’s BACT analysis is incomplete because the applicant did not propose a 

CO2e emission rate from the IC engines.  Please provide a CO2e emission rate from 
the IC engines as part of the BACT proposal.  Please be sure to include averaging 
time and compliance method.  

 
Response:  The GHG section of the application now includes a revised discussion of 
CO2e emission rates. 
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11. Appendix A:  Note that SIP Forms 1.00 (Page 3) and 4.00 may need to be amended and 
resubmitted, depending on the final emission calculations. 

 
Response: SIP forms have been updated as necessary and are resubmitted at this time. 

 
12. Other: 

a. Was a copy of the PSD application submitted to EPA? If not, the applicant should 
send a hard copy of the application to:  

USEPA Region IV 
Air Planning Branch/Air Permits Section 

61 Forsyth Street, SW 
Atlanta, GA 30308-8960 

 
Response: Original application was submitted to USEPA Region IV at the address noted 
above.  This resubmittal is also being submitted to USEPA Region IV. 

b. The facility is located 120 km from the Great Smoky Mountains National Park, so 
notification of the FLM is required.  Typically the facility is responsible for 
contacting the FLM and providing appropriate documentation in the PSD 
application.  Has the FLM been notified?  If not, please contact the FLM as soon 
as possible and copy Georgia EPD on any correspondence. 

Response: The USDA FLM was provided with a summary of emissions rates and 
has advised via e-mail reply that no further action on their part is required. 

c. The applicant needs to define the 24-month period (baseline years) to be used for 
calculating the past actual emissions for the existing flares used in the emission 
calculations. 

Response: Past actual emissions data is from Calendar Year 2010 and is assumed 
to be the same for Calendar Year 2009. 

d. Please provide the following contact information for local agencies: 
i. County legal organ name, address, and phone number 
ii. City mayor name and address 
iii. County clerk name and address 
iv. County Board of Commissioners – Chairman name and address 
This information is included in the text of the revised submittal. 

e. As of the date of this letter the applicant has not yet submitted: 
i. Toxic Impact Analysis 
ii. Class I and Class II NSR Air Impact Analysis 
Response: The Toxic Impact Analysis is included with this revised submittal.  The 
Class I and Class II NSR Air Impact Analysis will be submitted within 30 days 
after GAEPD and R&B Landfill agree on the emissions rates to be used. 

 
 



Items in standard typeface are comments by GAEPD 
Items in italic typeface are responses by Waste Management 

 

11 
 

Please submit these portions of the application as soon as possible 
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Appendix A 
 
Typographical Errors: 
 
Section 3.2.1: “3.35 tpy PM 10 Emissions (per engine) should read “3.714 tpy PM10 Emissions 
(per engine).” 
 
Response: The correct landfill gas flow rate to each engine is 531 scfm, which has been changed 
in section 3.2.1. from the 589 scfm value shown in the original submittal.  The PM10 emissions 
rate of 3.35 tpy is correct at the gas flow rate of 531 scfm. 
 
Section 3.2.2 – Equation 3 should be stated as “Emission Rate of S” rather than “Emission Rate 
of SO2.” 
 
Response: Corrected to “S” to replace “SO2” 
 
Section 3.2.3 – NOx and CO emission equations as shown on Page 3-5 in application. 
 

Pe X EF ÷ 453.59 
 

The equation is missing a conversion factor [(8760hr/yr)(ton/2000lb)].  The state NOx and CO 
numerical calculation and result are correct. 
 
Response: Conversion factors added to equations and placement of parenthesis corrected. 
 
Section 3.2.5 – Typo in HC1 emission calculation. 35.7 ppmv should be 53.5 ppmv.  The final 
result is correct. 
 
Response: Concentration of Chlorides in example calculation changed to 53.5 ppmv.  Flow rate 
of LFG to the engine changed to 531 scfm  
 
Notes for Table B-1a and Table B-1b contain typos in references to other Appendices or Tables.  
(Examples: Note 6 refers to Appendix F, which should be D.  Chloride concentration refers to 
Table C-7 & C-8, there are no such tables in application.) 
 
Response: References to Appendix V changed to Appendix D.  References to  Table C-7 and C-8 
changed to Table B-3 and B-4.  References in HAP concentration notes listed under “3520 CAT 
Engine Calculation Factors and Assumptions” changed from Table C-4 to Table B-4. 
 
Appendix B: Scenario 2, Leachate Concentrator and Engine Emissions Table B-1b (Page 5 of 
25) – Engine sample calculation for annual PM emission rate is 9.29 tpy, should be 4.09 based 
on values as presented. 
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Response: Example calculations have been removed from Table Table B-1b and inserted into 
Sections 3 and 8. 
 
Appendix B: Scenario 2, Leachate Concentrator and Engine Emissions Table B-1b (Page 5 of 
25) – Engine sample calculation for HC1 shows an hourly emission rate of 0.17 la/hr, but uses an 
hourly emission rate of 5.78 lb/hr in calculating the annual emission rate.  What is the correct 
emission rate? 
 
Response: Example calculations have been removed from Table B-1b and inserted into Sections 
3 and 8 
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SECTION 1 
INTRODUCTION 

 
The Chambers R&B Landfill, Inc ( R&B) is located at 610 Bennett Road, Homer, Georgia, in 
Banks County which is currently designated an attainment county for ozone under the 8-hour 
standard and as attainment area for all other criteria air pollutants.  The site’s primary activity is 
landfill operations, which is supported by a variety of other activities such as operation and 
maintenance of mobile equipment, non-mobile equipment powered by internal combustion 
engines, leachate handling, and open flares.   

1.1 Facility Information 

The R&B Landfill first began accepting waste in 1987.  The Georgia Environment Protection 
Division (GEPD), Solid Waste Management Program, approved an expansion in October 1997, 
which resulted in an increase in disposal capacity.  The landfill has an overall design capacity of 
19.1 million cubic meters.  R&B Landfill receives, manages, and disposes of solid waste, 
including, but not limited to, municipal solid waste (MSW), commercial waste, and industrial 
waste. The waste is hauled in by trucks  where it  is dumped, spread, compacted, and covered 
with soil.  The anaerobic decomposition of organic wastes in landfills results in the generation of 
a bio-gas commonly referred to as landfill gas (LFG).  The LFG gas is primarily methane and 
carbon dioxide.  Small amounts of NMOC’s and hazardous air pollutants (HAPs) and other 
pollutants are also generated. 

The R&B landfill has an existing gas collection and control system (GCCS) that operates 
throughout the landfill.  A blower is used to extract and supply the LFG from the landfill to the 
existing open flares for combustion.   

The following table lists the current emission sources and existing site wide potential to emit. 

Source Existing 
Authorization 

VOC 
(tpy) 

NOx 
(tpy) 

CO 
(tpy) 

PM10 
(tpy) 

SO2 
(tpy) 

HAPs 
(tpy) 

Flare 1 4953-011-0014-V-02-0 0.2 7.4 16.0 1.8 1.6 0.02 

Flare 2 4953-011-0014-V-02-0 0.6 19.4 105.8 4.8 4.3 0.05 

Flare 3 4953-011-0014-V-02-0 0.7 22.6 123.0 5.6 5.0 0.06 

Landfill (Fugitives) 4953-011-0014-V-02-0    140.0   

 
TOTAL EMISSIONS (excluding landfill 
fugitives) (tpy) 1.5 49.5 244.8 12.2 10.9 0.14 

 
The facility is presently classified as a major stationary source under Title V of the Clear Air Act 
Amendments of 1990 as codified in 40 CFR Part 70  with a site wide potential to emit (PTE) of 
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greater than 100 TPY of CO and for having a landfill design capacity greater than 2.5 million 
megagrams and 2.5 million cubic meters.  The site is currently not a major source for Prevention 
of Signification Deterioration (PSD). 

1.2 Purpose 

This permit application is for a new LFG-to-energy (LFGTE) facility with six (6) internal 
combustion (IC) engines that will use the landfill gas generated from the landfill.  LFG 
generation typically increases with time due to anaerobic decomposition and as more waste is 
added and declines after the landfill ceases accepting waste.  The new engines being proposed 
for installation will use LFG as a fuel.  The EPA encourages the development of the LFGTE 
projects for the following environmental benefits: 

• LFGTE project will help reduce methane, a potent greenhouse gas; 

• LFGTE projects offset the use of non-renewable resources such as coal, natural gas, and 
oil, which reduces power plant emissions; and 

• LFGTE projects help reduce local air pollution by reducing volatile organic compound 
emissions. 

The proposed engines will be owned and operated by Waste Management Renewable Energy, 
LLC (WMRE), and will be located adjacent to the current R&B facility in Banks County.  
WMRE is under common control (as defined in 40 CFR Part 70) of the owner and operator of 
the R&B Landfill. 

1.3 Application Contents 

Key components of this application are organized as follows: 

• An area map and plot plans are provided at the end of Section 1; 
• A process description and process flow diagram is included in Section 2; 
• Emission rate calculations are discussed in Section 3; 
• Federal New Source Review applicability is discussed in Section 4; 
• Best Available Control Technology (BACT) is addressed in Section 5; 
• Regulatory applicability and compliance strategies are addressed in Section 6; 
• Greenhouse Gas applicability is discussed in Section 7; 
• An alternative operating scenario is discussed in Section 8; 
• Appendix A contains completed GAEPD forms; 
• Appendix B contains emission rate calculations; 
• Appendix C contains the technical specification sheets for the equipment;  
• Appendix D contains the references used as the basis for the emissions calculations; and 
• Appendix E contains the air dispersion modeling protocols.
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Figure 1-1 
Area Map 
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Figure 1-2 
Conceptual Facility Site Plan 
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SECTION 2 
PROCESS DESCRIPTION 

 
Waste Management is proposing to process the collected gas from the landfill with a treatment 
system prior to being used as a fuel to generate electricity in a LFGTE facility.  Chambers R&B 
Landfill will be the Permittee for this landfill gas to energy project.  The treatment system used 
for the LFGTE facility will compress, filter, and dewater the gas and meets the requirements of a 
treatment system based on the EPA determination letters for treatments systems found in the 
EPA’s Applicability Determination Index.  Therefore, the LFGTE facility uses the treatment 
system for compliance under Subpart WWW as allowed under 40 CFR 60.752(b)(2)(iii)(C). 

2.1 LFGTE Process Description 

This project will entail the installation of six (6) engine-generator sets which each contain a 
Caterpillar Model G3520C internal combustion engine, an electrical generator, and auxiliary 
systems.  The engines are lean-burn, four-stroke, turbocharged, after cooled units each rated at 
2,233 bhp. The extracted LFG will be collected and conveyed by the GCCS to the proposed 
LFGTE facilities.  At the LFGTE facility, the LFG will be passed through a treatment system 
consisting of a filter to remove particulates entrained in the gas stream, a gas compressor to 
compress the gas and an air to air cooler to dehydrate the LFG so it can be  used as fuel in the 
gas engines that drive the electrical generators.   

The flares are maintained for use during times when one or more of the engines will not be in 
operation, when there is more gas than the LFGTE can handle, or as otherwise needed.  
Chambers R&B Landfill is requesting operational flexibility to use the existing flares or the 
internal combustion engines to handle the landfill gases. 

The generic engine technical specification for the Caterpillar 3520 engines is contained in 
Appendix C. 
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Figure 2-1 
Process Flow Diagram 
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SECTION 3 
EMISSION CALCULATION METHODOLOGY 

3.1 LFGTE Emission Calculation Methodology 

This permit application package is providing emissions data for the installation and operation of 
six (6) LFG fired engine generator sets.  The LFG collected by the GCCS will be conveyed to 
the LFG fired flare and/or treatment system followed by engine generator sets and combusted.  
As a result of combustion, Volatile Organic Compounds (VOCs), Non-Methane Organic 
Compounds (NMOC)  and Hazardous Air Pollutants (HAPs) in the LFG are reduced.  However, 
NOx, CO, sulfur dioxides (SO2) and hydrogen chloride (HCl) emissions are created.  It is 
conservatively assumed that all the sulfur-containing compounds are reduced to SO2 and 
chlorinated compounds are reduced to HCl in the engines.  Emissions of particulate matter less 
than 10 microns (PM10) from the engines are the result of combustion and particulate matter 
contained within the LFG stream.  Emissions of particulate less than 2.5 microns (PM 2.5) are 
likewise the result of combustion and particulate matter contained within the LFG stream.  The 
potential air emission calculations are provided in Appendix B. 

3.1.1 Engine Permit Basis and Assumptions 

The emission estimates are conservatively based on the following assumptions: 

• The engines will operate at a maximum of 8,760 hours per year. 

• NOx emission factor of 0.6 g/bhp-hr is based on based on information provided by 
vendor for similar engines fueled by landfill gas. 

• CO emission factor of 4.13 g/bhp-hr is based on information provided by vendor for 
Caterpillar 3520 engines fueled by landfill gas. 

• SO2 emissions are based on the formula in AP-42, Chapter 2 Section 4-5 and an 
estimated maximum sulfur concentration of 275 parts per million.  A conservatively 
high value of 275 ppmv is being used in the calculations to provide flexibility in the 
permit limits for future SO2 levels.  Sulfur in landfills is primarily generated from the 
disposal of sludge and drywall (gypsum).  Natural disasters like tornados and floods 
increase the amounts of drywall accepted at a landfill which result in higher sulfur 
concentrations.  

• PM10 emission factor of 48 lb/106 dscf methane per AP-42, Table 2.4-5. 

• NSPS WWW, 40 CFR 60.752(b)(2(iii)(B) states that an enclosed combustion device 
used as a control must either, (1) reduce NMOC by 98 percent, or (2) reduce the 
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outlet NMOC concentration to less than 20 ppm by volume, dry basis as hexane @ 
3% oxygen.   

Since the engines could be used as an NSPS control device, they will reduce the 
outlet NMOC concentration to less than 20 ppmv, as hexane @ 3% oxygen as 
potentially required.  The site has conservatively assumed NMOCs are 100% VOC 
emissions, and the NMOC outlet concentration to be 20 ppmv.  Therefore, R&B is 
using NSPS WWW regulations and the regulatory NMOC concentrations for 
conservatively estimating the VOC emissions for this application package. 

• The concentrations of chlorinated compounds in the LFG were conservatively 
obtained from the document “Field Test Measurements at Five Municipal Solid 
Waste Landfills with Landfill Gas Control Technology - Final Report,” -
EPA/600/R-07/043 dated April 2007.  Concentrations of the chlorinated 
compounds (ppmv) were converted to a total chloride concentration (ppmv) based 
on the number of moles of chlorine (Cl-) produced from the combustion of each 
chlorinated compound (e.g., 3 for 1,1,1-trichloroethane).  The concentrations of 
the chlorinated compounds from this report and the conversion are provided in 
Tables B-2 and B-3 respectively. 

• The concentrations of HAPs in the LFG were conservatively obtained from the 
document “Waste Industry Air Coalition Comparison of Recent Landfill Gas 
Analyses with Historic AP-42 Values,” dated Jan 2001.  Tabulation of the HAP 
data from this report is provided in Table B-4.   

• The percent conversion of chlorinated compounds in LFG to HCl, and HAP 
control efficiencies are based on the US Environmental Protection Agency’s 
(EPA’s) Compilation of Air Pollutant Emission Factors (AP-42) for MSW 
landfills Table 2.4-3. 

R&B believes that the Waste Industry Air Coalition (WIAC) values for default concentrations of 
hazardous air pollutants (HAPs) in landfill gas (LFG) to be the most representative values.  
These values were used and accepted by the GEPD in the site’s open flare permit.  The WIAC 
report (“Waste Industry Air Coalition Comparison of Recent Landfill Gas Analyses with Historic 
AP-42 Values” dated Jan 2001 and attached in Appendix D), used and referenced for this 
application, was created when the solid waste industry discovered that the AP-42 default 
concentrations were simply not representative of modern municipal solid waste (MSW) landfills.  
The document was compiled using HAP data from 75 landfills across the country, and the data 
was analyzed with U.S. EPA's own AP-42 protocols to derive an alternative set of defaults.  The 
report and accompanying data were sent to the U.S. EPA in 2001.  As a direct result of that, U.S. 
EPA signed a cooperative research and development agreement (CRADA) with the 
Environmental Research and Education Foundation (EREF) to co-fund a study to verify the 
industry-supplied data and move toward ultimate revision to AP-42.  The CRADA (also attached 
in Appendix D), written by U.S. EPA, which clearly shows U.S. EPA's concurrence that AP-42 
data are outdated and not representative of a modern landfill like the R&B landfill. 
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U.S. EPA completed the CRADA study in 2007 and published its results in April 2007 (Field 
Test Measurements at Five Municipal Solid Waste Landfills with Landfill Gas Control 
Technology - Final Report”.  EPA/600/R-07/043).  These data, derived from U.S. EPA's own 
study, confirm that the WIAC values are much more representative than the AP-42 defaults.  The 
reference to "data collected from industry" is a direct reference to the WIAC data supplied by the 
MSW industry.     

R&B has reviewed both the WIAC report dated Jan 2001 and the EPA document dated April 
2007.  Concentrations of chlorinated compounds and HAPs were compared from both 
documents and the higher of the two were used in lieu of the concentrations provided in the Final 
version of the Section 2.4 of AP-42 (dated November 1998).  U.S. EPA is in the process of 
updating Section 2.4 of the AP-42 based on the new data and the previously supplied industry 
data.   

3.2 Engine Emission Calculation Methodology 

The site is proposing to set up and run six (6) engines for the landfill gas to energy (LFGTE) 
facility and operate the three permitted open flares on an as-needed basis.  See Appendix B for 
additional notes, assumptions and information regarding source data for emissions factors as well 
as itemized listing of potential to emit values for each new engine.  All calculations have been 
based on dry standard cubic feet per minute of LFG entering the engine unless noted otherwise 
below.   

3.2.1 Calculation of Landfill Gas Flow Rate 

As presented in subsequent calculations, some pollutant emissions rates are a function of 
the rate of flow of landfill gas to the engine (qLFG).  The landfill gas flow rate is 
calculated as follows: 

 
qLFG = Engine heat input rate / Higher Heating Value of the Fuel 

  
where: 

 
qLFG = Flow rate of landfill gas to the engine, scfm 
Engine heat input rate = 17.87 mmBtu/hr  
HHV = 506 Btu/scf, Higher heating value of Landfill gas 

 
qLFG = 17.87 mmBtu/hr x 1,000,000 Btu/mmBtu / 506 Btu/scf / 60 min/hr = 589 scfm 

 
The LFG flow to the engines is based on the higher heating value of methane (1012 
btu/scf) which has been noted as “WM process knowledge” and is used in the EPA’s 
website, “Landfill Methane Outreach Program”.  The temperature and pressure 
conditions of this standard heating value are assumed to be consistent with the EPA 
standards. 
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3.2.13.2.2 Particulate Matter (PM) / PM10 / PM2.5 

In accordance with EPA’s 1997 and 2005 PM2.5 policy memoranda and EPA’s final rule 
regarding PM2.5 NSR, PM10 will serve as a surrogate for PM2.5, including its significance 
threshold.  R&B has used the AP-42 PM emission factor (EF) of 48 lb/106dscf methane 
(CH4) in multiple Title V applications across the United States.  This EF is from the final 
AP-42 Section 2.4 Municipal Solid Waste Landfills approved by EPA in November 
1998.   
 

The EPA has posted a draft Section 2.4 (October 2008), which has lowered the typical 
rate of PM emissions to 15 lb/106dscf methane.  The draft version has also raised the 
rating to a “D”.    
 

Therefore, even with a rating of “E”, the higher particulate EF used in this permit 
application is considered to be a conservative representation of engine PM emissions. 
 

The calculations have been based on dry standard cubic feet per minute of LFG entering 
the engine.  The LFG rate is multiplied by the methane fraction to determine the dscfm of 
CH4.  This is consistent with the use of the AP-42 emission factor of 48 lb/106dscf CH4.   

 

The potential emissions of particulate matter (PM) from each engine are calculated as 
follows: 

EP = EFP x qLFG x CCH4 x 60 min/hr x CF 

where: 
EP  = emission rate for component P, tons/yr; 
EFP = 48 lb/106 dscf of methane, emission factor for component P; 
qLFG = 589 scfm, flow rate of LFG to the engine; 
CCH4 = 50 percent, annual average concentration of methane in LFG; and 
CF = 4.38; conversion factor from lb/hr to tons/yr. 

(48 lb/106 dscf CH4 x 589 scf LFG/min) x (0.50 scf CH4/scf LFG x 60 min/hr) x (4.38) = 
3.353.71 tpy PM10 Emissions (per engine) 

For the purposes of calculating the maximum hourly particulate emissions, the value for 
the concentration of methane in the landfill gas of 55% is used as follows: 

EP = EFP x qLFG x CCH4 x 60 min/hr  

where: 
EP  = emission rate for component P, lbs/hr; 
EFP = 48 lb/106 dscf of methane, emission factor for component P; 
qLFG = 589 scfm, flow rate of LFG to the engine; and 
CCH4 = 55 percent, maximum hourly concentration of methane in LFG 

 
(48 lb/106 dscf CH4 x 589 scf LFG/min) x (0.55 scf CH4/scf LFG x 60 min/hr) = 
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0.93 lb/hr PM Emissions (per engine) 

The AP-42 emission factor for particulate emissions has the following footnote (AP-42, 
Table 2.4-5. Emission Rates for Secondary Compounds Exiting Control Devices 
(November, 1998)):   

 
“Based on data for other combustion sources, most of the particulate matter will be less 
than 2.5 microns in diameter. Hence, this emission rate can be used to provide estimates 
of PM-10 or PM-2.5 emissions”. 
 
Therefore, this permit application uses the calculation methods listed above for Total PM, 
PM10 and PM2.5. 

The calculations have been based on dry standard cubic feet per minute of LFG entering 
the engine.  The LFG rate is multiplied by the methane fraction to determine the dscfm of 
CH4.  This is consistent with the use of the AP-42 emission factor of 48 lb/106dscf CH4. 

 
Particulate matter (PM) is usually low from engines burning natural gas or landfill gas 
and is controlled by good combustion design and not with add-on emission controls. Gas 
pretreatment and proper operation and maintenance of the engines will control PM/PM10/ 
PM2.5 to an acceptable level.  Gas pretreatment consists of a condensate knockout tank, 
followed by a blower, and a 10 micron filter before being fed into the generator units.  
Flue gas treatment such as an electrostatic precipitator, fabric filters, or wet scrubber are 
rejected as BACT because the engines do not generate sufficient particulate in the 
exhaust to warrant these controls.  Therefore these controls would not be cost effective. 

3.2.23.2.3 Sulfur Dioxide  

The potential emissions of sulfur dioxide (SO2) are calculated in accordance with 
equations (3), (4), and (7) in Section 2 of AP-42 as follows: 

6
S

CH4S 101
C

*Q82.1Q
x

=  (Eq. 3) 

where (for annual average emissions): 
QS  = Emission rate of SO2, m3/yr 
CS  = Concentration of Sulfur, 275 ppmv 
QCH4 = CH4 rate into engine (m3/yr);  = 531 589 cf LFG/min x 60 m/hr x 

8,760 hr/yr x 0.5 cf CH4/cf LFG x cm/35.3 cf; 
  = 3.9534.385 x 106 m3/yr; 
1.82 = Multiplication factor (assumes that approximately 50 percent of 

landfill gas is CH4 and 50 percent is CO2, N2 and other 
constituents.(from AP-42 ) 

 
Therefore, the quantity of S in the landfill gas is: 
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yr

3m
69.194,26101

ppm 275
)

yr

3m610385.4(82.1SQ =×××=
x

 

 
Mass emissions per year are estimated by the following equation: 

⎥
⎦

⎤
⎢
⎣

⎡
+−−

= − K)Tg)(273K)(1000g/katm/gmolm(8.205x10
atm1xMWx QUM oo35

S
SS

 (Eq. 4) 

where: 
  UMS  = Uncontrolled mass emissions of S, kg/yr; 
  MWS  = Molecular weight = 32 g/gmol 
  QS = Emission rate of S = 1,975.42 2,194.69 m3/y; and 

T = Temperature of landfill gas, oC (default = 25oC) 

Therefore, the uncontrolled mass emission rate of S is: 

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

+−
=

25)3)(1000)(27510x(8.205

atm1x32
x69.194,2SUM = 2,589.252,872.28 kg/yr; 

The controlled mass emission rate of SO2 is calculated using the following equation: 

2xSUMSO2CM =   (Eq. 7) 

where: 
UMSO2 = Controlled mass emissions of S, kg/yr; 
UMS = Uncontrolled mass emissions of reduced sulfur as sulfur = 2589.25 

kg/yr; and 
  2.0 = Ratio of the molecular weight of SO2 to molecular weight of S. 

Therefore, where the annual average CH4 concentration is 50%,  the annual mass 
emission rate of SO2 is: 

 CMSO2 =2,589.252,872.28 kg/yr x 2.0 
= 5172.685,744.56 kg/yr x 1.102 x 10-3 ton/kg 
= 5.76.33 TPY SO2 Emissions per engine 

Similarly, for the purposes of calculating the hourly maximum emissions rate, the value 
for the concentration of methane in the landfill gas is 55% and the calculations are as 
follows: 

The potential emissions of sulfur dioxide (SO2) are calculated in accordance with 
equations (3), (4), and (7) in Section 2 of AP-42 as follows: 
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6
S

CH4S 101
C

*Q82.1Q
x

=  (Eq. 3) 

where (for hourly maximum emissions): 
QS  = Emission rate of S, m3/yr 
CS  = Concentration of Sulfur, 275 ppmv 
QCH4 = CH4 rate into engine (m3/yr);  = 589 cf LFG/min x 60 m/hr x 8,760 

hr/yr x 0.55 cf CH4/cf LFG x cm/35.3 cf; 
  = 4.823 x 106 m3/yr; 
1.82 = Multiplication factor (from AP-42) 

 
Therefore, the quantity of S in the landfill gas is: 

yr

3m
91.413,26101

ppm 275
)

yr

3m610823.4(82.1SQ =×=
x

x  

 
Mass emissions per year are estimated by the following equation: 

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

+−−
=

− K)Tg)(273K)(1000g/katm/gmolm(8.205x10
atm1xMW

xQUM oo35
S

SS  (Eq. 4) 

where: 
  UMS  = Uncontrolled mass emissions of S, kg/yr; 
  MWS  = Molecular weight = 32 g/gmol 
  QS = Emission rate of S = 2,413.91 m3/y; and 

T = Temperature of landfill gas, oC (default = 25oC) 

Therefore, the uncontrolled mass emission rate of S is: 

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

+−
=

25)3)(1000)(27510x(8.205

atm1x32
x91.413,2SUM = 3,159.18 kg/yr; 

The controlled mass emission rate of SO2 is calculated using the following equation: 

2xSUMSO2CM =   (Eq. 7) 

where: 
UMSO2 = Controlled mass emissions of S, kg/yr; 
UMS = Uncontrolled mass emissions of reduced sulfur as sulfur = 

3,159.18 kg/yr; and 
  2.0 = Ratio of the molecular weight of SO2 to molecular weight of S. 
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Therefore, where the hourly maximum CH4 concentration is 55%, the hourly mass 
emission rate of SO2 is: 

 CMSO2 =3,159.18 kg/yr x 2.0 
= 6,318.36 kg/yr x 1.102 x 10-3 ton/kg 
= 6.96 TPY SO2 Emissions per engine / 8.760 hours per year x 2,000 lb/ton 
= 1.59 lb/hr SO2 Emissions per engine 

  

3.2.33.2.4 NOx and CO Emissions 

The potential emission of NOx,  and CO, and VOC from each engine is calculated as 
follows: 

 
NOx:   Pe x EFNOx ÷ 453.59 x 8,760 / 2,000 

 
where: 

bhp Rating, EnginePe =  
 
EFNOx = Emission Factor for NOx, 0.60 g NOx/bhp-hr 
 

g/lb factor, conversion59.534 =  
 
(2,233 hp x 0.6 g/bhp-hr) / (453.59 g/lb x 8760 hr/yr) / 2000 lb/ton 
= 12.94 TPY NOx Emissions per engine 

The NOx emissions factor of 0.60 g/bhp-hr is from the Waste Management company 
database of testing on equivalent engines. 

The hourly NOx emissions rate is derived as follows:  

Lbs/hr = tons/year x 2,000 lbs/ton / 8,760 hours/year 

Therefore: 

12.94 TPY NOx x 2,000 / 8,760 = 2.95 lb/hr NOx 

CO:  8760/2000453.59EFPe CO ×÷×  

where:  
hp Rating, EnginePe =  

hr-CO/bhp g CO,for Factor Emission EFCO =  
g/lb factor, conversion59.534 =  
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(2,233 hp x 4.13 g/bhp-hr) / (453.59 g/lb x 8760 hr/yr) / 2000 lb/ton 
= 89.05 TPY CO Emissions per engine 
 

The hourly CO emissions rate is derived as follows:  

Lbs/hr = tons/year x 2,000 lbs/ton / 8,760 hours/year 

Therefore: 

89.05 TPY CO  x 2,000 / 8,760 = 20.33 lb/hr CO 

 
Note that the specification sheet for the engines (page 3 of 3, item No. 15) states that the 
nominal emissions factor for CO listed in the engine performance table is 2.5 g/bhp-hr 
and is representative of a new engine during the first 100 hours of engine operation.  Page 
1 of 3 of the engine specification sheet states that the NTE (not to exceed) value for CO 
at 100% load is 4.13 g/bhp-hr, which is the value used in the calculation of potential to 
emit in this application. For the purposes of the calculation, we used a more conservative 
4.31 g/bhp-hr derived from testing on equivalent engines after 100 hours of engine 
operation. 

3.2.5 Formaldehyde 

Waste Management has conducted emissions testing for formaldehyde (HCHO) on 
similar engines that combust landfill gas at landfills similar to the R&B landfill.  The 
highest one-hour emissions rate measured in these tests was 1.90 pounds per hour, which 
is the value used in this application to calculate the formaldehyde potential to emit as 
follows: 

HCHO:   EFHCHO x 8,760 / 2,000 

where: 
 
EFHCHO = Emission Factor for Formaldehyde, 1.56 pounds Formaldehyde/hr 
 
1.90 lb/hr) x 8,760 hr/yr / 2,000 lb/ton 
 
= 8.32 TPY Formaldehyde Emissions per engine 

3.2.6 VOC Emissions 

 
The engines will operate in a manner such that the emissions controls achieved by the 
engines will assure continued compliance with condition 2.2.1 of the existing permit.  This 
permit condition requires compliance with 40 CFR Part 60, Subpart WWW.  40 CFR 
60.72(b)(2)(iii)(B) requires a control system designed and operated to reduce NMOC by 98 
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weight percent, or when an enclosed combustion device is used for control, to either reduce 
NMOC by 98 weight percent or reduce the outlet NMOC concentration to less than 20 parts 
per million by volume, dry basis as hexane at 3 percent oxygen.  .  If the EPA changes the 
definition of a treatment system when they change NSPS WWW, they may no longer allow 
for a treatment system, such as the one proposed for this project to be adequate as a NSPS 
control device.  If that occurs, then the engines will be subject to the NSPS WWW NMOC 
outlet standard of 20 ppmv.  Therefore these calculations are based upon the maximum 
allowable concentration in the engine exhausts of 20 ppmv.   

 
VOC emissions at the outlet of the proposed engines will meet the requirements of 40 
CFR 60.752(b)(2)(iii)(B) of 20 ppmv, dry basis as hexane at 3% oxygen.  Therefore the 
calculations for VOC  emissions are as follows: 

 

min/hr60
1,000,000

CMWQ VOCExstd ×
×
××

std

VOC

V
 

where:  
dscfmGas,LandfillofFlowGasExhaustQExstd =  

(hexane) lb/lbmol Weight,Molecular  VOCMWVOC =  
ppmv ion,ConcentratOutlet  VOCCVOC =  

mol/lbft385,GasofVolumeStandardV 3
std −=  

[(4,3934,873 scfm x 86.18 lb/lb-mol x 20 ppmv) / (385 x 106 ft3/lb-mol)] x (60 min/hr x 
8760 hr/yr) 

 / 2000 lb/ton  
     = 5.17 5.73TPY VOC Emissions per engine 

See Appendix B, Table B-6 for calculation of Qexstd 

The hourly VOC emissions rate is derived as follows: 

Lbs/hr = tons/year x 2,000 lbs/ton / 8,760 hours/year 

Therefore: 

5.73 TPY VOC x 2,000 / 8,760 = 1.31 lb/hr VOC 

Note that the formaldehyde emissions presented in the previous section are also classified 
as VOCs, and therefore the VOC emissions from the engine is the sum of the VOC 
emissions calculated above plus the formaldehyde emissions as previously presented.  
Therefore 

VOC = 8.32 + 5.73 = 14.05 TPY 

VOC = 1.90 + 1.31 = 3.21 lb/hr 
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3.2.7 HCl Emissions 

HCl concentration in the exhaust gas is derived from the EPA study “Field Test 
Measurements at Five Municipal Solid Waste Landfills with Landfill Gas Control 
Technology – Final Report” (EPA/600/R-07/043 – April 2007).  See Tables B-2 and B-3 
for the derivation of the 53.5 ppmv concentration of chlorides value, CCl that is used in 
the calculation of HCl emissions 

HCl
-Cl-ClLFG Nmin/hr x  60

1,000,000
CMWq

×
×
××

stdV
 

where:  
qLFG  = Flow rate of LFG to the engine, 589 scfm 
MWCl- = Chlorides Molecular Weight, 35.4536.45 lb/lb-mol 
CCl-  = Concentration of Chlorides, 53.5 ppmv 
Vstd = Standard Volume of Gas, 385 ft3 /lb-mol  
NHCl = 97% Conversion of Chlorinated compounds in LFG to HCl 

 [(589 scfm x 35.753.5 ppmv Cl / 106 x (1 lb-mole HCl/ 1 lb-mole Cl) x 35.4536.45 lb/lb-
mol HCl) / (385 x 106 ft3/lb-mol)] x (60 min/hr x 8760 hr/yr) x 97% / 2000 lb/ton 

  = 0.74 76 TPY HCl Emissions per engine 
 

The hourly HCl emissions rate is derived as follows: 

Lbs/hr = tons/year x 2,000 lbs/ton / 8,760 hours/year 

Therefore: 

0.76 TPY HCl x 2,000 / 8,760 = 0.17 lb/hr HCl 



 

Sage Environmental Consulting 4-1 WM Renewable Energy, L.L.C. 
January May 2011  R&B LFGTE Permit Application  

SECTION 4 
FEDERAL NSR APPLICABILITY 

 
The proposed LFGTE facility is located in Banks County which is designated attainment or 
unclassifiable for all criteria pollutants.  Therefore Nonattainment New Source Review (NNSR) 
is not applicable.   

The EPA has established, and Georgia EPD has adopted, PSD significance thresholds for SO2, 
NOx (for NO2 and as a precursor of ozone), PM, PM10, PM2.5, CO, VOC (as a precursor of 
ozone), and reduced sulfur compounds.  Because this project will be located in an attainment 
county, PSD significance thresholds will apply for all pollutants.   

The proposed additional engines project was evaluated to determine whether PSD permitting 
review is required based on emission rate increases of CO, SO2, NOx, VOC and PM10.  As 
described below, this evaluation results in the conclusion that the proposed project is subject to 
PSD permitting requirements for CO, NOx, and PM10 / PM2.5 but not for SO2 and VOC.  The 
evaluation is summarized in following step approach: 

• Existing Site PTE Test:  The first step is to determine if the existing site is a major 
source.  A named major stationary source is any source belonging to a list of 28 source 
categories in 40 CFR Part 52.21(b)(1) which emits or has the potential to emit 100 tons 
per year (tpy) or more of any pollutant subject to regulation under the Federal Clean Air 
Act.  A major stationary source is also any source not belonging to the 28 named source 
categories which emits or has the potential to emit such pollutants in amounts equal to or 
greater than 250 tpy.  The R&B Landfill is not a named source and has a current PTE of 
less than 250 TPY for all criteria pollutants.  Therefore further evaluation was required to 
confirm if PSD requirements are applicable to any of the pollutants listed above. 

• Major Project Test:  Since the site is not currently a major source, the next step is to 
evaluate if the project is major.  Since the emissions of CO from the proposed project are 
greater than 250 TPY, the project is considered major and therefore a PSD review is 
required for each pollutant for which the proposed project increases are greater than the 
PSD significance level.  Table 4-1 shows the proposed project increases (not taking into 
account any decreases from currently permitted sources that may be affected by this 
project) 

• Discussions of Greenhouse Gas emissions is included in Section 7. 
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Table 4-1 
Significant Emissions Increase Analysis 

 

Regulated NSR 
Pollutant 

Significance 
Threshold (tpy) 

Increase in 
Emissions (tpy) 

“Significant 
Emissions 
Increase”? 

SO2 40 34.237.98 NO 

NOx 40 77.6277.62 YES 

PM 25 20.0922.29 NO 

PM10 15 20.0922.29 YES 

PM2.5 10 534.3222.26 YES 

CO 100 557.6534.32 YES 

VOC (incl. HCHO) 40 31.0184.34 NOYES 

 

Compliance with applicable requirements is addressed in the BACT review. 
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SECTION 5 
BEST AVAILABLE CONTROL TECHNOLOGY 

 
Best Available Control Technology (BACT) means an emission limitation based on the 
maximum degree of reduction which is achievable taking into account energy, environmental, 
and economic constraints on the implementation of any particular control option.  The BACT 
determination must be site-specific with respect to the project (i.e., the affected emission unit(s)) 
which is subject to PSD.  The evaluation must identify the range of control options that have 
been demonstrated for that class or category of source.  Control alternatives that may be 
transferable from other source types or those that are innovative may also be considered.   In all 
cases BACT must establish emission limitations or specific design characteristics at least as 
stringent as application New Source Performance Standard (NSPSs).  In addition, if there is no 
economically reasonable or technologically feasible way to measure the emissions and hence to 
impose an enforceable emissions standard, the source may use a design, equipment, work 
practice or operations standard or combination thereof, to reduce emissions of the pollutants to 
the maximum extent practicable.   

The BACT determination should, at a minimum, meet two core requirements.  The first core 
requirement is that the determination follows a “top-down” approach.  The second core 
requirements is that the selections for  a particular control system as BACT must be justified in 
terms of the statutory criteria and supported by the record, and must explain the basis for the 
rejection of other stringent candidate control systems.   

USEPA has developed a process for conducting BACT analyses.  This method is referred to as 
the “top-down” method.  The steps to conducting a “top-down” analysis are listed in EPA’s 
“New Source Review Workshop Manual,” Draft, October 1990.  The steps included in the 
Manual are the following: 

• Step 1—Identify All Control Technologies 
• Step 2—Eliminate Technically Infeasible Options 
• Step 3—Rank Remaining Control Technologies by Control Effectiveness 
• Step 4—Evaluate Most Effective Controls and Document Results 
• Step 5—Select BACT 

The top-down approach ranks available control technologies in descending order of control 
effectiveness.  This process allows for careful consideration of possible control trade-offs, 
especially when a control technology may generate other types of pollution.  To be “available,” a 
technology must be effectively demonstrated in a commercial application under comparable 
operating conditions.  After available technologies are compiled and ranked, the technologies 
must be evaluated for technical feasibility, starting with the most effective technology.  A control 
technology can be considered infeasible because of technical considerations, energy 
requirements, environmental impacts, or economic impacts. If the most effective technology is 
eliminated in this fashion, then the next most effective alternative is evaluated using these same 
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criteria. The process is repeated until either a technology is selected or there are no remaining 
technologies to consider.  

BACT Analysis for Proposed Engines 

The EPA has approved the NSR portions of the Georgia SIP.  This approval authorizes GEPD to 
issue air permits for new sources that meet the requirements specified in the SIP.  The GEPD has 
codified these requirements in the Georgia Rules for Air Quality Control.  These rules specify 
the procedures and applicable analyses and determinations necessary to obtain an air permit, 
including the BACT analyses. 

Based on the project emissions the proposed project is only subject to PSD review for NOx, 
PM10, PM2.5, and CO, and VOC because net emissions for these pollutants are above the 
applicable significance threshold.  Therefore, NOx, PM10, PM2.5, and CO, and VOC emissions 
controls will have to meet the definition of best available control technology under the PSD 
rules.  Analysis of BACT for Greenhouse Gas (GHG) emissions is included in Section 7. 

Carbon Monoxide (CO) 

The following resources were accessed in order to identify potential control techniques: 

• USEPA’s Clean Air Technology Center (CATC), the RACT/BACT/Lowest Achievable 
Emission Rate Clearinghouse (RBLC) database, and 

• Analysis of similar LFGTE facilities. 

The RBLC database identifies types of controls and pollution prevention measures that have 
been applied to and/or are required for various sources permitted from State and local air 
pollution control programs in the United States, and the effectiveness of these technologies.  The 
most current database available on the USEPA’s Web site was used.   

CO forms as a result of incomplete combustion of fuel. CO emissions from engines are a 
function of oxygen availability, flame temperature, residence time at flame temperature, 
combustion zone design, and turbulence.  These control factors, however, also result in high 
emission rates of NOx. Conversely, a low NOx emission rate achieved through flame temperature 
control can result in higher levels of CO emissions. Thus, a compromise is established whereby 
the flame temperature reduction is set to achieve the lowest NOx emission rate possible while 
keeping the CO emission rates at acceptable levels.   

CO control methods include add-on controls, such as catalytic oxidation, and front-end control, 
such as combustion controls wherein CO formation is suppressed. 

In reviewing the BACT alternatives to control emissions of CO from the engines, applicable 
BACT determinations and permits for Landfill Gas Fired Internal Combustion Engines of 
comparable horsepower ratings have been reviewed and are summarized in the following table:
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Facility Name Location Database 
Permit 
Date 

Process 
Type Process Description Controls / Type 

Chino Basin Desalter Authority 
San Bernardino 

CA RBLC 6/18/2002 17.14 Ic Engine, Landfill Or Digested Gas Fired 
Turbocharged,Intercooled,Lean-

Burn,Air/Fuel Controller 

Mm San Bernardino Energy, LLC 
San Bernardino 

CA RBLC 5/16/2002 17.14 Ice: Landfill Or Digested Gas Fired 
Turbocharged,Intercooled Air/Fuel 

Controller 
Trail Ridge Landfill, Inc Duval FL RBLC 2/24/2006 17.14 Internal Combustion Engines Good Combustion 

Osceola Road Solid Waste Management 
Facility  FL RBLC 1/17/2007 17.14 Internal Combustion Engines Good Combustion 

Brevard County Solid Waste Mgmt Central 
Disposal Facility Brevard FL RBLC 3/6/2007 17.14 Six 1.6 Mw Internal Combustion Engines Good Combustion 

Pine Tree Landfill Penobscot ME RBLC 10/15/2007 17.14 Landfill Gas Fired Engines N/A 
Carlton Farms Landfill Wayne MI RBLC 12/23/2003 17.14 Six Internal Combustion Engines Good Combustion Practice 

University Of New Hampshire Strafford NH RBLC 7/25/2007 17.14 Landfill Gas Engines Good Combustion Practices 
Burlington County Resource Recovery 

Complex Burlington NJ RBLC 8/3/2006 17.14 
Landfill Gas Fired Internal Combustion 

Engines ( 5) N/A 

Manchester Renewable Power Corporation Ocean NJ RBLC 10/6/2006 17.14 
Landfill Gas Fueled Reciprocating 

Engines(6) N/A 
Monmouth County Reclamation Center Monmouth NJ RBLC 12/12/2006 17.14 Landfill Gas Engine N/A 

Carbon Limestone Lfg Mahoning OH RBLC 4/10/2003 17.14 Ic Engines (16) N/A 

Ridgewood Rhode Island Generation LLC Providence RI RBLC 1/5/2005 17.14 
4-Caterpillar 3520c Lean Burn Engine-

Generator Sets Good Combustion Practices 
Reliant Energy Galveston Plant Galveston TX RBLC 1/24/2002 17.14 Jenbacher Ic Engines (7) N/A 

Reliant Security Lfgte Montgomery TX RBLC 1/31/2002 17.14 Generator Engine, 4 Good Combustion Practice 

INGENCO Chesapeake VA RBLC 12/17/2003 17.14 Ic Engines, Dual Fuel, (36) 

Fuel Limit: Treated Landfill Gas Heat 
Input Ratio  

< 50% 
New England Waste Services Of Vermont, 

Inc. Orleans VT RBLC 12/16/2004 17.14 Stationary Internal Combustion Engine Low Emission Engine Design 
Moretown Landfill Gas To Energy Facility Washington VT RBLC 9/15/2008 17.14 Landfill Gas To Energy Engines Engine Design 
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A review of the BACT references indicates that none of the landfill gas engines listed had post 
combustion controls for CO.  Engines burning methane or natural gas which also have post 
combustion CO controls typically have catalytic oxidation.  Flue gas control technologies such as 
catalytic oxidation are deemed technologically infeasible for engines burning landfill gas 
because the siloxanes in the landfill gas are known to foul the post combustion catalyst.   

CO emissions from engines burning landfill gas are typically controlled by combustion controls 
like lean burn design, air to fuel ratio controllers and good combustion practices.  The Caterpillar 
engines are equipped with air/fuel ratio control for lower emissions and engine efficiency and 
will comply with the NSPS Subpart JJJJ CO emissions limits for landfill gas engines > 500 HP.   

The proposed CO emissions limit of 4.13 g/bhp-hr is less than the NSPS emissions limit in 40 
CFR Part 60 Subpart JJJJ of 5.0 g/HP-hr.  The utilization of Good Combustion Techniques in 
order to effectively control CO emission from the engines during steady operations as well as 
during start up and shutdown is considered as BACT. 

Nitrogen Oxides (NOx) 

Nitrogen Oxides are gaseous pollutants that are primarily formed through combustion process. 
While exhaust gas is within the combustion unit, about 90 percent of the NOx exists in the form 
of nitric oxide (NO).  The balance is nitrogen dioxide (NO2), which is unstable at high 
temperatures.  Once the flue gas is emitted into the atmosphere, most of the NOx is ultimately 
converted to NO2.  NOx in the atmosphere reacts in the presence of sunlight to form ozone (O3), 
one of the criteria pollutants for which health-based National Ambient Air Quality Standards 
have been established. 

NOx is generated in one of three forms; fuel NOx, thermal NOx, and prompt NOx.  Fuel NOx is 
produced by oxidation of nitrogen in the fuel source.  Combustion of fuels with high nitrogen 
content such as coal and residual oils produces greater amounts of NOx than those with low 
nitrogen content such as diesel fuel and methane.  Landfill gas does not contain a significant 
amount of fuel-bound nitrogen.  Thermal NOx is formed by the fixation of molecular nitrogen 
and oxygen at temperatures greater than 1,800 degrees Fahrenheit (°F) (1,000 degrees Celsius 
(°C)).  Prompt NOx forms from the oxidation of hydrocarbon radicals near the combustion flame 
and produces an insignificant amount of NOx.  NOx emissions can be reduced by the use of 
combustion controls and post-combustion controls. 

The following resources were accessed in order to identify potential control techniques: 

• USEPA’s Clean Air Technology Center (CATC), the RACT/BACT/Lowest Achievable 
Emission Rate Clearinghouse (RBLC) database, and 

• Analysis of similar LFGTE facilities. 

The RBLC database identifies types of controls and pollution prevention measures that have 
been applied to and/or are required for various sources permitted from State and local air 
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pollution control programs in the United States, and the effectiveness of these technologies.  The 
most current database available on the USEPA’s Web site was used.   

In reviewing the BACT alternatives to control emissions of NOx from the engines, applicable 
BACT determinations and permits for Landfill Gas Fired Internal Combustion Engines of 
comparable ratings have been reviewed, as summarized in the table below:
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Facility Name Location Database 
Permit 
Date 

Process 
Type Process Description Controls / Type 

Chino Basin Desalter Authority 
San Bernardino 

CA RBLC 6/18/2002 17.14 Ic Engine, Landfill Or Digested Gas Fired 
Turbocharged,Intercooled,Lean-

Burn,Air/Fuel Controller 

Mm San Bernardino Energy, LLC 
San Bernardino 

CA RBLC 5/16/2002 17.14 Ice: Landfill Or Digested Gas Fired 
Turbocharged,Intercooled Air/Fuel 

Controller 
Trail Ridge Landfill, Inc Duval FL RBLC 2/24/2006 17.14 Internal Combustion Engines Good Combustion 

Osceola Road Solid Waste Management 
Facility  FL RBLC 1/17/2007 17.14 Internal Combustion Engines Good Combustion 

Brevard County Solid Waste Mgmt Central 
Disposal Facility Brevard FL RBLC 3/6/2007 17.14 Six 1.6 Mw Internal Combustion Engines Good Combustion 

Pine Tree Landfill Penobscot ME RBLC 10/15/2007 17.14 Landfill Gas Fired Engines N/A 
Carlton Farms Landfill Wayne MI RBLC 12/23/2003 17.14 Six Internal Combustion Engines Good Combustion Practice 

University Of New Hampshire Strafford NH RBLC 7/25/2007 17.14 Landfill Gas Engines 

Combustion Controls  (Lean Burn 
Design, Air/Fuel Ratio Controller, 

Intercooler, Good Combustion Practices) 
Burlington County Resource Recovery 

Complex Burlington NJ RBLC 8/3/2006 17.14 
Landfill Gas Fired Internal Combustion 

Engines ( 5) Good Combustion. 

Manchester Renewable Power Corporation Ocean NJ RBLC 10/6/2006 17.14 
Landfill Gas Fueled Reciprocating 

Engines(6) 

Air To Fuel Ratio Control Technologies 
To Minimize The Amount Of Nox 

Emissions. 
Monmouth County Reclamation Center Monmouth NJ RBLC 12/12/2006 17.14 Landfill Gas Engine N/A 

Carbon Limestone Lfg Mahoning OH RBLC 4/10/2003 17.14 Ic Engines (16) Lean Burn Technology. 

Ridgewood Rhode Island Generation LLC Providence RI RBLC 1/5/2005 17.14 
4-Caterpillar 3520c Lean Burn Engine-

Generator Sets 
Lean Burn, Air/Fuel Ratio Controllers, 

Intercoolers 
Reliant Energy Galveston Plant Galveston TX RBLC 1/24/2002 17.14 Jenbacher Ic Engines (7) N/A 

Reliant Security Lfgte Montgomery TX RBLC 1/31/2002 17.14 Generator Engine, 4 Good Combustion Practice 

INGENCO Chesapeake VA RBLC 12/17/2003 17.14 Ic Engines, Dual Fuel, (36) 
Air-To-Fuel Ratio Control, 

Turbocharging 
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A review of the BACT references indicates that NOx emissions from engines burning landfill gas 
are typically controlled by combustion controls like lean burn design, air to fuel ratio controllers 
and good combustion practices.  Catepillar Model 3516 and Model 3520 engines have both been 
used at LFGTE facilities.  The Model 3520 engine proposed by this application has a lower NOx 
emissions rate than the Model 3516. 

A review of the BACT references indicates that none of the landfill gas engines listed had post 
combustion controls for NOx.  Engines burning methane or natural gas and equipped with post 
combustion NOx controls typically have Selective Catalytic Reduction (SCR).  SCR control 
technology is based on the chemical reduction of NOx into molecular nitrogen (N2) and water 
vapor (H2O[g]). SCR systems reduce NOx emissions by injecting ammonia or urea into the 
exhaust stream prior to a catalyst.  NOx and ammonia react on the surface of the catalyst to form 
water and nitrogen. 

Flue gas treatment controls for NOx and CO emissions such as non-selective catalytic reduction 
(NSCR), selective catalytic reduction (SCR), and catalytic oxidation are technically infeasible 
for these engines because landfill gases contain a family of silicon-based gases collectively 
called siloxanes, which when exposed to increased temperatures forms silicon.  Combustion of 
siloxanes forms compounds that have been known to foul fuel systems, combustion chambers, 
and post-combustion catalysts.  Therefore, a combination control option – siloxane removal 
system followed by a SCR – was identified and evaluated as a control option for NOx emissions 
from the proposed LFG-fired engines at the Skyline landfill. This option is evaluated below. 
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Siloxane Removal System Followed by SCR 

Deposits from siloxane combustion by-products can severely damage SCR catalysts.  Fouling of 
the catalyst’s surface by silicon-based deposits inhibits the reduction of NOx, resulting in failure 
of the process to meet air emission compliance standards. SCR catalysts for such engines are 
precious metal-based and are quite expensive to replace.  Fouling of SCR catalysts can occur in 
as little as a day or two to several weeks or months, depending on the concentration of siloxanes 
in the gas stream and other factors.  EPA has evaluated siloxane removal systems related to add-
on catalyst control systems for internal combustion engines in the recent proposed revisions to 40 
CFR 63, Subpart ZZZZ, NESHAPS for Reciprocating Internal Combustion Engines (Federal 
Register, March 5, 2009, p. 9706). EPA states: 

Currently, there are no viable beyond-the-floor options for engines that combust landfill or 
digester gas.  After treatment controls could theoretically be applied to engines burning waste 
gas; however, numerous studies have shown that a family of silicon-based compounds named 
siloxanes present in landfill gas can foul add-on catalyst controls. Such fouling can render the 
catalyst inoperable within short periods of time. Pre-treatment systems could be applied to clean 
the fuel prior to combustion theoretically allowing catalysts to be used, but has not shown to be a 
reliable technology at this time. 

Siloxane removal systems are not 100% efficient, and any remaining siloxane in the exhaust will 
foul and render the catalyst inoperable within a short period of time.  Therefore installation is 
unrealistic since a system that is not 100% efficient in the removal siloxane will not achieve the 
required results of protecting the life of the catalyst used in the NSCR and SCR systems.  
Therefore, controls such as NSCR and SCR are deemed technically infeasible. 

After reviewing all of the above control options, the utilization of Good Combustion Techniques 
in order to effectively control NOx emission from the engines during steady operations as well as 
during start up and shutdown is deemed feasible and is proposed as BACT.   

Particulate Matter (PM10 and PM2.5) 

The proposed engines at the facility utilize good combustion practices, as a result of which 
Particulate Matter emissions associated with their operation are minimal.  

The following resources were accessed in order to identify potential control techniques: 

• USEPA’s Clean Air Technology Center (CATC), the RACT/BACT/Lowest Achievable 
Emission Rate Clearinghouse (RBLC) database, and 

• Analysis of similar LFGTE facilities. 

The RBLC database identifies types of controls and pollution prevention measures that have 
been applied to and/or are required for various sources permitted from State and local air 
pollution control programs in the United States, and the effectiveness of these technologies.  The 
most current database available on the USEPA’s Web site was used.   
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In reviewing the BACT alternatives to control emissions of PM from the engines, applicable 
BACT determinations and permits for Landfill Gas Fired Internal Combustion Engines of 
comparable ratings have been reviewed, as summarized in the table below: 
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Facility Name Location Database 
Permit 
Date 

Process 
Type Process Description Controls / Type 

Chino Basin Desalter Authority 
San Bernardino 

CA RBLC 6/18/2002 17.14 Ic Engine, Landfill Or Digested Gas Fired N/A 

Mm San Bernardino Energy, LLC 
San Bernardino 

CA RBLC 5/16/2002 17.14 Ice: Landfill Or Digested Gas Fired 
N/A 

Trail Ridge Landfill, Inc Duval FL RBLC 2/24/2006 17.14 Internal Combustion Engines N/A 
Osceola Road Solid Waste Management 

Facility  FL RBLC 1/17/2007 17.14 Internal Combustion Engines 
N/A 

Brevard County Solid Waste Mgmt Central 
Disposal Facility Brevard FL RBLC 3/6/2007 17.14 Six 1.6 Mw Internal Combustion Engines 

N/A 

Pine Tree Landfill Penobscot ME RBLC 10/15/2007 17.14 Landfill Gas Fired Engines N/A 

University Of New Hampshire Strafford NH RBLC 7/25/2007 17.14 Landfill Gas Engines Filtering ff Inlet Air 
Burlington County Resource Recovery 

Complex Burlington NJ RBLC 8/3/2006 17.14 
Landfill Gas Fired Internal Combustion 

Engines ( 5) 
N/A 

Manchester Renewable Power Corporation Ocean NJ RBLC 10/6/2006 17.14 
Landfill Gas Fueled Reciprocating 

Engines(6) 
N/A 

Monmouth County Reclamation Center Monmouth NJ RBLC 12/12/2006 17.14 Landfill Gas Engine N/A 

Carbon Limestone Lfg Mahoning OH RBLC 4/10/2003 17.14 Ic Engines (16) N/A 

Ridgewood Rhode Island Generation LLC Providence RI RBLC 1/5/2005 17.14 
4-Caterpillar 3520c Lean Burn Engine-

Generator Sets Good Combustion Practices 
Reliant Energy Galveston Plant Galveston TX RBLC 1/24/2002 17.14 Jenbacher Ic Engines (7) N/A 

Reliant Security Lfgte Montgomery TX RBLC 1/31/2002 17.14 Generator Engine, 4 
Good Combustion Practice, Low Sulfur 

Fuel 

INGENCO Chesapeake VA RBLC 12/17/2003 17.14 Ic Engines, Dual Fuel, (36) Proper Engine Maintenance Practices 
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Particulate matter emissions are usually low from engines burning natural gas or landfill gas and 
are controlled by good combustion design and not with add-on emission controls.  Gas 
pretreatment and proper operation and maintenance of the engines will control PM to an 
acceptable level.  Gas pretreatment consists of a condensate knockout tank, followed by a 
blower, a 10 micron filter before being fed into the generator units.  Flue gas treatment such as 
an electrostatic precipitator, fabric filters, or wet scrubber were rejected as BACT because the 
engines do not generate sufficient particulate in the exhaust to warrant these controls.  Therefore, 
these controls would not be cost effective.  

Flue gas treatment such as an electrostatic precipitator, fabric filters, or wet scrubber are rejected 
as BACT because the engines do not generate sufficient particulate in the exhaust to warrant 
these controls.  Therefore these controls would not be cost effective. 
 
After reviewing all of the above control options, the utilization of Good Combustion Techniques 
in order to effectively control PM emissions from the new engines during steady state operations 
as well as during periods of start up and shutdown is deemed feasible and is proposed as BACT,  

 

Volatile Organic Compounds (VOC) 

VOCs form as a result of incomplete combustion of Landfill Gas which contains organic 
compounds. VOC emissions from engines are a function of oxygen availability, flame 
temperature, residence time at flame temperature, combustion zone design, and turbulence. VOC 
control methods include add-on controls, such as catalytic oxidation, and front-end control, such 
as combustion controls wherein VOC formation is suppressed. 

The following resources were accessed in order to identify potential control techniques: 

• USEPA’s Clean Air Technology Center (CATC), the RACT/BACT/Lowest Achievable 
Emission Rate Clearinghouse (RBLC) database, and 

• Analysis of similar LFGTE facilities. 

The RBLC database identifies types of controls and pollution prevention measures that have 
been applied to and/or are required for various sources permitted from State and local air 
pollution control programs in the United States, and the effectiveness of these technologies.  The 
most current database available on the USEPA’s Web site was used.   

In reviewing the BACT alternatives to control emissions of VOCs from the engines, applicable 
BACT determinations and permits for Landfill Gas Fired Internal Combustion Engines of 
comparable ratings have been reviewed, as summarized in the table below: 
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Facility Name Location Database 
Permit 
Date 

Process 
Type Process Description Controls / Type 

Chino Basin Desalter Authority 
San Bernardino 

CA RBLC 6/18/2002 17.14 Ic Engine, Landfill Or Digested Gas Fired 
Turbocharged,Intercooled,Lean-

Burn,Air/Fuel Controller 

Mm San Bernardino Energy, Llc 
San Bernardino 

CA RBLC 5/16/2002 17.14 Ice: Landfill Or Digested Gas Fired 
Turbocharged,Intercooled Air/Fuel 

Controller 
Burlington County Resource Recovery 

Complex Burlington NJ RBLC 8/3/2006 17.14 
Landfill Gas Fired Internal Combustion 

Engines ( 5) N/A 

Manchester Renewable Power Corporation Ocean NJ RBLC 10/6/2006 17.14 
Landfill Gas Fueled Reciprocating 

Engines(6) N/A 

Monmouth County Reclamation Center Monmouth NJ RBLC 12/12/2006 17.14 Landfill Gas Engine N/A 
Carbon Limestone Lfg Mahoning OH RBLC 4/10/2003 17.14 Ic Engines (16) N/A 
Carbon Limestone Lfg Mahoning OH RBLC 4/10/2003 17.14 Ic Engines (16) N/A 

Ridgewood Rhode Island Generation Llc Providence RI RBLC 1/5/2005 17.14 
4-Caterpillar 3520c Lean Burn Engine-

Generator Sets Good Combustion Practices 

Reliant Energy Galveston Plant Galveston TX RBLC 1/24/2002 17.14 Jenbacher Ic Engines (7) N/A 

Reliant Security Lfgte Montgomery TX RBLC 1/31/2002 17.14 Generator Engine, 4 Good Combustion Practice 
New Landfill Gas (Lfg) Fueled Power 

Generation Facility Bexar TX RBLC 7/23/2004 17.14 
Caterpillar, Model G3520c Engines 2172 

Bhp (8) NSPS WWW Limits  
INGENCO Chesapeake VA RBLC 12/17/2003 17.14 Ic Engines, Dual Fuel, (36) Proper Engine Maintenance 
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A review of the BACT references indicates that none of the landfill gas engines listed had post 
combustion controls for VOCs.  Flue gas control technologies such as catalytic oxidation are 
deemed technologically infeasible for engines burning landfill gas because the siloxanes in the 
landfill gas are known to foul the post combustion catalyst.   

VOC emissions from engines burning landfill gas are typically controlled by combustion 
controls like lean burn design, air to fuel ratio controllers and good combustion practices.  The 
Caterpillar engines are equipped with air/fuel ratio control for lower emissions and engine 
efficiency and will comply with the NSPS Subpart JJJJ VOC emissions limits for landfill gas 
engines > 500 HP. 

After reviewing all of the above control options, the utilization of Good Combustion Techniques 
in order to effectively control VOC emissions from the new engines during steady state as well 
as during start up and shutdown  is proposed as BACT.   
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SECTION 6 
REGULATORY APPLICABILITY 

 
Pursuant to Georgia Air Quality Control Rules (Georgia Rule) 391-3-1-.03, the proposed LFGTE 
facility will meet all applicable requirements of the Georgia Rules for the emission sources and 
activities addressed in this permit application.  Appendix A contains the applicable application 
forms for the construction of the new facility.  Also included in this application is an electronic 
submittal of the Application for the Title V Permit Modification.  The following Georgia and 
Federal Rules are determined to be applicable to the LFGTE facility. 

6.1 Construction Permitting 

391-3-1-.03(1) Georgia Rule 391-3-1-.03(1) requires that any facility prior to beginning the 
construction or modification of any facility which may result in pollution shall obtain a permit 
for the construction or modification of such a facility.   

6.2 Visible Emissions 

391-3-1-.02(2)(b) Rule (b) limits the opacity from the emissions from each engine exhaust stack 
to below 40 percent.  If directed by GAEPD, the facility will conduct a visible emissions test of 
these units to demonstrate compliance with this rule. 

6.3 Visibility Protection 

391-3-1-.02(2)(uu) The facility is located approximately 120 km from the Great Smoky 
Mountains National Park and thus may have an impact on visibility in this Class I area.  
Therefore this proposed project is subject to Rule (uu) which requires that GAEPD provide 
notice of this permit application to the Federal Land Manager (FLM).  To facilitate the review by 
the FLM, Section 11 of Appendix E of this application includes the results of the visibility 
impact analysis for this proposed project. 

6.4 NOx Emissions from Stationary Engines used to Generate Electricity 

391-3-1-.02(2)(mmm) The nameplate electrical generating capacity of each of the engines 
proposed by this project is 1.6 MWe, which falls within the range of greater than 100 KWe and 
less than or equal to 25 MWe.  Since the engines proposed by this application fall within this 
range and will be installed in Banks County, they are subject to Georgia Rule (mmm).  This rule 
limits the NOx emissions for the proposed engines to not greater than 80 ppm @ 15% O2, dry 
basis.  This limit shall apply during the period May 1 through September 30 of each year. 

The vendor of these engines has provided engineering data that indicates that the engines will 
meet this standard.  The facility proposes that within 180 days of start up to conduct an emissions 
performance test to demonstrate compliance with this standard.   
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6.5 Emissions Sampling 

391-3-1-.02(3) In addition to the performance testing referenced above, emissions will be 
sampled upon request of the GAEPD.  Any sampling, computation and analysis to determine the 
compliance with any of the emissions limitations or standards of the permit will be in accordance 
with the applicable procedures specified in the current edition of the Georgia Department of 
Natural Resources Procedures for Testing and Monitoring Sources of Air Pollutants. 

6.6 Ambient Air Standards 

391-3-1-.02(4) Appendix E of this application contains the proposed protocol for the modeling of 
the ambient air dispersion to demonstrate that the proposed project will not cause the ambient air 
concentrations listed in Georgia Rule 391-3-1-.02(4) to be exceeded.  Modeling will be 
completed after the approval of the protocol. 

6.7 General Monitoring and Reporting Requirements 

391-3-1-.02(6) The facility will comply with the monitoring and reporting requirements of the 
applicable sections of 40 CFR Part 60 WWW, 40 CFR Part 60 Subpart JJJJ and 40 CFR Part 63 
Subpart ZZZZ, as well as the requirements of Georgia Rule 391-3-1-.02(6)(b). 

6.8 Prevention of Significant Deterioration (PSD) 

391-3-1-.02(7) Section 4 of this application presents a discussion of PSD applicability associated 
with this application. 

6.9 Best Available Control Technology 

391-3-1-.03(8)(c)(15) The net emissions increase resulting from this project of nitrogen oxides 
exceeds 40 tons per year, and therefore the provisions of Georgia Rule 391-3-1-.03(8)(c)(15) 
apply.  Section 5 of this application presents a discussion of BACT for the emissions associated 
with this application. 

6.10 National Emissions Standards for Hazardous Air Pollutants: Municipal Solid Waste 
Landfills 

40 CFR Part 63 Subpart AAAA and 391-3-1-.02(9) The facility is currently subject to 40 CFR 
Part 63 Subpart AAAA and will continue to conform to these requirements upon implementation 
of this project. 

6.11 National Emissions Standards for Hazardous Air Pollutants for Stationary Spark 
Ignition Internal Combustion Engines 

40 CFR Part 63 Subpart ZZZZ and 391-3-1-.02(9) Construction is scheduled to commence 
after June 12, 2006, the engines are scheduled to be manufactured after July 1, 2007, and is an 
area source of hazardous air pollutants.  As such, the engines proposed by this project are subject 
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to 40 CFR Part 63 Subpart ZZZZ.  Under the provisions of this regulation, these engines must 
meet the following emissions standards: 

 g/hp-hr ppmvd@15% O2

NOx 2.0 150 

CO 5.0 610 

VOC 1.0 80 
 
The facility proposes that within 180 days of start up to conduct an emissions performance test to 
demonstrate compliance with this standard.  

6.12 Standard for Performance for Municipal Solid Waste Landfills 

40 CFR Part 60 Subpart WWW and 391-3-1-.02(8) The facility is currently subject to 40 CFR 
Part 60 Subpart WWW and will continue to conform to these requirements upon implementation 
of this project. 

6.13 Standards of Performance for Stationary Spark Ignition Internal Combustion 
Engines 

40 CFR Part 60 Subpart JJJJ and 391-3-1-.02(8) Construction is scheduled to commence after 
June 12, 2006, the engines are scheduled to be manufactured after July 1, 2007, and the 
maximum engine power is greater than or equal to 500 hp.  As such the engines proposed for this 
project are subject to 40 CFR Part 60 Subpart JJJJ.  Requirements of this regulation include: 

• Keep records of conducted maintenance; and  

• Operate in a manner consistent with good air pollution control practice for minimizing 
emissions.   

Applicable emissions limits for engines manufactured after July 1, 2010, as listed in Table 1 of 
40 CFR Part 60 Subpart JJJJ, as follows: 

 g/hp-hr ppmvd@15% O2 

NOx 2.0 150 

CO 5.0 610 

VOC 1.0 80 
 
The facility proposes that within 180 days of start up to conduct an emissions performance test to 
demonstrate compliance with this standard.  Performance tests will be repeated every 8,760 
hours or 3 years, whichever comes first.  Testing will be conducted in accordance with the 
applicable provisions of 40 CFR 60.4244. 
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SECTION 7 
GREENHOUSE GAS APPLICABILITY 

 
The greenhouse gas (GHG) tailoring rule became effective on January 2, 2011.  The Georgia 
Environmental Protection Division (GAEPD) has amended its Air Quality Control Rules to 
incorporate GHG emissions based upon the GHG PSD tailoring rule thresholds and significant 
levels. Per the March 21, 2011 Federal Register, the EPA has proposed a 3-year deferral of GHG 
PSD applicability to stationary sources that emit biogenic CO2 emissions during the combustion 
of biologically-based material.  GAEPD has recently stated that it will require biogenic carbon 
dioxide emissions to be included in site wide potential emissions until the rule is finalized later in 
2011.  Therefore, biogenic and anthropogenic totals are included in this application package. 

According to the PSD Tailoring Rule, 40 CFR 70.2 and 71.2, the R&B Landfill is a major source 
of GHG emissions pursuant to the threshold of 100,000 metric tons per year total GHG 
emissions set forth in the definition of “major source” (PSD). 

7.1 Potential GHG Emissions 

The R&B Landfill has existing fugitive greenhouse gas emissions that are emitted from the 
surface of the landfill.  GHG emissions have been evaluated as a part of this application package, 
and are being submitted for reference in Tables B-7, B-8 and B-9, Appendix B.  It is assumed 
that the gas collection and control system (GCCS) captures approximately 75% of the fugitive 
surface emissions.  The remaining 25% is emitted as uncollected emissions from the surface of 
the landfill, and are estimated to be 330,788 CO2e metric tons. However, please note that this 
permit application is only for the addition of 6 new Cat 3520 engines, and the existing landfill 
has already been permitted.  Nevertheless, the landfill GHG emissions have been estimated as 
requested by GAEPD. 
 
This project adds internal combustion landfill-gas-to-energy engines for additional control of 
landfill gas.  There are no other changes to the landfill operations or the landfill gas flow rate.  
For this project, landfill gas will be routed to the new engines.  The flares will be used when one 
or more of the engines are not operating and/or when the landfill produces more gas than the 
engines can consume.  Since the combustion of the landfill gas results in the same GHG 
emissions regardless of the control device (flare or engine), the project could be argued to have 
no increase in CO2e emissions.  Therefore, emissions from the proposed engines will result in no 
net change in GHG emissions as compared to GHG emissions from the flares (calculations are 
presented in detail in Appendix B).  However, a discussion regarding GHG BACT is being 
included per your request.   
 
The following tables summarize calculations provided in Tables B-7 & B-8 in Appendix B of 
this package. 
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Sources 
Unit Rated 
Throughput 

(scfm) 

Total 
Biogenic 

CO2 
(Metric 
Tons) 

Total 
Anthro-
pogenic  
(Metric 
Tons 

CO2 eq.) 

Total 
Uncollected 
CH4 CO2e 

(Metric Tons) 

Total 
Uncollected 

CO2 
(Metric 
Tons) 

Total 
Metric 
Tons 
CO2e 

Total 
Short 
Tons 
CO2e 

800 scfm open flare 800 
             

22,140  
         

56      
          

22,196  
          

24,467  
2150 scfm open 
flare 2150 

             
59,502  

         
150      

          
59,652  

          
65,754  

2500 scfm open 
flare 2500 

             
69,188  

         
175      

          
69,363  

          
76,459  

Cat 3520  589 
             

16,301  
         

41      
          

16,342  
          

18,014  

Cat 3520  589 
             

16,301  
         

41      
          

16,342  
          

18,014  

Cat 3520  589 
             

16,301  
         

41      
          

16,342  
          

18,014  

Cat 3520  589 
             

16,301  
         

41      
          

16,342  
          

18,014  

Cat 3520  589 
             

16,301  
         

41      
          

16,342  
          

18,014  

Cat 3520  589 
             

16,301  
         

41      
          

16,342  
          

18,014  
                

Landfill Fugitives       
            

285,230  
            

45,558  
         

330,788  
         

364,628  
  

Total 8984 
             

248,635  
         

627  
            

285,230  
            

45,558  
         

580,051  
         

639,390  
 
 
Note that the anthropogenic portion of the landfill gas is due to the small portion of methane that 
passes by uncombusted by either the flares or engines since neither has been rated at 100% 
efficient at combusting landfill gas or is due to the CO2 created by the combustion of the 
methane in the landfill gas.   
 
Total site wide potential to emit: 
 

330,788 CO2e metric tons uncollected landfill surface emissions 
249,263  CO2e metric tons GHG emissions from combustion sources 
 
580,051 CO2e metric tons (639,390 short tons) Total Site Wide PTE   
 

* Again note that this includes emissions for the entire landfill even though this project is 
only adding engines. This assumes that landfill could potentially create enough landfill 
gas to require all 3 flares and 6 engines to operate at full capacity, which is unlikely to 
occur.  

 
The total site wide potential to emit for greenhouse gases is greater than 100,000 metric tons per 
year (expressed in units of CO2 equivalent).  Emissions from the proposed engines result in no 
net change in GHG emissions as compared to GHG emissions from the flares.  Therefore, the 
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site is not subject to PSD permitting and BACT for GHG under the GHG tailoring rule because 
the project does not increase CO2e by more than 75,000 TPY.   
 
However, as stated above, WM is including a BACT review for GHG even though the project 
does not increase CO2e by more than 75,000 tpy. 

7.2 BACT for GHG Emissions 

In November 2010, USEPA published a guidance document to assist permit applicants in 
addressing the PSD and permitting requirements for GHGs.  The following BACT analysis is 
presented for GHG controls for the landfill, with certain specific changes to the approach 
presented in the USEPA guidance document.  More specifically, although the guidance 
document example BACT analysis is similar to the system proposed by this application, a BACT 
review including the use of engines versus flares should also take into consideration site specific 
conditions relating to the cost of implementing the power grid interconnections as well as the 
specific pricing of merchant power sales.  Additionally, the ability to obtain an air permit for 
higher NOx & CO emissions from engines versus flares would also need to evaluated, which 
may include the costs of offsets, if even available.   

A search was conducted of the USEPA managed RACT/BACT/LAER Clearinghouse for 
internal combustion engines that use landfill gas (section 17.140 of the database).  This search 
identified 19 facilities.  However, no facilities reported information regarding CO2 or greenhouse 
gas emissions. 

For available control technologies, in addition to NSPS mandated controls, consideration was 
given to Carbon Capture and Storage (CCS).  A 2010 Interagency task force on CCS reported, in 
part, that “Since the CO2 capture capacities used in current industrial processes are generally 
much smaller than the capacity required for the purposes of GHG emissions mitigation of a 
typical power plant, there is considerable uncertainty associated with capacity at volumes 
necessary for commercial deployment.”  Therefore CCS is rejected as a BACT alternative for the 
proposed installation. 

As previously described, GHGs that are captured by the site existing NSPS compliant system is 
vented to on-site flares, and these gases will also be used as fuel for the proposed internal 
combustion engines.  The gases captured by this system are composed of approximately 50% 
methane.  As expressed in the GHG rules, the global warming potential (GWP) of methane is 
twenty one times the GWP of CO2.  The combustion of the methane produces water vapor and 
CO2 and the GWP of the resulting exhaust gas is much lower than would be the GWP of the 
landfill gas if it were allowed to be released as a fugitive from the landfill itself.  Hence the 
combustion of the methane in the landfill gas is considered BACT for any LFG project. 
Greenhouse gas emissions per cubic foot of landfill gas is the same whether the gas is combusted 
though a flare or through the engine.  However, the energy content of the gas combusted through 
the engine is then converted to generate electricity that is beneficially used by electricity 
customers on the power grid, and thereby displaces the need to produce electricity at fossil fuel 
fired electrical generating station.  Therefore, there is a net reduction in GHG emissions to the 
atmosphere than would otherwise occur. 
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7.3 GHG Reporting Rules 

The GHG emissions from the operations of the engines will be reportable under the applicable 
provision of 40 CFR Part 98 Subpart HH.  At the time of the submission of this application, there 
are no additional federal regulatory requirements applicable to greenhouse gas emissions from 
R&B and covered by Title V Permit Program authority.  Federal GHG Mandatory Reporting 
Rule requirements published at 40 CFR 98 were enacted under sections 114(a)(1) and 208 of the 
Clean Air Act and, as such, are not included in the definition of “applicable requirements”, as 
found at 40 CFR 70.2 and 71.2, to be included in a Title V Permit. (See also, 74 FR 209, page 
56,288. as published in the federal register, this requirement is not to be included in an air 
permit.)   
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SECTION 8 
LEACHATE CONCENTRATOR PROCESS 

 
This application includes the provisions for an alternative operating scenario incorporating the 
use of a waste heat leachate concentrator.  This alternative process ties into the exhaust from 
three of the proposed engines, and uses the heat content of the exhaust to evaporate some of the 
water in the leachate.  The concentration process adds water vapor and volatile compounds found 
within leachate feed to the combined engine and concentrator exhaust gas streams, and therefore 
this application includes information regarding the leachate concentrator exhaust gas 
characteristics.  The leachate concentrator may not operate at all times that the engines operate, 
therefore this application is to provide R&B with the flexibility to operate the engines either with 
or without the leachate concentrator in operation. 

8.1 Process Description 

The leachate concentrator process utilizes direct heat transfer by thoroughly mixing leachate feed 
into the flowing engine exhaust gas stream that is drawn through the concentration process by an 
induced draft fan.  This direct heat transfer process causes the temperature of the combined gas 
and liquid streams to rapidly equilibrate at a temperature that is close to the adiabatic saturation 
temperature of the gas/liquid mixture, which is typically between 160o and180o F.  Mass and heat 
transfer occur at the continuously renewable gas-liquid interfacial surface area.    Thus, the 
leachate concentrator operates continuously without need for any conventional heat exchangers 
at mild temperatures and under slight vacuum developed by the induced draft fan that is designed 
for maximum vacuum of  -22 inches water column. Concentrated leachate (residual) that is 
typically between 20% and 30% Total Solids  is collected within a high efficiency commercial 
entrainment separator that sequesters liquid droplets containing both dissolved and suspended 
solids from the flowing gas stream before the combined engine and concentrator gas streams are 
discharged to atmosphere through the induced draft fan and exhaust stack..  Both the exhaust gas 
and residual streams exit the concentration process at close to the above-referenced adiabatic 
saturation temperature with the gas very close to the saturation point for moisture at the exit 
temperature.   
 

Process controls monitor and respond to exhaust gas temperature, volume of leachate and engine 
exhaust stack pressures to maintain system operations and ensure that the concentrator does not 
interfere in any way with engine performance. When the leachate concentrator is operational, 
one hundred percent of the exhaust from engines 1 and 2 and approximately 50% of the exhaust 
of engine three is directed through the leachate concentrator.  The remaining approximately 50% 
of the exhaust from engine 3 and all exhausts from engines 4, 5 and 6 are exhausted directly to 
the atmosphere 

Process flow diagram 8-1 attached depicts the system arrangement with the leachate 
concentrator. 
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8.2 Emissions Characteristics 

Air emissions calculations within this application for the leachate concentration process are 
based on a worst case analysis where it is assumed that all VOC and HAP within the leachate 
feed are evaporated along with the water from the leachate and exit the process combined with 
the engine exhaust gas through the exhaust stack. 

The effect of the leachate concentrator on the engine exhausts are listed in Table B-5. 

A separate air dispersion modeling report will be submitted under separate cover to demonstrate 
the impact of the operation of the leachate concentrator 

As shown in the process flow diagram (Figure 8-1) three of the engines will operate without 
connection to the leachate concentrator, therefore the example emissions calculations presented 
in Section 3 continue to be applicable to these engines which are unaffected by the installation of 
the leachate concentrator.  One of the engines will have one half of its exhaust flow diverted to 
the leachate concentrator and one-half of the flow will continue to exhaust directly to the 
atmosphere.  Thus for this engine, the emissions are one-half of those presented in the example 
calculations in Section 3.  The remaining two engines, will exhaust, along with one-half of the 
exhaust from the engine mentioned above, through the leachate concentrator.  See Table B-5 for 
more detailed information about these emissions calculations. 
 
Therefore, the following calculation apply to the emissions from the leachate concentrator, 
through which will flow the exhaust from two and one-half engines: 
 
 

8.2.1 Particulate Matter (PM) 

 
The potential annual emissions of particulate matter (PM) from the leachate concentrator 
are calculated to be 2.5 times the emissions rate for a single engine and is calculated as 
follows: 

EPL = EP x 2.5 

where:  
EPl  = emission rate particulate, tons/yr, from the leachate concentrator; 
EP = Particulate emissions rate from one engine 

 
3.71 tpy x 2.5 = 9.28 tons per year Particulate Emissions from the Leachate Concentrator 

 
The potential maximum hourly emissions of particulate matter (PM) from the leachate 
concentrator are calculated to be 2.5 times the emissions rate for a single engine and is 
calculated as follows: 

EPL = EP x 2.5 
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where: 
EPl  = emission rate particulate, lb/hr, from the leachate concentrator; 
EP = Particulate emissions rate from one engine 
 

0.93 lb/hr x 2.5 = 2.33 lb/hr Particulate Emissions from the Leachate Concentrator 

8.2.2 Sulfur Dioxide (SO2) 

The potential annual emissions of sulfur dioxide (SO2) from the leachate concentrator are 
calculated to be 2.5 times the emissions rate for a single engine and is calculated as 
follows: 

EPL = EP x 2.5 

where:  
EPl  = emission rate sulfur dioxide, tons/yr, from the leachate 

concentrator; 
EP = Sulfur dioxide emissions rate from one engine 

 
6.32 tpy x 2.5 = 15.80 tons per year Sulfur Dioxide Emissions from the Leachate 

Concentrator 
 

The potential maximum hourly emissions of sulfur dioxide (SO2) from the leachate 
concentrator are calculated to be 2.5 times the emissions rate for a single engine and is 
calculated as follows: 

EPL = EP x 2.5 

where: 
EPl  = emission rate sulfur dioxide, lbs/hr, from the leachate concentrator; 
EP = Sulfur dioxide emissions rate from one engine 
 

1.59 lb/hr x 2.5 = 3.97 lb/hr Sulfur Dioxide Emissions from the Leachate Concentrator 

8.2.3 NOx and CO Emissions 

The potential annual emissions of NOx from the leachate concentrator are calculated to 
be 2.5 times the emissions rate for a single engine and is calculated as follows: 

EPL = EP x 2.5 

where:  
EPl  = emission rate NOx, tons/yr, from the leachate concentrator; 
EP = NOx emissions rate from one engine 
 

12.94 tpy x 2.5 = 32.34 tons per year NOx Emissions from the Leachate Concentrator 
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The potential maximum hourly emissions of NOx from the leachate concentrator are 
calculated to be 2.5 times the emissions rate for a single engine and is calculated as 
follows: 

EPL = EP x 2.5 

where: 
EPl  = emission rate NOx, lbs/hr, from the leachate concentrator; 
EP = NOx emissions rate from one engine 
 

2.95 lb/hr x 2.5 = 7.38 lb/hr NOx Emissions from the Leachate Concentrator 

The potential annual emissions of carbon monoxide (CO) from the leachate concentrator 
are calculated to be 2.5 times the emissions rate for a single engine and is calculated as 
follows: 

EPL = EP x 2.5 

where:  
EPl  = emission rate CO tons/yr, from the leachate concentrator; 
EP =  CO emissions rate from one engine 
 

89.05 tpy x 2.5 = 222.63 tons per year CO Emissions from the Leachate Concentrator 
 

The potential maximum hourly emissions of CO from the leachate concentrator are 
calculated to be 2.5 times the emissions rate for a single engine and is calculated as 
follows: 

EPL = EP x 2.5 
where: 

EPl  = emission rate CO, lbs/hr, from the leachate concentrator; 
EP = CO emissions rate from one engine 
 

20.33 lb/hr x 2.5 = 50.83 lb/hr CO Emissions from the Leachate Concentrator 

 

8.2.4 VOC Emissions 

As detailed in Table B-5, the leachate used in the leachate concentrate has been evaluated 
and determined to contain certain quantities of Organic HAPs.  For the purposes of these 
calculations, it is assumed that 100% of these HAPs are emitted through the stack and are 
classified as VOCs.  Therefore, the leachate VOC emissions contain both VOCs from 2.5 
engines (as calculated in Section 3) and the VOCs from the leachate.  The VOCs from the 
leachate are 8.73 x 10-4 lb/ hr and 3.83 x 10-3 tons per year.  These values are 
insignificant  as compared to the VOCs from the engine exhaust, and are therefore 
excluded in the calculations below. 
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The potential annual emissions of VOC from the leachate concentrator are calculated to 
be 2.5 times the emissions rate for a single engine and is calculated as follows: 

EPL = EP x 2.5 

where:  
EPl  = emission rate VOC tons/yr, from the leachate concentrator; 
EP =  VOC emissions rate from one engine 
 

5.73 tpy x 2.5 = 14.33 tons per year VOC Emissions from the Leachate Concentrator 
 

The potential maximum hourly emissions of VOC from the leachate concentrator are 
calculated to be 2.5 times the emissions rate for a single engine and is calculated as 
follows: 

EPL = EP x 2.5 

where: 
EPl  = emission rate VOC, lbs/hr, from the leachate concentrator; 
EP = VOC emissions rate from one engine 
 

1.31 lb/hr x 2.5 = 3.27 lb/hr VOC Emissions from the Leachate Concentrator 

 
 

8.2.5 HCl Emissions 

 
As detailed in Table B-5, the leachate used in the leachate concentrate has been evaluated 
and determined to contain certain quantities of HCl.  For the purposes of these 
calculations, it is assumed that 100% of these HCl in the leachate is emitted through the 
leachate concentrator stack.  Therefore, the leachate HCl emissions contain both HCl 
from 2.5 engines (as calculated in Section 3) and the HCl from the leachate.  The HCl 
from the leachate is 5.35 lb/hr and 23.43 tons per year.   

The potential annual emissions of  HCl from the leachate concentrator are calculated to 
be 2.5 times the emissions rate for a single engine plus the HCl from the leachate and is 
calculated as follows: 

EPL = EP x 2.5 + EL 

where:  
EPl  = emission rate HCl tons/yr, from the leachate concentrator; 
EP =  HCl emissions rate from one engine 
EL        =           HCl emissions from the leachate 
 

0.76 tpy x 2.5 + 23.43 = 25.34 tons per year HCl Emissions from the Leachate Concentrator 
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The potential maximum hourly emissions of HCl from the leachate concentrator are 
calculated to be 2.5 times the emissions rate for a single engine plus the HCl from the 
leachateand is calculated as follows: 

EPL = EP x 2.5+ EL 

 
where: 

EPl  = emission rate HCl, lbs/hr, from the leachate concentrator; 
EP = HCl emissions rate from one engine 
EL        =           HCl emissions from the leachate 
 

0.17 lb/hr x 2.5 + 5.35 = 5.78 lb/hr HCl Emissions from the Leachate Concentrator 

 
 
 
 

8.2.6 Formaldehyde 

The potential annual emissions of formaldehyde (HCHO) from the leachate concentrator 
are calculated to be 2.5 times the emissions rate for a single engine and is calculated as 
follows: 

EPL = EP x 2.5 
where:  

EPl  = emission rate HCHO, tons/yr, from the leachate concentrator; 
EP = HCHO emissions rate from one engine 

 
8.32 tpy x 2.5 = 20.81 tons per year HCHO Emissions from the Leachate Concentrator 

 
The potential maximum hourly emissions of HCHO from the leachate concentrator are 
calculated to be 2.5 times the emissions rate for a single engine and is calculated as 
follows: 

EPL = EP x 2.5 
where: 

EPl  = emission rate HCHO, lbs/hr, from the leachate concentrator; 
EP = HCHO emissions rate from one engine 
 

1.90 lb/hr x 2.5 = 4.75 lb/hr HCHO Emissions from the Leachate Concentrator 
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8.3 Net Emissions Increases with the use of Leachate Cocentrator 

 
 

Table 8-1 
Significant Emissions Increase Analysis 

 

Regulated NSR 
Pollutant 

Significance 
Threshold (tpy) 

Increase in 
Emissions (tpy) 

“Significant 
Emissions 
Increase”? 

SO2 40 37.94 NO 

NOx 40 77.62 YES 

PM 25 22.29 NO 

PM10 15 22.29 YES 

PM2.5 10 22.29 YES 

CO 100 534.32 YES 
VOC + 

Formaldehyde 40 84.34 Yes 
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SECTION 9 
TESTING, MONITORING, RECORDKEEPING, 

NOTIFICAITONS AND REPORTING  

 
Testing, monitoring, recordkeeping and reporting methods and procedures for demonstrating 
compliance with NOx, CO, PM and VOC emissions rates with form the basis of this application.   
 



 

Sage Environmental Consulting 9-2 WM Renewable Energy, L.L.C. 
January May 2011  R&B LFGTE Permit Application  

9.1 VOC 

9.1.1 Emissions testing of VOC concentrations at the inlet and outlet of each engine using EPA 
Method 25, 25A, 25C or 18 will be conducted within 180 days of start up and once every 
three years, or once every 8,760 operating hours. This test will demonstrate compliance 
with the maximum one-hour VOC emissions rates which form the basis of this permit 
application. A flow meter will measure the gas flow to the engines in accordance with 40 
CFR 60 Subpart WWW. Gas will be measured with a continuous recorder at least once 
every 15 minutes.  

9.1.2 Each engine will be equipped with a runtime meter and meter readings will be recorded 
monthly.  Hours of operation for each engine will be reported every six months. 

9.2 CO 

9.2.1 Emissions testing using EPA Method 10 will be conducted within 180 days of start up 
and once every three years, or once every 8,760 operating hours.  This test will 
demonstrate compliance with the maximum one-hour CO emissions rates which form the 
basis of this permit application.  

9.3 NOx 

9.3.1 Emissions testing using EPA Method 7 will be conducted within 180 days of startup and 
once every three years, or once every 8,760 operating hours.  This test will demonstrate 
compliance with the maximum one-hour NOx emissions rates which form the basis of 
this permit application.  

9.4 PM, HCl, SO2, Formaldehyde 

9.4.1 Emissions testing using applicable EPA test method will be conducted once within 180 
days of startup to demonstrate compliance with the maximum one-hour emission rates 
included in this application. 

9.5 HAPs 

9.5.1 The facility is subject to 40 CFR Part 63 Subpart ZZZZ as described elsewhere in this 
application.  Therefore the following notification and  recordkeeping requirements will be 
complied with: 

9.5.1.1 ,In accordance with 40 CFR 63.6645 (c) and(f), the facility will submit no 
later than 120 days of start up,  an Initial Notification including the information required 
by 40 CFR 63.9(b)(2)(i) through (v). 
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9.5.1.2 In accordance with 40 CFR 63.6650(g) and Table 7 , semi-annually, the facility 
will submit a report of the fule flow rate and heating values, any deviations from 
federally enforceable permit limits and any problems or errors suspected with the meter, 
as well as startup shutdown or malfunction events   

9.5.1.3 In accordance with 40 CFR 63.6625(c), the facility will monitor and record fuel 
usage daily with separate fuel meters to measure the volumetric flow rate of landfill gas 
to each engine.  In addition the facility will operate the engines in a manner which 
reasonably minimizes HAP emissions in accordance with the manufacturer’s 
recommendations and good operating practice. 

9.5.1.4 In accordance with 40 CFR 63.6655(c), the facility will maintain records of the 
daily fuel use 
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APPENDIX A 
STATE APPLICATION FORMS 

 
The following forms and tables are included in this appendix in the following order: 

• Form 1.0 – General Information 
• Form 2.0 – Emissions Unit List 
• Form 2.06 – Manufacturing and Operational Information 
• Form 4.0 – Emission Information 
• Form 7.0 – Air Modeling Information3 
• Title V Application Certification 
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State of Georgia 
Department of Natural Resources 
Environmental Protection Division 
Air Protection Branch  

Stationary Source Permitting Program
4244 International Parkway, Suite 120

Atlanta, Georgia 30354
404/363-7000

Fax: 404/363-7100

SIP AIR PERMIT APPLICATION 
 

EPD Use Only 
Date Received: Application No.   

 

 

FORM 1.00:  GENERAL INFORMATION 
 
1.   Facility Information 
 Facility Name:  Chambers R&B Landfill  
 AIRS No. (if known): 04-13- 011 - 00014  
 Facility Location: Street: 610 Bennett Road  
 City: Homer  Georgia Zip: 30547 County: Banks  
 
2.   Facility Coordinates 

Latitude: 34°  21’  03”  NORTH Longitude: 83°  25’  46” WEST 
 UTM Coordinates:        EAST       NORTH  ZONE         

 
3. Facility Owner 
 Name of Owner:  Chambers R&B Landfill, Inc.  
 Owner Address Street: 1850 Parkway Place, Suite 600  

City:   Marietta State:  GA Zip: 30067  
 
4. Permitting Contact and Mailing Address 
 Contact Person: Tim Bassett Title: Manager  

Telephone No.: (404) 898-9288 Ext.       Fax No.:        
Email Address: TBassett@wm.com  

 Mailing Address: Same as:  Facility Location:  Owner Address:   Other:  
             If Other: Street Address:   3001 South Pioneer Drive  

City: Smyrna State:  GA Zip:   30083  
 
5.  Authorized Official 
Name:   Tracey Shrader Title:  Market Area Vice President  
Address of Official Street:  1850 Parkway Place, Suite 600  

City:   Marietta State: GA Zip: 30067  

This application is submitted in accordance with the provisions of the Georgia Rules for Air Quality Control and, to the 
best of my knowledge, is complete and correct. 
 
 
Signature: 

 
 
 

 
 

Date:

  

 
 



Georgia SIP Application Form 1.00, rev. June 2005  Page 2 of 4  

6. Reason for Application:  (Check all that apply) 
   New Facility (to be constructed)    Revision of Data Submitted in an Earlier Application 

   Existing Facility (initial or modification application) Application No.:       

   Permit to Construct Date of Original 
Submittal:          Permit to Operate 

   Change of Location 

   Permit to Modify Existing Equipment: Affected Permit No.: 4953-011-0014-V-02 
 
7. Permitting Exemption Activities (for permitted facilities only): 

Have any exempt modifications based on emission level per Georgia Rule 391-3-1-.03(6)(i)(3) been performed at the 
facility that have not been previously incorporated in a permit? 

  No         Yes, please fill out the SIP Exemption Attachment (See Instructions for the attachment download) 
 
8. Has assistance been provided to you for any part of this application? 
   No  Yes, SBAP  Yes, a consultant has been employed or will be employed. 

If yes, please provide the following information: 

Name of Consulting Company:  Sage Environmental Consulting, L.P. 
Name of Contact:  Bill Apple 
Telephone No.: (678) 560-6737 Fax No.: (678) 560-6788 
Email Address: bill@sageenvironmental.com 
Mailing Address: Street:   894 Banford Ct. 
 City:   Marietta State:  GA Zip:   30068 
Describe the Consultant’s Involvement:  

 Permit application development 

 
9. Submitted Application Forms:  Select only the necessary forms for the facility application that will be submitted.   
No. of Forms Form 

1 2.00 Emission Unit List 
1 2.01 Boilers and Fuel Burning Equipment 

     2.02 Storage Tank Physical Data 
     2.03 Printing Operations 
     2.04 Surface Coating Operations 
     2.05 Waste Incinerators (solid/liquid waste destruction) 

1 2.06 Manufacturing and Operational Data 
     3.00 Air Pollution Control Devices (APCD) 
     3.01 Scrubbers 
     3.02 Baghouses & Other Filter Collectors 
     3.03 Electrostatic Precipitators 

3 4.00 Emissions Data 
     5.00 Monitoring Information 
     6.00 Fugitive Emission Sources 

1 7.00 Air Modeling Information 
 
10. Construction or Modification Date 
 Estimated Start Date: November 1, 2011 
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11. If confidential information is being submitted in this application, were the guidelines followed in the 

“Procedures for Requesting that Submitted Information be treated as Confidential”? 
   No   Yes  
 
12.  New Facility Emissions Summary 

Criteria Pollutant New Facility 
Potential (tpy) Actual (tpy) 

Carbon monoxide (CO)             

Nitrogen oxides (NOx)             

Particulate Matter (PM)             

PM <10 microns (PM10)             

PM <2.5 microns (PM2.5)             

Sulfur dioxide (SO2)             

Volatile Organic Compounds (VOC)             

Total Hazardous Air Pollutants (HAPs)             

Individual HAPs Listed Below: 
                  

                  

                  

                  

                  

                  

 
 
13.  Existing Facility Emissions Summary 

Criteria Pollutant Current Facility After Modification 
Potential (tpy) Actual (tpy) Potential (tpy) Actual (tpy) 

Carbon monoxide (CO) 244.8 104.1 779.12 638.42 

Nitrogen oxides (NOx) 49.5 19.1 127.12 96.72 

Particulate Matter (PM) 12.2 4.6 34.49 26.89 

PM <10 microns (PM10) 12.2 4.6 34.49 26.89 

PM <2.5 microns (PM2.5) 12.2 4.6 34.49 26.89 

Sulfur dioxide (SO2) 10.9 3.9 48.84 41.84 

Volatile Organic Compounds (VOC) 1.5 1 85.84 85.34 

Total Hazardous Air Pollutants (HAPs) 0.14 0 79.43 78.93 

Individual HAPs Listed Below: 

See Appendix B of Application                         
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14.  4-Digit Facility Identification Code: 

 SIC Code: 4953 SIC Description: Refuse Systems 
NAICS Code:       NAICS Description:       

 

 
15.  Description of general production process and operation for which a permit is being requested.  If 

necessary, attach additional sheets to give an adequate description.  Include layout drawings, as necessary, 
to describe each process.  References should be made to source codes used in the application. 

 
Installation of six new internal combustion engine generator sets.  An existing gas collection and control system (air 
pollution control ID GCCCS) currently directs landfill gas to three open flares (air pollution control ID F1, F2 and F3).  
This landfill gas will be directed to the internal combustion engines, and the flares will be used as a back up control 
device. 
 
As an alternative operating scenario, a leachate concentrator will use heat content in the exhaust gas from three of 
the engines to evaporate some of the water in the leachate.  

 
16.  Additional information provided in attachments as listed below: 

 Attachment A -  Text of Application with calculations and equipment technical data   
 Attachment B -         
 Attachment C -         
 Attachment D -         
 Attachment E -         
 Attachment F -         

 
17.  Additional Information:  Unless previously submitted, include the following two items: 
          Plot plan/map of facility location or date of previous submittal:       

          Flow Diagram or date of previous submittal:       

 



Georgia SIP Application Form 2.00, rev. June 2005  Page 1 of 1 

Facility Name: /R&B Landfill Date of Application: May 2012 
 

FORM 2.00 – EMISSION UNIT LIST 
 
Emission 

Unit ID Name Manufacturer and Model Number Description 

SN01 Engine #1 Caterpillar Model G3520C Landfill gas fired spark ignition engine   

SN02 Engine #2 Caterpillar Model G3520C Landfill gas fired spark ignition engine 

SN03 Engine #3 Caterpillar Model G3520C Landfill gas fired spark ignition engine 

SN04 Engine #4 Caterpillar Model G3520C Landfill gas fired spark ignition engine 

SN05 Engine #5 Caterpillar Model G3520C Landfill gas fired spark ignition engine 

SN06 Engine #6 Caterpillar Model G3520C Landfill gas fired spark ignition engine 
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Facility Name: R&B Landfill Date of Application: May 2012 
 

FORM 2.01 – BOILERS AND FUEL BURNING EQUIPMENT 
 

Emission 
Unit ID Type of Burner Type of Draft1 

Design Capacity 
of Unit 

(MMBtu/hr Input) 

Percent 
Excess 

Air 

Dates 
Date & Description of Last Modification 

Construction Installation 

SN01 Spark Ignition Engine N/A 17.87 N/A 11/2011 2/2012 N/A 

SN02 Spark Ignition Engine N/A 17.87 N/A 11/2011 2/2012 N/A 

SN03 Spark Ignition Engine N/A 17.87 N/A 11/2011 2/2012 N/A 

SN04 Spark Ignition Engine N/A 17.87 N/A 11/2011 2/2012 N/A 

SN05 Spark Ignition Engine N/A 17.87 N/A 11/2011 2/2012 N/A 

SN06 Spark Ignition Engine N/A 17.87 N/A 11/2011 2/2012 N/A 

                                                

                                                

                                                

                                                

                                                

                                                

                                                

                                                

                                                

                                                

                                                

                                                

                                                

                                                

                                                
1 This column does not have to be completed for natural gas only fired equipment.  
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Facility Name: R&B Landfill Date of Application: May 2012 
 

FORM 2.06 – MANUFACTURING AND OPERATIONAL DATA 
 
Normal Operating Schedule: 24 hours/day 7 days/week 52 weeks/yr 

Additional Data Attached?  - No   - Yes, please include the attachment in list on Form 1.00, Item 16.      
 
Seasonal and/or Peak Operating 
Periods: 

None 

 
Dates of Annually Occurring Shutdowns: None 
 

PRODUCTION INPUT FACTORS 
 

Emission 
Unit ID Emission Unit Name Const. 

Date 
Input Raw 
Material(s) Annual Input 

Hourly Process Input Rate 

Design Normal Maximum

SN01 Engine #1 11/2011 Landfill Gas 310 mmscf 353 ccf 353 ccf 353 ccf 

SN02 Engine #2 11/2011 Landfill Gas 310 mmscf 353 ccf 353 ccf 353 ccf 

SN03 Engine #3 11/2011 Landfill Gas 310 mmscf 353 ccf 353 ccf 353 ccf 

SN04 Engine #4 11/2011 Landfill Gas 310 mmscf 353 ccf 353 ccf 353 ccf 

SN05 Engine #5 11/2011 Landfill Gas 310 mmscf 353 ccf 353 ccf 353 ccf 

SN06 Engine #6 11/2011 Landfill Gas 310 mmscf 353 ccf 353 ccf 353 ccf 

                                                

                                                

                                                

                                                

                                                

                                                

                                                
 

PRODUCTS OF MANUFACTURING 
 

Emission 
Unit ID Description of Product Production Schedule Hourly Production Rate 

(Give units: e.g. lb/hr, ton/hr)
Tons/yr Hr/yr Design Normal Maximum Units 

SN01 Electricity       8760 1600 1600 1600 kW 

SN02 Electricity       8760 1600 1600 1600 kW 

SN03 Electricity       8760 1600 1600 1600 kW 

SN04 Electricity       8760 1600 1600 1600 kW 

SN05 Electricity       8760 1600 1600 1600 kW 

SN06 Electricity       8760 1600 1600 1600 kW 
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Facility Name: R&B Landfill Date of Application: May  2011 
 

FORM 4.00 – EMISSION INFORMATION 

 

Emission 
Unit ID 

Air Pollution 
Control 

Device ID 
Stack 

ID Pollutant Emitted 

Emission Rates 

Hourly Actual 
Emissions 

(lb/hr) 

Hourly 
Potential 

Emissions 
(lb/hr) 

Actual Annual 
Emission 

(tpy)  

Potential 
Annual 

Emission 
(tpy) 

Method of 
Determination 

SN01 None ST01 PM10 0.93 0.93 3.71 3.71 AP42/2.4-5 (11/98) 

SN02 None ST02 PM10 0.93 0.93 3.71 3.71 AP42/2.4-5 (11/98) 

SN03 None ST03 PM10 0.93 0.93 3.71 3.71 AP42/2.4-5 (11/98) 

SN04 None ST04 PM10 0.93 0.93 3.71 3.71 AP42/2.4-5 (11/98) 

SN05 None ST05 PM10 0.93 0.93 3.71 3.71 AP42/2.4-5 (11/98) 

SN06 None ST06 PM10 0.93 0.93 3.71 3.71 AP42/2.4-5 (11/98) 

SN01 None ST01 SO2 1.59 1.59 6.33 6.33 AP42/2.4/275 ppm S 

SN02 None ST02 SO2 1.59 1.59 6.33 6.33 AP42/2.4/275 ppm S 

SN03 None ST03 SO2 1.59 1.59 6.33 6.33 AP42/2.4/275 ppm S 

SN04 None ST04 SO2 1.59 1.59 6.33 6.33 AP42/2.4/275 ppm S 

SN05 None ST05 SO2 1.59 1.59 6.33 6.33 AP42/2.4/275 ppm S 

SN06 None ST06 SO2 1.59 1.59 6.33 6.33 AP42/2.4/275 ppm S 

SN01 None ST01 VOC 1.31 1.31 5.73 5.73 NSPS WWW 20 ppm 

SN02 None ST02 VOC 1.31 1.31 5.73 5.73 NSPS WWW 20 ppm 

SN03 None ST03 VOC 1.31 1.31 5.73 5.73 NSPS WWW 20 ppm 

SN04 None ST04 VOC 1.31 1.31 5.73 5.73 NSPS WWW 20 ppm 

SN05 None ST05 VOC 1.31 1.31 5.73 5.73 NSPS WWW 20 ppm 
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Facility Name: R&B Landfill Date of Application: May  2011 
 

FORM 4.00 – EMISSION INFORMATION 

 

Emission 
Unit ID 

Air Pollution 
Control 

Device ID 
Stack 

ID Pollutant Emitted 

Emission Rates 

Hourly Actual 
Emissions 

(lb/hr) 

Hourly 
Potential 

Emissions 
(lb/hr) 

Actual Annual 
Emission 

(tpy)  

Potential 
Annual 

Emission 
(tpy) 

Method of 
Determination 

SN06 None ST06 VOC 1.31 1.31 5.73 5.73 NSPS WWW 20 ppm 

SN01 None ST01 CO 20.33 21.22 89.05 89.05 Vendor data 

SN02 None ST02 CO 20.33 21.22 89.05 89.05 Vendor data 

SN03 None ST03 CO 20.33 21.22 89.05 89.05 Vendor data 

SN04 None ST04 CO 20.33 21.22 89.05 89.05 Vendor data 

SN05 None ST05 CO 20.33 21.22 89.05 89.05 Vendor data 

SN06 None ST06 CO 20.33 21.22 89.05 89.05 Vendor data 

SN01 None ST01 NOx 2.95 2.95 12.94 12.94 Vendor data 

SN02 None ST02 NOx 2.95 2.95 12.94 12.94 Vendor data 

SN03 None ST03 NOx 2.95 2.95 12.94 12.94 Vendor data 

SN04 None ST04 NOx 2.95 2.95 12.94 12.94 Vendor data 

SN05 None ST05 NOx 2.95 2.95 12.94 12.94 Vendor data 

SN06 None ST06 NOx 2.95 2.95 12.94 12.94 Vendor data 

SN01 None ST01 HCl 0.17 0.17 0.76 0.76 Reference Report 

SN02 None ST02 HCl 0.17 0.17 0.76 0.76 Reference Report 

SN03 None ST03 HCl 0.17 0.17 0.76 0.76 Reference Report 

SN04 None ST04 HCl 0.17 0.17 0.76 0.76 Reference Report 
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Facility Name: R&B Landfill Date of Application: May  2011 
 

FORM 4.00 – EMISSION INFORMATION 

 

Emission 
Unit ID 

Air Pollution 
Control 

Device ID 
Stack 

ID Pollutant Emitted 

Emission Rates 

Hourly Actual 
Emissions 

(lb/hr) 

Hourly 
Potential 

Emissions 
(lb/hr) 

Actual Annual 
Emission 

(tpy)  

Potential 
Annual 

Emission 
(tpy) 

Method of 
Determination 

SN05 None ST05 HCl 0.17 0.17 0.76 0.76 Reference Report 

SN06 None ST06 HCl 0.17 0.17 0.76 0.76 Reference Report 

SN01 None ST01 HAPs (incl. HCl) 0.22 0.22 0.97 0.97 Reference Report 

SN02 None ST02 HAPs (incl. HCl) 0.22 0.22 0.97 0.97 Reference Report 

SN03 None ST03 HAPs (incl. HCl) 0.22 0.22 0.97 0.97 Reference Report 

SN04 None ST04 HAPs (incl. HCl) 0.22 0.22 0.97 0.97 Reference Report 

SN05 None ST05 HAPs (incl. HCl) 0.22 0.22 0.97 0.97 Reference Report 

SN06 None ST06 HAPs (incl. HCl) 0.22 0.22 0.97 0.97 Reference Report 

LC01 None ST07 PM10 2.33 2.33 9.28 10.22 Engineering Calcs 

LC01 None ST07 SO2 3.97 3.97 15.80 17.39 Engineering Calcs 

LC01 None ST07 VOC 3.27 3.27 14.33 14.34 Engineering Calcs 

LC01 None ST07 NOx 7.38 7.38 32.34 32.34 Engineering Calcs 

LC01 None ST07 HAPs (incl. HCl) 5.91 5.91 25.34 25.87 Engineering Calcs 

SN01 None ST01 Formaldehyde 1.90 1.90 8.32 8.32 Engineering Calcs 

SN02 None ST02 Formaldehyde 1.90 1.90 8.32 8.32 Engineering Calcs 

SN03 None ST03 Formaldehyde 1.90 1.90 8.32 8.32 Engineering Calcs 

SN04 None ST04 Formaldehyde 1.90 1.90 8.32 8.32 Engineering Calcs 
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Facility Name: R&B Landfill Date of Application: May  2011 
 

FORM 4.00 – EMISSION INFORMATION 

 

Emission 
Unit ID 

Air Pollution 
Control 

Device ID 
Stack 

ID Pollutant Emitted 

Emission Rates 

Hourly Actual 
Emissions 

(lb/hr) 

Hourly 
Potential 

Emissions 
(lb/hr) 

Actual Annual 
Emission 

(tpy)  

Potential 
Annual 

Emission 
(tpy) 

Method of 
Determination 

 
SN05 None ST05 Formaldehyde 1.90 1.90 8.32 8.32 Engineering Calcs 

SN06 None ST06 Formaldehyde 1.90 1.90 8.32 8.32 Engineering Calcs 

LC01 None ST07 Formaldehyde 4.75 4.75 20.81 20.81 Engineering Calcs 
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Facility Name: R&B Landfill Date of Application: May  2011 
 

FORM 7.00 – AIR MODELING INFORMATION: Stack Data 
 

Stack 
ID 

Emission 
Unit ID(s) 

Stack Information Dimensions of largest 
Structure Near Stack Exit Gas Conditions at Maximum Emission Rate 

Height 
Above 

Grade (ft) 

Inside 
Diameter 

(ft) 
Exhaust 
Direction 

Height 
(ft) 

Longest 
Side (ft) 

Velocity 
(ft/sec) 

Temperature 
(°F) 

Flow Rate (acfm) 

Average Maximum 

ST01 SN01 Note 1 1.33 Vertical Note 1 Note 1 153 898 12,735 12,735 

ST02 SN02 Note 1 1.33 Vertical Note 1 Note 1 153 898 12,735 12,735 

ST03 SN03 Note 1 1.33 Vertical Note 1 Note 1 153 898 12,735 12,735 

ST04 SN04 Note 1 1.33 Vertical Note 1 Note 1 153 898 12,735 12,735 

ST05 SN05 Note 1 1.33 Vertical Note 1 Note 1 153 898 12,735 12,735 

ST06 SN06 Note 1 1.33 Vertical Note 1 Note 1 153 898 12,735 12,735 

ST07 LC01 Note 1 2.5 Vertical Note 1 Note 1 96 155 28387 28387 

                                                                  

                                                                  

                                                                  

                                                                  

                                                                  

                                                                  
 

NOTE: If emissions are not vented through a stack, describe point of discharge below and, if necessary, include an attachment.  List the attachment in Form 1.00 
General Information, Item 16. 

Note 1: See modeling information 
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Facility Name: R&B Landfill Date of Application: May  2011 
 

FORM 7.00 AIR MODELING INFORMATION: Chemicals Data 
 

Chemical 
Potential 

Emission Rate 
(lb/hr) 

Toxicity Reference MSDS 
Attached

See Application Attachments                    
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Waste Management - Chambers R B Landfill
Scenario 1, Engine Emissions Only

Table B-1a

LFG Flow

scfm lb/hr TPY lb/hr TPY lb/hr TPY lb/hr TPY lb/hr TPY lb/hr TPY lb/hr TPY lb/hr TPY lb/hr TPY
SN-01 589 0.93 3.71 1.59 6.33 1.31 5.73 1.90 8.32 3.21 14.06 20.33 89.05 2.95 12.94 0.17 0.76 0.22 0.97
SN-02 589 0.93 3.71 1.59 6.33 1.31 5.73 1.90 8.32 3.21 14.06 20.33 89.05 2.95 12.94 0.17 0.76 0.22 0.97
SN-03 589 0.93 3.71 1.59 6.33 1.31 5.73 1.90 8.32 3.21 14.06 20.33 89.05 2.95 12.94 0.17 0.76 0.22 0.97
SN-04 589 0.93 3.71 1.59 6.33 1.31 5.73 1.90 8.32 3.21 14.06 20.33 89.05 2.95 12.94 0.17 0.76 0.22 0.97
SN-05 589 0.93 3.71 1.59 6.33 1.31 5.73 1.90 8.32 3.21 14.06 20.33 89.05 2.95 12.94 0.17 0.76 0.22 0.97
SN-06 589 0.93 3.71 1.59 6.33 1.31 5.73 1.90 8.32 3.21 14.06 20.33 89.05 2.95 12.94 0.17 0.76 0.22 0.97

5.60 22.29 9.53 37.98 7.86 34.41 11.40 49.93 19.26 84.34 121.99 534.32 17.72 77.62 1.04 4.57 1.33 5.84

Notes
1 - PM Emission Factor based on AP-42, Table 2.4-5 dated 11/98. Sample Calculation provided below.
2 - SO2 emissions are based on AP-42 Chapter 2.4, Equation 3 (Final Section, dated November 1998) and 275 ppm reduced Sulfur in LFG. Sample Calculation provided below.
3 - VOC emissions based on NSPS WWW limit of 20 ppm in the exhaust.  Sample Calculation provided below.
4 - CO emission factor based on information provided by vendor for similar engines fueled by landfill gas.  CO Not To Exceed emissions rate after first 100 hours of operation
5 - NOx emission factor  based on information provided by vendor for similar engines fueled by landfill gas.
6 - Chloride and HAP concentrations were obtained from the following sources (these documents are attached in Appendix D). Sample Calculation provided below.
      - Waste Industry Air Coalition Comparison of Recent Landfill Gas Analyses with Historic AP-42 Values (Jan 2001)
      - Field Test Measurements at Five Municipal Solid Waste Landfills with Landfill GasControl Technology - Final Report - EPA/600/R-07/043 (April 2007)
7 - HAP control efficiencies is from AP-42, Table 2.4-3, dated 11/98.  Range of CE for NMOC by an IC engine is 94-99%.  94% was conservatively used for these calculations.
8 - % conversion of chlorinated compounds in LFG to HCl is from AP-42, Table 2.4-3, dated 11/98.  Range of CE for NMOC by an IC engine is 90-99%.  97% was conservatively used for these calculations.
9 - Lbs/hr Total Emissions assumes worst case all engines operating simultaneously

See application text for example calculations

8,760 hours per year
1,012 Btu/scf, WM process knowledge
453.6 g/lb

Standard Volume of Gas 385 ft3/lb-mol
Average Methane in Landfill gas 50% % methane used in annual avg tpy emissions

Maximum Methane in Landfill gas 55% % methane used in maximum lb/hr emissions
NMOC Max Inlet Concentration 595 ppmv AP-42 Inlet Concentration 

Formaldehyde

TOTAL  EMISSIONS9

Hours of operation
LHV of Methane

Grams per pound conversion

Source 
Number

CO4

Engine #3

Engine #1

PM10
1

Source Name

Engine #2

VOC + Formaldehyde

Engine #6

HAPs (including 
HCl)6,7,8HCl6,8SO2

2 VOC3 NOx5

Engine #5
Engine #4

VOC Molecular Weight 86.18 lb/lbmol, assumed to be same as NMOC (hexane)
Sulfur Concentration 275 ppmv, (Conservative Assumption)

Sulfur Molecular Weight 32.07 lb/lbmol, S
Ratio of MW of SO2 to S 2.0 (64.06 / 32.066)

Chloride concentration 53.5 ppmv Cl, from  the following document "EPA/600/R-07/043" (April 2007) 
- Field Test Measurements at Five Municipal Landfills with Landfill Gas Control Technology, See Tables B-3 and B-4

Cl Molecular Weight 35.45 lb/lbmol, Cl
HCl Molecular Weight 36.45 lb/lbmol, HCl

3520 CAT ENGINE Calculation Factors and Assumptions
2,233 HP
324.0 scf/min, Landfill gas to engine x % methane in landfill gas (max)

Methane Flowrate to Engine (avg) 294.5 scf/min, Landfill gas to engine x % methane in landfill gas (avg)
506 Btu/scf, Engine Specifications, 2003 Flare testing data
589 scf/min, Fuel Consumption Per Engine (Engine Fuel Flow Btu/hp-hr x Engine Hp / 60 min/hr / LHV of fuel Btu/scf)

35,340 scf/hr
Exhaust Gas Flow 4,874 wet scfm, calculated data  See Table B-6 for derivation of this value

NMOC Max Outlet Concentration 20 ppmv NSPS, Subpart WWW
HAP Concentration 90.93 ppm, Average Value From WIAC report dated Jan 2001 x 1.5 Safety Factor (See Table C-4)

 HAP Molecular Weight 96.59 lb/lbmol, weighted average of all HAPs listed in WIAC report dated Jan 2001 (See Table C-4)
NOx EF 0.60 g/bhp-hr, EF from WM database of testing on equivalent engines
CO EF 4.13 g/bhp-hr, EF from Vendor Data
PM EF 48  lb/10^6 dscf CH4, AP-42, Table 2-4.5, 11/98

HAP CE 94% AP-42, Table 2.4-3, 11/98 (Range of CE for NMOC by an IC engine is 94-99%.  94% was conservatively used for these calculations.
97% % Conversion of Chlorinated compounds in LFG to HCl, AP-42, Table 2.4-3, 11/98.

Landfill gas to the Engine

Engine Horsepower

Landfill gas to the Engine

Methane Flowrate to Engine (Max)

LHV of fuel

Sage Environmental Consulting, LP
May 2011 WM Renewable Energy, L.L.C.

Chambers RB Permit Application



Waste Management - Chambers R B Landfill
Scenario 2, Leachate Concentrator and Engine Emissions

Table B-1b

LFG Flow

scfm lb/hr TPY lb/hr TPY lb/hr TPY lb/hr TPY lb/hr TPY lb/hr TPY lb/hr TPY lb/hr TPY
LC-01 2.33 9.29 3.97 15.81 3.27 14.34 4.75 20.81 8.02 35.14 50.83 222.63 7.38 32.34 5.78 25.34
SN-03 295 0.47 1.86 0.79 3.16 0.65 2.87 0.95 4.16 1.60 7.03 10.17 44.53 1.48 6.47 0.09 0.38
SN-04 589 0.93 3.71 1.59 6.32 1.31 5.73 1.90 8.32 3.21 14.06 20.33 89.05 2.95 12.94 0.17 0.76
SN-05 589 0.93 3.71 1.59 6.32 1.31 5.73 1.90 8.32 3.21 14.06 20.33 89.05 2.95 12.94 0.17 0.76
SN-06 589 0.93 3.71 1.59 6.32 1.31 5.73 1.90 8.32 3.21 14.06 20.33 89.05 2.95 12.94 0.17 0.76

5.60 22.29 9.53 37.94 7.86 34.41 11.40 49.93 19.26 84.34 121.99 534.32 17.72 77.62 6.39 28.00

Notes
1 - PM Emission Factor based on AP-42, Table 2.4-5 dated 11/98.  Sample Calculation provided below.
2 - SO2 emissions are based on AP-42 Chapter 2.4, Equation 3 (Final Section, dated November 1998) and 275 ppm reduced Sulfur in LFG. Sample Calculation provided below.
3 - VOC emissions based on NSPS WWW limit of 20 ppm in the exhaust.  Sample Calculation provided below.
4 - CO emission factor based on information provided by vendor for similar engines fueled by landfill gas.  CO Not To Exceed emissions rate after first 100 hours of operation
5 - NOx emission factor  based on information provided by vendor for similar engines fueled by landfill gas.
6 - Chloride and HAP concentrations were obtained from the following sources (these documents are attached in Appendix D). Sample Calculation provided below.
      - Waste Industry Air Coalition Comparison of Recent Landfill Gas Analyses with Historic AP-42 Values (Jan 2001)
      - Field Test Measurements at Five Municipal Solid Waste Landfills with Landfill GasControl Technology - Final Report - EPA/600/R-07/043 (April 2007)
7 - HAP control efficiencies is from AP-42, Table 2.4-3, dated 11/98.  Range of CE for NMOC by an IC engine is 94-99%.  94% was conservatively used for these calculations.
8 - % conversion of chlorinated compounds in LFG to HCl is from AP-42, Table 2.4-3, dated 11/98.  Range of CE for NMOC by an IC engine is 90-99%.  97% was conservatively used for these calculations.
9 - Lbs/hr Total Emissions assumes worst case all engines operating simultaneously.  TPY emissions assume 8760 hours per year operation.
10 - This scenario assumes half of the exhaust from this engine is exhausted from this EPN, the other is exhausted from EPN LC-01

8,760 hours per year
1,012 Btu/scf, WM process knowledge
453.6 g/lb

Standard Volume of Gas 385 ft3/lb-mol
Average Methane in Landfill gas 50% % methane used in annual avg tpy emissions

Maximum Methane in Landfill gas 55% % methane used in maximum lb/hr emissions
NMOC Max Inlet Concentration 595 ppmv AP-42 Inlet Concentration 

VOC Molecular Weight 86.18 lb/lbmol, assumed to be same as NMOC (hexane)
Sulfur Concentration 275 ppmv, (Conservative Assumption)

Sulfur Molecular Weight 32 07 lb/lbmol S

CO4 NOx5 HCl6,8

Leachate Concentrator
Engine #310

Formaldehyde VOC + FormaldehydeSource 
Number Source Name PM10

1 SO2
2 VOC3

Engine #4
Engine #5
Engine #6
TOTAL  EMISSIONS9

Hours of operation
LHV of Methane

Grams per pound conversion

Sulfur Molecular Weight 32.07 lb/lbmol, S
Ratio of MW of SO2 to S 2.0 (64.06 / 32.066)

Chloride concentration 53.5 ppmv Cl, from  the following document "EPA/600/R-07/043" (April 2007) 
- Field Test Measurements at Five Municipal Landfills with Landfill Gas Control Technology, See Tables B-3 and B-4

Cl Molecular Weight 35.45 lb/lbmol, Cl
HCl Molecular Weight 36.45 lb/lbmol, HCl

3520 CAT ENGINE Calculation Factors and Assumptions
2,233 HP
324.0 scf/min, Landfill gas to engine x % methane in landfill gas (max)

Methane Flowrate to Engine (avg) 294.5 scf/min, Landfill gas to engine x % methane in landfill gas (avg)
506 Btu/scf, Engine Specifications, 2003 Flare testing data
589 scf/min, Fuel Consumption Per Engine (Engine Fuel Flow Btu/hp-hr x Engine Hp / 60 min/hr / LHV of fuel Btu/scf)

35,340 scf/hr
Exhaust Gas Flow 4,874 wet scfm, calculated data  See Table B-6 for derivation of this value

NMOC Max Outlet Concentration 20 ppmv NSPS, Subpart WWW
HAP Concentration 90.93 ppm, Average Value From WIAC report dated Jan 2001 x 1.5 Safety Factor (See Table B-4)

 HAP Molecular Weight 96.59 lb/lbmol, weighted average of all HAPs listed in WIAC report dated Jan 2001 (See Table B-4)
NOx EF 0.60 g/bhp-hr, EF from WM database of testing on equivalent engines
CO EF 4.13 g/bhp-hr, EF from WM database of testing on equivalent engines
PM EF 48  lb/10^6 dscf CH4, AP-42, Table 2-4.5, 11/98

HAP CE 94% AP-42, Table 2.4-3, 11/98 (Range of CE for NMOC by an IC engine is 94-99%.  94% was conservatively used for these calculations.
97% % Conversion of Chlorinated compounds in LFG to HCl, AP-42, Table 2.4-3, 11/98.

Engine Horsepower
Methane Flowrate to Engine (Max)

LHV of fuel
Landfill gas to the Engine
Landfill gas to the Engine

Sage Environmental Consulting, LP
May 2011

WM Renewable Energy, L.L.C.
Chambers RB Permit Application



Waste Management - Chambers R Landfill 
Table B-1c

Regulated Pollutant Potential Actual
Increase in 
Emissions Potential Actual

SO2 10.9 3.9 34.2 45.1 38.1
NOx 49.5 19.1 77.62 127.12 96.72
PM 12.2 4.6 20.09 32.29 24.69

PM10 12.2 4.6 20.09 32.29 24.69
PM2.5 12.2 4.6 20.09 32.29 24.69
CO 244.8 104.1 534.32 779.12 638.42

VOC 1.5 1 31.01 32.51 32.01
HAPs 0.14 0 4.12 4.26 4.12

Regulated Pollutant Potential Actual
Increase in 
Emissions Potential Actual

SO2 10.9 3.9 34.2 45.1 38.1
NOx 49.5 19.1 77.62 127.12 96.72
PM 12.2 4.6 20.09 32.29 24.69

PM10 12.2 4.6 20.09 32.29 24.69
PM2.5 12.2 4.6 20.09 32.29 24.69
CO 244.8 104.1 534.32 779.12 638.42

VOC 1.5 1 31.01 32.51 32.01
HAPs 0.14 0 27.55 27.69 27.55

Table 4-1

Table 8-1

Curent Facility After Modification

Note: All Values Listed are Tons per Year (TPY)

Engines Only

Engines and Leachate Concentrator

Curent Facility After Modification

Note: All Values Listed are Tons per Year (TPY)

Sage Environmental Consulting, LP
May 2011

WM Renewable Energy, L.L.C.
Chambers RB Permit Application



Waste Management - Chambers R B Landfill
Concentration of Chlorinated Compounds

Table B-2

Landfill A Landfill C Average Average
Concentration Concentration Concentration Concentration

(ppbv) (ppbv) (ppbv) (ppmv)
1,1,1-Trichloroethane 4.9 ND 4.9 0.005
1,1,2,2-Tetrachloroethane 29.9 ND 29.9 0.030
1,1,2,3,4,4-Hexachloro-1,3 butadiene 1.2 ND 1.2 0.001
1,1,2-Trichloro-1,2,2trifluoroethane (CFC113) 2 39 20.5 0.021
1,1,2-Trichloroethane 7.6 445 226.3 0.226
1,1-Dichloroethane 33.4 423 228.2 0.228
1,1-Dichloroethene 1.7 55 28.35 0.028
1,2,4-Trichlorobenzene 1 ND 1 0.001
1,2-Chloro-,1,2,2Tetrafluoroethane (CFC114) 8 127 67.5 0.068
1,2-Dichlorobenzene 1.9 ND 1.9 0.002
1,2-Dichloroethane 1 37 19 0.019
1,2-Dichloropropane 0.8 ND 0.8 0.001
1,3-Dichlorobenzene 0.5 394 197.25 0.197
1,4-Dichlorobenzene 43.4 328 185.7 0.186
Benzyl Chloride 6.3 ND 6.3 0.006
Bromodichloromethane 2.6 ND 2.6 0.003
Carbon Tetrachloride 0.8 ND 0.8 0.001
Chlorobenzene 195 833 514 0.514
Chloroethane (Ethyl Chloride) 770 30400 15585 15.585
Chloroform 40 744 392 0.392
Chloromethane 12 1263 637.5 0.638
cis-1,2-Dichloroethene 74.1 1640 857.05 0.857
cis-1,3-Dichloropropene 0.2 ND 0.2 0.000
Dibromochloromethane ND 9 9 0.009
Dichlorodifluoromethane (Freon 12) 118 1600 859 0 859

COMPOUND

Dichlorodifluoromethane (Freon 12) 118 1600 859 0.859
Methylene chloride (Dichloromethane) 997 5350 3173.5 3.174
t-1,2-dichloroethene 2.7 42 22.35 0.022
t-1,3-Dichloropropene 0.3 33 16.65 0.017
Tetrachloroethylene (Perchloroethylene) 42.1 1690 866.05 0.866
Trichloroethylene (Trichloroethene) 28 515 271.5 0.272
Trichloromonofluoromethane (CFC11) 51 504 277.5 0.278
Vinyl chloride 97 768 432.5 0.433

Concentration of Chlorinated Compounds 24.936

Concentration of Chlorinated compounds was obtained from the following document 

"Field Test Measurements at Five Municipal Solid Waste Landfills with Landfill GasControl Technology - Final Report" - 
EPA/600/R-07/043 (April 2007)

Landfills A and C had IC engines and therefore values for those two sites were tabulated to calcualte the average 
concentration of chlorinated compounds in LFG.

Sage Environmental Consulting, LP
May 2011 WM Renewable Energy, L.L.C.

Chambers RB Permit Application



Waste Management - Chambers R B Landfill
Calculation of Total Chloride Concentration

Table B-3

Chlorinated Chloride
Compounds Concentration

Concentration  
CHLORINATED COMPOUNDS (ppmv) (ppmv)

1,1,1-Trichloroethane (methyl chloroform) 0.005 3 0.015
1,1,2,2-Tetrachloroethane 0.030 4 0.120
1,1,2,3,4,4-Hexachloro-1,3 butadiene 0.001 6 0.007
1,1,2-Trichloro-1,2,2 trifluoroethane (CFC113) 0.021 3 0.062
1,1,2-Trichloroethane 0.226 3 0.679
1,1-Dichloroethane 0.228 2 0.456
1,1-Dichloroethene 0.028 2 0.057
1,2,4-Trichlorobenzene 0.001 3 0.003
1,2-Chloro-,1,2,2 Tetrafluoroethane (CFC114) 0.068 2 0.135
1,2-Dichlorobenzene 0.002 2 0.004
1,2-Dichloroethane 0.019 2 0.038
1,2-Dichloropropane 0.001 2 0.002
1,3-Dichlorobenzene 0.197 2 0.395
1,4-Dichlorobenzene 0.186 2 0.371
Benzyl Chloride 0.006 1 0.006
Bromodichoromethane 0.003 2 0.005
Carbon tetrachloride 0.001 4 0.003
Chlorobenzene 0.514 1 0.514
Chloroethane (ethyl chloride) 15.585 1 15.585

No. of Moles of Cl- 
from Combustion of 

Compound 

Chloroform 0.392 3 1.176
Chloromethane (Methyl Chloride) 0.638 1 0.638
cis-1,2-Dichloroethene 0.857 2 1.714
cis-1,3-Dichloropropene 0.000 2 0.000
Dibromochloromethane 0.009 1 0.009
Dichlorodifluoromethane (Freon 12) 0.859 2 1.718
Dichloromethane (Methylene Chloride) 3.174 2 6.347
Perchloroethylene (tetrachloroethylene) 0.866 4 3.464
t-1,2-dichloroethene 0.022 2 0.045
t-1,3-Dichloropropene 0.017 2 0.033
Trichloroethylene 0.272 3 0.815
Trichloromonofluoromethane (CFC11) 0.278 3 0.833
Vinyl chloride 0.433 1 0.433

Total Chloride Concentration 35.68
Total, including Safety Factor of 1.5 53.52

Sage Environmental Consulting, LP
May 2011 WM Renewable Energy, L.L.C.

Chambers RB Permit Application



Waste Management - Chambers R B Landfill
HAP Concentrations in Landfill Gas

Table B-4

AP-42 HAP WIAC 1 HAP WIAC 2 HAP Molecular HAP Average Weighted 
Concentration Reference Reference Weight Reference Molecular

Concentration Concentration Concentration Weight

HAP (ppmv) (ppmv) (ppmv) (lb/lb-mol) (ppmv)

(lb of Hap / lb-
mol of Total 

HAPs)
1,1,1-Trichloroethane(methylchloroform) 46 0.48 0.168 0.168 133.40 0.168 0.37

1,1,2,2-Tetrachloroethane 19 1.11 0.07 0.005 167.85 0.0375 0.10
1,1-Dichloroethane(ethylidenedichloride) 45 2.35 0.741 0.741 98.96 0.741 1.21
1,1-Dichloroethene(vinylidenechloride) 45 0.20 0.092 0.092 96.94 0.092 0.15
1,2-Dichloroethane(ethylenedichloride) 47 0.41 0.12 0.12 98.96 0.12 0.20

1,2-Dichloropropane(propylenedichloride) 17 0.18 0.023 0.023 112.99 0.023 0.04
2-Propanol(isopropylalcohol) 3 50.1 7.908 7.908 60.10

Acetone 8 7.01 6.126 7.075 58.08
Acrylonitrile 3 6.33 <0.036 <0.036 53.06

Benzene(Co-Disposal) 3 11.1 10.376 10.376 78.11
Benzene(NoCo-Disposal) 44 1.91 0.972 0.972 78.11 0.972 1.25
Bromodichloromethane 7 3.13 <0.311 <0.264 163.83

Carbondisulfide 31 0.58 0.32 0.221 76.14 0.2705 0.34
Carbontetrachloride 37 0.004 0.007 0.007 153.82 0.007 0.02

Carbonylsulfide 29 0.49 0.183 0.183 60.08 0.183 0.18
Chlorobenzene 46 0.25 0.227 0.227 112.56 0.227 0.42

Chlorodifluoromethane(Freon22) 1 1.3 0.355 0.355 86.47 0.355 0.51
Chloroethane(ethylchloride) 21 1.25 0.239 0.448 64.51 0.3435 0.37

Chloroform 45 0.03 0.021 0.01 119.38 0.0155 0.03
Chloromethane 8 1.21 0.249 0.136 50.49 0.1925 0.16

Dichlorobenzene 34 0.21 1.607 1.448 147.00
Dichlorodifluoromethane(Freon12) 19 15.7 1.751 0.964 120.91

Dichloromethane(MethyleneChloride) 47 14.3 3.395 3.395 84.93 3.395 4.76
Dimethylsulfide 34 7 82 6 809 6 809 62 14Dimethylsulfide 34 7.82 6.809 6.809 62.14

Ethane 1 889 7.943 7.943
Ethanol 4 27.2 118.618 64.425

Ethylmercaptan(Ethanethiol) 36 2.28 1.356 0.226
Ethylbenzene 26 4.61 6.789 6.789 106.17 6.789 11.89

Ethylenedibromide 30 0.001 <0.046 <0.005
Fluorotrichloromethane(Freon11) 25 0.76 0.327 0.327

Hexane 4 6.57 2.324 2.063 86.18 2.1935 3.12
Hydrogensulfide 40 35.5 23.578 23.578

Methylethylketone 8 7.09 10.557 12.694
Methylisobutylketone 7 1.87 0.75 0.75 100.16 0.75 1.24

Methylmercaptan 36 2.49 1.292 1.266
Perchloroethylene(tetrachloroethylene) 48 3.73 1.193 1.193

Propane 1 11.1 14.757 19.858
Toluene(NoCo-Disposal) 43 39.30 25.405 25.405 92.14 25.405 38.61
trans-1,2Dichlorethene 1 2.84 0.051 0.051

Trichloroethylene(trichloroethene) 48 2.82 0.681 0.681 131.39 0.681 1.48
VinylChloride 46 7.34 1.077 1.077 62.50 1.077 1.11

Xylenes 45 12.1 16.582 16.582 106.17 16.582 29.04
Total HAP Concentration 60.62

Total, Including Safety Factor of 1.5 90.93 96.59

Sage Environmental Consulting, LP
May 2011 WM Renewable Energy, L.L.C.

Chambers RB Permit Application



Waste Management - Chambers R B Landfill
Leachate Concentrator Emissions

Table B-5

Description Parameter Value Units Notes:
Liquid flow rate 20,000            gals/day Process Data
Liquid flow rate 161,796          lbs/day 20,000 gal/day * 8.34 lb/gal * 97% evaporation
Water Evaporated 2,401              scfm, wet 161,796 lb/day / (24 hr/day)/(60 min/hr)/(18.015 lb/lb-mol)*(385 ft3/lbmol)

Ammonia 194.00 mg/L Note 1
Ammonia 1.62E-03 lb/gal Note 1

HAPs
1,4-Dichlorobenzene 14                   µg/L Note 1
1,4-Dichlorobenzene 1.17E-07 lb/gal Note 1

Benzene 6                     µg/L Note 1
Benzene 5.26E-08 lb/gal Note 1

Ethylbenzene 42                   µg/L Note 1
Ethylbenzene 3.51E-07 lb/gal Note 1

Toluene 4.3                  µg/L Note 1
Toluene 3.59E-08 lb/gal Note 1

Xylenes, total 43                   µg/L Note 1
Xylenes, total 3.59E-07 lb/gal Note 1
Naphthalene 16                   µg/L Note 1
Naphthalene 1.34E-07 lb/gal Note 1

Chloride 750.00 mg/L Note 1
Chloride 6.24E-03 lb/gal Note 1

Exhaust Gas Flow Rate 4,873.0 scfm, wet Calculated, each engine
Number of Engines 2.5 engines Process Data

Calculated Engine PM10 2.33 lb/hr Calculated, Table B-1b * number of engines
Calculated Engine SO2 3.97 lb/hr Calculated, Table B-1b * number of engines

Calculated Engine VOC 
(including Organic HAP) 3.27 lb/hr Calculated, Table B-1b * number of engines

Calculated Engine CO 50.83 lb/hr Calculated, Table B-1b * number of engines
Calculated Engine NOx 7.38 lb/hr Calculated, Table B-1b * number of engines
Calculated Engine HCl 0.43 lb/hr Calculated, Table B-1b * number of engines

Calculated Engine HAP 
(including HCl) 0.56 lb/hr Calculated, Table B-1b * number of engines

Exhaust from
2.5 engines

Leachate feed to 
concentrator

Sage Environmental Consulting, LP
May 2011 Page 1 of 2

WM Renewable Energy, L.L.C.
Chambers RB Permit Application



Waste Management - Chambers R B Landfill
Leachate Concentrator Emissions

Table B-5

Description Parameter Value Units Notes:
Ammonia 0.049 grains/dscf Note 2
Moisture in Exhaust 18.69 v/v% Note 3
Engine Exhaust 12,182.5 scfm, wet number of engines * 4873 wet scfm
Engine Exhaust 9,905.6 scfm, dry engine exhaust scfm,wet*(1-% moisture in exhaust/100)

Ammonia 4.2 lb/hr 0.049 grains/dscf /(7000 gr/lb)*9905.6 scfm, dry
HAPs

1,4-Dichlorobenzene 9.74E-05 lb/hr lb HAP / gal*20000 gals/day/(24 hr/day)
Benzene 4.38E-05 lb/hr lb HAP / gal*20000 gals/day/(24 hr/day)

Ethylbenzene 2.92E-04 lb/hr lb HAP / gal*20000 gals/day/(24 hr/day)
Toluene 2.99E-05 lb/hr lb HAP / gal*20000 gals/day/(24 hr/day)

Xylenes, total 2.99E-04 lb/hr lb HAP / gal*20000 gals/day/(24 hr/day)
Naphthalene 1.11E-04 lb/hr lb HAP / gal*20000 gals/day/(24 hr/day)
Total VOCs 8.73E-04 lb/hr Sum of six HAPs listed above

HCl 5.35 lb/hr lb Cl / gal* 36.5 lb HCl / 35.5 lb Cl * 20000 gals/day/(24 hr/day)
PM10 2.33 lb/hr See Note 4
SO2 3.97 lb/hr

VOC 3.27 lb/hr Engine VOC + Leachate Concentrator Organic HAPs4

CO 50.83 lb/hr
NOx 7.38 lb/hr
HCl 5.78 lb/hr Engine HCl + Leachate Concentrator HCl

1,4-Dichlorobenzene 9.74E-05 lb/hr
Benzene 4.38E-05 lb/hr

Ethylbenzene 2.92E-04 lb/hr
Toluene 2.99E-05 lb/hr

Xylenes, total 2.99E-04 lb/hr
Naphthalene 1.11E-04 lb/hr

Organic HAPs 0.12 lb/hr
Calculated Engine HAP (including HCl) - Calculated Engine HCl + Leachate 
Concentrator Organic HAPs

Total HAP (including HCl) 5.91 lb/hr

1. Assume 100% of HAPs are emitted through the stack.  Analysis from September 27, 2010 leachate sample.
2. Maximum from Liberty Leachate project, sampled 9/10/2009.  Representative of R&B Landfill engine and leachate emissions.
3. Minimum from Liberty Leachate project, sampled 9/10/2009.  Representative of R&B Landfill engine and leachate emissions.
4. It is assumed that the concentration process adds minimal non-HAP VOC and PM to the exhaust.

Exhaust from 
Leachate 

Concentrator

Exhaust from 
2.5 engines and 

Exhaust from 
Leachate 

Concentrator

Sage Environmental Consulting, LP
May 2011 Page 2 of 2

WM Renewable Energy, L.L.C.
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Waste Mangement - Chambers R  Landfill
Calculation of Wet Exhaust Gas Flows

Table B-6

compound mole frac 
in fuel

destruction 
efficiency

Moles of O2 
per mole of 
compound 
destroyed

moles of 
combustion 
products per 

mole of 
compound 
destroyed

moles of H2O 
per mole of 
compound 
destroyed

moles of 
undestroyed 

compound per 
mole of feed

moles of 
combustion 

products

moles of 
combustion 
product H2O

moles of N2 
per mole of 
compound 
destroyed

Moles of 
exhaust 

gas at 0% 
excess O2 
(wet basis)

Moles of 
Excess Air

Moles of 
Excess O2

Total 
Exhaust 
Gas (wet 

basis)

Mole Frac O2 in 
exhaust Gas 
(cross check)

CH4 50% 1 2 3 2 0 1.5 1 3.7619048 5.261905
NMOC (hexane) 0.0006 1 9.5 13 7 0 0.007735 0.004165 0.0212642 0.028999
S 0.00028 1 1 1 0 0 0.000275 0 0.0010345 0.00131
CO2 0.49913 0 0 0 0 0.49913 0 0 0 0.49913

1 0.49913 1.50801 1.004165 3.7842035 5.791343 2.482004 0.521221 8.273348 0.063
OK

Fraction excess O2 0.063 dry basis dry basis
4.787178 7.269183

4,873 Qexstd and Exhaust Gas Flow ValueWSCFM = 589 DSCFM x 8.27335 = 

Sage Environmental Consulting, LP
May 2011

WM Renewable Energy, L.L.C.
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Waste Management - Chambers R B Landfill
Greenhouse Gas

Summary of Site Wide PTE CO2e Emissions and Sample Calculations
Table B-7

Sources
Unit Rated 
Throughput 

(scfm)

Total Biogenic 
CO2 (Metric 

Tons)

Total 
Anthropogenic  
(Metric Tons 

CO2 eq.)

Total 
Uncollected 
CH4 CO2e 

(Metric Tons)

Total 
Uncollected 
CO2 (Metric 

Tons)

Total PTE 
CO2e (Metric 

Tons)

Total PTE 
CO2e (Short 

Tons)

800 scfm open flare 800                 22,140                      56             22,196             24,467 
2150 scfm open flare 2150                 59,502                    150             59,652             65,754 
2500 scfm open flare 2500                 69,188                    175             69,363             76,459 
Cat 3520 589                 16,301                      41             16,342             18,014 
Cat 3520 589                 16,301                      41             16,342             18,014 
Cat 3520 589                 16,301                      41             16,342             18,014 
Cat 3520 589                 16,301                      41             16,342             18,014 
Cat 3520 589                 16,301                      41             16,342             18,014 
Cat 3520 589                 16,301                      41             16,342             18,014 

Landfill Fugitives             285,230               45,558           330,788           364,628 

Total 8984               248,635                    627             285,230               45,558           580,051           639,390 

Assumptions:
LFG = 50% CH4 and 50% CO2

506 BTU/scf Heating value of LFG
8760 hours/year

21 CH4 Global Warming Potential (TABLE A–1 to Subpart A of Part 98-Global Warming Potentials40 CFR Parts 86, 87, 89 et al.)
310 N2O Global Warming Potential (TABLE A–1 to Subpart A of Part 98-Global Warming Potentials,40 CFR Parts 86, 87, 89 et al.)

44.01 gm/1 mole CO2
0.1023 Conversion from Metric Ton to Short Ton

pressure = 1 atmosphere as published in the Compendium of Methods for the Determination of Inorganic Compounds in Ambient Air 
and the Compendium of Method for the Determination of Toxic Organic Compounds in Ambient Air. 

temperature = 60 degrees Farenheit as cited in 40 CFR Parts 86, 87, 89 et al. Mandatory Reporting of Greenhouse Gases; 
Final Rule

Emission factors:
52.07 kg /MMBTU - CO2 (TABLE C–1 to Subpart C of Part 98 -Default CO2 Emission Factors and High Heat Values for Various Types of Fuel)

3.20E-03 kg/MMBTU-CH4 (TABLE C–2 to Subpart C of Part 98 - Default CH4 and N2O Emission Factors for Various Types of Fuel)
6.30E-04 kg/MMBTU - N2O (TABLE C–2 to Subpart C of Part 98 - Default CH4 and N2O Emission Factors for Various Types of Fuel)

1.000E-06 metric tons = 1 gram 
1000000 scf = 1 mmscf

44.01 g = 1 mol CO2
35.31 scf = 1 m3
1000 L = 1 m3
23.69 L = 1 mol gas

* 23.689 is molar volume of gas at standard pressure of 1 atmosphere at 60 degrees Farenheit

Calculations:

Annual throughput (mmscf) = Unit rated throughput (scfm) X 60 min/hour X 24 hr./day X 365 days/year X 0.000001

Annual Methane and CO2 generation (mmscf) = annual throughput (mmscf) x 0.50 (50 %)

Heat Rate (MMBTU/hr) = Unit rated throughput (scfm) X 60 min/hr. X 506 BTU/scf (heating value of LFG) X 0.000001

Total CO2 = metric tons of CO2 generated by combustion of LFG plus passthrough metric tons of CO2
metric tons of CO2 due to combustion = heat rate (MMBTU/hr) X 8760 hr/year X emission factor CO2 (52.07) x 0.001 

Passthrough metric tons = CO2 generation (mmscf) X 1,000,000 scf/1mmscf X 1 m3/35.31 scf X 1000 L/1 m3 
X 1 mole gas/23.689 L X 44.01 gm/1 mole CO2 X 1.00 E-6 metric tons/ 1gm. 

Total N2O (metric tons CO2 eq.) = heat rate (MMBTU/hr) X 8760 hr/year X emission factor N2O (6.30E-04 kg/MMBTU) x 0.001 X 310 GWP

Total CH4 (metric tons CO2 eq.) = heat rate (MMBTU/hr) X 8760 hr/year X emission factor CH4 (3.20E-03 kg/MMBTU) x 0.001 X 21 GWP

Total metric tons (CO2 and CO2 eq.) = Total CO2 + N2O metric tons CO2 eq. + CH4 metric tons CO2 eq.

Converstion Factors: 

Sage Environmental Consulting, LP
May 2011

WM Renewable Energy, L.L.C.
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Waste Management - Chambers R B Landfill
Greenhouse Gas

Biogenic and Anthropogenic CO2e Emissions
Table B-8

Combustion Source 
Unit Rated 
Throughput 

(scfm)

Annual 
Potential 

Throughput 
(mmscf)

Annual Potential 
Methane 

Generation 
(mmscf)

Annual 
Potential CO2 

Generation 
(mmscf)

800 scfm open flare 800 420 210 210
2150 scfm open flare 2150 1,130 565 565
2500 scfm open flare 2500 1,314 657 657
Cat 3520 589 310 155 155
Cat 3520 589 310 155 155
Cat 3520 589 310 155 155
Cat 3520 589 310 155 155
Cat 3520 589 310 155 155
Cat 3520 589 310 155 155

Total 8984               4,722                  2,361              2,361 

Combustion Source Heat Rate 
(MMBTU/Hr)

Total CO2 
(metric tons)

Total CO2       
(short tons)

N2O (metric 
tons CO2 eq.)

N2O (short 
tons CO2 

eq.)

CH4 (metric 
tons CO2 

eq.) 

CH4 (short 
tons CO2 

eq.)

Total 
Potential 

Emissions 
CO2 eq. 

metric tons 
(CO2+CO2 

eq.)

Total 
Potential 

Emissions 
CO2 eq. 

(short tons) 

800 scfm open flare 24 22,139 24,404 42 46 14 16 22,195 24,466
2150 scfm open flare 65 59,499 65,586 112 123 38 42 59,650 65,752
2500 scfm open flare 76 69,185 76,263 130 143 45 49 69,360 76,455
Cat 3520 18 16,300 17,968 31 34 11 12 16,341 18,013
Cat 3520 18 16,300 17,968 31 34 11 12 16,341 18,013
Cat 3520 18 16,300 17,968 31 34 11 12 16,341 18,013
Cat 3520 18 16,300 17,968 31 34 11 12 16,341 18,013
Cat 3520 18 16,300 17,968 31 34 11 12 16,341 18,013
Cat 3520 18 16,300 17,968 31 34 11 12 16,341 18,013

Total 273 248,625          274,059             467               514             161            177            249,252    274,750      

Combustion Source Heat Rate 
(MMBTU/Hr)

 Combustion 
CO2 (metric 

tons)

Combustion CO2 
(short tons)

Passthrough 
CO2 (metric 

tons)

Passthrough 
CO2 (short 

tons)

Total 
Biogenic 

CO2 (metric 
tons)

Total 
Biogenic 

CO2 (short 
tons)

800 scfm open flare 24.3 11,079 12,212 11,062 12,193 22,140 24,405
2150 scfm open flare 65.3 29,774 32,819 29,728 32,770 59,502 65,589
2500 scfm open flare 75.9 34,621 38,162 34,568 38,104 69,188 76,266
Cat 3520 17.9 8,157 8,991 8,144 8,977 16,301 17,968
Cat 3520 17.9 8,157 8,991 8,144 8,977 16,301 17,968
Cat 3520 17.9 8,157 8,991 8,144 8,977 16,301 17,968
Cat 3520 17.9 8,157 8,991 8,144 8,977 16,301 17,968
Cat 3520 17.9 8,157 8,991 8,144 8,977 16,301 17,968
Cat 3520 17.9 8,157 8,991 8,144 8,977 16,301 17,968

Total 272.8 124,412 137,140 124,223 136,931 248,635 274,071

Unit Type N2O (metric 
tons)

N2O (short 
tons)

CH4 (metric 
tons) 

CH4 (short 
tons)

N2O (metric 
tons CO2 

eq.)

N2O (short 
tons CO2 

eq.)

CH4 (metric 
tons CO2 

eq.)

CH4 (short 
tons CO2 

eq.)

Total 
Anthro-
pogenic 

(short tons 
CO2 eq.)

800 scfm open flare 0.13 0.24 0.68 0.75 42 46 14 16 62
2150 scfm open flare 0.36 0.46 1.83 2.02 112 123 38 42 165
2500 scfm open flare 0.42 0.52 2.13 2.35 130 143 45 49 192
Cat 3520 0.10 0.20 0.50 0.55 31 34 11 12 45
Cat 3520 0.10 0.20 0.50 0.55 31 34 11 12 45
Cat 3520 0.10 0.20 0.50 0.55 31 34 11 12 45
Cat 3520 0.10 0.20 0.50 0.55 31 34 11 12 45
Cat 3520 0.10 0.20 0.50 0.55 31 34 11 12 45
Cat 3520 0.10 0.20 0.50 0.55 31 34 11 12 45

Total 2 2 8 8 467 514 161 177 691

Unit Type Total CO2 eq. 
metric tons

Total CO2 eq. 
short tons

800 scfm open flare 22,196 24,467
2150 scfm open flare 59,652 65,754
2500 scfm open flare 69,363 76,459
Cat 3520 16,342 18,014
Cat 3520 16,342 18,014
Cat 3520 16,342 18,014
Cat 3520 16,342 18,014
Cat 3520 16,342 18,014
Cat 3520 16,342 18,014

Total 249,262 274,762

General Information

Potential Emissions

Potential Biogenic Generation

Potential Anthropogenic Generation

Combined Biogenic and Anthropogenic Totals

Sage Environmental Consulting, LP
May 2011
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Waste Management - Chambers R B Landfill
Greenhouse Gas

Landfill Uncollected Fugitive Emissions
Table B-9

Uncollected Methane Emissions

Amount of CH4 collected during Reporting Period (from D21 on ghg pte tab) 2,361 mmscf
LFG System Collection Efficiency 75%
Amount of Uncollected CH4 787 mmscf
Amount of Uncollected CH4 15,092 metric tons/year 16,635 Short tons per year
CH4 Oxidation Factor 10%
Uncollected CH4 Emitted through cover 708 mmscf
Uncollected CH4 Emitted through cover 13,582 metric tons/year 14,972 Short tons per year

Uncollected CO2 Emissions

Amount of CO2 collected during Reporting Period (from E21 on ghg pte tab) 2,361 mmscf
LFG System Collection Efficiency 75%
Uncollected CO2 Emitted through Cover 787 mmscf
Uncollected CO2 Emitted through Cover 41,408 metric tons/year 45,644 Short tons per year
CH4 oxidized in cover 1,509 metric tons/year 1,664 Short tons per year
CO2 emitted through cover from oxidixed methane 4,150 metric tons/year 4,575 Short tons per year

Uncollected Emissions of CH4 13,582 metric ton/yr 14,972 US tons per year

Total Uncollected Methane Emissions from Landfill 285,230
Metric tons 
CO2 E/year 314,409

Short 
tons per 
year

Uncollected CO2 Emissions emitted through landfill cover 41,408 metric ton/yr 45,644 US tons per year
CO2 emitted through landfill cover from oxidized methane 4,150 metric ton/yr 4,575 US tons per year

Total Uncollected Carbon Dioxide Emissions from Landfill 45,558
Metric tons 
CO2/year 50,218

Short 
tons per 
year

Total Fugitive in CO2e 364,628 short tons per year

285,230 Uncollected CH4 Metric Tons per year
45,558 Total Uncollected CO2 Metric Tons

330,788 Total Landfill Surface CO2e Fugitives per year

Methane Emmissions

Carbon Dioxide Emissions

Sage Environmental Consulting, LP
May 2011

WM Renewable Energy, L.L.C.
Chambers RB Permit Application
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APPENDIX C 
TECHNICAL SPECIFICATION SHEETS 

 
The following attachments are included in this appendix in the following order: 

• G3520C Gas Engine Technical Data 
• Caterpillar Gas Generator Set Data Sheet 
• Leachate Concentrator Technical Data 

 

 









GAS GENERATOR SET            
 

 
 
 

 
Image shown may not reflect actual package 

LOW ENERGY FUEL
CONTINUOUS 
1600 ekW / 2000 kVA
60 HZ   1200 RPM    480 VOLTS

Caterpillar is leading the power generation  
marketplace with Power Solutions engineered
to deliver unmatched flexibility, expandability,
  

  
 

BENEFITS 

EMISSIONS CAT ® G3520C GAS ENGINE
• Meets most worldwide emissions requirements      • Robust high speed diesel block design
  down to .5 g/bhp-hr NOx level without        provides prolonged life and lower owning
  aftertreatment        operating costs

     • Designed for maximum performance on 
FULL RANGE OF ATTACHMENTS        low pressure gaseous fuel supply
• Wide range of bolt-on system expansion      • Simple open chamber combustion system
  attachments, factory designed and tested        for reliability and fuel flexibility
• Flexible packaging options for easy and cost      • Leading edge technology in ignition system
  effective installation        and air/fuel ratio control for lower emission

       and engine efficiency
PROVEN SYSTEM      • One electronic control module handles all 
• Fully protype tested        engine functions: ignition, governing, air/fuel
• Field proven in a wide range of applications        ratio control and engine protection
   worldwide      
• Certified torsional vibration analysis available CAT SR4B GENERATOR

     • Designed to match performance and output
WORLDWIDE PRODUCT SUPPORT        characteristics of Caterpillar gas engines
• Caterpillar® dealers provide extensive post sales      • Industry leading mechanical and electrical 
   support including maintenance and repair        design
   agreement      • High efficiency
• Caterpillar dealers have over 1,600 dealer branch  
   stores operating in 200 countries CAT EMCP II+ CONTROL PANeL
• CAT® S.O.S SM program cost effectively detects      • Simple user friendly interface and navigation
   internal engine component condition, even the      • Digital monitoring, metering and protection setting
   presence of unwanted fluids and combustion      • Fully-featured power metering and protective relaying
   by-products      • UL 508A Listed
      • Remote control and monitor capability options
  
 
 



Continuous 1600 ekW 2000 kVA 60 Hz 1800 RPM 480V            
 
Factory Installed Standard & Optional Equipment 
 

System Standard Optional
Gas Engine Control Fuel/air ratio control;
Module (GECM) Start/stop logic: gas purge cycle, staged shutdown;

Engine Protection System: detonation sensitive timing,
high exhaust temperature shutdown;
Governor: Transient richening and turbo bypass control;
Ignition.    

Air Inlet Two element, single-stage air cleaner with enclosure and Air cleaner with precleaner;  Mounting stand
service indicator

Control Panel EMCP II+ Local alarm module; Remote annuciator;
 Communications Module (PL1000T, PL1000E) 
 Synchronizing module; Engine failure relay

Cooling Engine driven water pumps for jacket water and aftercooler; coolant level drain line with valves, fan with guard;
Jacket water and SCAC thermostats; Inlet/Outlet connections.
ANSI/DN customer flange connections for JW inlet and outlet  
Cat flanges on SCAC circuit  

Exhaust Dry exhaust manifolds, insulated and shielded; Flange; Exhaust expander; Elbow; Flexible fitting;
Center section cooled turbocharger with Cat flanged outlet; Muffler and spark-arresting muffler with companion
Individual exhaust port and turbocharger outlet wired to flanges.
Integrated Temperature Sensing Module (ITSM) with GECM
providing alarms and shutdowns.

Fuel Electronic fuel metering valve; Fuel filter; 
Throttle plate, 24V DC actuator, controlled by GECM; Gas pressure regulator;
Fuel system is sized for 10.8 to 25.6 MJ/NM3 (275 to 650 Gas shutoff valve, 24V, ETR (Energized-To-Run)
Btu/cu ft) dry pipeline natural gas with pressure of 10.0 to 34.5
kPa (1.5 to 5 psi) to the engine fuel control valve. 

Generator SR4B generator, includes: Medium and high voltage generators and attachments; 
Caterpillar's Digital Voltage Regulator (CDVR) with 3-phase Low voltage extension box; Cable access box;
sensing and KVAR/PF control;  Reactive droop; Air filter for generator; Bearing temperature detectors;
Bus bar connections; Winding temperature detectors; Manual voltage control; European bus bar.
Anti-condensation space heater.

Governing Electronic speed governor as part of GECM; Woodward load sharing module
Electronically-controlled 24V DC actuator connected to
throttle shaft.

Ignition Electronic Ignition System controlled by GECM;
Individual cylinder Detonation Sensitive Timing (DST)

Lubrication Lubricating oil; Gear type lube oil pump; Oil filter, filler and dipsOil level regualtor; Prelube pump; 
Integral lube oil cooler; Oil drain valve; Crankcase breather. Positive crankcase ventilation system

Mounting 330 mm structural steel base (for low and medium voltage units);
Spring-type anti-vibration mounts (shipped loose)

Starting / Charging 24V starting motors;  Battery with cables and rack (shipped looCharging alternator; Battery charger;
Battery disconnect switch; Oversized battery; Lacket water heater; 
60A, 24V charging alternator (standard on 60Hz 1800rpm only)

General Paint -- Caterpillar Yellow except rails & radiators; Crankcase explosion relief valve; 
Damper guard. Engine barring group; 
Operation and Maintenance Manuals; Parts Book. EEC D.O.I and other certifications
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  Continuous 1600 ekW 2000 kVA 60 Hz 1800 RPM 480V            
 

SPECIFICATIONS
CAT GAS ENGINE CAT EMCPII+ CONTROL PANAL
G3520C SCAC 4-stroke-cycle watercooled gas engine       • Power by 24 volts DC
Number of Cylinders ------------------------------------------- V20      • NEMA 12, IP44 dust-proof enclosure
Bore --- mm (in) ------------------------------------------------- 170 (6.7)      • Lockable hinged door
Stroke --- mm (in) ----------------------------------------------- 190 (7.5)      • Single-location customer connection
Displacement --- L (cu in) ------------------------------------ 86.3 (5266)      • Auto start/stop control switch
Compression Ratio -------------------------------------------- 11.3:1      • Voltage adjustment potentiomenter
Aspiration ---------------------- Turbocharged Separate Circuit Aftercooled      • True RMS AC metering, 3 phase
Cooling Type ------- Two stage aftercooler, JW + O/C + A/C 1 combined      • Pruge cycle and staged shutdown logic
Fuel System ------------------------------------------------------ Low Pressure      • Digital indication for:
Governor Type -------------------------------------------  Electronic (ADEM ™ II               RPM

              Operating hours
CAT SR4B GENERATOR               Oil pressure
Frame size -------------------------------------------------------- 868               Coolant temperature
Excitation ------------------------------------------------------ Permanent Magnet               DC voltage
Pitch ---------------------------------------------------------------- 0.75               L-L  volts, L-N volts, phase amps, Hz,
Number of poles ------------------------------------------------ 6               ekW, kVA, kVAR, kWhr, %kW, pf
Number of bearings ------------------------------------------- 2               System diagnostic codes
Number of leads ------------------------------------------------ 6       • Shutdown with indicating lights;
Insulation --------------------------------------------------------- Class H               Low oil pressure
IP rating ------------------------------------------------------------ Drip proof IP22               High coolant temperature
Alignment --------------------------------------------------------- Pilot shaft               High oil temperature
Overspeed capability -- % of rated ------------------------- 125%               Overspeed
Waveform deviation line to line, no load ------------------ less than 3.0%               Overcrank
Paralleling kit droop transformer --------------------------- Standard               Emergency stop
Voltage regulator ------------------------------------------------ CDVR               High inlet air temperature (for TA engine only)
Voltage level adjustment ------------------------------------- +/- 5.0%               Detonation sensitive timing (for LE engine only)
Voltage regulation, steady state ---------------------------- +/- 0.5%        • Programmable protective relaying functions:
Voltage regulation with 3% speed change -------------- +/- 0.5%               Under / Over voltage
Telephone Influence Factor (TIF) --------------------------- less than 50               Under / Over frequency
                Overcurrent

              Reverse power
Consult your Caterpillar dealer for available voltage         • Spare indicator LEDs

        • Spare alarm/shutdown inputs 
 
 
 
 

Materials and specifications are subject to change without notice.
The International System of Units (SI) is used in this publication. 
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  Continuous 1600 ekW 2000 kVA 60 Hz 1800 RPM 480V           
 
 

TECHNICAL DATA 
 

G3520C Gas Generator Set DM 5859 DM 5860
   
     Emission level (NOx) mg/Nm3              g/bhp-hr  440                1.0  220              0.5
     Aftercooler SCAC  (Stage 2) Deg C                    Deg F  54                130  54               130
Package Performance (1)  
    Power Rating @ 0.8 pf  (w/ 2 water pumps and w/o fan)     ekW   Continuous 1600 1600
    Power Rating @ 0.8 pf  (w/ 2 water pumps and w/o fan)     kVA   Continuous 2000 2000
    Power Rating @ 1.0 pf  (w/ 2 water pumps and w/o fan)     ekW   Continuous 1613 1613
    Electric Efficiency @ 1.0 pf   (ISO 3046/1)    (2) % 39.7% 38.9%
    Mechanical Power  (w/ 2 water pumps and w/o fan)     bkW                      bhp  1665           2233  1665        2233
Fuel Consumption   (3)  
    100% load w/o fan Nm3/hr                scf/hr 812          30 390 832          31 115
     75% load w/o fan Nm3/hr                scf/hr 639         23 898  647          24 214
     50% load w/o fan Nm3/hr                scf/hr 435          16 236  461            17 247
Altitude Capability   (4)
    At 25 Deg C (77 Deg F) ambient, above sea level  M                          ft 880            2888 420             1378
Cooling System  
   Ambient air temperature Deg C                    Deg F 25                77 25                77
   Jacket water temperature ( Maximum outlet ) Deg C                    Deg F 110               230 110               230
Exhaust System  
    Combustion air inlet flow rate  Nm3/min            SCFM 112            4317 117             4512
    Exhaust stack gas temperature Deg C                    Deg F 488              910 481              898
    Exhaust gas flow rate Nm3/min            CFM 121         12 063   127         12 476
    Exhaust flange size ( internal diameter )  mm                         in 360               14 360                14
Heat Rejection  (5)  
    Heat rejection to jacket water  and oil cooler and AC - Stage kW                   Btu/min 907          51 594 926          52 669
    Heat rejection to AC - Stage 2 kW                   Btu/min 153             8675 156              8895
    Heat rejection to exhaust  (LHV to 350 Deg F) kW                   Btu/min 994          56 564 1011          57 574
    Heat rejection to exhaust  (LHV to 120 Deg C) kW                   Btu/min 1176          66 938 1201         68 360
    Heat rejection to atmosphere from engine kW                   Btu/min 127                7210 127               7210
    Heat rejection to atmosphere from generator kW                   Btu/min 66.7             3797 66.7            3797
Generator  
    Frame  868 868
   Temperature rise Deg C                    Deg F 105         221 105         221
    Motor starting capability @ 30% voltage dip (6) skVA 4079 4079
Lubrication System  
    Standard sump refill with filter change L                         gal 541           143 541               143
Emissions  (7)
    NOx @ 5% O2 (dry) mg/Nm3           g/bhp-hr 440              1.0 220               0.5
    CO @ 5% O2 (dry) mg/Nm3           g/bhp-hr 1100             2.5 1100              2.5
    THC @ 5% O2 (dry) mg/Nm3           g/bhp-hr 2522           5.56 2601             5.84
    NMHC @ 5% O2 (dry) mg/Nm3           g/bhp-hr 379            0.84 391               0.88
    Exhaust  O2  (dry)  % 8.7 9
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      Continuous 1600 ekW 2000 kVA 60 Hz 1800 RPM 480V     
 
 
DEFINITIONS AND CONDITIONS

(1) Continuous --- Maximum output available for an unlimited time

      Ratings are based on pipeline natural gas having a Low Heat Value
      (LHV) of 18 MJ/NM3 (456 Btu/ft3) and 120 Caterpillar Methane Number. 
      For values in excess of altitude, ambient temperature, inlet/exhaust restriction, 
      or different from the conditions listed, contact your local Caterpillar dealer. 

(2) Efficiency of standard generator is used. For higher efficiency generators, contact 
      your local Caterpillar dealer. 

(3) Ratings and fuel consumption are based on ISO3046/1 standard reference conditions of 
     25 deg C (77 deg F) of ambient temperature and 100 kPa (29.61 in Hg) of total barometic 
     pressure, 30% relative humidity with 0, +5% fuel tolerance. 

(4) Altitude capability is based on 2.5 kPa air filter and 5.0 kPa exhaust stack restrictions. 

(5) Heat Rejection --- Values based on nominal data with fuel tolerence of +/-2.5% and 
     2.5 kPa inlet and 5.0 kPa exhaust restrictions. 

(6) Assume synchronous driver

(7) Emissions data measurements are consistent with those described in EPA CFR
     40 Part 89 Subpart D & E and ISO8178-1 for measuring HC, CO, PM, NOx. Data shown
     is based on steady state engine operating conditions of 25 deg C (77 deg F), 96.28 kPa
     (28.43 in Hg) and fuel having a LHV of 35.6 MJ/NM3 (905 Btu/cu ft) and 80 Caterpillar 
     Methane Number at 101.60 kPa (30.00 in Hg) absolute and 0 deg C (32 deg F). 
     Emission darta shown is subject to instrumentation, measurement, facility, and engine
     fuel system adjustment. 
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Continuous 1600 ekW 2000 kVA 60 Hz 1800 RPM 480V     
 
 
 
DIMENSIONS

Package Dimensions
Length    6367.1 mm         250.67 in     Note:  Do not use for installation design.
Width          1996.5 mm 78.60 in                   See general dimension drawings
Height    2465.1 mm 97.05 in                   for detail  ( Drawing #  267-7367 ).
Est. Shipping Weight 18 350 kg 40 455 lb

Performance Number: DM5859, DM5860
Feature Code: 520GE38
Generator Argt: 158-6422
Source US Sourced

29-Jan-09
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BACKGROUND 

In 2005, the management team of Heartland Technology Partners, LLC (Heartland) saw opportunity and 
began development of an evaporative process for treatment of produced water at the gas field that would 
overcome shortcomings of existing processes.  Options available to gas producers were judged to fit one 
or more of the following categories: 

• Complicated and not readily adaptable to broad ranges and changes in feed characteristics 

• Expensive to purchase and operate 

• Require highly skilled labor and technical support to keep on line 

• Unreliable as manifest by on-going needs for frequent cleaning and other maintenance 

• Generally fixed-base units that are difficult to setup in gas fields and to relocate   

LM-HTTM Produced Water Concentrators are now available as a leased service throughout the Marcellus 
Shale natural gas field.  The compact mobile systems are quickly setup in the gas field to continuously 
and reliably reduce produced water to solids that are captured and transported to local landfills.  Clean 
water vapor from the process can be exhausted to atmosphere or condensed for reuse. Leases include 
turnkey setup, O&M, and solids disposal by an experienced team of professionals that includes Heartland, 
RN Industries (RNI) and Waste Management.     

FEATURES OF HEARTLAND’S LM-HTTM CONCENTRATOR TECHNOLOGY 

• Zero liquid discharge reduces liability 

• Significant reduction in transportation costs and local visibility 

• Secure management of sequestered solids within permitted landfills 

• Fleet of mobile treatment systems and intermodal conainers for solids collection and transport are 
delivered, installed, operated and maintained by RNI 

• RNI can transport solids to nearby landfills owned and 
operated by Waste Management throughout the Marcellus 
Shale natural gas field 

• Flex-EnergyTM 1

• Proven technology based on sound scientific principles that 
is highly insensitive to broad changes in the composition 
and mass percentages of contaminants in feed streams 

 technology allows operation on well head 
gas or most any waste heat source, or combinations of 
waste heat sources,  including stack gas from compressor 
plant engines 

                                                           
1 Flex-Energy is a trademark and service mark of Heartland Technology Partners, LLC 



 
 

 

Page 2 of 6 

 

• Waste heat is seamlessly transferred from sources such 
as flare or engine stacks within Heartland’s proprietary 
Waste Heat Transfer Systems2

• Light-weight compact design within a reliable leased 
system that is easy to setup, operate and maintain 
without interfering with on-site gas field operations 

 without interfering in any 
way with operation of the source 

• Modular units are mounted to portable skids that can be 
transported by either roll-off or flatbed trucks – fast and 
easy mobilization and de-mobilization  

• Operates on the principle of direct-heat transfer without need for 
any troublesome heat exchangers or add-on crystallizer process 

• No moving parts within  process equipment and requires only a 
single pump and fan to drive the evaporation process 

• Rugged and reliable capital equipment designed for 20+ years of 
service with components that are highly resistant to corrosive  and 
erosive effects 

• LM-HTTM Concentrators may be readily converted from one or 
more waste heat sources  and or fuels that can include low-quality 
natural gas  such as initial production and recovered hydrocarbons  

• Easy and fast access to internal components including fast-opening 
cam latches on light weight hinged doors 

 

                                                           
2 Heartland’s Waste Heat Transfer Systems and GenExTM systems are manufactured under one or more U.S. and 

foreign patents and/or patent applications that are the property of Heartland Technology Partners, LLC 
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PROVEN PERFORMANCE 

Liberty Landfill Demonstration Project 

From the first week of July through mid-October 2009, a nominal 500 barrel per day (bbl/day) capacity 
LM-HTTM Produced Water Concentrator was run on each of: 1) produced water from a North-Central 
Marcellus Shale natural gas well in Pennsylvania; and 2) landfill leachate.  Performance was 
demonstrated using waste heat from a conventional enclosed landfill gas flare, and also on waste heat 
from the stack of an engine within a landfill gas fueled power plant.  This highly successful project was 
conducted at Waste Management of Indiana’s Liberty Landfill in Buffalo, IN. 

The Liberty Landfill demonstration program confirmed the tremendous advantages of LM-HTTM 

Concentrators over conventional evaporative processes.  The compact low momentum and high 
turbulence features yield outstanding performance while operating continuously over a wide range of feed 
characteristics yielding zero liquid discharge. 

Operation on Waste Heat from Landfill Gas Power Plant 

When connected to the stack of a Caterpillar G3516 LE engine within Wabash Valley Power 
Cooperative’s power plant at Liberty Landfill, 123 bbl/day evaporative capacity per 1,100 HP power 
input to a generator was confirmed.  Thus, a natural gas compressor station in this configuration (4,400 
HP) could be used as the principal energy source for a 400 bbl/day evaporative capacity produced water 
concentration system.  If the produced water feed were at 200,000 ppm TDS, a 400 bbl/day day 
evaporative capacity concentrator would treat approximately 500 bbl per day of feed at zero liquid 
discharge.  Where turbines are employed, throughput will be significantly greater per unit of horsepower. 

Portable Modular “Plug and Play” Process Systems 

Relocation activities in which the demonstration concentrator was moved from Heartland’s flare location 
to the power plant and back to the flare are noteworthy in terms of confirming portable features of the 
design including ease of installation and startup.  For instance, from shutdown at the power plant it took 
only 5 ½ hours to disconnect, load, transport, unload, reinstall and restart the concentrator at the flare 
location. 

Compact design, ease of mobilization and ability to reduce produced water to solids without need for 
complicated add-on crystallizer technology add up to a system that is ideal for deployment in the 
Marcellus natural gas field.  Heartland’s leased technology combined with RNI’s O&M and 
transportation expertise and Waste Management’s world-class disposal services provides cradle-to-grave 
produced water management that allows well field operators to concentrate on their core business.  Our 
technical and teaming approaches reduce both truck traffic and liability, key factors that can have positive 
impacts on community relations.      
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Treatment of Produced Water from N-Central PA Marcellus Shale Gas Fields 

The performance of the process on produced water feed at 26% total solids (260,000 ppm 
TDS) clearly punctuates the attributes of Heartland’s simple, reliable and effective process.  
For example, consider that this feed stream was continually concentrated to 60+% total solids 
(per jar picture).  In contrast, there are no known conventional evaporative processes that 
could operate continuously in the range of 26 to 60% solids.  Indeed, in this instance the feed 
concentration would be close to the limits for conventional evaporative processes, which, if 
they could be applied at all, would require the addition of other unit operations such as a 
crystallizer operating in series with the evaporator to attain 60+% total solids. 

 In summary, the demonstration program at Liberty Landfill confirmed that all performance criteria that 
were established as goals Heartland’s development program were met or exceeded.  Likewise, the 
components selected for use in the simple, reliable and cost-effective design operated flawlessly. 

COMMERCIALIZATION OF LM-HTTM CONCENTRATOR TECHNOLOGY 

In a strong and exciting thrust into produced water markets, Heartland will be installing a 500 bbl/day 
concentrator at RN Industries’ (RNI’s) Disposal Facility for produced water management in Bluebell, 
Utah.  With this permit in place, a concentrator will be installed and immediately put into service this 
spring treating produced water from many of America’s largest energy companies, which are also 
operating in the Marcellus Shale. The concentrator will be used to demonstrate Heartland’s technologies 
for: 1) recovering clean water for reuse in gas field operations; and 2) obtaining data for operating mono-
fill landfills dedicated to disposal of solid residuals produced in the LM-HTTM Concentration Process.  
Interested parties will be most welcome to visit the Bluebell Disposal Facility; just contact Heartland to 
make arrangements for a visit. 

Parallel with development of the system at RNI’s facility in Utah, Heartland is commissioning design and 
construction of a mobile fleet of 500 to a 1,000 bbl/day units for operation in the north- and south-central 
Pennsylvania regions of the Marcellus Shale.  This mobile fleet will be built to a total capacity of 30,000 
bbl/day during the next two years and will demonstrate the features of the Bluebell Disposal Facility 
project and other allied companies’ technology for sequestering and/or recovering potentially hazardous 
metals in potentially salable products. 

Development of this fleet is being performed in concert with Waste Management of Pennsylvania, Inc 
who will dispose of solids at landfills they own and operate throughout the Marcellus Shale region.  
Receipt of a mono-fill permit for the Phoenix Resources Landfill in Tioga County Pennsylvania to receive 
solids generated by treatment of produced water in Heartland’s zero liquid discharge processes is 
expected this summer.  Further, Heartland and Waste Management will develop additional mobile gas 
field and fix-based regional projects throughout the Marcellus Shale region to serve the natural gas 
industry.  Fixed-base systems can be located at well fields, landfills and compressor stations.  Heat energy 
for these systems can be any available combination of natural gas, waste heat from natural gas 
compressor plants and/or renewable fuels such as landfill gas and wood waste.      
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Heartland is proud of the outstanding performance of our proprietary concentrator systems when 
managing extremely high total solids concentrations in produced water feed streams.  Our team also 
recognizes that developers and operators of natural gas facilities require other solid waste disposal 
services and that Waste Management has the resources to meet these needs.  These resources include 
existing landfills and/or additional mono-fill landfills to be dedicated to disposal of solids generated in 
Heartland’s concentration systems and the natural gas industry in general. 

PERMITTING STRATEGY FOR PENNSYLVANIA GAS FIELD UNITS 

Permitting a Heartland flowback and produced water concentrator at a gas well production site (well pad) 
has several advantages with respect to permitting and monitoring.  The modular process system has a 
small footprint and can be installed at an existing well pad without any required expansion or restriction 
to existing operations.  In addition, the skid-mounted units require minimal secondary containment 
volume with no liquid discharge.  Therefore, it can fall under the existing construction storm water 
permits for the production site. 

The unit does not fall under residual waste treatment and disposal regulations due to its location at the gas 
well production site.  Disposal of the solid concentrate will occur at a licensed land disposal facility which 
will only require that the solids be transported and disposed in accordance with applicable laws and 
regulations. 

Further, there is an existing exemption from air permitting at oil & gas exploration, production, 
processing or treatment facilities.  The unit’s air discharge is primarily water vapor and is comprised of 
the combustion source gas and the makeup of the wastewater.  Most flowback and produced water will be 
able to be processed without pretreatment and still remain below air permitting thresholds.  However, the 
makeup of some flowback and produced water may require limited pretreatment which can be handled 
with add-on pretreatment modules.  A Request for Determination (RFD) will likely be required.  It is 
expected that the permitting process at the gas well production site will take 30 days.  

A Heartland Build, Owned and Operated Facility  

Heartland is developing a fleet of leased mobile concentrators with a leasing company for use throughout 
the Marcellus Shale play that will be managed by Heartland and provided turnkey to the operators. 
Mobile concentrators can be custom designed and installed at a well field pad for temporary operations 
under the operators existing oil and gas permits or installed permanently in a central location of the 
operator’s leases. 
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TYPICAL LM-HTTM CONCENTRATOR SETUP AT A WELL PAD 

 

 

CONTACT INFORMATION 

 

“As always, your interest in our technology and services is greatly appreciated” 

For additional information, please contact 

 

Bernie Duesel, Director of Technology Development 
 201-965-2303 

bduesel@heartland-companies.com 

Or 

Craig Clerkin, Director of Engineering 
608-516-7012 

cclerkin@heartland-companies.com 

mailto:bduesel@heartland-companies.com�
mailto:cclerkin@heartland-companies.com�
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The following attachments are included in this appendix in the following order: 

• Waste Industry Air Coalition Comparison of Recent Landfill Gas Analyses with Historic 
AP-42 Values (Jan 2001), 

• Field Test Measurements at Five Municipal Solid Waste Landfills with Landfill Gas 
Control Technology - Final Report - EPA/600/R-07/043 (April 2007), and 

• Statement of Work - U.S. EPA cooperative research and development agreement 
(CRADA) with the Environmental Research and Education Foundation (EREF). 
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Foreword 
The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the Nation's 
land, air, and water resources. Under a mandate of national environmental laws, the Agency strives 
to formulate and implement actions leading to a compatible balance between human activities and 
the ability of natural systems to support and nurture life. To meet this mandate, EPA's research 
program is providing data and technical support for solving environmental problems today and 
building a science knowledge base necessary to manage our ecological resources wisely, understand 
how pollutants affect our health, and prevent or reduce environmental risks in the future. 

The National Risk Management Research Laboratory (NRMRL) is the Agency's center for 
investigation of technological and management approaches for preventing and reducing risks from 
pollution that threaten human health and the environment. The focus of the Laboratory's research 
program is on methods and their cost-effectiveness for prevention and control of pollution to air, land, 
water, and subsurface resources; protection of water quality in public water systems; remediation of 
contaminated sites, sediments and ground water; prevention and control of indoor air pollution; and 
restoration of ecosystems. NRMRL collaborates with both public and private sector partners to foster 
technologies that reduce the cost of compliance and to anticipate emerging problems. NRMRL's 
research provides solutions to environmental problems by: developing and promoting technologies 
that protect and improve the environment; advancing scientific and engineering information to support 
regulatory and policy decisions; and providing the technical support and information transfer to 
ensure implementation of environmental regulations and strategies at the national, state, and 
community levels. 

This publication has been produced as part of the Laboratory's strategic long-term research plan. It is 
published and made available by EPA's Office of Research and Development to assist the user 
community and to link researchers with their clients. 

Sally Gutierrez, Director 
National Risk Management Research Laboratory 
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Notice 

The U.S. Environmental Protection Agency through its Office of Research and Development funded and 
managed in the research described here under Contract No. EP-C-04-023 to Arcadis G&M, Inc. It has been 
subjected to the Agency`s review and has been approved for publication as an EPA document. 
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Final Report 
Field Test Measurements 
at Five MSW Landfills with 
Landfill Gas Control 
Technology 

1. Introduction 

The purpose of this field test program is to generate data that may be used to update 
EPA’s factors for quantifying landfill gas emissions from municipal solid waste (MSW) 
landfills.  Because of health and environmental concerns, EPA issued in 1996 New 
Source Performance Standards (NSPS) and Emission Guidelines (EGs) for new and 
existing MSW landfills.  These regulations are contained in 40 CFR Parts 51, 52, and 
60, Standards of Performance for New Stationary Sources and Guidelines for Control 
of Existing Sources: Municipal Solid Waste Landfills (U.S. EPA, 1996, 1991a, 1991b, 
1991c). These regulations require that large landfills collect and control landfill gas 
emissions. 

Landfills are listed as a source for residual risk evaluation as part of EPA’s Urban Air 
Toxic Strategy.  Landfills are also subject to New Source Review under Title V of the 
Clean Air Act.  The data being used for issuing air permits, developing estimates for 
emission inventories and environmental or risk assessments, are obtained from EPA’s 
emission factors found in Chapter 2.4 of AP-42 (U.S. EPA, 1997).  Factors for 
evaluating uncontrolled emissions and also combustion by-products are included in 
AP-42. 

Much of the data used in developing the existing set of landfill gas emission factors in 
AP-42 were collected in support of the NSPS and EGs.  Therefore much of this data is 
at least a decade old.  Changes to the design and operation of MSW landfills have 
occurred that are suspected to influence MSW landfill air emissions.  In addition, 
improvements in quality assurance (QA) and EPA test methods have occurred that 
enable better detection limits and higher quality data. 

Through a Cooperative Research and Development Agreement (CRADA 01/02 CR1 
26CFX81 80401F), the U.S. Environmental Protection Agency (EPA) formed a 
partnership with the Environmental Research and Education Foundation (EREF) to 
collect comprehensive and up-to-date data at U.S. MSW landfills. Field testing was 
conducted in two phases. The first phase helped finalize sampling and analytical 
methods used for the raw landfill gas and combustion by-product emissions. The 
second phase implemented the agreed upon methods using Category II QA project 
plan that included on-site auditing of field tests. The field testing began in November 
2002 and was completed in June 2005. EPA’s Office of Research and Development 
(ORD) worked in cooperation with industry partners and EPA’s Office of Air Quality 
Planning and Standards (OAQPS) in establishing scope, field sampling and analytical 
protocols, and site selection. The field testing was conducted by ARCADIS G&M, Inc. 
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(ARCADIS), as contractor to the EPA National Risk Management Research laboratory 
(NRMRL) Air Pollution Prevention and Control Division (APPCD), under several work 
assignments as part of the Onsite Laboratory Support Contracts (68-C-99-201 and EP
C-04-023). 

Testing has been conducted in parallel to this field test program and is providing data 
that evaluates potential fugitive emissions from landfills.  Data has also been collected 
to help quantify the emission differences between sites with and without leachate 
recirculation (EPA-600/R-05/072).  In addition, guidance has been developed for 
evaluating the air pathway from older landfills (EPA-600/R-05/123a).  The data from 
this effort, field studies, and data collected from industry and state and local regulatory 
agencies will be used in updating AP-42.  Once updated factors are available, EPA’s 
Landfill Gas Emission Model (LandGEM) will be updated to reflect the newer 
information (EPA-600/R-05/047).  The revised emission factors for estimating 
uncontrolled emissions and combustion by-products will be provided in a new release 
of AP-42 including an updated background information document.   

The site selection criteria for identifying potential sites for this study included:  (1) no 
enforcement actions associated with the site; (2) the site must be in compliance with 
applicable EPA regulations (Clean Air Act and Resource Conservation Recovery Act); 
(3) the site must have state-of-the-art combustion technology in place for landfill gas 
control; and (4) the combustion technology must be representative of what is typical at 
U.S. landfills.  Because of the potential benefit from utilization of landfill methane, EPA 
promotes landfill gas-to-energy projects through its Landfill Methane Outreach 
Program (LMOP). (www.epa.gov/lmop)   Updated statistics from LMOP indicate that 
there are more than 400 landfill gas-to-energy projects in the U.S. (U.S. EPA, 2007). 
There is also information providing distribution of energy recovery projects in the U.S. 
(Thorneloe et al., 2000) This information was used in selecting the type and number of 
combustion technologies to include in this study.  Ideally it would be nice to include a 
wider range of technologies but available funding limited the number to five facilities.  
The technologies that were included in this evaluation were two enclosed flares, two 
internal combustion (IC) engines, and one direct gas-fed boiler. 

Sites that use leachate recirculation to accelerate waste decomposition were excluded 
as potential candidate sites. It may be important in future studies to explore how 
leachate recirculation may affect landfill gas emissions.  However, this study did not 
include sites that use leachate recirculation or other liquid additions to accelerate waste 
decomposition.   
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Final Report 
Field Test Measurements 
at Five MSW Landfills with 
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1.1 Objective/Purpose and Intended Use of Project Results 

The objective of this project was to collect and provide current data from U.S. MSW 
landfills with state-of-the-art control technology used for reducing landfill gas (LFG) 
emissions. Comprehensive testing was conducted of the raw landfill gas and the 
combustion outlet exhaust. The data will be used to help develop emission factors for 
use in updating EPA’s AP-42 for estimating uncontrolled emissions from MSW landfills 
and combustion by-product emissions. Pollutants of concern include methane (CH4), 
volatile organic compounds (VOCs), persistent bioaccumulative toxics (PBTs) such as 
mercury (Hg), and hazardous air pollutants (HAPs) such as benzene, vinyl chloride, 
and methyl ethyl ketone. The data will also be used to supplement AP-42 and to 
provide QA to data previously supplied by industry and others as part of the AP-42 
update. 

1.2 Scope of Project 

The first phase of the project included two sites in the Northeast (Landfills A and B). 
Input for Phase I was obtained from EREF and EPA’s Office of Air Quality Planning 
and Standards to identify appropriate sampling and analytical protocols and QA.   Input 
was also obtained to identify pollutants of concern for the raw landfill gas (collected 
from the header pipe but upstream of gas pretreatment or condensate knockout) and 
combustion by-product emissions.  Prior to initiating Phase 2, a review was conducted 
to determine changes needed to sampling and analytical protocol and QA. These 
changes in sampling, analytical protocol and QA are listed in section 3.5.  The second 
phase included three sites located in the mid-west (Landfills C, D and E). Phase 1 
testing took place from November 1 through November 5, 2002. Phase 2 testing took 
place from May 12 to May 16, 2004 for Landfills C and D, and from June 22 to June 
23, 2005 at Landfill E. 

The pollutants of interest for the raw (untreated) landfill gas included VOCs, non-
methane organic compounds (NMOCs), polycyclic aromatic hydrocarbons (PAHs), 
polychlorinated biphenyls (PCBs), hydrogen sulfide (H2S), carbonyls (acetaldehyde, 
formaldehyde), and Hg (total, elemental, and organo). 

The pollutants of interest for combustion outlet exhaust included carbon monoxide 
(CO), nitrogen oxides (NOX), sulfur dioxide (SO2), NMOCs as total hydrocarbons 
(THCs), hydrogen chloride (HCl), total Hg, polychlorinated dibenzodioxins (PCDDs), 
polychlorinated dibenzofurans (PCDFs), polycyclic aromatics hydrocarbons (PAHs), 
and toxic heavy metals. 
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1.3 QA Considerations 

This test program was conducted to meet Category II QA requirements. A generic QA 
program plan (QAPP) was prepared for the field test project. In addition, a site-specific 
QAPP was prepared for each field test. 

This project set out to produce data that qualified to receive the "A" rating with respect 
to the rating system described in Section 4.4.2 of the Procedures for Preparing 
Emission Factor Documents (EPA-454/R-95-015). The cited EPA document provides a 
clear description of the requirements for an "A" data quality rating: 

"Tests are performed by using an EPA reference test method, or when not 
applicable, a sound methodology. Tests are reported in enough detail for adequate 
validation and raw data are provided that can be used to duplicate the emission 
results presented in the report." 

The Data Quality Objectives (DQOs) were specified in the Generic and Site-Specific 
QAPPs. The extent to which this program achieved the DQOs was reported in detail in 
each of the landfill test reports.  Overall the DQOs were met except for a few limited 
cases such as dimethyl mercury for landfills A and B.  In addition there were issues 
with PAH analysis which is discussed in more detail in this report.  The issues that 
were identified in Phase 1 were addressed in Phase 2 so that the DQOs were met as 
explained in the individual reports.  The list of changes made between Phases 1 and 2 
is provided in Section 3.5 of this report.   

As part of the QA process, an EPA QA representative conducted a Technical Systems 
Audit (TSA) of the sampling operations during the Landfill C tests. The Audit Report 
indicated that the sampling operations were in compliance with standard operating 
procedures (SOPs) and methods. 

The following two sections discuss the two groups of measurements that did not 
produce the results as planned. All other measurements were conducted and produced 
results as originally planned. 

1.3.1 PCDD/PCDF/PCB/PAH Measurements 

Method 23 was used to evaluate the concentrations of PAHs and PCBs in the raw LFG 
for the two sites included in Phase 1 (Landfills A and B). 
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In order to achieve the desired low detection limits typically required of these target 
analytes, the samples had to be greatly concentrated. The process of concentrating 
the sample extracts produced recovery extracts that were extremely concentrated in 
some other (not PAHs or PCBs) organic constituents. Those concentrations were 
sufficiently high to cause instrumental interferences and prevented the extracts from 
being analyzed to give the required low detection limits of the PAHs and PCBs target 
analytes. Injection of these organic-rich extracts would have over-ranged and 
corrupted the analytical instruments, necessitating major instrument repair and 
cleaning. 

In fact, commercial laboratories even declined to attempt to analyze these extracts. 
The alternative of not concentrating the samples to avoid instrument over-ranging is 
possible but would produce PAHs and PCBs method detection limits so high as to 
render the measurements not meaningful. Therefore, during subsequent tests for 
Landfills C, D and E, these samples were not included in the target list. However, 
PAHs were analyzed in the combustion outlet exhaust. 

1.3.2 Mercury Measurements 

Landfills have been found to contain organo-mercury (Lindberg et al, 2005). Because 
the available organo-mercury measurement and analysis methods are not established 
EPA standard test methods, questions were raised about their application to landfill 
gas given the range of constituents of potential interferences. Phase 1 conducted a 
review of the protocol of these organo-mercury analysis methods and included QA 
checks to help in the evaluation of the methods. For both Phase 1 sites (Landfills A and 
B), unsatisfactory spike recoveries were obtained. ARCADIS in working with Frontier 
Geosciences, the subcontractor laboratory, determined that reducing the sample 
volume could result in more satisfactory spike recoveries. To help in improving 
information on the precision of the protocol for organo-mercury, a second analytical 
laboratory was contracted to compare results for one of the five landfills (i.e., Landfill 
E). These results were reported in the Landfill E report.  

During the course of the test program, after Phase 1 (Landfills A and B) was 
completed, a review of mercury sampling and analysis was conducted including an 
audit of Frontier Geosciences laboratory’s mercury analysis operations. This resulted in 
improving the procedures that were used in Phase 2.   The conclusion is that organo
mercury sampling and analysis can provide useful results and that refinements in the 
protocols will improve the methods’ applicability, accuracy, and precision.  
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Lindberg et al, 2005 reported mercury measurement results from a total of nine 
landfills. The methodology for sampling and analysis of total, di-methyl, and mono-
methyl used in these tests were very similar to the methodologies used at the five 
landfills included in this report, although sample volumes were slightly different.  The 
range of total mercury in the Lindbergh report is from 10 to 11,500 ng/m3 while the 
range of total mercury in this report is from 158 to 1330 ng/m3. Overall the 
concentration of total Hg in the Lindbergh paper is much higher (as much as an order 
of magnitude in some cases) than the total mercury concentrations included in this 
report. The range of dimethyl mercury in the Lindbergh paper is from 4.5 to 99.8 ng/m3 

while the range of dimethyl mercury in this report is from 6.5 to 77 ng/m3. Overall the 
concentrations of dimethyl mercury reported in this report and the Lindberg paper are 
similar.  The range of monomethyl mercury in the Lindbergh paper is from ND to 39 
ng/m3 while the range of monomethyl mercury in this report is from ND to 8.2 ng/m3 . 
Overall the concentration of monomethyl mercury in the Lindbergh paper is higher than 
the monomethyl mercury concentrations included in this report.  

Prestbo et al. (2003) determined total and dimethyl mercury concentrations in raw LFG 
and found that dimethyl mercury comprised from 1 to 60 percent of the total mercury in 
the LFG. Vasuki et al. (2003) measured total and dimethyl mercury concentrations in 
Delaware LFGD and found that dimethyl mercury comprised about 8 percent of the 
total LFG mercury.  The percent mercury of the Vasuki et al (2003) paper is very 
comparable with the data reported here for the five landfills tested, however, the 
percent dimethyl mercury reported by Prestbo et al. (2003) appears to be very high by 
as much as an order of magnitude.  The discrepancy in the percent of dimethyl 
mercury in LFG will be addressed in a follow-on study. 

During the course of the test program, after Phase 1 (Landfills A and B) was 
completed, ARCADIS’ QA staff conducted an in-depth review of the mercury 
measurement methodologies by conducting an audit of Frontier Geosciences 
laboratory’s mercury analysis operations. The results of that audit were included as a 
part of the Phase 2 (Landfills C and D) test reports. The findings were that the mercury 
measurement methods were capable of producing useable results, while the methods 
were undergoing continuing refinements. Progress has been made steadily to improve 
the methods’ applicability, accuracy, and precision.  
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2.  Landfill Descriptions 

The five landfills included in this evaluation were MSW landfills with gas collection and 
control technology. Two are located in the northeast and three were located in the mid-
west. All five are still operational (i.e., accepting waste). Characteristics of these 
landfills are listed in Table 2-1. 

Table 2-1. General Description of Tested Landfills

 Landfill A Landfill B Landfill C Landfill D Landfill E 

Year that Waste 
Acceptance Began 1972 1967 1992 1991 1971 

Area/Waste Footprint  
(acres) 56 40 63 31 240 

Amount of waste 2,700,000 4,000,000 6,400,000 2,350,000 14,500,000 
(tons) in 2003 in 2003 in 2004 in 2004 in 2005 

Amount of waste 
(cubic yards) --- --- 1,580,000 

in 2003 421,639 --- 

Facility estimated LFG 
extraction rate 
(standard cubic fee per 
minute) a 

1700 1500 600 400 4800 

Combustion Control 
Technology 

Internal 
Combustion 

Engine 
Flare 

Internal 
Combustion 

Engine 
Flare Boiler 

Field Test Dates 11/1/2002 to 
11/2/2002 

11/4/2002 to 
11/5/2002 

5/12/2004 to 
5/13/2004 

5/15/2004 to 
5/16/2004 

6/22/2005 to 
6/23/2005 

a Extraction rate is what was collected, NOT production rate, and it is estimated 

2.1 Characteristics of Landfills Selected for Field Tests 

2.1.1 Landfill A 

Landfill A is located in the Northeast and it began operation in 1972. Available 
information provided by the landfill site operator indicated that the site had 2,700,000 
tons of waste in place in 2003, over an area of 56 acres. The landfill used 3,375 feet of 
horizontal collectors to collect the LFG. As of 2002, 29 vertical wells were in place to 
extract landfill gas. The collected gas was piped to two reciprocating internal 
combustion (RIC) engines. Any excess gas was flared. At this site, one of the two RIC 
engines was selected for field testing. The engine tested was selected arbitrarily. 
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2.1.2 Landfill B 

Landfill B was located in the Northeast and began operation in 1967. Based on 
information provided by the facility operator, the site had 4,000,000 tons of waste in 
place, over an area of 40 acres in 2003. Approximately 2,500 feet of horizontal 
collectors were used to collect landfill gas. Operators stated that 49 vertical wells were 
used to extract landfill gas which is piped to an enclosed flare system. 

2.1.3  Landfill C 

Landfill C is located in the Midwest and began operation in 1992. Based on information 
provided by the site operator, Landfill C has approximately 6,400,000 tons of waste in 
place as of August 2004. Landfill gas is extracted using 54 vertical wells at a rate of 
600 standard cubic feet per minute (scfm). The gas was piped to two Caterpillar 3560 
engines. Excess gas was combusted in an enclosed flare.  

2.1.4 Landfill D 

Landfill D is located in the Midwest and began operation in 1991. Based on information 
provided by the site operator, Landfill D has approximately 2,350,000 tons of waste in 
place as of August 2004. The waste footprint covers an area of 31 acres. Landfill gas is 
extracted using 21 vertical wells at a rate of 400 cubic feet per minute. Extracted gas is 
piped to an enclosed flare. 

2.1.5 Landfill E 

Landfill E is located in the Midwest and began operation in 1971. As of June 2005, the 
landfill has 14,500,000 tons of waste in place covering an area of 240 acres. The LFG 
was extracted with 320 vertical wells and filtered, de-watered, compressed, and piped 
to the end users. The flow rate of the landfill gas was 4,800 scfm. This site had a 
number of innovative uses of landfill gas including producing steam for greenhouses, 
providing fuel for a large industrial boiler (replacing fuel oil), providing fuel for an 
asphalt plant, and the residual gas was flared. Demand and seasonal factors largely 
determined the use pattern and the maximum and minimum usage rates. 
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2.2 Description and Characteristics of Combustion Technology 

2.2.1 Enclosed-Ground Flare (Landfills B and D) 

2.2.1.1 Landfill B 

A Perennial Energy Enclosed Ground Flare Station, rated at a maximum LFG input 
rate of 1500 scfm, was used to combust landfill gas at landfill B. A burner array and an 
automatic louver system were designed to control gas and combustion air distribution. 
Manufacturer information indicated that the flare was designed to obtain a minimum 
residence time of 0.6 seconds at 1400 oF. The station included a condensate removal 
device to prevent liquids from contacting the flare burners. The system also included a 
flame arrestor to prevent flame propagation into the LFG header pipe and collection 
system. The unit was reported to be able to operate within a 5-to-1 turndown ratio [54.0 
to 10.8 million British Thermal Units per hr (MMBtu/hr)]. The manufacturer also 
reported minimal production of NOx and effective destruction of hydrocarbons.  

2.2.1.2 Landfill D 

The enclosed ground flare evaluated at Landfill D was a John Zink Model 72 rated at a 
maximum LFG input rate of 695 scfm. A condensate removal system prevented liquids 
from contacting the flare burners. A flame arrestor prevented flame from propagating 
from the burner array back into the LFG header pipe and collection system. A burner 
array and an automatic louver system controlled gas and air distribution to achieve 
effective combustion. The manufacturer claimed that the unit could be operated 
satisfactorily within a 5-to-1 turndown ratio (from 20.9 to 4.0 MMBtu/hr). The system 
was designed for a minimum residence time of 0.7 seconds at 1800 °F to combust 
hydrocarbons with minimal production of NOX. 

2.2.2 IC Engine (Landfills A and C) 

2.2.2.1 Landfill A 

Landfill A utilized a bank of four Caterpillar (CAT) generator sets for destruction of LFG 
and generation of electricity. The engines were CAT 3412 four-stoke IC engines, 
adapted for landfill gas. The CAT 3412 was a spark-ignited (SI) V-12 engine with 
displacement of 1649 cubic inches. The engine was turbocharged and after-cooled, 
and had a cylinder bore diameter of 5.4 inches and a stroke of 6.0 inches. Engine #2 
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was randomly selected and was tested. The engine was connected to a Caterpillar 
SR4 Generator that was rated at 470 KW. 

2.2.2.2 Landfill C 

Landfill C utilized a bank of two Caterpillar generator-sets for destruction of LFG and 
generation of electricity. The engines were CAT 3516 four-stoke engines, adapted for 
LFG fuel. The CAT 3516 was a spark-ignition (SI) V-16 engine with 4210 cubic inches 
displacement. The engine was turbocharged and after-cooled, and had a 6.7-inch 
diameter cylinder bore and a 7.5-inch stroke. The engine drove a Caterpillar SR4 
Generator that was rated at 800KW (at a 0.8 power factor). Engine #1 was randomly 
selected and tested. The engine did not have pollution control equipment installed. 

2.2.3 Boiler (Landfill E) 

2.2.3.1 Landfill E 

The tested boiler was a Combustion Engineering Model 33-7KT-10, A-Type Package 
Boiler, rated at 80,000 pounds-per-hour of 250 psi steam. The boiler was fueled by the 
collected LFG and produced base-load steam for an industrial facility. The boiler was 
located on the industrial facility’s property, located approximately three miles from 
Landfill E. 
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3. Test Operations 

The testing operations were conducted during spring through late fall (May through 
early November), when ambient air temperatures were above freezing. 

Sample collection and other testing operations typically required seven- to eight-person 
sampling teams working for two full days. Prior to the sampling crew arriving at the 
landfills, the host facility operator was asked to install the necessary sampling ports, if 
these were not already present. In the case of Landfills C and D, excavation of soil was 
needed to expose the underground raw LFG pipes. 

Other than these modifications to allow sampling equipment access, facility 
modification was not required or observed to have happened immediately prior to 
these tests. 

3.1 Sample Locations 

Two kinds of samples were collected - the raw LFG and the exhaust gas from the 
combustion-based emission control systems. 

The raw LFG samples were collected from the LFG header pipe that connects the 
landfill’s network of collection pipes and wells. The sample ports were upstream of the 
condensate removal unit, blower/compressor, and flow control or distribution 
equipment. Hence, the collected samples are representative of the raw LFG in its 
“natural” state. 

During Phase 1 testing at Landfill A, a sample of condensate was collected from the 
LFG pipe leading to the engines. That location was downstream of the condensate 
removal unit and the condensate sample was not specified in the QAPPs. The sample 
was judged to be extraneous to the test program and had unclear value. Analysis of 
that sample was not useful without corresponding analysis of a vapor phase sample 
collected at the same location. Therefore, that condensate sample was not analyzed 
and similar samples were not collected during subsequent landfill tests. 

For the tested engines and boiler, the exhaust gas samples were collected at their 
stack as these control devices had distinct stack pipes. The tested enclosed flares did 
not have distinct stacks as the whole flare unit served as the combustion unit and the 
stack. For all tests, the sample locations were selected to allow for isokinetic sampling.  

3-1 



Final Report 
Field Test Measurements 
at Five MSW Landfills with 
Landfill Gas Control 
Technology 

3.2 Target Analytes 

Through consultation between the CRADA partners and EPA’s Office of Air Quality 
Planning and Standards (OAQPS) and Landfill Methane Outreach Program (LMOP) in 
the planning phase of the project, target analytes were selected. The list of analytes in 
the raw landfill gas and combustion outlet was much more comprehensive than that 
typical for performance tests of LFG control technology. 

For organo-mercury compounds, standard EPA test methods were not available. 
Methods that were developed through Frontier Associates were used. Using these 
non-promulgated procedures required more effort in terms of quality assurance. 
Measuring the range of constituents in LFG gas can be quite challenging when 
compared to measuring other emission sources where there are fewer constituents to 
analyze. 

3.2.1 Raw Landfill Gas 

Table 3-1 lists the target analytes for the raw LFG samples that were collected at the 
gas header pipe. The list of target analytes for the raw LFG matched closely with the 
constituents listed in AP-42 emission factors for landfills. In addition to these analytes, 
the test included the “non-AP-42” compounds: carbonyls (formaldehyde and 
acetaldehyde), polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls 
(PCBs), speciated mercury (monomethyl, dimethyl, elemental, and total). These 
constituents were of interest because of their status of being on the EPA list of HAPs. 

Experience gained during Phase 1 testing revealed that the extracts of the PAH/PCB 
samples contained excessive amounts of non-PAH organics. In order to make the 
extracts safe to be injected into the gas chromatograph/mass spectrometer (GC/MS), 
samples had to be diluted excessively. The high dilution made the method detection 
levels for the target PAHs too high, resulting in “non-detects” at the high detection 
limits. The planned analysis method could not produce the desired results at the 
needed detection levels. Therefore, these measurements were not included in Phase 2 
testing. 
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Table 3-1. Target Analytes for the Raw Landfill Gas Samples collected at the Gas Header 

Target Analytes in AP-42 List of Landfill Gas Constituents 

Methane Acrylonitrile t-1,2-Dichloroethene 

Ethane Benzene Tetrachloroethene 

Propane Bromodichloromethane Toluene 

Butane Carbon disulfide Trichloroethylene 

Pentane Carbon tetrachloride Vinyl chloride 

Hexane Chlorobenzene Vinylidene chloride 

Carbonyl sulfide Chloroform Ethanol 

Chlorodifluoromethane Dimethyl sulfide Methyl ethyl ketone 

Chloromethane Ethyl mercaptan 2-Propanol 

Dichlorodifluoromethane Ethylene dibromide 1,4-Dichlorobenzene 

Dichlorofluoromethane Ethylene dichloride Ethylbenzene 

Ethyl chloride Methyl chloroform Xylenes 

Fluorotrichloromethane Methyl isobutyl ketone 

1,3-Butadiene Methyl mercaptan Non-methane organic 
compounds 

Acetone Methylene chloride Hydrogen sulfide 

Acetone Propylene dichloride 

Target Analytes Not Previously Included in AP-42 

Acetaldehyde Mercury Gases 

Formaldehyde Organo-mercury compounds Carbon dioxide 

Polycyclic aromatic 
hydrocarbon a 

Elemental Oxygen 

Polychlorinated biphenyls a Total Moisture 
a These target analytes were part of Phase 1 testing. They were not included in Phase 2 testing 
because of difficulties experienced by the analytical laboratory to analyze the overly organic-rich 
sample extracts. 
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The other analytes, oxygen (O2), carbon dioxide (CO2), and moisture, are not pollutants 
but are of interest as they are useful indicators of the “quality” of the raw LFG. The 
concentrations of nitrogen (N2) and O2 are also indicators of the extent of ambient air 
infiltration into the LFG collection. Method 25C [for non-methane organic compound 
(NMOC) determination] specifically recommends that these measurements be made to 
determine the extent of potential air infiltration. Therefore, while measurements for 
methane (CH4), CO2, O2, and N2 by Method 3C were not included in the original 
QAPPs, these measurements were included and performed for all five landfill tests. 

There was original interest in determining the concentration of the toxic heavy metals 
lead (Pb), arsenic (As), cadmium (Cd), chromium (Cr), manganese (Mn), and nickel 
(Ni) in the raw LFG. However, a method suitable for sampling the organics-rich raw 
LFG and capable of detecting the suspected low concentrations of the toxic metals, 
does not exist. Therefore measurement of the toxic heavy metals was not planned for 
the raw LFG. 

3.2.2 Control Technology Exit 

Table 3-2 lists the target analytes for the control technology exit gas samples. The 
focus of these analyses was to produce data that allowed for the assessment of the 
efficacies of the three tested control technologies to destroy the constituents in the raw 
LFG. They included O2, CO2, carbon monoxide (CO), nitrogen oxides (NOX), sulfur 
dioxide (SO2), total hydrocarbons (THCs), hydrogen chloride (HCl), dioxins/furans, 
PAHs, and the metals Pb, As, Cd, Cr, Mn, Ni and Hg. 

Among the specified analytes, NMOC is the only one specified on the AP-42 list. The 
VOCs analyzed individually for the raw LFG were not individually targeted for the 
control technology exhaust gases because of the expected very low concentrations 
there. This assumption turned out to be not true for IC engines. 

The gases O2 and CO2 were common combustion performance control parameters. 
CO, NOX and SO2 are criteria pollutants, the formation of which is generally associated 
with combustion processes. 
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Table 3-2. Target Analytes for the Control Technology Exit Gas 

Target Analytes in AP-42 List of Landfill Gas Constituents 

NMOCs 

Target Analytes Not Previously Included in AP-42 

Gases: Metals: 

O2 HCl Pb, As, Cd, Cr, Mn, Ni 

CO2 Hg (total)  

CO PCDD/PCDF 

NOX 

SO2 PAHs 

The emission reduction performance of hydrocarbons is determined using either 
Method 25C or 25A.  If the NMOC concentration is less than 50 ppm, then Method 25A 
is recommended for use.  

The remaining target analytes include HCl, PCDDs/PCDFs, PAHs, total Hg, and toxic 
heavy metals (Pb, As, Cd, Cr, Mn, Ni).  These analytes are also identified is EPA’s list 
of HAPs. 

3.3 Sampling and Analysis Methods 

3.3.1 Raw Landfill Gas Sampling Analysis Methods 

Table 3-3 lists the sampling, analysis and measurement methods that were followed at 
the raw LFG header pipe location. The table also included the name of the 
organizations that performed the procedures. With the exception of the organic 
mercury methods for mercury analysis, ARCADIS staff performed the field collection of 
samples and associated data collection. Where multiple organizations are listed, the  
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Table 3-3. Testing Methods for Raw LFG 

Procedure Description Organization Performing Analysis 

EPA Method 1 Selection of traverse points ARCADIS G&M 

EPA Method 2  Determination of gas velocity and volumetric 
flow rate ARCADIS G&M 

EPA Method 3C Determination of CO2, CH4, nitrogen (N2), and 
O2 in raw LFG Triangle Environmental Services 

EPA Method 11 Determination of H2S 
Oxford Laboratories (Landfills A, B, 
C, D) 

Enthalpy Analytical (Landfill E) 

EPA Method 23 

Determination of: 

PCDDs/PCDFs by Method 8290, 

PAHs by Method 8270 

PCBs by Method 1668 

ALTA Analytical Perspectives 

EPA Method 25C Determination of raw LFG NMOCs Triangle Environmental Services 

EPA Method 
40/TO-15 Determination of VOCs Research Triangle Park 

Laboratories 

SW-846 Method 
0100/TO-11 

Determination of carbonyls (formaldehyde, 
acetaldehyde) Resolution Analytics 

LUMEX instrument Determination of elemental mercury (Hg0) ARCADIS G&M 

Organic mercury 
methods 

Determination of: 

monomethylmercury, 

dimethylmercury, and 

total mercury. 

Frontier Geosciences (Landfills A, B, 
C, D, E) 

Studio Geochimica (Landfill E) 

letters A, B, C, D, and E in parenthesis following the organization denote the landfill 
site for which the organization was the performing organization. 

Where multiple organizations are listed, the letters A, B, C, D, and E in parenthesis following the 
organization denotes the landfill site for which the organization was the performing organization. 
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3.3.2 Control Technology Exit Sampling Analysis Methods 

Table 3-4 lists the sampling, analysis and measurement methods that were followed at 
the control technology exit stack. As before, the table also included the name of the 
organizations that performed the procedures. ARCADIS staff performed the field 
collection of samples and associated data at this sampling location. 

Table 3-4. Testing Methods for Control Technology Exit Gas 

Procedure Description Organization Performing Analysis 

EPA Method 1 Selection of traverse points ARCADIS G&M 

EPA Method 2 Determination of stack gas velocity and 
volumetric flow rate 

ARCADIS G&M 

EPA Method 3A Determination of O2 and CO2 for flare stack 
gas molecular weight calculations 

ARCADIS G&M 

EPA Method 4 Determination of stack gas moisture ARCADIS G&M 

EPA Method 6C Determination of SO2 ARCADIS G&M 

EPA Method 7E Determination of NOX ARCADIS G&M 

EPA Method 10 Determination of CO ARCADIS G&M 

EPA Method 23 Determination of: 

PCDDs/PCDFs by Method 8290, 

PAHs by Method 8270 

PCBs by Method 1668 

ALTA Analytical Perspectives 

EPA Method 25A Determination of flare stack gas NMOCs, as 
THCs when total organic concentration was 
less than the 50 ppm Method 25C applicability 
threshold 

ARCADIS G&M 

EPA Method 26A Determination of HCl Resolution Analytics 

EPA Method 29 Determination of toxic heavy metals First Analytical Laboratories 

LUMEX instrument Determination of elemental mercury (Hg0) ARCADIS G&M 

3.4 Field Test Sampling Operations Narrative 

As stated earlier, sampling typically required a sample team with seven or more 
experienced samplers. Prior to the tests, site visits to each landfill were conducted to 
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gather necessary information for developing the quality assurance project plans and 
making arrangements for the field tests.  The ARCADIS field chief noted the availability 
of sample ports and made arrangements with the host facility to have them installed if 
suitable ports were absent. He confirmed that the necessary staging area was 
available and that needed electrical utilities were accessible. 

Two or more days before the scheduled tests, ARCADIS staff transported its field 
sampling trailer to the site. The trailer carried the needed sampling instruments, 
supplies, and emission monitors. Typically, one day of on-site preparation was needed 
before the scheduled test began. 

The actual sample collection required two full days. All measurements and samples 
were collected in triplicate. The test samples and the required QA samples (field blanks 
and spike samples) were prepared, recovered, and recorded on sample chain-of
custody forms on site. The samples were transported back to ARCADIS’ offices in 
Durham, North Carolina, by ARCADIS’ sampling truck-trailer. The sample custodian, 
together with the sampling crew chief, made the arrangements to deliver the samples 
to the subcontracted laboratories for analysis. 

3.5 Variation from Test Methods or Planned Activities 

The test program for the five landfills spanned over three and a half years. Results 
from the earlier tests were used to guide the later tests. Some of the originally planned 
test methods were substituted by other methods and are described in the following 
sections. 

3.5.1 Method Exceptions 

Laboratory analytical procedures followed those prescribed by the specified methods, 
with the following exceptions. 
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3.5.1.1 Raw Landfill Gas 

Alternative method for the raw landfill gas samples included the following: 

• 	 Carbonyls were analyzed by EPA TO-11, instead of the originally selected Method 
8315. Methods TO-11 and 8315 closely resemble each other. 

• 	 PAHs in the raw LFG were to be analyzed by SW-846 Method 8270 - The sample 
extracts resulting from the raw LFG were found to contain excessive amounts of 
non-PAH organics. In retrospect, this should have been expected as the LFG is 
organic-rich (~40%). In order to make the extracts safe for injection into the gas 
chromatograph mass spectrometer (GC/MS) (i.e., not cause instrument damage), 
they have to be diluted significantly. The high dilution makes the method detection 
levels for the target PAHs too high, resulting in “non-detects” at high detection 
limits. The planned analysis method could not produce PAH concentrations at the 
needed detection levels. The sample extracts are in storage and may be submitted 
for analysis if a suitable method is available. These analyses were deleted from the 
Landfills C, D, and E tests. 

• 	 PCBs in the raw LFG were analyzed by EPA Method 1668 (EPA 812/R-97-001) as 
specified in the QAPP. However, similar to the difficulties experienced for the PAH 
analysis, in order to make the extracts safe to be injected inject into the GC, they 
have to be diluted excessively. The planned analysis method could not produce 
the desired results at the needed detection levels. These analyses were deleted 
from the Landfills C, D and E tests. 

• 	 NMOCs were analyzed by the GC/MS Method as described in EPA Publication 
EPA/600-R-98/16. 

• 	 VOCs and CH4 were analyzed by EPA Method TO-15, with GC/MS and with 
GC/flame ionization detector (FID). 

• 	 Method 3C for the analysis of CH4, CO2, O2, and N2 was added to support the 
Method 25C analysis, as recommend by Method 25C. 

• 	 For Landfills C, D, and E, the sampling procedure for dimethylmercury was altered 
by reducing the sample size volume on the Carbotrap from 10 L to 0.5 L. 
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3.5.1.2 Control Device Exit 

Alternative method for the control device exit samples included the following: 

• 	 Method 25A was to evaluate organic compound concentrations in the combustion 
outlet because of the low concentrations detected in Phase 1 sites.  Method 25C is 
applicable at concentrations of 50 ppmv or more.  However, test results showed 
that the IC engines exhaust gases contained several hundred ppm of THCs. 
Therefore, for any future field tests for IC engines, Method 25C should be used to 
quantify NMOCs rather than Method 25A. 

• 	 For Method 23 samples collected at Landfill C, analyses for PAHs were performed 
by CARB Method 429 as opposed to Method 8270. However, these methods are 
comparable. CARB Method 429 contains procedures for sampling, sample 
recovery, clean-up, and analysis. Method 8270 is strictly an analytical method. 
CARB Method 429 is specific to 19 PAHs, the target analytes of this portion of the 
specified tests. The 19 PAHs are a subset of the 200+ target analytes listed for 
Method 8270 for semivolatile organic compounds (SVOCs). Though specific 
compounds called out for use in instrument performance verifications, internal 
standard preparation, surrogate standards and continuing calibration 
verifications/calibration checks are slightly different, both methods require them. 
CARB Method 429 adds another level of QC with a required recovery standard. 
Method performance and acceptance criteria for recoveries are better defined in 
CARB Method 429 and meet or exceed those stated in Method 8270C. As long as 
any additional compounds reported by the laboratory using CARB Method 429 are 
included in the calibration standards and acceptable response factors are 
demonstrated, using CARB Method 429 is essentially equivalent to using SW-846 
Method 8270. 

• 	 As a result of examining the test results from Landfill A, which showed very low 
concentrations of PCDDs/PCDFs/PAHs at the exit of an enclosed flare, no Method 
23 sampling was conducted at Landfill D, also a site with an enclosed flare. A 
decision was made to not sample for PCDDs/PCDFs at the exit of the enclosed 
flare systems because the combustion gas temperature conditions found in the exit 
of an enclosed flare system were not likely to allow the formation of 
PCDDs/PCDFs. This also eliminated analysis of PAHs which uses the same 
sample. 
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4. Test Results 

The following sections present data summaries of the measurements that were 
planned and conducted. Section 4.1 and its subsections present data related to the 
raw LFG. Section 4.2 and its subsections present data for the combustion exhaust 
gases at the exit of the flares, engines, and boiler. 

4.1 Raw Landfill Gas  

4.1.1 Landfill Gas Flow Rate and Temperature 

Table 4-1 presents information regarding the LFG flow rate for each landfill. The LFG 
flowrate ranged from a low of 400 scfm for Landfill D to over 4000 scfm for Landfill E. 
Landfill E was a much larger landfill as it was reported to have over 14 million tons of 
waste in place, while Landfill D had about 2.4 million tons of waste. 

The LFG header pipes at all the landfills did not have sufficiently long straight pipe 
sections to allow ideal EPA Method 2 gas velocity measurements. Velocity 
measurements were made under non-ideal conditions and were able to provide crude 
estimates of the LFG flowrates. For the purpose of this study, the estimated LFG 
flowrates were judged to be sufficiently accurate. For their intended use to estimate 
pollutant emission rates, the added cost of needed improvement of the landfill gas 
header piping system, and associated potential schedule delay, were not warranted. 

Temperature of the LFG ranged from 54 to 71°F. Landfill E, with the largest volume of 
LFG, also had the highest measured LFG temperature. 

4.1.2 Landfill Gas Constituent Concentrations 

The principal focus of this test program was to determine the constituents that were 
present in the raw LFG. The major constituents consist of CH4, CO2, N2, O2 and 
moisture. These constituents were present in percent levels. Other constituents were 
the various organic compounds which were present in ppm or lower concentrations. 
Landfill gas also contained mercury including methyl- and dimethylmercury. 
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Table 4-1. Raw LFG Flow Rates 

Parameter Landfill A Landfill B Landfill C Landfill D Landfill E 

Facility flowrate readings 
(scfm) 

1650 – 1700 
J 1500  J 550 – 600  J 400  J 4340  J 

ARCADIS measured flow 
rate by pitot probe (scfm) 1580 J 1745 J 700 J 380 -850  J 3860 J 

LFG gas temperature 
(°F) 57 62 56 54 71 

Reported amount of waste 
(ton) 

2,700,000 
in 2003 

4,000,000 
in 2003 

6,400,000 
in 2004 

2,350,000 
in 2004 

14,500,000 
in 2005 

Header pipe inner 
diameter 
(in) 

12 11 14 11 16 

Straight pipe upstream 
(No. of pipe diameters) ~8 < 2 > 8 > 8 < 2 

Straight Pipe Downstream 
(No. of pipe diameters) ~4 < 2 > 8 > 8 < 2 

Vacuum in header pipe, 
Inches water column 
(WC.) 

34 - 35 -- 21 --- -- 

J –Estimated value per EPA/G-8 guidance 

4.1.2.1 Major Constituents (CH4, CO2, O2) by Method 3C and NMOCs by Method 25 

Table 4-2 presents the concentrations of the major LFG constituent components and 
NMOCs. The tabled provides the range and average for each of the constituent 
concentrations. 

The concentrations CH4, CO2, O2, N2, moisture and NMOCs varied over quite a wide 
range between the landfills. In particular, Landfill D showed unusually high CH4 content 
of more than 55 percent. Landfill B showed the lowest methane concentration, at just 
below 40 percent. 
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Table 4-2. Raw LFG Major Constituents 

Constituent Landfill A Landfill B Landfill C Landfill D Landfill E 

Method 
25C 

Methane (% v/v) 
Range 

Average 

48.0 – 49.8 

48.8 

37.7 – 40.6 

39.2 

54.6 – 57.7 

56.0 

57.4 – 59.5 

58.6 

46.7 – 50.9 

49.5 

Carbon Dioxide 
(% v/v) 

Range 

Average 

38.1 – 39.4 

38.7 

29.5 – 31.9 

30.7 

45.2 – 47.2 

46.2 

40.2 – 41.7 

41.0 

33.3 – 36.3 

35.3 

NMOC (ppm as 
hexane) 

Range 

Average 

297 – 491 

374 

314 – 377 

355 

3650 – 9330 

5870 

971 -1024 

1006 

194 – 288 

233 

Methane (% v/v) 
Range 

Average 

43.5 – 45.4 

44.5 

35.2 – 37.3 

36.1 

47.4 – 49.1 

48.0 

54.3 – 55.6 

55.1 

46.8 – 51.7 

49.5 

Method 

Carbon Dioxide 
(% v/v) 

Range 

Average 

35.2 – 36.9 

36.1 

28.2 – 29.9 

29.0 

35.4 – 36.9 

35.9 

37.6 – 38.5 

38.1 

30.2 – 31.9 

31.3 

3C 
Oxygen (% v/v) 

Range 

Average 

1.6 - 1.8 

1.7 

6.0 - 6.6 

6.4 

1.4 – 1.9 

1.6 

0.01 - 0.02 

0.02 

2.1 - 3.4 

2.6 

Nitrogen (% v/v) 
Range 

Average 

12.7 – 13.4 

13.1 

24.4 – 26.2 

25.6 

13.5 – 18.9 

15.9 

9.5 – 12.8 

11.2 

11.9 - 16.4 

13.6 

Method 
23 Moisture (% v/v) 

Range 

Average 

11.6 – 12.3 

12.0 

1.8 – 2.1 

2.0 
NM NM NM 

NM – Not measured because moisture data were obtained by Method 23, which were not conducted during these tests. 

All values are reported on an as-is basis, without correction for nitrogen-indicated potential air infiltration. 

Data on the moisture in the LFG were only available for Landfills A and B because the 
data is a computed output of the Method 23 sampling procedure. Method 23 samples 
were collected for PAH and PCB analysis. This procedure was deleted from the test 
program after experiences with Landfills A and B samples revealed that the analysis 
could not be done. More explanation of this finding will be presented later in this report. 
Without Method 23 sampling for Landfills C, D, E, no moisture data were collected. 

4.1.2.2 Other Constituents 

In addition to the major constituents, the other lower concentration constituents were of 
interest because of their potential to cause adverse health effects. The following 
sections summarize the results related to these compounds. 
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4.1.2.2.1 VOCs by Method 0040 with TO-15 

Table 4-3 presents the average concentrations of the target volatile organic 
compounds. The concentration data were obtained by summa canister samples 
collected using Method 40 procedures. Analysis was performed by Method TO-15, with 
gas chromatography and mass spectrometry (GC/MS). The alkanes (C2 through C6), 
being present in much higher concentrations, were analyzed by GC flame ionization 
detection (FID).  

Table 4-3. Raw LFG Volatile Organic Compounds 

Compound Unit 

Method 

Detection 

Limit (NDL) 

Range a 

Average Concentration b 

Landfill A Landfill B Landfill C Landfill D Landfill E 

By gas chromatography flame 
ionization detector (GC/FID) 
Ethane Part 

per 
million 
by vol 
(ppmv) 

1 1 6.2 4.6 14.3 5.6 14 

Propane ppmv 1 1 8.9 5.9 40.0 30.5 13.0 

Butane ppmv 1 1 4.9 3.3 37.9 ND 3.6 

Pentane ppmv 1 1 3.2 2.6 26.6 2.4 1 

Hexane 
ppmv 1 1 

Not 
Detected 

(ND) 
ND 28.4 2.5 ND 

By TO-15 gas 
chromatography and mass 
spectrometer (GC/MS) 
Dichlorodifluoromethane (Freon 
12) 

Part 
per 

billion 
by vol 
(ppbv) 

0.2 0.3 118 468 1600 1240 232 

1,2-Chloro-,1,2,2
Tetrafluoroethane (CFC114) ppbv 0.2 0.2 8 44 127 110 15.3 

Chloromethane ppbv 0.1 0.2 12 72 1263 232 ND 

Vinyl chloride ppbv 0.2 0.2 97 410 768 1200 63 

1,3-Butadiene ((Vinylethylene) ppbv 0.2 0.3 22 89 642 326 ND 

Bromomethane (Methyl 
Bromide) ppbv 0.2 0.2 16 46 23 2.8 ND 

Chloroethane (Ethyl Chloride) ppbv 0.2 0.2 770 1880 30400 634 ND 

Trichloromonofluoromethane 
(CFC11) ppbv 0.2 0.2 51 327 504 116 8.1 
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Compound Unit 

Method 

Detection 

Limit (NDL) 

Range a 

Average Concentration b 

Landfill A Landfill B Landfill C Landfill D Landfill E 

1,1-Dichloroethene ppbv 0.2 0.2 1.7 8 55 21 ND J 

1,1,2-Trichloro-1,2,2
trifluoroethane (CFC113) ppbv 0.2 0.2 2.0 11 39 19 ND 

Carbon Disulfide ppbv 0.2 0.3 14.4 134 157 93 339 

Ethanol ppbv 0.2 0.2 19.7 J 202 172 394 ND J 

Isopropyl Alcohol (2-Propanol) ppbv 0.2 0.2 114 J 356 1280 6630 2360 J 

Methylene chloride 
(Dichloromethane) ppbv 0.1 0.2 997 169 5350 1110 3050 

Dimethyl sulfide pppv 20 20 ND ND 68 ND ND 

Acetone ppbv 0.2 0.3 328 1610 11700 12800 15500 

t-1,2-dichloroethene ppbv 0.2 0.3 2.7 9 42 53 ND 

Hexane ppbv 0.2 0.3 2470 J 1950 4940 3980 597 J 

Methyl-t-butyl ether (MTBE) ppbv 0.2 0.3 54.4 177 257 39 ND 

1,1-Dichloroethane ppbv 0.2 0.4 33.4 178 423 591 ND 

Vinyl Acetate ppbv 0.2 0.5 242 686 24 44 111 

cis-1,2-Dichloroethene ppbv 0.2 0.3 74.1 292 1640 1780 163 

Cyclohexane ppbv 0.2 0.3 165 734 3300 2270 ND 

Chloroform ppbv 0.2 0.3 40 190 744 485 ND 

Ethyl Acetate ppbv 0.2 0.3 1830 2310 1420 4600 ND 

Carbon Tetrachloride ppbv 0.2 0.5 0.8 5 ND 38 ND 

Tetrahydrofuran (Diethylene 
Oxide) ppbv 0.2 0.4 1180 882 1170 2060 ND 

1,1,1-Trichloroethane ppbv 0.2 0.5 4.9 31 ND ND ND 

2-Butanone (Methyl Ethyl 
Ketone) ppbv 0.2 0.3 273 1430 4570 8070 2490 

Heptane ppbv 0.2 0.2 242 918 2860 3580 331 

Benzene ppbv 0.2 0.2 73 251 1630 1200 887 

1,2-Dichloroethane ppbv 0.2 0.3 1.0 5 37 22 ND 

Trichloroethylene 
(Trichloroethene) ppbv 0.2 0.2 28.0 103 515 418 93.9 

1,2-Dichloropropane ppbv 0.2 0.3 0.8 5 ND ND ND 

Bromodichloromethane ppbv 0.2 0.2 2.6 10 ND ND ND 

1,4-Dioxane (1,4-Diethylene 
Dioxide) ppbv 0.2 0.2 1.9 9.4 7 12 ND 

cis-1,3-Dichloropropene ppbv 0.2 0.2 0.2 1.4 ND 4 ND 

Toluene (Methyl Benzene) ppbv 0.2 0.3 1330 6770 23300 30300 7950 

4-Methyl-2-pentanone (MIBK) ppbv 0.2 0.2 1070 886 2170 ND ND 
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Compound Unit 

Method 

Detection 

Limit (NDL) 

Range a 

Average Concentration b 

Landfill A Landfill B Landfill C Landfill D Landfill E 

t-1,3-Dichloropropene ppbv 0.2 0.2 0.3 3 33 8 ND 

Tetrachloroethylene 
(Perchloroethylene) ppbv 0.2 0.3 42.1 176 1690 1020 125 

1,1,2-Trichloroethane ppbv 0.2 0.2 7.6 39 445 ND ND 

Dibromochloromethane ppbv 0.2 0.2 ND 16 9 16 ND 

1,2-Dibromoethane (Ethylene 
dibromide) ppbv 0.2 0.2 1.1 7 21 ND ND 

2-Hexanone (Methyl Butyl 
Ketone) ppbv 0.2 0.2 557 441 ND ND ND 

Methyl Mercaptan 
(Methanethiol) ppbv 20 20 ND ND ND ND ND 

Ethylbenzene ppbv 0.2 0.3 575 2800 5890 8120 ND 

Chlorobenzene ppbv 0.2 0.2 195 229 J 833 21 135 

m/p-Xylene (Dimethyl Benzene) ppbv 0.2 0.65 3730 J 3980 9200 13600 9000 J 

o-Xylene (Dimethyl Benzene) ppbv 0.2 0.3 300 1410 3660 5410 3100 

Styrene (Vinylbenzene) ppbv 0.1 0.2 29.5 222 1270 1180 420 

Tribromomethane (Bromoform) ppbv 0.2 0.3 0.4 ND 16 9 ND 

1,1,2,2-Tetrachloroethane ppbv 0.2 0.2 29.9 ND ND ND ND 

1-Ethyl-4-methylbenzene (4
Ethyl Toluene) see Note c ppbv 0.2 0.2 79.3 J 386 J 894 J 976 J 2510 

1,3,5-Trimethylbenzene see 
Note c ppbv 0.2 0.2 79.3 J 386 J 894 J 976 J 1040 

1,2,4-Trimethylbenzene ppbv 0.2 0.3 193 949 1510 2190 2640 

1,4-Dichlorobenzene ppbv 0.2 0.3 43.4 255 328 686 ND 

1,3-Dichlorobenzene ppbv 0.2 0.3 0.5 2.03 394 650 ND 

Benzyl Chloride ppbv 0.2 0.2 6.3 20 ND ND ND 

1,2-Dichlorobenzene ppbv 0.2 0.3 1.9 0.4 ND 31 ND 

1,1,2,3,4,4-Hexachloro-1,3
butadiene ppbv 0.2 0.2 1.2 5 ND ND ND 

1,2,4-Trichlorobenzene ppbv 0.2 0.3 1.0 5 ND ND ND 

Acrylonitrile ppbv 20 20 ND ND ND ND ND 

Dichlorofluoromethane  
(Freon 21) ppbv 20 20 ND ND ND ND ND 

Chlorodifluoromethane 
 (Freon 22) ppbv 20 20 ND ND ND ND ND 

Ethyl Mercaptan (Ethanediol) ppbv 20 20 ND ND ND ND ND 

Carbonyl Sulfide (Carbon 
oxysulfide) ppbv 20 20 ND ND ND ND ND 
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ND - Constituent not detected at the stated method detection limits 

a – Method detection limits provided by analytical laboratory 

b – In computing averages, when all measurements are ND, the average is reported as ND. When one or 
more measurement is above detection, the ND measurement is treated as 50% of the stated MDL. Though 
not applicable here, the method further specifies that If MDL is not reported, a ND measurement is treated 
as zero. 

c - 1-Ethyl-4-methylbenzene (4-Ethyl Toluene) and 1,3,5-Trimethylbenzene co-eluted from the GC and also 
have the same quantitation ions, thus making them indistinguishable. Therefore, the reported values 
represent the combined concentrations of these two compounds. 

J – Estimated value per EPA QA/G-8 guidance 

4.1.2.2.2 Hydrogen Sulfide (H2S) by Method 11 

Table 4-4 present the concentrations of hydrogen sulfide measured with Method 11. 
H2S concentrations ranged from a low average concentration of 13 ppmv in Landfill A 
to a high average concentration of 322 ppmv for Landfill E. 

Table 4-4. Raw LFG Hydrogen Sulfide 

Landfill A Landfill B Landfill C Landfill D Landfill E 

(mg/m3 
) 

Range 

Average 

10.7 – 26.1 

18.5 

26.4 – 36.1 

32.3 

26.8 – 110.0 

78.3 

32.1 – 185.6 

102.6 

413 – 519 

458 J 

(ppmv) 
Range 

Average 

7.6 – 18.4 

13.0 

18.7 – 25.6 

22.9 

19.0 – 78.0 

55.5 

22.7 – 132 

72.7 

291 – 366 

322 J 

J Estimated value per EPA QA/G-8 guidance 

4.1.2.2.3 Carbonyls by Method 0100 & 8315A 


Table 4-5 presents the concentrations of formaldehyde and acetaldehyde. Notably, 

acetaldehyde was uniformly present at a higher concentration than formaldehyde. 

Formaldehyde was present in the single-digit to low-tens of µg/m3. Acetaldehyde was 

present at concentration several times higher than formaldehyde. 
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Table 4-5. Raw LFG Carbonyls 

Landfill A Landfill B Landfill C Landfill D Landfill E 

(µg/m3) 
Range 

Average 

2.3 – 5.0 

4.1 

3.3 – 4.1 

3.6  J 

26.9 – 46.6 

33.9 

16.0 – 39.0 

25.0 

8.1 – 11.8 

9.6 
Formaldehyde 

(X10-3 

ppmv) 
Range 

Average 

1.8 – 4.1 

3.3 

2.65 – 3.30 

2.90 J 

22.7 – 37.3 

27.2 

12.9 – 31.5 

20.1 

6.5 – 9.6 

7.8 

Acetaldehyde 

(µg/m3) 
Range 

Average 

18.9 – 67.8 

45.7 

21.9 – 35.0 

27.0 

114 – 495 

242 

72 – 534 

348 

27.9 – 151 

92.4 

(X10-3 

ppmv) 
Range 

Average 

10.3 – 37.0 

24.9 

12.0 – 19.2 

14.8 

62.4 – 27.0 

132 

39 – 293 

191 

15.3 – 82.8 

50.6 

4.1.2.2.4 PAHs by Method 0010 with 8270 

As discussed previously in Section 3.5.1.1, attempts to analyze the PAH 
concentrations in the raw LFG were unsuccessful. 

4.1.2.2.5 PCBs by Method 0010 with 1668 

As discussed previously in Section 3.5.1.1, attempts to analyze the PCB 
concentrations in the raw LFG were unsuccessful. 

4.1.2.2.6 Mercury 
Mercury comes in various forms. It can be bound to particulates or in a gaseous 
form. Gaseous mercury species is either organic or inorganic.  Organic mercury or 
methyl mercury is more toxic and regarded as a priority for determining the potential 
release from U.S. landfills.  Previous testing has identified both methyl and dimethyl 
mercury in landfills. 

Metallic, or elemental mercury, is an inorganic form used in products such as electrical 
switches, fluorescent bulbs, and thermometers. It is a liquid and can evaporate into the 
air as a gas.  Inorganic mercury compounds take the form of mercury salts. Oxidized 
mercury (sometimes called ionic or reactive gaseous mercury (RGM) is found 
predominantly in water-soluble forms and may be deposited at a range of distances 
from sources depending on a variety of factors including topographic and 
meteorological conditions downwind of a source.  Once mercury is deposited into 
bodies of water like lakes or streams, it can be converted to methyl mercury through 
microbial decomposition in soils and sediments. In this form, it is taken up by tiny 
aquatic plants and animals. Fish that eat these organisms build up methylmercury in 
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their bodies. As ever-bigger fish eat smaller ones, the methylmercury is concentrated 
further up the food chain which is referred to as "bioaccumulation".  

Table 4-6 summarizes the results of the mercury measurements which include ograno
mercury (i.e., dimethyl and monomethyl), elemental mercury, and total gaseous 
mercury.  Total mercury and organo-mercury were sampled and analyzed by the 
Organic mercury method. Elemental mercury was measured by the LUMEX 
instrument. Oxidized mercury was not analyzed directly but can be determined by 
subtracting elemental and organo-mercury from total mercury. 

The dimethyl mercury data for Landfills A and B did not meet data quality objectives 
and the results were rejected due to low spike recoveries.  During the Landfill A and B 
tests, total sample volumes collected for dimethyl mercury on the Carbotrap were 
approximately 10 L. The analysis of these samples resulted in poor recovery of spiked 
dimethyl mercury. According to the researchers of the analytical laboratory, the poor 
spike recoveries could be attributed to the migration of the spiked material during 
sampling. The extent of material migration was believed to be highly dependent on 
sample volume. Therefore spike recoveries in this instance could be improved by 
reducing the sample volume. 

For Landfills C, D, and E, the sampling procedure for dimethyl mercury was altered by 
reducing the sample size volume on the Carbotrap from 10 L to 0.5 L. The modified 
procedure resulted in much improved spike recoveries. The details of the mercury 
measurement methods and method development experiences were included in the 
Landfill C, and D reports, which are provided in appendices to this document. 

Most of the mercury found was in the elemental state. The concentrations of the 
organic forms of the mercury were about two orders of magnitude lower than the total 
and elemental mercury concentrations. The results are comparable to those reported 
by Lindberg et al. in 2005 for twelve landfills, although the total amount of mercury 
reported in Lindberg et. al. 2005 is as much as one order of magnitude greater than the 
total mercury reported here. In the Lindberg study, total gaseous Hg ranged from 10 to 
12000 ng/m3. Dimethyl mercury ranged from 4.5 to 77 ng/m3 and monomethyl mercury 
ranged from non-detect to 39 ng/m3. 

Total mercury concentration averages ranged from 204 to 1460 ng/m3. Of these 
amounts, elemental mercury was the highest component, with its averaged values 
ranging from 58 to 440 ng/m3. Dimethyl mercury was the next most prevalent. After 
discarding the Landfills A and B data because it did not meet data quality objectives, 
dimethyl mercury averaged concentrations ranged from 15 to 53 ng/m3 approximately. 

Final Report 
Field Test Measurements 
at Five MSW Landfills with 
Landfill Gas Control 
Technology 

4-9 



Final Report 
Field Test Measurements 
at Five MSW Landfills with 
Landfill Gas Control 
Technology 

Monomethyl mercury was present at the lowest concentration, ranging from less than 1 
to 5.4 ng/m3. 

Using the total mercury measurements as the basis, the sum of the elemental, 
monomethyl and dimethyl mercury species contributed to about 28 to 49 percent of the 
total mercury measured. It is suspected that the majority of the remaining mercury is 
in the oxidized form. 

Table 4-6. Raw LFG Mercury Compounds 

Landfill A Landfill B Landfill C Landfill D Landfill E 

(ng/m3) 
Range 

Average 

601 – 676 

632 

158 – 234 

204 

423 – 427 

425 

723 – 751 

740 

1330 – 1650 

1460 a 

Total 

(X10-6 ppmv) 
Range 

Average 

72.4 – 81.4 

76.1 

17.7 – 26.2 

22.8 

50.9 – 51.4 

51.2 

87.0 – 90.4 

89.1 

149 – 184 

163.5 a 

Dimethyl 

(ng/m3) 
Range 

Average 
R R 

6.5 – 20.9 

14.8 

49.7 – 53.1 

51.0 

17.4 – 99.8 

52.5 a 

(X10-6 ppmv) 
Range 

Average 
R R 

0.7 – 2.2 

1.5 

5.2 – 5.6 

5.3 

1.82 – 10.5 

5.5 a 

Monomethyl 

(ng/m3) 
Range 

Average 

ND – 1.2 

0.4 

1.1 – 1.3 

1.2 

3.1 – 5.4 

3.9 

2.40 - 2.64 

2.47 

3.4 – 8.2 

5.4 a 

(X10-6 ppmv) 
Range 

Average 

ND – 0.13 

0.04 

0.12 – 0.15 

0.13 

0.35 – 0.60 

0.44 

0.264 – 0.296 

0.278 

0.380 – 0.920 

0.61 

Elemental 

(ng/m3) 
Range 

Average 

280 – 325 

308 

53 – 61 

58 

90 – 103 

99 

265 – 290 

278 

437 – 445 

440 

(X10-6 ppmv) 
Range 

Average 

33.7 – 39.1 

37.1 

6.4 - 7.3 

7.0 

10.8 – 12.4 

11.9 

31.9 – 34.9 

33.5 

52.6 – 53.6 

53.0 

R – Data rejected because spike recovery for these measurements were below acceptable range 

ND – Constituent not detected at the detection limit of 0.63 ng/m3 

a  - Values are averages of Frontier and Geochimica results 
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4.1.2.2.7 Metals by Method 29 

The standard Method 29 is the reference method to determine trace concentrations of 
the toxic metals. However, the method was designed for sample streams that are not 
rich in organic constituents because it uses a strong oxidizer, potassium permanganate 
solution, to capture the metals. The concern with applying this method to LFG was that 
the potassium permanganate might react violently with the organic constituents in the 
LFG. If that happened, the measurement would be invalidated and analysis might also 
pose safety risk to the sampling personnel. Therefore, it was not included in the test 
program. 

4.2 Control Equipment Stack 

The following subsections present the results obtained from measurements made at 
the control equipment stack. 

4.2.1 Gas Flow Rate and Temperature 

Table 4-7 presents the exhaust gas flowrates and their temperatures at the stack of the 
five control devices. The flowrates were obtained by velocity traverse measurements 
performed according to EPA Method 2. The flowrates reflected the size of the control 
equipment and ranged from 1310 scfm for the Landfill A engine to more then 28000 
scfm for the Landfill E boiler. 

The enclosed flares had the highest temperatures, at about 1400 °F. This was 
consistent with the nature of the process. Flares do not have active heat utilization and 
removal. The measured temperatures were lower than the expected flame 
temperatures because of the introduction of dilution air. 

The boiler in Landfill E had the lowest exit temperature at about 480 °F. The observed 
temperature was consistent with typical boiler operations. The two reciprocating IC 
engines resulted in exhaust temperature around 735 °F for Landfill A’s Caterpillar 3412 
and 1000 °F for Landfill C’s Caterpillar 3516. The Caterpillar 3516 was more than twice 
the size of the Caterpillar 3412. 
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Table 4-7. Control Equipment Exit Stack Flow Rate and Temperature

 Landfill A Landfill B Landfill C Landfill D Landfill E 

Control 
Technology

 Reciprocating IC 
Engine Enclosed Flare Reciprocating IC 

Engine 
Enclosed 

Ground Flare Boiler 

Unit Model Caterpillar 3412 Perennial 
Energy Caterpillar 3516 John Zink Model 

72 

Combustion 
Engineering 33
7KT-10 A Type 

Size or 
Capacity 

1649 cu. in 
displacement, 

470KW 

10.8 to 54 
MMBtu/hr 

4210 cu. in 
displacement, 

800KW 

4.0 to 20.9 
MMBtu/hr 

80,000 lb/hr 250 
psi steam 

LFG Flowrate 
into Equipment 
(scfm) a 

150  1500 300 400 2430 

Exit Flowrate 
(dscfm) 

Range 

Average 

1290 – 1340 

1310 

19700 – 22000 

20700 

1890 – 2000 

1950 

7830 – 8290 

8080 

26820 – 30400 

28690 

Exit Gas 
Temperature 
(°F) 

Range 

Average 

732 – 738 

735 

1359 – 1419 

1389 

997 – 1038 

1016 

1412 – 1446 

1437 

476 – 488 

479 

a – This is a crude estimate based on the measured exit flow rate, the measured exit oxygen 
concentration and the major constituent analysis of the LFG. 

4.2.2 Exhaust Gas Constituent Concentrations 

The following sections present the concentration and emission rates of the combustion 
products O2, CO2, CO, SO2, NOX, THCs, HCl, dioxin /furans, PAHs, and toxic heavy 
metals. 

4.2.2.1 CEM Constituents (O2, CO, CO2, SO2, NOX) 

Table 4-8 presents the average concentrations of O2, CO, CO2, SO2, and NOX found in 
the control devices’ exhaust gases. For the most part, they are unremarkable, except 
for the very apparent and substantially higher concentrations of CO, THC and NOX that 
are produced by the engines. The boiler was by far the most efficient combustion 
device as it produced the lowest concentrations of CO and THCs. The flares tended to 
produce more CO, especially if the more highly diluted flare exhaust gas was 
accounted for. In addition to producing higher concentrations of CO and THC, the 
engines also produced significantly higher concentrations of NOX. The Landfill C 
engine, in particular, produced about 2700 ppm of NOX, an alarmingly high level by any 
measure. 

4-12 



Final Report 
Field Test Measurements 
at Five MSW Landfills with 
Landfill Gas Control 
Technology 

Table 4-8. Control Equipment Exit O2, CO, CO2, SO2, NOX

 Landfill A Landfill B Landfill C Landfill D Landfill E 

O2 (% v/v) 
Range 

Average 

7.4 – 7.6 

7.5 

12.5 – 16.1 

14.9 

2.3 – 3.2 

2.7 

13.5 -13.5 

13.5 

7.2 – 7.9 

7.5 

CO2 (% v/v) 
Range 

Average 

12.8 – 13.2 

12.9 

2.9 – 4.8 

4.2 

15.6 – 16.5 

16.3 

6.3 – 6.4 

6.4 

12.1 -12.5 

12.3 

Moisture 
(% v/v) 

Range 

Average 

11.3 – 12.5 

12.1 

5.8 – 7.3 

6.5 

16.2 - 18.3 

17.0 

7.9 – 10.3 

8.4 

11.6 – 14.1 

12.6 

CO (ppmv) 
Range 

Average 

549 – 570 

560 

11 – 13 

10 

556 – 585 

568 

69 -92 

80 

ND – 14 

9 

SO2 (ppmv) 
Range 

Average 

29 – 39 

34 

3 – 8 

6 

–ND 

ND 

ND 

ND 

41 – 68 

55 

NOX (ppmv) 
Range 

Average 

142 – 183 

166 

10 – 12 

11 

2280 – 3150 

2730 

7.7 – 9.7 

8.5 

3 – 21 

13 

Remarks 0.6 sec at 
1400 °F 

ND – Constituent not detected at the detection limit of 2.0 ppmv 

4.2.2.2 Other Constituents 

4.2.2.2.1 THCs by Method 25A 

Table 4-9 presents the concentrations of organic materials found in the control device 
exhaust gases. The measurement was made with a continuous emission monitor, in 

Table 4-9. Control Equipment Exit Total Hydrocarbon 

Landfill A Landfill B Landfill C Landfill D Landfill E 

As Propane, 
(ppmv) 

Range 

Average 

645 – 786 

730 

ND – 6 

4 

893 – 994 

940 

31.3 – 35.6 

34.1 

ND 

ND 

As Hexane, 
(ppmv) 

Range 

Average 

323 – 393 

365 

ND – 3 

2 

447 – 497 

470 

15.7 – 17.8 

17.1 

ND 

ND 

ND – Constituent not detected at the detection limit of 1.0 ppmv 
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accordance with Method 25A. Hydrocarbons concentrations were low for Landfill E’s 
boiler, fluctuating near the bottom of the instruments zero point. They were also very 
low for Landfill B’s flare. Landfill D’s flare had a bit more THC in its stack gas, at about 
17 ppm hexane. In contrast, both IC engines produced exhaust gases that contained 
more than 350 ppm of hexane-equivalent hydrocarbons. 

The purpose of this measurement was to determine the amount of hydrocarbons in the 
exhaust gases. Method 25A is suitable for this purpose. Moreover, identification and 
quantitation of individual organic compounds were not objectives of this test program. 
For future field tests, when there is a requirement to identify organic constituent 
species in engine exhausts, we would recommend using EPA Method 40, which is well 
suited to identify and quantify volatile organic compounds.  

This project included measurements for PCDD/PCDFs and PAHs in the stack gases 
and these data are presented later in this report. 

4.2.2.2.2 Dioxin/Furans by Method 23 with 8290 

Combustion processes with chlorinated compounds have the potential of producing 
polychlorinated dioxins and furans (PCDD/PCDF). This is particularly relevant if the 
combustion is not efficient and if the combustion products are allowed to cool down 
slowly where they can come into contact with a particle-laden surface. 

Sampling for PCDD/PCDFs was performed for all landfills except for Landfill D, which 
used an enclosed flare. The decision to exclude Landfill D was based on two 
considerations. Tests at Landfill B where enclosed flare was used resulted in 
PCDD/PCDF data that were mostly below detection limits. Further, these findings were 
consistent with the understanding that the flare exit gases could not possibly be cooled 
to reach temperatures that were favorable to dioxin formation. Given the high cost of 
sampling and analysis for PCDD/OCDF, it was decided not to conduct PCDD/PCDFs 
at the second enclosed flare site.   

Table 4-10 presents the PCDD/PCDF concentrations. As can be seen, PCDD/PCDFs 
were mostly below detection limits, except for Landfill E. The boiler in Landfill E is a 
device that is understood to have the potential to present the conditions that favors 
PCDD/PCDF formation, which was confirmed.  

4.2.2.2.3 PAHs by Method 0010 with 8270 

Table 4-11 presents the concentrations of PAHs in the combustion stack gases. 
Consistent with the THC data presented earlier, the IC engines resulted in the highest 
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concentrations of PAHs. In an attempt to provide a means of comparing the control 
technologies, Table 4-11 included a normalized PAH emission factor expressed as the 
amount of PAHs emitted per cu. ft. of LFG combusted. As shown, the IC engine at 
Landfill C was found to emit the highest amount of PAHs at 0.01 mg/cu. ft. LFG. In 
contrast, the boiler at Landfill E and the flare at Landfill B were both found to emit 0.003 
mg/cu. ft. LFG. 

4.2.2.2.4 HCl by Method 26A 

Table 4-12 presents the HCl concentrations at the control device stacks. They ranged 
from about 0.9 to 14 ppmv (1.4 to 21 mg/m3). 

4.2.2.2.5 Metals by Method 29 

Table 4-13 presents the metals found in the control equipment stack. The flares and 
the engines have low emission rates compared to the boiler. The reason for the 
generally higher metal emissions from the boiler is not understood. 

Table 4-10. Control Equipment Exit Dioxins and Furans Average Concentrations a 

Concentration 
(x10-3 ng/dscm) 

Landfill A Landfill B Landfill C Landfill E 

Number of Samples 
Contributing to Average 1 1 3 3 

Dioxins 
2,3,7,8-TCDD ND ND ND 0.926 

Other TCDD 22.0 11.3 8.2 75.5 

1,2,3,7,8-PeCDD ND ND ND 2.6 

Other PeCDD 3.4 13.6 3.4 76.6 

1,2,3,4,7,8-HxCDD ND ND ND 3.3 

1,2,3,6,7,8-HxCDD ND ND ND 6.2 

1,2,3,7,8,9-HxCDD ND ND ND 4.5 

Other HxCDD 0.2393 4.1 1.2 71.1 

1,2,3,4,6,7,8-HpCDD ND ND ND 28.0 

Other HpCDD 0 2.4 0 28.5 

1,2,3,4,6,7,8,9-OCDD ND ND 3.7 43.6 

Total CDD < 33.8 <34.7 ND 341 

Furans 
2,3,7,8-TCDF ND 0.5867 ND 5.8 

Other TCDF 46.6 0.0088 0.75 176 

1,2,3,7,8-PeCDF ND 1.1 ND 9.2 
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Concentration 
(x10-3 ng/dscm) 

Landfill A Landfill B Landfill C Landfill E 

Number of Samples 
Contributing to Average 1 1 3 3 

Dioxins 
2,3,4,7,8-PeCDF ND 1.0 ND 12.8 

Other PeCDF 3.4 110 0 119 

1,2,3,4,7,8-HxCDF ND 1.1 ND 11.8 

1,2,3,6,7,8-HxCDF ND 0.166 ND 11.6 

2,3,4,6,7,8-HxCDF ND 0.194 ND 11.8 

1,2,3,7,8,9-HxCDF ND 0.218 ND 3.1 

Other HxCDF 1.3 34.7 0 59.4 

1,2,3,4,6,7,8-HpCDF ND 0.158 ND 29.6 

1,2,3,4,7,8,9-HpCDF ND 0.215 ND 3.8 

Other HpCDF 0 4.6 0 10.8 

1,2,3,4,6,7,8,9-OCDF ND 1.1 ND 11.1 

Total CDF 13.9 156 ND 300 
Total CDD/CDF < 47.6 190 ND 640 
a – Landfill D was not measured for PCDD/PCDFs. 


ND – Constituent not detected. 


< - indicates that the concentration of the constituent is less than the listed value.  In all cases the 

number reported is rounded up to the nearest tenth.
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Table 4-11. Control Equipment Exit Averaged PAH Emissions a 

Concentration (ng/dscm) 

Landfill A Landfill B Landfill C Landfill E 

IC 
Reciprocating 

Engine 
Enclosed Flare 

IC 
Reciprocating 

Engine 
Boiler 

Number of Samples 
Contributing to Average 1 1 3 3 

Acenaphthene 521 16.2 555 49.3 

Acenaphthylene 731 3.1 1,510 10.2 

Anthracene 116 8.3 372 33.6 

Benzo(a)anthracene 41 2.5 62.2 302 

Benzo(a)pyrene 3.2 1.1 3.1 233 

Benzo(b)fluoranthene 22 3.1 45.3 659 

Benzo(g,h,i)perylene 15 2.5 6.1 248 

Benzo(k)fluoranthene 6.4 1.0 10.8 240 

Chrysene 144 2.5 165 512 

Dibenzo(a,h)anthracene 3.2 0.3 2.9 63.3 

Fluoranthene 154 22.4 361 1400 

Fluorene 950 319 707 74.5 

Indeno(1,2,3-cd)pyrene 6.6 1.2 8.3 277 

Naphthalene 17,900 4,060 43,000 785 

Phenanthrene 1,900 12 2,670 1,200 

Pyrene 175 18 290 832 

2-Methylnaphthalene 7,580 3460 6,700 650 

Benzo(e)Pyrene 17 2.5 30.8 355 

Perylene 3.1 0.4 1.0 40.3 

Total PAH 30,300 7,930 56,500 7,960 

Estimated LFG Inlet flow 
Rate (scfm) 150 J 1500 300 2430 

Measured Exit Gas Flow 
Rate, average (scfm) 1,310 20,700 1,950 28,700 

Total Emission Rate, 
(mg/ft3 LFG) 0.007 0.003 0.010 0.003 

a – Landfill D was not measured for PAHs. 

J Estimated value per EPA QA/G-8 guidance 
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Table 4-12. Control Equipment Exit HCl 

 Landfill A Landfill B Landfill C Landfill D Landfill E 

(mg/m3) 
Range 

Average 
4.1 – 4.4 

4.3 
1.4 – 2.1 

1.7 
13.8 - 20.6 

18.0 
2.0 – 2.2 

2.2 
2.0 – 2.4 

2.1 

(ppmv) 
Range 

Average 
2.7 – 2.8 

2.7 
0.9 – 1.4 

1.1 
9.1 – 14.3 

12.0 
1.3 – 1.3 

1.3 
1.3 – 1.6 

1.4 

(lb/hr) 
Range 

Average 
0.0197 – 0.0213 

0.0203 
0.11 – 0.16 

0.13 
0.103 – 0.163 

0.136 
0.06 – 0.06 

0.06 
0.21 – 0.26 

0.23 

Table 4-13. Control Equipment Exit Metal Emissions

 Landfill A Landfill B Landfill C Landfill D Landfill E 

Estimated 
LFG Inlet 
flow Rate 

(scfm) ~ 150 1500 300 400 2430 

µg/dscm 3.0 0.70 3.13 4.7 2.3 
Arsenic X 10-6 lb/hr 15 66 22.6 142 221 

X 10-9 lb/scf LFG 1.7 0.7 1.3 5.91 1.5 
µg/dscm 0.37 0.18 0.574 0.209 1.2 

Cadmium X 10-6 lb/hr 1.8 14.5 4.1 6.3 135 
X 10-9 lb/scf LFG 0.2 0.16 0.23 0.26 0.93 

µg/dscm 8.5 1.7 4.4 4.1 10 
Chromium X 10-6 lb/hr 41.4 132 31.6 122 1,200 

X 10-9 lb/scf LFG 0.46 147 1.8 5.1 8.2 
µg/dscm 6.1 0.65 0.52 ND 6.0 

Lead X 10-6 lb/hr 29.5 52 3.7 ND 649 
X 10-9 lb/scf LFG 3.2 0.6 0.21 ND 4.5 

µg/dscm 13.5 8.3 5.4 7.9 4.0 
Manganese X 10-6 lb/hr 66.2 660 38.5 236 439 

X 10-9 lb/scf LFG 7.4 7.3 2.1 9.8 3.0 
µg/dscm ND ND ND ND 0.46 

Mercury X 10-6 lb/hr ND ND ND ND 50 
X 10-9 lb/scf LFG ND ND ND ND 0.23 

µg/dscm 9.5 1.8 18 4.8 47 
Nickel X 10-6 lb/hr 47 140 126 144 5300 

X 10-9 lb/scf LFG 5.2 1.6 7.0 6.0 36.4 
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5. Discussions of results 

5.1 Comparison with AP-42 Default Values 

Table 5-1 provides a comparison of the field test results of the five landfills to existing 
AP-42 values for landfill gas. The table also identifies the test method and detection 
limit for each constituent evaluated in the raw landfill gas. Of the forty-four AP-42 
values, twenty-nine constituents were found to have average concentrations that are 
half or lower than their corresponding AP-42 for all five landfills. Twelve of these 
twenty-nine constituents were present at average concentrations that were no more 
than one-tenth of the AP-42 values. These twelve compounds are:   
1,1,1-trichloroethane; 1,1,2,2-tetrachloroethane; 1,2-dichloroethane; 1,2
dichloropropane; isopropyl alcohol; bromodichloromethane; dichlorodifluoromethane; 
ethane; ethanol; t-1,2-dichloroethene; trichloroethylene; and vinyl chloride. For 
acrylonitrile, non-detects were reported for each of the five landfills.  

For sixteen constituents, at least one landfill has a concentration greater than the 
existing AP-42 value. The concentrations that are greater than the existing AP-42 
values for at least on of the five landfills are highlighted in the table. These compounds 
were: acetone, carbon tetrachloride, chlorobenzene, chloroethane, chloroform, 
chloromethane, dichlorobenzene (1,4; 1,3; and 1,2), ethylbenzene, 1,2-dibromethane, 
hexane, hydrogen sulfide, methyl ethyl ketone, pentane, and nonmethane organic 
compounds. Four compounds were present at average concentrations at least three 
times their AP-42 default values [i.e., carbon tetrachloride (3.6x), chloroethane (6.7x), 
chloroform (12x), and 1,2-dibromoethane (10x)]. 

Twenty six compounds were found to be present in concentrations that are similar to 
the AP-42 default values, i.e. their averaged concentrations were between 50 to 300% 
the AP-42 default values. These compounds were: 1,1-dichloroethane; 1,1
dichloroethene; acetone; butane; carbon disulfide; chlorobenzene; chloromethane; 1,4
dichlorobenzene; 1,3-dichlorobenzene; 1,2-dichlorobenzene; methylene chloride; 
ethylbenzene; trichloromonofluoromethane; hexane; hydrogen sulfide; mercury (total); 
2-butanone; 2-hexanone; pentane; tetrachloroethylene; propane; m/p-xylene; o-xylene; 
benzene; NMOC as Hexane; and toluene. 

These data will be of help in providing: (1) QA of industry-supplied data; (2) filling data 
gaps in the existing sets of LFG emission factors; and (3) updating existing emission 
factors within AP-42. The inclusion of these data will undergo protocols for AP-42 
emission factor development including addressing uncertainty and data quality. 
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5.2 Control Technology Assessment 

Among the three tested control technologies (i.e., enclosed ground flare, IC engine and 
boiler) the boiler was the one capable of destroying the LFG most effectively, as 
evidenced by the very low concentrations of organic compounds that exited the boiler 
stack. However, the boiler does have a higher affinity to form PCDDs and PCDFs than 
the flares or the engines. A more detailed review of the PCDD/PCDF data may be 
warranted to assess the potential impacts of the levels of these compounds that were 
formed. 

IC engines do not appear to destroy landfill gas constituents as effectively as boilers or 
flares. This could be due to tuning or maintenance of the engine. Also, engines are 
typically operated to minimize NOx and CO emissions which will result in decreasing 
NMOC destruction efficiency.  In assessing potential impacts from use of IC engines 
for landfill gas control, pollution prevention tradeoffs can be considered from offsetting 
power generation at a coal-fired electric utility  (EPA-600/R-95-089). Often electricity 
from IC engines powered on landfill gas is used to help meet peak load energy 
demands. 

Enclosed ground flares are simple devices and are easier to maintain and operate as 
compared to a boiler or IC engine. They do not have the benefits of IC engines or 
boilers in offsetting fossil fuel use and providing methane for utilization. However, the 
two enclosed flares evaluated in this project were found to effectively control 
hydrocarbons and organic constituents. 

5.3 Mercury Measurements 

The technology of sampling and analyzing for mercury species is progressing steadily. 
The current state of technology requires very specific knowledge that does not transfer 
readily. The development of a method that can be promulgated as an EPA standard 
procedure would be helpful in future research with mercury emissions. 

This not withstanding, mercury measurement technology appears to be on the cusp of 
becoming more “main-stream.” Mercury’s inclusion in future research studies should 
be considered favorably, especially if the per-sample cost will go down because of 
maturing of the technique and increased competition in the market place. However, the 
use of independent standards is recommended for primary standard verification, spike 
recoveries and blanks to provide quality assurance of the results. 
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Technical Systems Audits (TSAs) were conducted for the organo-mercury sampling 
and analysis since this is not a standard EPA test method.  One potential source of 
error in any analysis is due to the standards used to calibrate the instrumentation. 
Several issues were noted concerning the calibration standards.  The first issue was 
the apparent inability to verify the concentrations of the standards used to calibrate the 
instrumentation used to measure MMHg and DMHg. The lack of an independent 
standard to verify the primary standard is a cause of concern because any 
inaccuracies in the primary standard will be promulgated throughout the analyses. It is 
recommended that Frontier Geosciences or any other laboratory conducting organo
mercury analyses identify stable standards for use as an independent verification of the 
primary standard. 

A second issue concerned how the calibration standards were stored. No expiration 
dates were available for either the MMHg and DMHg standard materials. All standards 
have a limited “shelf life” and should not be used after they have expired. It was not 
clear if records were kept to prevent use of expired standards. It is recommended that 
this become part of the standard operating procedures (SOPs) to prevent use of 
standards that have degraded over time. 

A third issue was raised regarding how the standards were stored.  The QA officer 
found the MMHg analytical standard stored in a clear Teflon bottle, un-refrigerated in 
front of a large window. The work plan had requested that samples and standards be 
kept refrigerated and away from light. 

The QA officer also recommended that standard practice should include retaining an 
aliquot of spike solution or spiked traps when sending media to a field project. 

The QA officer also noted several potential issues associated with the oragno-mercury 
analyses. One area of concern was the instability of the MMHg instrument. The 
analyst responsible for MMHg analysis indicated that it was common to have to 
recalibrate and reanalyze samples. One suggestion to improve the robustness of 
MMHg analysis is the inclusion of analytical spikes. Additionally calibration verification 
samples should be analyzed frequently to ensure that the calibration is still acceptable, 
i.e. the instrument has not drifted. Data validation of MMHg analyses must include 
verification of the initial calibration, spike recoveries and calibration stability. Another 
area of concern is the practice of forcing the calibration curve through zero.  This 
procedure is not consistent with most EPA-promulgated methods. Retention times 
during MMHg analysis should be carefully monitored. This is critical given that 
identification of MMHg is determined by retention times or relative retention times. 
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Careful monitoring of retention times must become part of MMHg analysis. The final 
observation made by the ARCADIS QA officer was that the digestate dilution technique 
was not acceptably performed. The glassware used to bring the digested samples to 
volume was not calibrated to Class A or Class B glassware. Furthermore the 
glassware used was not compared against calibrated glassware. Inaccurate dilution of 
the digestates is a common source of error in analysis where dilution is required. It is 
recommended that Frontier Geosciences or any other lab performing these analyses 
should modify their procedures to ensure accurate dilution of samples.  This can be 
done using calibrated glassware or by using a calibrated balance to determine the 
dilution gravimetrically.  

In addition to the TSA, an internal  performance audit was performed by the ARCADIS 
QA officer. Audit samples for THg, MMHg and DMHg were prepared by Cebam 
Analytical located in Seattle, Washington. These audit samples were analyzed by 
Frontier Geosciences as described in the report titled Determination of Total, Dimethyl, 
and Monomethyl Mercury in Raw Landfill Gass at Pinconning and Montrose Michigan. 
These results are present in Tables 5-3, 5-4, and 5-5. In summary the results met the 
MQOs for recovery and the RPD between duplicate samples was also acceptable. 
However, the recovery MQO of 50-150 percent makes it nearly impossible to 
reasonably close a mass balance around Mercury. The measurement of the MMHg 
audit samples showed the worst recoveries of the various Hg species, indicating that 
MMHg analyses are more than likely the least robust of the analyses. Inclusion of the 
suggestions listed above should increase the accuracy and precession of THg, MMHg, 
and DMHg analyses. Mercury measurements from landfill gas are still in development, 
but improvements have been made. 
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Table 5-1. Comparison between LFG Constituent Concentrations and AP-42 Default Values 

Concentration (ppmv) 

Method Compound CAS 
Number 

Formula 
Weight 

Default 
Value 

Landfill 
A 

Landfill 
B 

Landfill 
C 

Landfill 
D 

Landfill 
E 

Detection 
Limit 

M-40 1,1,1-Trichloroethane 71-55-6 133.42 0.48 0.005 0.031 ND ND ND 0.0003 

M-40 1,1,2,2-Tetrachloroethane 79-34-5 167.85 1.11 0.0290 ND ND ND ND 0.0002 

M-40 1,1-Dichloroethane 
(Ethylidene Dichloride) 75-34-3 98.96 2.35 0.033 0.178 0.423 0.591 ND 0.0003 

M-40 1,1-dichloroethene 75-35-4 96.94 0.20 0.002 0.008 0.055 0.021 ND 0.0002 

M-40 1,2-Dichloroethane 107-06-2 98.96 0.41 0.001 0.005 0.037 0.022 ND 0.0003 

M-40 1,2-Dichloropropane 78-87-5 112.98 0.18 0.001 0.005 ND ND ND 0.0003 

M-40 Isopropyl alcohol 
(2-Propanol) 67-63-0 60.11 50.10 0.114 0.356 1.280 6.63 2.36 0.0002 

M-40 Acetone 67-64-1 58.08 7.01 0.33 1.61 11.7 12.8 15.5 0.0003 

M-40 Acrylontrile 107-13-1 53.06 6.33 ND ND ND ND ND 0.02 

M-40 Bromodichloromethane 75-27-4 163.83 3.13 0.003 0.01 ND ND ND 0.0002 

M-40 Butane 106-97-8 58.12 5.03 4.87 3.3 37.9 ND 3.6 1 

M-40 Carbon Disulfide 75-15-0 76.13 0.58 0.014 0.134 0.157 0.093 0.34 0.0002 

M-40 Carbon Tetrachloride 56-23-5 153.84 0.004 0.00083 0.005 ND 0.038 ND 0.0005 

M-40 Ethyl Mercaptan (Ethanediol) 75-08-1 62.13 2.28 ND ND ND ND ND 0.02 

M-40 Carbonyl Sulfide (Carbon 
Oxysulfide) 463-58-1 60.07 0.49 ND ND ND ND ND 0.02 

M-40 Chlorobenzene 108-90-7 112.56 0.25 0.195 0.229 0.833 0.021 0.135 0.0002 

M-40 Chloroethane 
(Ethyl Chloride) 75-00-3 64.52 1.25 0.77 1.88 30.4 0.63 ND 0.0002 

M-40 Chloroform 67-66-3 119.39 0.03 0.040 0.19 0.744 0.485 ND 0.0003 

M-40 Chloromethane 74-87-3 50.49 1.21 0.012 0.072 1.26 0.232 ND 0.0001 
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Concentration (ppmv) 

Method Compound CAS 
Number 

Formula 
Weight 

Default 
Value 

Landfill 
A 

Landfill 
B 

Landfill 
C 

Landfill 
D 

Landfill 
E 

Detection 
Limit 

M-40 1,4-Dichlorobenzene 106-46-7 147.00 0.21 0.043 0.255 0.328 0.686 ND 0.0003 

M-40 1,3-Dichlorobenzene 541-73-1 147.00 0.21 0.00047 0.00203 0.394 0.650 ND 0.0002 

M-40 1,2-Dichlorobenzene 95-50-1 147.01 0.21 0.0019 0.0004 ND 0.031 ND 0.0003 

M-40 Dichlorodifluoromethane 
(Freon 12) 75-71-8 120.91 15.70 0.118 0.468 1.60 1.24 0.232 0.0003 

M-40 Dichlorofluoromethane 
(Freon 21) 75-43-4 102.92 2.62 ND ND ND ND ND 0.02 

M-40 Methylene Chloride 
(Dichloromethane) 75-09-2 84.94 14.30 0.997 0.169 5.35 1.11 3.05 0.0001 

M-40 Dimethyl Sulfide (Methyl 
Sulfide) 75-18-3 62.13 7.82 ND ND 0.68 ND ND 0.02 

M-40 Ethane 74-84-0 30.07 889 6.2 4.6 14.3 5.6 13.5 1 

M-40 Ethanol 64-17-5 46.08 27.20 0.020 0.202 0.172 0.394 0.0002 0.0002 

M-40 Ethylbenzene 100-41-4 106.16 4.61 0.58 2.80 5.89 8.12 ND 0.0003 

M-40 1,2-Dibromoethane 
(Ethylene dibromide) 106-93-4 187.88 0.001 0.001 0.007 0.021 ND ND 0.0002 

M-40 Trichloromonofluoromethane  
(Fluorotrichloromethane) (F11) 75-69-4 137.38 0.76 0.051 0.327 0.504 0.116 0.0082 0.0002 

M-40 Hexane 110-54-3 86.18 6.57 ND ND 4.94 3.98 0.597 0.0003 

M-11 Hydrogen Sulfide 7783-06-4 34.08 35.50 13.1 22.9 55.5 72.7 322 J NR 

Methods 
101A & 
324 

Mercury (Total) 215.63 253.0E-6 300.E-6 22.8E-6 51.2E-6 89.1E-6 163E-6 6.E-6 

M-40 2-Butanone 
(Methyl Ethyl Ketone) 78-93-3 72.10 7.09 0.27 1.43 4.57 8.07 2.49 0.0003 

M-40 2-Hexanone 
(Methyl Butyl Ketone) 591-78-6 100.16 1.87 0.557 0.441 ND ND ND 0.0002 
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Concentration (ppmv) 

Method Compound CAS 
Number 

Formula 
Weight 

Default 
Value 

Landfill 
A 

Landfill 
B 

Landfill 
C 

Landfill 
D 

Landfill 
E 

Detection 
Limit 

M-40 Methyl Mercaptan 
(Methanethiol) 74-93-1 48.11 2.49 ND ND ND ND ND 0.02 

M-40 Pentane 109-66-0 72.15 3.29 3.20 2.60 26.6 2.37 1.30 1 

M-40 Tetrachloroethylene 
(Perchloroethylene) 127-18-4 165.83 3.73 0.042 0.176 1.69 1.02 0.125 0.0003 

M-40 Propane 74-98-6 44.09 11.10 8.9 5.9 40.0 30.5 13.0 1 

M-40 t-1,2-Dichloroethene 156-60-5 96.94 2.84 0.003 0.009 0.042 0.053 ND 0.0003 

M-40 Trichloroethylene 
(Trichloroethene) 79-01-6 131.38 2.82 0.028 0.103 0.515 0.418 0.094 0.0002 

M-40 Vinyl Chloride 75-01-4 62.50 7.34 0.097 0.41 0.768 1.20 0.0634 0.0002 

M-40 m/p-Xylene  
(Dimethyl Benzene) 1330-20-7 106.16 12.10 3.73 3.98 9.21 13.6 9.00 0.00065 

M-40 o-Xylene  
(Dimethyl Benzene) 95-47-6 106.16 12.10 0.30 1.41 3.66 5.41 3.10 0.0003 

M-40 Benzene 
(No-disposal or Unknown) 71-43-2 78.11 1.91 0.073 0.251 1.63 1.20 0.887 0.0002 

M-25C NMOC as Hexane 
(No-codispoal or Unknown) 86.17 595.00 373 355 5870 1006 233 NR 

M-40 
Toluene 
(Methyl Benzene) 
(No or Unknown) 

108-88-3 92.13 39.30 1.33 6.77 23.3 30.3 7.95 0.0003 

ND - Constituent not detected at the stated method detection limits 

NR – Constituent detection limit not reported by laboratory 
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6. Data Quality Assessment 

Detailed assessments of this project’s performance in terms of quality are included in 
the individual landfill test reports. With a few exceptions, the project was able to meet 
the Measurement Quality Objectives (MQOs) established in the QAPPs. 

Table 6-1 shows a comprehensive overview of measurements that, for various 
reasons, did not meet the specified MQOs. 
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Table 6-1. Summary of Sampling and Analyses Exceptions 

Quality Assurance Observations 

Method Measurement Landfill A Landfill B Landfill C Landfill D Landfill E 

EPA Method 1 Selection of traverse points NI NI NI NI NI 

EPA Method 2 Determination of stack gas 
velocity and volumetric flow 
rate 

NI NI NI NI NI 

EPA Method 3A Determination of stack gas 
O2 and CO2 for stack gas 
molecular weight 
calculations  

CEM calibration and 
drift check exceeded 
criteria slightly. 

CEM calibration and 
drift check exceeded 
criteria slightly 

NI NI NI 

EPA Method 3C Determination of CO2, CH4, 
N2, and O2 in raw LFG 

NI NI NI NI NI 

EPA Method 4 Determination of stack gas 
moisture 

NI NI NI NI NI 

EPA Method 6C Determination of stack gas 
SO2 

CEM calibration and 
drift check exceeded 
criteria slightly. 

Drift and system bias 
checks exceeded 
criteria 

NI NI NI 

EPA Method 7E Determination of stack gas 
NOX 

CEM calibration and 
drift check exceeded 
criteria slightly. 

Drift check exceeded 
criteria 

NI 1 drift check was at 3.3% NI 

EPA Method 10 Determination of stack gas 
CO 

NI NI NI NI NI 

EPA Method 11 Determination of raw LFG 
H2S 

NI NI Exceeded hold time. Exceeded hold time. Did not do QAPP-
specified spike. 
However method does 
not specify spike to be 
required. Data was 
flagged. 
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Quality Assurance Observations 

Method Measurement Landfill A Landfill B Landfill C Landfill D Landfill E 

EPA Method 23 Determination of LFG 
PAHs by Method 8270 
PCBs by Method 1668 

Extracts too 
concentrated for 
analysis. No data 
was produced 

Extracts too 
concentrated for 
analysis. No data was 
produced 

Not a specified 
measurement 

Not a specified 
measurement 

Not a specified 
measurement 

EPA Method 23 Determination of stack gas 
dioxins/furans by Method 
8290 

1 of 3 samples 
analyzed. Did not 
meet 90% completion 
goal 

Exceeded hold time. 

Detected some targets 
in blank. Data were 
notated. 

1 of 3 samples 
analyzed. Did not meet 
90% completion goal. 

NI Not a specified 
measurement 

NI 

EPA Method 23 Determination of stack gas 
PAHs by Method 8270 

1 of 3 samples 
analyzed. Did not 
meet 90% completion 
goal 

Exceeded hold time. 

Detected some targets 
in blank. Data were 
notated. 

1 of 3 samples 
analyzed. Did not meet 
90% completion goal. 

Detected targets in 
blank. 

Data reported and 
flagged. 

Recovery of d12
perylene was low 

Relevant data were 
flagged. 

Not a specified 
measurement 

Detected targets in 
blank. 

Data reported and 
flagged. 

EPA Method 25A Determination of flare stack 
gas NMOCs, as THCs 

NI Drift check exceeded 
criteria 

NI NI NI 
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Quality Assurance Observations 

Method Measurement Landfill A Landfill B Landfill C Landfill D Landfill E 

EPA Method 25C Determination of raw LFG 
NMOCs 

Exceeded hold time. 
Detected 2 ppmv 
hexane in field blank. 

Exceeded hold time. 
Detected 8.5 ppmv 
hexane in field blank. 

NI N2 and O2 exceeded 
threshold. 

Data flagged 

Exceeded hold time 

Detected 3 ppmv 
hexane in field blank. 

1 sample had N2 and 
O2 exceeded threshold. 

EPA Method 26A Determination of stack gas 
HCl 

NI NI NI NI NI 

EPA Method 29 Determination of stack gas 
metals 

NI NI Nickel CCV at 10.6 and 
14.0% 

Nickel CCV at 10.6 and 
14.0% 

Nickel CCV at 10.6 and 
12.2% 

EPA Method 
40/TO-15 

Determination of raw LFG 
VOCs  

Detected low 
concentrations of a 
few targets in field 
blank 

Spike recovery 
exceeded criteria for 
ethanol and m/p 
Xylene. 

RSD for hexane and 
isopropyl alcohol 
exceeded criteria. 

Affected data were 
flagged 

Detected low 
concentrations of a few 
targets in field blank, 

Spike recovery for 
chlorobenzene 
exceeded criteria. 

RSD for Methylene 
chloride exceeded 
criteria. 

Affected data were 
flagged 

Detected low 
concentrations of a few 
targets in field blank. 

Data were flagged. 

Detected low 
concentrations of a few 
targets in field blank. 

Cyclohexane RSD 
41.2% 

Heptane RSD 57.4% 

Data were flagged. 

Detected low 
concentrations of a few 
targets in field blank. 

Ethanol spike recovery 
2.4%, m/p-xylene 
recovery 230% 

Isopropyl alcohol RSD 
56.3% 

Hexane RSD 40.7% 

SW-846 Method 
0100/TO-11 

Determination of raw LFG 
carbonyls (formaldehyde, 
acetaldehyde) 

Formaldehyde levels 
in samples are near 
the MDL. Results are 
flagged as estimates 
“J” 

Detected 0.07µg 
formaldehyde in field 
blank 

NI NI NI 
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Quality Assurance Observations 

Method Measurement Landfill A Landfill B Landfill C Landfill D Landfill E 

LUMEX instrument Determination of raw LFG 
Hg0 

NI NI NI NI Sampled at compressor 
exit 

Organic mercury 
methods (Frontier) 

Determination of raw LFG 
monomethyl mercury. 

Exceeded 14-day 
hold time 

RSD exceeded 
criteria 

Exceeded 14-day hold 
time 

RSD exceeded criteria 

Exceeded 14-day hold 
time. 

1 of 6 samples was 
damaged. 

NI Exceeded 14-day hold 
time 

Organic mercury 
methods (Frontier) 

Determination of raw LFG 
dimethyl mercury 

Exceeded 14-day 
hold time 

Spike recovery less 
than 40%. Data 
rejected. 

Exceeded 14-day hold 
time 

Spike recovery less 
than 40%. Data 
rejected. 

NI NI Exceeded 14-day hold 
time 

Organic mercury 
methods (Frontier) 

Determination of raw LFG 
total mercury. 

Exceeded 14-day 
hold time 

Exceeded 14-day hold 
time 

Exceeded 14-day hold 
time 

Exceeded 14-day hold 
time 

Exceeded 14-day hold 
time 

Organic mercury 
methods 
(Geochimica) 

Determination of raw LFG 
monomethyl mercury. 

Not a specified 
measurement 

Not a specified 
measurement 

Not a specified 
measurement 

Not a specified 
measurement 

NI 

Organic mercury 
methods 
(Geochimica) 

Determination of raw LFG 
dimethyl mercury 

Not a specified 
measurement 

Not a specified 
measurement 

Not a specified 
measurement 

Not a specified 
measurement 

NI 

Organic mercury 
methods 
(Geochimica) 

Determination of raw LFG 
total mercury. 

Not a specified 
measurement 

Not a specified 
measurement 

Not a specified 
measurement 

Not a specified 
measurement 

NI 

NI – No issues or QA exceptions 
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7. Conclusions 

The test data collected during this test program provides updated information 
concerning the constituents in landfill gas and combustion by-products from five MSW 
landfills.  Ideally, it would be preferable to have collected data from a wider range of 
landfills covering different gas control technology, geographic areas, landfill size and 
age, and variations in waste composition. The data are considered useful in providing 
a detailed and comprehensive set of data. It also helps in evaluating how 
representative data are that have been supplied by industry, state and local regulatory 
authorities, and others. 

The average concentrations of constituents in landfill gas for the five landfills were half 
or lower of their corresponding AP-42 values. For sixteen constituents, at least one 
landfill had an average concentration greater than the existing AP-42 value.  The 
details of the sampling at each site are provided in the appendices to this report. 

Limitations in the data include lack of data from a wider range of combustion 
technology. Also, the field test measurements did not include wet or bioreactor landfills. 
Not clear if there will be an increase in air toxics resulting from increased levels of 
metals due to leachate recirculation and addition of sewage sludge or other liquid 
additions. Also, this study did not include turbines since they are not as widely used as 
boilers, IC engines, and flares. With increasing use of micro-turbines, it would be 
helpful to have data on combustion by-product emissions to compare to other 
technologies in use. 

With respect to project QA, while a few of the measurements presented some 
challenges, the project succeeded in producing a comprehensive data set. Therefore, 
this project met its data quality objective of “performing tests by using EPA reference 
test methods, or when not applicable, sound methodology and that tests are reported 
in enough detail for adequate validation and raw data are provided that can be used to 
duplicate the emission results presented in the report.” 
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COOPERATIVE RESEARCH AND DEVELOPMENT AGREEMENT 

WITH THE 
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

                                                                                                                                    
 

This Cooperative Research and Development Agreement (“CRADA” or "Agreement") is 
entered into by and between the Environmental Research and Education Foundation which has 
its principal place of business at 4301 Connecticut Avenue, NW, Suite 300, Washington, D.C. 
(“the Foundation”), and the National Risk Management Research Laboratory (“NRMRL”), of 
the U.S. Environmental Protection Agency ("EPA") under the authority of Title 15, United 
States Code §§ 3710a-3710d (commonly known as the Federal Technology Transfer Act of 
1986). 
 
 WITNESSETH: 
 

A. WHEREAS, the Congress, in enacting the Federal Technology Transfer Act of 
1986 (the "FTTA"), has found that Federal laboratories' developments should be made accessible 
to private industry, state and local governments, and has declared that one of the purposes of 
such Act is to improve the economic, environmental and social well being of the United States 
by stimulating the utilization of Federally-funded technology developments by such parties; 
 
 

B. WHEREAS, the FTTA provides each Federal agency with the authority to permit 
the Directors of Government-operated laboratories to enter into cooperative research and 
development agreements with Federal or non-Federal entities, including private firms and 
organizations for the purpose of providing to, or obtaining from, collaborating parties, personnel, 
services, property, facilities, equipment, intellectual property or other resources toward the 
conduct of specified research and development efforts, which may include the disposition of 
patent rights in the inventions resulting from such collaboration; 

 
 

C. WHEREAS, the Laboratory has performed and has sponsored substantial 
research and development with respect to improved characterization of landfill gas and its 
control at municipal solid waste landfills.  This  includes the development of state-of-the-art 
protocols for sampling and analyzing landfill gas emissions and for evaluating control 
technology; 
 
 
     D. WHEREAS, the Laboratory possesses certain advanced scientific skills, 
facilities, special equipment, information, computer software, and know-how pertaining to 
assessment and characterization of landfill gas and procedures for characterizing landfill gas 
emissions and control technology; 
 
 



 
E. WHEREAS, NRMRL and the Foundation desire to work jointly on the 

characterization of landfill gas emissions and evaluating control technology;  
 

F. WHEREAS, NRMRL and the Foundation are interested in the further 
development, evaluation, and application of procedures for improved characterization and 
evaluation of landfill gas emissions and control technology and its utilization by private and 
public entities; 
  

G. WHEREAS, the Foundation desires to provide resources for the Laboratory's 
further development, evaluation, and application of procedures for improved characterization 
and evaluation of landfill gas emissions and control technology;  
 

H. WHEREAS, the Laboratory views its collaboration with the Foundation to 
further development, evaluation, and application of procedures for improved characterization 
and evaluation of landfill gas emissions and control technology to be in the furtherance of the 
public interest. 
 

NOW, THEREFORE, the parties hereto agree as follows: 
 
 
Article 1.  Definitions 
 
 

As used in this CRADA, the following terms shall have the following meanings and such 
meanings should be equally applicable to both the singular and plural forms of the terms defined: 
 

1.1 “CRADA” or "Agreement" means this Cooperative Research and Development 
Agreement entered into by the Laboratory pursuant to 15 U.S.C. § 3710a. 
 

1.2 "Computer Software" means computer software, computer programs, computer 
data bases, and documentation thereof developed, in whole or in part, under this Agreement. 
 

1.3 "Government" means the Government of the United States of America.  
 

1.4 "Invention" means any invention or discovery which is or may be patentable or 
otherwise protectable under the intellectual property laws of this or any foreign country.   
 

1.5 "Made" in relation to any Invention means the conception or first actual 
reduction to practice of such Invention. 
 

1.6 "Proprietary Information" means information which embodies trade secrets 
developed at private expense, or which is confidential scientific, business or financial 
information, provided that such information: 

(a) Is not generally known or available from other sources without obligation 
concerning its confidentiality; 
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      (b) Has not been made available by the owners to others without obligation 

concerning its confidentiality; and 
 
      (c) Is not already available to the Government without obligation concerning its 

confidentiality. 
 
1.7 "Subject Data" means all recorded information first produced in the 

performance of this Agreement.  This term includes Computer Software. 
 

1.8 "Subject Invention" means any Invention conceived or first actually reduced to 
practice in the performance of work under this Agreement. 
 

1.9 "Technology" means  further development, evaluation, and application of 
procedures for improved characterization and evaluation of landfill gas emissions and control 
technology. 
 
 
Article 2.  Cooperative Research 
 

2.1  Statement of Work.  Cooperative research and development work performed under 
this Agreement shall be performed in accordance with the Statement of Work ("SOW") attached 
hereto as Attachment A.  The SOW sets forth a "period of performance."  The Laboratory and 
the Foundation agree to perform the cooperative research and development work and to utilize 
such personnel, resources, facilities, equipment, skills, know-how, and information as is 
reasonably necessary. 
 

2.2  Review of Work.  Periodic conferences shall be held between Laboratory and 
Foundation personnel for the purpose of reviewing the progress of the work to be accomplished 
under this Agreement.  The Laboratory shall have exclusive control and supervision over the 
conduct of all cooperative research and development work conducted at the Laboratory facilities. 
 In addition, EPA shall have exclusive control over EPA contractors that are providing field 
support for the field test program.   The Foundation shall have input to the site selection, test and 
quality assurance program plan, data analysis and project documentation.  It is understood that 
the nature of this cooperative research and development work is such that completion within the 
period of performance specified in the SOW or within the limits of financial support allocated, 
cannot necessarily be guaranteed.  Accordingly, it is agreed that all cooperative research is to be 
performed on a best efforts basis. 
 

2.3  Assigned Personnel.  Each party to this Agreement shall perform its respective 
obligations under this Agreement under the direction of a "Project Manager" and a "Principal 
Investigator."  Project Managers shall be responsible for the overall direction of the work, 
establishing budgets and providing such approvals and consents as are required hereunder.  
Principal Investigators shall be responsible for the scientific and technical conduct of the work, 
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including the exchange of Subject Data and other information.  The parties designate the 
following individuals as their respective representatives: 
 

Laboratory          Foundation 
Project Manager/           
Principal Investigator    Susan A. Thorneloe  Edward W.  Repa, PhD 
 

2.4  Scope Change. If at any time the Project Managers determine that the research 
data justify a substantial change in the direction of the work, the parties shall make a good faith 
effort to agree on any necessary changes to the SOW. 
. 
 
Article 3.  Reports 
 

3.1 Final Report.  The Laboratory shall submit a draft final report to the Foundation 
of the Laboratory's results within 90 calendar days after (a) completing the SOW or (b) the 
termination of this Agreement.  All EPA reports are subject to administrative and technical peer 
review prior to publication.  The Foundation shall provide comments as part of the review of the 
draft final report within 45 day from receiving the draft report.  
 
Article 4.  Financial Obligations 
 

4.1  Transfer of Funds.  The Foundation agrees to pay $150,000 in FY01 for phase one 
and the remainder in FY02 for phase 2.  First phase will involve development of test plan/quality 
assurance plan and conduct measurements at up to 8 sites.  Exact number of sites is hard to 
determine exactly until site selection occurs.  However, site selection criteria are targeted 
towards maximizing the number of sites that are included.  The Foundation will be providing 
$150,000 for FY02 which will be used in conjunction with EPA co-funding to conduct 
measurements at up to 8 sites and to complete data analysis and documentation.  A check 
payable to the EPA must be delivered to EPA before work can be initiated by the Laboratory.  
The check shall be mailed to:        
 

U.S. Environmental Protection Agency 
Cincinnati Financial Management Center 
Attention:  FTTA 
P.O. Box 371099M 
Pittsburgh, PA  15251 

 
The check shall be accompanied by a copy of the first page of this Agreement, the signature page 
of this Agreement, and the SOW in Attachment A. The Foundation shall notify the EPA program 
manager when the funding is mailed with a copy of the check and cover page. 
 
EPA is providing $132,600 in FY00, $141,800 in FY02, and $25,600 in FY03 towards 
conducting the research and development specified in the Agreement.  In addition, both EPA and 
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the Foundation shall make in-kind contributions, including but not limited to personnel, services, 
use of facilities, or use of equipment, toward conduct of the research and development specified 
in the Agreement.  
 

4.2  Assignment of Personnel.  In addition to the funding by the Foundation provided 
for in paragraph 4.1 above, the Foundation shall provide the services of a qualified principal 
investigator who will assist in the efforts under the SOW in Appendix A.  This person shall be an 
employee of the Foundation and shall be stationed at 4301 Connecticut Ave., NW; Suite 300; 
Washington, D.C.  Additional personnel representing industry experts and personnel from 
participating sites will also be providing assistance through this agreement.  The assigned 
personnel from the Foundation will be available to assist with data collection activities, site and 
control technology selection, and review of quality assurance, test plan, data analysis, and 
documentation.  
 
4.3  Accounting Records.  The Laboratory shall maintain separate and distinct current accounts, 
records, and other evidence supporting all its expenditures under this Agreement.  The accounts 
and records shall be available for reasonable inspection and copying by the Foundation or its 
authorized representative.   
 

 
Article 5.  Invention, Computer Software, and Patent Rights 
 
 

5.l The Laboratory and the Foundation believe that no Subject Invention or Computer 
Software will be created during the work specified in this Agreement.  Should it appear that any 
activity of this Agreement might involve the creation of Subject Inventions or Computer 
Software, the Laboratory and the Foundation will negotiate in good faith an amendment to this 
Agreement.  The amendment will assign responsibilities for obtaining patents or other 
intellectual property rights pertaining to the Subject Inventions or Computer Software and will 
provide for appropriate allocation of any patent or intellectual property rights resulting from 
those Subject Inventions or Computer Software. 
 

  
Article 6.  Data and Publication 
 

6.1  Proprietary Information.  The Foundation shall place a proprietary notice on all 
information it delivers to the Laboratory under this Agreement which it asserts is Proprietary 
Information of the Foundation.  The Laboratory agrees that any information designated as 
Proprietary Information which is furnished by the Foundation to the Laboratory under this 
Agreement, or in contemplation of this Agreement, shall be used by the Laboratory only for the 
purpose of carrying out this Agreement or for Government purposes.  Information designated as 
Proprietary Information shall not be disclosed, copied, reproduced, or otherwise made available 
in any form whatsoever to any other person, firm, corporation, partnership, association, or other 
entity without consent of the Foundation except as such information may be subject to disclosure 
under the Freedom of Information Act  (5 U.S.C. § 552), and EPA's regulations at 40 C.F.R.  
Part 2, or as authorized by other statutes. The Laboratory agrees to use its best efforts to protect 
the information designated as Proprietary Information from unauthorized disclosure.  The 
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Foundation agrees that the Laboratory is not liable for the disclosure of Proprietary Information 
which, after notice to and consultation with the Foundation, EPA determines may not lawfully be 
withheld or which a court of competent jurisdiction requires to be disclosed.  If no claim of 
confidentiality accompanies information at the time of submittal, the information may be made 
public with no further notice to the Foundation. 
 

6.2  Release Restrictions.  The Laboratory shall have the right to use all Subject Data for 
any Governmental purpose, but shall not release such Subject Data publicly except: 
 

(a) the Laboratory in reporting the results of cooperative research may publish 
Subject Data, subject to the provisions of paragraph 6.3 below, and provided the Foundation is 
given 45 days to review the manuscript and provide suggestions before publication; and 
 

(b) the Laboratory may release such Subject Data where such release is required 
pursuant to a request under the Freedom of Information Act (5 U.S.C. § 552) and the EPA 
regulations at 40 C.F.R. Part 2 or as authorized by other statutes; provided, however, that 
pursuant to 35 U.S.C. § 205 Subject Data that discloses or enables an invention, will not be 
released to the public if a patent application is to be filed, until the party having the right to file a 
patent application or provisional patent application has had a reasonable time to file. 
 

6.3  Publication.  The Laboratory and the Foundation agree to confer and consult prior to 
the publication of Subject Data to ensure that no Proprietary Information is released and that 
patent rights are not jeopardized.  Prior to submitting a manuscript for outside review which 
contains the results of the research under this Agreement, or prior to publication if no such 
review is made, each party shall be offered at least 45 calendar days to review such proposed 
publication and to file patent applications in a timely manner, if it is so entitled or required under 
this Agreement. 
 
Article 7.  Representations and Warranties 
 

 
7.1  Representation and Warranties of the Laboratory.  The Laboratory hereby 

represents and warrants to the Foundation as follows: 
 

7.1.1  Organization.  The Laboratory is a Federal laboratory of the EPA and is wholly 
owned by the Government.  The Laboratory's substantial purpose is the performance of research 
or development.    
 

7.1.2  Mission.  The performance of the activities specified by this Agreement is 
consistent with the mission of the Laboratory. 
 

7.1.3  Authority.  All prior reviews and approvals required by Federal regulations and 
laws have been obtained by the Laboratory prior to the execution of this Agreement.  The 
Laboratory official executing this Agreement has the requisite authority to do so. 
 

7.2  Representations and Warranties of the Foundation.  The Foundation hereby 
represents and warrants to the Laboratory as follows: 
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7.2.1  Corporate Organization.  The Foundation, as of the date hereof, is a corporation 

duly organized, validly existing and in good standing under the laws of the District of Columbia.  
 

7.2.2  Power and Authority.  The Foundation has the requisite power and authority to 
enter into this Agreement and to perform according to the terms thereof. 
 

7.2.3  Due Authorization.  The Board of Directors and stockholders of the Foundation 
have taken all actions, if any, required to be taken by law, the Foundation's Certificate or Articles 
of Incorporation, its bylaws or otherwise, to authorize the execution and delivery of this 
Agreement. 
 

7.2.4  No Violation.  The execution and delivery of this Agreement do not contravene 
any material provision of, or constitute a material default under, any material agreement binding 
on the Foundation or any valid order of any court, or any regulatory agency or other body having 
authority to which the Foundation is subject, nor, to the best of its knowledge, is the Foundation 
the subject of any adversarial proceeding by any regulatory governmental agency. 
 
Article 8.  Termination 
 

8.1  Termination by Mutual Consent.  The Laboratory and the Foundation may elect to 
terminate this Agreement, or portions thereof, at any time by mutual consent.  In such event the 
parties shall specify the disposition of all property, patents, unexpended or unobligated funds, 
and the results arising from the work completed or in progress under this Agreement.  Upon 
termination by mutual consent, the Laboratory, as of the termination date, shall make no new 
commitments, and as soon after the termination date as feasible, shall cancel all outstanding 
commitments that relate to those portions of this Agreement that have been mutually terminated. 
  
 

8.2  Termination by Unilateral Action.  Either party may unilaterally terminate this 
entire Agreement at any time by giving the other party written notice not less than 90 calendar 
days prior to the desired termination date.  The Laboratory shall make no new commitments after 
receipt of a written termination notice from the Foundation and shall to the extent possible, by 
the termination date, cancel all outstanding commitments and contracts that were entered into as 
a consequence of the requirements of the SOW in Attachment A.  However, the Laboratory may, 
at its own expense, continue said commitments beyond said termination date without liability on 
the part of the Foundation.   
 

8.3  Termination Costs.  Each party shall pay its own termination costs out of its own 
funds. Any funds furnished by the Foundation which are unexpended or unobligated as of the 
date of termination will be returned to the Foundation.  In no event shall either party be liable for 
the direct termination costs of the other party or said other party's expenses caused by or related 
to the termination. 
 

8.4  Survival.  To the extent rights and obligations hereunder have accrued as of the date 
of expiration or termination, the following Articles of this Agreement shall survive any 
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expiration or termination hereof:  5, 6, and 10, and any expiration or termination hereof shall not 
affect any license granted hereunder. 
 
Article 9. Disputes 
 

9.1  Settlement.  Any dispute arising under this Agreement which cannot be readily 
resolved shall be submitted jointly to the signatories of this Agreement.  A joint decision of the 
signatories or their designees shall be the disposition of such dispute.  If the signatories are 
unable to jointly resolve a dispute within a reasonable period of time after submission of the 
dispute for resolution, the matter shall be submitted to the Administrator of EPA or the 
Administrator's designee for resolution. 
 

9.2  Continuation of Work.  Pending the resolution of any dispute or claim pursuant to 
this Article, the parties agree that performance of all obligations shall be pursued diligently in 
accordance with the direction of the Laboratory signatory. 
 
Article 10. Liability 
 

10.1  Employees.  EPA's responsibility for the payment of claims to the Foundation or its 
employees for loss of property, personal injury or death caused by the negligence or the 
wrongful act or omission of employees of EPA, while acting within the scope of their 
employment, is in accordance with the provisions of the Federal Tort Claims Act, 28 U.S.C. §§ 
2671-80 and 40 C.F.R. Part 10. 
 

10.2  No Warranty.  Except as specifically stated in Article 7, neither party makes any 
express or implied warranty as to any matter whatsoever, including the conditions of the research 
or as to any Invention made or product developed, or the ownership, merchantability, or fitness 
for a particular purpose, of the research or any such Invention or product. 
 

10.3  Indemnification.  The Foundation holds the Government harmless and indemnifies 
the Government for all liabilities, demands, damages, expenses and losses arising out of the use 
by the Foundation, or any party acting on the Foundation's behalf or under its authorization, of 
the Laboratory's research and technical developments, the Laboratory's facilities or equipment, 
or out of any use, sale or other disposition by the Foundation, or others acting on its behalf or 
with its authorization, of products made by the use of the Laboratory's technical developments.  
This provision shall survive the termination of this Agreement. 
 

 
10.4  Force Majeure.  Neither party shall be liable for any event or circumstance beyond 

its reasonable control not caused by the fault or negligence of such party, which causes such 
party to be unable to perform its obligations under this Agreement (and which it has been unable 
to overcome by the exercise of due diligence), including but not limited to flood, drought, 
earthquake, storm, fire, pestilence, lightning and other natural catastrophes, epidemic, war, riot, 
civil disturbance or disobedience, strikes, labor dispute, sabotage of the Laboratory facilities, or 
any order or injunction made by a court or public agency.  In the event of the occurrence of such 
a force majeure event, the party unable to perform shall promptly notify the other party.  It shall 
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further use its best efforts to resume performance as quickly as possible and shall suspend 
performance only for such period of time as is necessary as a result of the force majeure event. 
 

10.5  Third Party Liability. The Foundation is self insured and has provided its 
Certificate of Insurance herein in Attachment B.   
 

** EREF’s coverage is for up to $1,000,000 and will be providing a copy of the Certificate of 
Insurance. 

 
 
Article 11. Miscellaneous 
 
 

11.1  No Benefits.  No member of, or delegate to the United States Congress, or resident 
commissioner, shall be admitted to any share or part of this Agreement, nor to any benefit that 
may arise therefrom.  This provision shall not be construed to extend to this Agreement if the 
Agreement is made with the Foundation for the Foundation's general benefit. 
         

11.2  Governing Law.  The construction, interpretation, validity, performance and effect 
of this Agreement for all purposes shall be governed by the laws applicable to the Government. 
 

11.3  Headings.  Titles and headings of the Sections and Subsections of this Agreement 
are for the convenience of references only and do not form a part of this Agreement and shall in 
no way affect the interpretation thereof. 
 

11.4  Waivers.  None of the provisions of this Agreement shall be considered waived by 
any party hereto unless such waiver is given in writing to all other parties.  The failure of any 
party to insist upon strict performance of any of the terms and conditions hereof, or failure or 
delay to exercise any rights provided herein or by law, shall not be deemed a waiver of any 
rights of any party hereto. 

 
11.5  Severability.  The illegality or invalidity of any provisions of this Agreement shall 

not impair, affect or invalidate the other provisions of this Agreement. 
 

11.6  Amendments.  If either party desires a modification to this Agreement, the parties 
shall, upon reasonable notice of the proposed modification by the party desiring the change, 
confer in good faith to determine the desirability of such modification.  Such modification shall 
not be effective until a written amendment is signed by all the parties hereto by their 
representatives duly authorized to execute such amendments. 
 

11.7  Assignment.  Except as otherwise permitted herein, neither this Agreement nor any 
rights or obligations of any party hereunder shall be assigned or otherwise transferred by either 
party without the prior written consent of the other party.  However,  the Foundation may assign 
this Agreement to the successors or assignees of a substantial portion of the Foundation's 
business interests to which this Agreement directly pertains. 
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11.8  Notices.  All notices pertaining to or required by this Agreement shall be in writing 
and shall be signed by an authorized representative and shall be delivered by hand or sent by 
certified mail, return receipt requested, with postage prepaid, addressed as follows: 
 
If to the Foundation: Michael Cagney, President 

Environmental Research and Education Foundation 
4301 Connecticut Ave., NW 
Suite 300 
Washington, D.C.  20008 

 
 
If to the EPA:  E. Timothy Oppelt 

US EPA 
Director, National Risk Management Research Laboratory 
26 W. Martin Luther King Drive 
Cincinnati, OH 45268 

 
Any party may change such address by notice given to the other party in the manner set 

forth above. 
 

11.9  Independent Parties.  The relationship of the Laboratory and the Foundation is 
that of independent parties and not as agents of each other or as joint venturers or partners.  The 
Laboratory shall maintain sole and exclusive control over its personnel, Contractors, and 
operations.  The Foundation shall maintain sole and exclusive control over its personnel and 
operations. 
 

11.10  Use of Name or Endorsements.  The Foundation shall not use the name of the 
Laboratory or EPA, on any product or service which is directly or indirectly related to either this 
Agreement or any patent license or assignment agreement which implements this Agreement, 
without the prior approval of the Laboratory.  By entering into this Agreement the Laboratory 
does not directly or indirectly endorse any product or service provided, or to be provided, by the 
Foundation, its successors, assignees, or licensees.  The Foundation shall not in any way imply 
that this Agreement is an endorsement of any such product or service.  This section in no way 
prohibits the publication of any EPA indication or statement regarding the efficacy of any 
Subject Invention and/or any other results of this Agreement. 
 

11.11  No Approval.  Nothing in this Agreement shall be deemed to constitute regulatory 
or scientific approval of the use of any particular product or technology. The Foundation agrees 
that (a) nothing in this Agreement relieves it of any obligation to comply with applicable federal, 
state, or local laws, regulations, or requirements, and (b) possession or acquisition by the 
Laboratory of Subject Data, or other information generated or otherwise acquired pursuant to 
performance of work under this Agreement, does not constitute knowledge of or possession or 
receipt of such data or information by or on behalf of the Administrator of the Environmental 
Protection Agency for purposes of statutory or regulatory reporting requirements such as, but not 
limited to, Section 8 of the Toxic Substances Control Act. 
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11.12  Entire Agreement.  This Agreement constitutes the entire agreement between the 
parties concerning the subject matter hereof and supersedes any prior understanding or written or 
oral agreement relative to said matter. 
 
 
Article 12. Duration of Agreement and Effective Date 
 

12.1  Effective Date.  This Agreement shall enter into force as of the date of the last 
signature of the parties. 
 

12.2 Duration.   This Agreement shall remain in effect for a period of 4 years from the 
effective date. 
 
 

IN WITNESS WHEREOF, the Parties have caused this Agreement to be executed by 
their duly authorized representatives as follows: 
 
 
 
U.S. ENVIRONMENTAL PROTECTION AGENCY 
 
 
By                                                                             Date                                     
         E. Timothy Oppelt 

Director 
National Risk Management Research Laboratory 
 
 

THE Foundation 
 
 
By                                                                              Date                                      

Michael Cagney  
President 
Environmental Research and Education Foundation 
 

 



 
 
 STATEMENT OF WORK 
 
 
 For 
 
 COOPERATIVE RESEARCH AND DEVELOPMENT AGREEMENT 
 
 Between  
 
 The United States Environmental Protection Agency’s 

National Risk Management Research Laboratory 
 
 
 And 
 
 The Environmental Research and Education Foundation 
 
 
 
Title of Project: Characterization of Landfill Gas Emissions and Control Technology 
 
Goals:    
 
The United States Environmental Protection Agency (EPA) and the Environmental Research and 
Education Foundation (EREF) shall work jointly on the development, evaluation, and 
application of state-of-the art protocols for characterization of landfill gas emissions and control 
technology.  The Cooperative Research and Development Agreement (CRADA) is designed to 
facilitate the evaluation of landfill gas emissions and control technology using up-to-date 
protocols for sampling and analysis of hazardous air pollutants (HAPs), volatile organic 
compounds (VOCs), and climate change gases including methane and carbon dioxide.    The 
testing will enable independent verification of landfill gas emissions for comparing to recently 
obtained industry data. The resulting information will be used to establish more up-to-date and 
credible emission factors that are used in national and state emission inventories. 
 
Limitations in available data exist due to much of the available data resulting from the 1980s and 
early 1990s  when the characteristics of municipal solid waste (MSW) landfills were very 
different from the state-of-the-art type facilities in place today.  For example, today’s landfills do 
not have codisposal of municipal solid waste and hazardous waste.  In addition, the composition 
of municipal solid waste has changed as a result of recycling programs and programs to reduce 
household hazardous waste and other materials from landfills.  Data for 28 organic and inorganic 
HAPs are summarized in AP-42a  (EPA, 1997).   With the changes in waste composition, design 
and operating practices at modern landfills, management of petroleum contaminated soils being 
used as daily cover, more recent data are needed to accurately reflect current emissions 

                         
a  U.S. EPA.  1997.  Compilation of Air Pollutant Emission Factors, 5th Edition and Supplements, AP-
42, Volume I:  Stationary Point and Area Sources.  Research Triangle Park, North Carolina.. 
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associated with U.S. MSW landfills.  
 
Approximately 70% of the MSW in the U.S. is landfilled.  The EPA believes that landfills can be 
designed and operated to be protective of human health and the environment.  However, over the 
last decade, landfill gas (LFG) emissions have received increasing interest and data are needed to 
ensure that these emissions have been appropriately characterized. LFG can be effectively 
collected and controlled resulting in minimal impact to human health and the environment.  
There are a variety of technologies in use including flares and boilers, fuel cells, internal 
combustion engines, turbines, and other processes that take advantage of the energy potential of 
LFG which averages about half that of natural gas.   These different technologies have different 
emission reduction capabilities and levels of combustion by-products.  Current data on these 
controls are very limited and it may not accurately characterize the different technologies in use 
at U.S. landfills.  Issues have been raised about the use of existing data in AP42 which is being 
used to develop additional control requirements for landfills and to establish emission levels and 
emission reduction capabilities.  
 
This CRADA will focus on addressing the major issues existing regarding characterization of 
LFG emissions through a partnership where appropriate expertise and personnel in developing, 
evaluating, and applying protocols for characterizing landfill gas emissions will be utilized.  This 
will result in a more up-to-date set of data and information for a wide range of pollutants 
including HAPs, VOC, methane, carbon dioxide, and combustion by-products.  
 
Approach:   
 
The research that is to be conducted in two phases through this CRADA.  The first phase will 
include (1) developing a test and quality assurance plan, (2) conducting pre-test site surveys to 
identify sites for conducting measurements, and (3) conducting comprehensive measurements at 
4 sites where LFG emissions are collected and controlled, and (4) analysis and documentation of 
phase 1 field test sites.  The second phase will include (1) conducting measurements at another 3 
to 4 sites, (2) data analysis and documentation, and (3) final project documentation including 
emission factors from the field data.   
 
Phase 1 activities include:    
 

 Conducting kick-off meeting and project status/discussion meetings with appropriate 
EPA, EREF, and others to discuss criteria for site selection, test and analytical methods, 
and analysis of results.  Additional meetings will be conducted either in Washington, 
D.C. or at EPA’s Environmental Research Center in the Research Triangle Park of North 
Carolina, to discuss technical issues and project status. 

 
 Conducting pre-test site surveys to collect information needed to determine sites to be 

included in field test program to characterize LFG emissions and different control 
technologies.   Up to 8 sites will be selected for the first phase and up to 8 additional sites 
will also be identified for Phase 2.  Site selection with be based on sites that have a range 
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of LFG controls in place (e.g., 3 enclosed flares, 3 internal combustion engines, 1 boiler 
or direct gas use project, and 1 turbine).  These sites are to be based in different 
geographical regions probably in the northeast, southeast, midwest.   Opportunity to 
sample more than one site in a geographical area will be considered to help reduce 
overall travel costs and to maximize the number of sites that can be included in the study. 
 The sites chosen must meet any applicable Federal, state, and local regulatory 
requirements and not have any enforcement actions in place.  These sites must be 
considered representative of the type of design and operation that is typical of Subtitle D 
landfills.   
EREF will be responsible for collecting any data needed in making site selections.  EREF 
will give EPA input on data to be collected.  EREF will also provide summaries of the 
information collected for making site selection.  The site selection criteria will be 
developed by EPA with input from EREF.  Both EPA and EREF will have input 
regarding site selection. 

 
 Developing of the test and quality assurance plan.  This will include evaluating different 

protocols for conducting measurements to characterize LFG emissions.  EPA Principal 
Investigator is responsible for getting the draft plan developed and submitted for approval 
prior to conducting any field test measurements.  EREF will have an opportunity to 
review this and provide input.  EPA will take the lead in ensuring that appropriate EPA 
approvals are received prior to any field tests being conducted.   

 
 Conducting measurements at up to 8 sites.  EPA will be responsible for oversight of EPA 

contractors providing field support.  This support will also include documentation of site 
description,  methodology, field test procedures and quality assurance, and data analysis. 
  and final test reports which are to document methodology, test, and quality assurance 
procedures, and results.  EPA principal investigator is responsible for collecting data for 
LFG energy recovery and developing estimates of offsets associated with energy 
utilization.  EREF will have opportunity to have representatives at all field tests, input to 
data analysis and review of interim project documentation. 

 
Phase 2 activities include: 
 

 Conducting measurements at up to 8 sites.  Actually more sites may be tested depending 
upon available funding.  Site selection will emphasize obtaining data at as many sites as 
possible.  EPA and EREF roles for this are identical to what was stated in Phase 1. 

 
 Final project report will include documentation of site selection criteria, identification of 

types of sites selected and a description of each site, field test procedures and quality 
assurance procedures, and results.  Emission factors using field data will also be 
developed and included in the final report.  The EPA principal investigator will be 
responsible for developing the draft report and EREF will be given an opportunity to 
review the report.  In addition, the report will undergo normal Agency review procedures 
including peer, quality assurance, technical editorial and administrative review.  
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Sampling of LFG will be conducted prior to condensate knockout and after the combustion 
device.  The pollutants to be sampled include  methane, nonmethane organic compounds (total 
and speciated including data for all compounds currently included in AP42), mercury (total and 
speciated), combustion by-products including all criteria pollutants and hydrogen chloride, and 
dioxin/furans, and other potential combustion by-products.  The types of technologies that are to 
be sampled are those that are most typically used including enclosed flares, boilers, internal 
combustion engines, and turbines.  
 
Resources 
 
The Laboratory’s commitment to the project includes the following: 
 

· Technical review and advisory comment on the project design, operation, as well 
as development of quality assurance and test plans. 

· Expertise on sampling for criteria pollutants, HAPs, VOCs, and combustion by-
products.  

· Meetings at RTP or via teleconference on a monthly basis for exchange of data 
and information 

· Assistance with conducting field measurements,  and data collection and analysis. 
· Estimate of potential offsets associated with energy utilization from landfill gas to 

energy projects. 
 

In-kind contributions by the Laboratory include personnel.  In addition extramural funds are 
being provided for field personnel, equipment, and data analysis for conducting field test 
measurements. 
 

Fiscal Year  Personnel  Extramural Funds* 
          (Person Yrs)           ($K) 

FY00 and 01       1.5            $274,400   
2002        1.2               25,600  
 

*This is what is anticipated but will be determined based upon available funding.  In addition, 
additional funding has been indicated from the Great Lakes National Program Office which 
would expand efforts for data on mercury emissions.   
 
EREF is providing principal investigator who will be involved in data collection, review of 
methodology, test protocol, and documentation.  In addition, industry experts will be providing 
access to data and facilities, and review of interim draft documents.  EREF is providing 
$150,000 in FY01 and $150,000 in FY02.   
 
Deliverables/Activities and Schedule of Anticipated Completion Dates 
    
Phase 1      List of potential sites to be considered                          April 30, 2001 
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Memo documenting site selection      June 15, 2001 
Field test and quality assurance program plan              July 15,  2001             
Conducting measurements for up to 8 sites                  October 31, 2001                 

     Data analysis and documentation for up to 8 sites         March  15, 2002 
 
Phase  2 Conducting measurements for up to 8 sites                  August 31, 2002 

Data analysis and documentation for up to 8 sites        February 28, 2003 
Final project report        March 15, 2004 

 
Period of Performance 
 

March 15, 2001 to March 15, 2004 
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SECTION 1 
GENERAL MODELING DISCUSSION 

 
The Chambers R&B Landfill located at 610 Bennett Road in Homer, Banks County, Georgia, 
further referenced in this document as R&B.  R&B receives, manages, and disposes of solid 
waste, including, but not limited to, municipal solid waste (MSW), commercial waste, and 
industrial waste.  The site’s primary activity is supported by a variety of other activities such as 
operation and maintenance of mobile equipment, non-mobile equipment powered by internal 
combustion engines, leachate handling, and open flares.  Emissions from the facility are 
currently authorized under Permit No. 4953-001-0014-V-02-0.   

The site is currently not a major source for Prevention of Signification Deterioration (PSD) since 
the site wide Potential to Emit (PTE) for all criteria pollutants is less than 250 tpy.  However, the 
proposed facility modifications will result in the site being reclassified as a major source for 
PSD, and PSD review is triggered for numerous criteria pollutants, as described in Section 1.2 
below and in the permit application accompanying this modeling protocol.  .  

1.1 Project Overview 
The anaerobic decomposition of organic wastes in landfills results in the generation of biogas, 
commonly referred to as landfill gas, or “LFG”.  The LFG is primarily methane and carbon 
dioxide.  Small amounts of Non-methane Organic Compounds (NMOC’s), Hazardous Air 
Pollutants (HAPs), and other non-criteria pollutants are also generated.  R&B has an existing gas 
collection and control system (GCCS) that operates throughout the landfill.  A blower is used to 
extract and supply the LFG from the landfill to the three existing open flares for combustion.   

R&B seeks authorization for a new LFG-to-energy (LFGTE) facility with six (6) internal 
combustion (IC) engines that will use the LFG generated from the landfill as fuel.   

As a result of combustion, methane, Volatile Organic Compounds (VOCs) and organic HAPs in 
the LFG will be reduced.  However, nitrogen oxides (NOX), carbon monoxide (CO), sulfur 
dioxide (SO2), and hydrogen chloride (HCl) emissions will be created.  It is conservatively 
assumed that all the sulfur-containing compounds are reduced to SO2 and chlorinated compounds 
are reduced to HCl in the engines.  Emissions of particulate matter less than 2.5 and 10 microns 
(PM2.5/PM10) from the engines are the result of combustion as well as particulate matter 
contained within the LFG stream. 

In addition, R&B seeks authorization for an alternative operating scenario, incorporating the use 
of a leachate concentrator.  This alternative process ties into the exhaust from three of the six 
proposed engines, and uses the heat content of the exhaust to evaporate some of the water in the 
leachate.  The process changes the characteristics of the engine exhaust, and therefore this 
application includes information regarding the leachate concentrate exhaust gas characteristics.  
The leachate concentrator may not operate at all times that the engines operate.  Therefore, R&B 
needs the flexibility to operate the engines either with or without the leachate concentrator in 
operation. 
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A more detailed process description for the LFGTE project and the leachate concentrator are 
provided in the permit application accompanying this modeling protocol document.   

1.2 Modeling Applicability and Pollutants to be Evaluated 
Banks County, where the proposed LFGTE facility will be located, is designated attainment or 
unclassifiable for all criteria pollutants and is a Class II PSD area as defined by U.S. EPA.1  The 
proposed project was evaluated to determine whether it triggers certain applicable requirements 
of the Clean Air Act (CAA), including the Prevention of Significant Deterioration (PSD) 
requirements of 40 CFR Part 52.21.  A PSD permitting applicability review was conducted for 
the proposed emission rate increases of CO, SO2, NOx, VOC, PM10, and PM2.5.  The emission 
calculations provided in the air permit application demonstrate that the proposed project is 
subject to PSD permitting requirements for CO, NOx, PM10, and PM2.5 but not for SO2 and VOC. 

Additional state-level modeling is potentially required for air toxic emissions, including HAPs.  
GAEPD Toxic Impact Assessment is further addressed in Section 1.2.4 of this protocol. 

R&B contracted with Sage Environmental Consulting, L.P. (Sage) to prepare the pre-modeling 
protocol, conduct modeling, and to prepare the modeling report.  This modeling will be 
conducted to evaluate potential impacts of the emissions associated with the LFGTE project on 
the ambient air.  The purpose of this pre-modeling protocol is to demonstrate that the PSD and 
state modeling will be conducted according to the requirements of the U.S. EPA and GAEPD 
modeling guidelines and manuals2,3,4,5.   

1.2.1 General PSD Modeling Approach 
The guidance for performing PSD air quality analyses is set forth in Chapter C of U.S. EPA’s 
New Source Review Workshop Manual, Draft - October 1990, and in U.S. EPA's "Guideline on 
Air Quality Models”, 40 CFR Part 51 Appendix W (referred to as the GAQM).  These l PSD 
modeling guidance documents address modeling for 1-hour and 8-hour CO; annual NO2; and 24-
hour and annual PM10 averaging periods. 

Numerous changes in EPA requirements for PSD air quality analyses were promulgated in 2010.  
These changes include: 

• Updated PM2.5 modeling guidance6,7 issued on February 26 and March 23, 2010,  

• Finalized Significant Impact Levels (SILs) and Significant Monitoring Concentration 
(SMC) for PM2.5 which become effective on December 20, 2010; 

• A new 1-hour NO2 National Ambient Quality Standard (NAAQS)8 which became 
effective on April 12, 2010; and  

                                                 
1  40 CFR §52.21(e)(3) 
2 U.S. EPA, Guideline on Air Quality Models (Revised). Appendix W of 40 CFR. Part 51.  EPA-450/2-78-027R, August 1995. 
3 U.S. EPA, Draft New Source Review Workshop Manual.  Prevention of Significant Deterioration and Nonattainment Area 
Permitting.  U.S. EPA, Office of Air Quality, October 1990. 
4 GAEPD, Georgia Air Dispersion Modeling Guidance.  Data and Modeling Unit, December 1, 2006. 
5 Georgia DNR, Guideline for Ambient Impact Assessment of Toxic Air Pollutant Emissions.  June 1998. 
6 U.S. EPA, Review of Modeling Procedures for Demonstrating Compliance with PM2.5 NAAQS.  EPA’s SCRAM Web page 
7 U.S. EPA, Modeling Procedures for Demonstrating Compliance with PM2.5 NAAQS.  Memorandum, March 23, 2010. 
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• 1-hour NO2 modeling guidelines9 released on June 29, 2010.   

The previous PM10 annual average NAAQS has been revoked, and the PM2.5 PSD increments do 
not become effective until October 20, 2011.  Therefore, these standards will not be evaluated.   

In summary, R&B is required to address compliance with the standards listed in Table 1-1.   

Table 1-1 
Summary of Applicable PSD SILs and Standards 

Pollutant Averaging 
Period 

Class II 
SIL 

(µg/m3) 

Significant 
Monitoring 
Concentrati

ons 
(µg/m3) 

National 
Ambient 
Standard

s 
(NAAQS) 
(µg/m3) 

Class II 
PSD 

Increme
nt 

(µg/m3) 

Class I 
SIL 

(µg/m3) 

Class I 
PSD 

Increme
nt 

(µg/m3) 

NO2 
1-Hour 
Annual 

7.5* 
1 

-- 
14 

188 
100 

-- 
25 

-- 
0.1 

-- 
2.5 

PM10 24-Hour 5 10 150 30 0.3 8 

 Annual 1 -- -- 17  4 

PM2.5 
24-Hour 
Annual 

1.2 
0.3 

4.0 
-- 

35 
15 

* 
* 

0.07 
0.06 

* 
* 

CO 
1-Hour 
8-Hour 

2,000 
500 

-- 
575 

40,000 
10,000 

-- 
-- 

-- 
-- 

-- 
-- 

 
*Notes:  The 1-hour Class II NO2.SIL is an interim value published by EPA on June 29, 2010.  The SILs and SMC 
for PM2.5 become effective on December 20, 2010.  The PM2.5 increments become effective October 20, 2011.   
Therefore, PM2.5 increments will not be evaluated.    

The following subsections describe the general approach discussed in U.S. EPA’s New Source 
Review Workshop Manual, Draft - October 1990, with the changes recommended in the 2010 
EPA guidance documents. 

1.2.2 Class I and II Area Significant Impact Analyses 
Significant impact analyses estimate the ambient impacts from the proposed project alone (and 
contemporaneous emissions increases and decreases, if applicable), for those pollutants with net 
actual emission increases above the Significant Impact Levels (SILs).  The results of the 
significant impact analysis determine whether a cumulative impact analysis (including emissions 
from other nearby sources) must be performed.  If the ambient impacts from the proposed project 
are less than the SIL for a particular pollutant and averaging period, then no additional modeling 
needs to be performed to meet Federal New Source Review (NSR) permitting requirements.   

SILs for the PSD pollutants are presented above in Table 1-1.  The 1-hour NO2 SIL has not yet 
been finalized by EPA, therefore the EPA recommended interim NO2 SIL equal to 4% of the 

                                                                                                                                                             
8 U.S. EPA, Primary National Ambient Air Quality Standards for NO2.  Federal Register V. 75 N. 26, February 9, 2010. 
9 U.S. EPA, Guidance Concerning Implementation of the 1-hour NO2 NAAQS for the Prevention of Significant Deterioration 
Program, Memorandum, EPA’s New Source Review Policy & Guidance Web page, June 29, 2010. 
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NAAQS will be used, unless EPA finalizes a different SIL value before the PSD permit is issued 
or GAEPD establishes a SIL for 1-hour NO2. 

1.2.3 Class I and II Area Cumulative Impact Analyses 
Cumulative impact analyses are performed to assess compliance with the applicable standard for 
any pollutant/averaging period for which the project results in significant impacts.  These 
analyses include NAAQS and PSD Increment for Class II areas and PSD Increment for Class I 
areas. 

1.2.4 GAEPD Toxic Impact Assessment 
Acceptable Ambient Pollutant Concentration (AAC) values were developed for 22 individual 
organic chemicals that may be emitted from the engines and for Hydrogen Chloride (HCl).  
Worst-case ratios of the projected emission rates to the AACs were then calculated for all 
pollutants for each of the three (15-minute, 24-hour, and annual) averaging periods.  The 
calculations indicate that vinyl chloride is the worst-case pollutant for 15-minute and 24-hour 
averaging periods, and benzene is the worst-case pollutant for annual averaging period.  
Modeling for the worst-case pollutants will be conducted consistent with the GAEPD guidelines 
using five years of meteorological data.  Modeling of the second-worst case chemical (HCl) will 
also be conducted at the request of GAEPD.  R&B intends to have additional discussions with 
GAEPD regarding the need to potentially model formaldehyde emissions as well, and also 
regarding whether or not to include fugitive emissions in the analysis.   

1.3 Model Design Concentrations 
EPA has defined the dispersion model outputs or “design concentrations” that are compared to 
the SILs, NAAQS, and PSD Increments.  EPA also recommends in GAQM Section 8.3.1.2 that 
the air quality modeling analyses should evaluate either 5 years of National Weather Service 
meteorological data or at least 1 year of site-specific meteorological data.  No site-specific 
meteorological data is available.  Therefore, the analysis will be conducted using 5 years of 
meteorological data provided by GAEPD (see Section 9 for details).  Consequently, the modeled 
design concentrations are based on GAQM Section 7.2 recommendations and the recent EPA 
PM2.5 and 1-hr NO2 modeling guidance memos, as discussed below. 

1.3.1 Significant Impact Analyses 
For the Class II Area significant impact analyses, the modeled concentrations that are compared 
to the SILs are the highest concentrations over the proposed 5-year meteorological period, except 
for the pollutants with probabilistic NAAQS (PM2.5 and 1-hour NO2).  For the PM2.5 significant 
impact analyses, the modeled concentrations that will be compared to the PM2.5 SILs are the 5-
year average of the maximum 24-hr concentrations and the 5-year average of the annual 
concentrations (averaged on a receptor-by-receptor basis).  For the 1-hour NO2 analysis, the 1-
hour modeled concentration that will be compared to the interim SIL is the 5-year average of the 
maximum 1-hour concentrations (averaged on a receptor-by-receptor basis). 

For the Class I Area significant impact analyses, maximum AERMOD predictions at a distance 
of 50 km from the modeled sources in the direction of the Class I Area(s) will be compared to 
the Class I Area SILs.  This type of screening analysis will be used to determine whether CalPuff 
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modeling will be necessary for the increment analysis.  If the results are below the SILs, no 
further modeling will be needed to address the Class I increment analysis with EPA. 

1.3.2 Cumulative NAAQS Analyses 
The modeled design concentrations for the cumulative impact analyses are described below: 

• For CO NAAQS, the 1-hour and 8-hour design concentration is the highest, second-
highest concentration from each of the individual years that are modeled;  

• For NO2, the annual NAAQS design concentration is the highest of the annual averages 
calculated from each of the individual years.  The 1-hour NO2 NAAQS design 
concentration is the highest 98th percentile of the annual distribution of daily maximum 
1-hour concentrations, averaged on a receptor-by-receptor basis across the number of 
years modeled.  Alternatively, the highest, 8th-high (H8H) value may be used initially, 
since it is more conservative than the 98th percentile of daily max 1-hour concentrations 
and requires no post-processing of the AERMOD output files; 

• For PM10, the 24-hour NAAQS design concentration is the “n+1” highest concentration 
over the “n” year modeling period (high 6th highest for the five year meteorological data 
set).  The 24-hour PSD Increment design concentration is the highest, second-highest 
concentration calculated from each of the individual years that are modeled.  The PSD 
annual increment design concentration is the highest of the individual annual averages; 
and 

• For PM2.5, the 24-hour and annual design concentrations will be based on the latest EPA 
guidance memorandum titled “Modeling Procedures for Demonstrating Compliance with 
PM2.5 NAAQS”, Steven Page, EPA OAQPS, March 23, 2010.  For the 24-hour NAAQS 
design concentration, the highest 24-hour PM2.5 concentration will be determined for 
each of the 5 years modeled, the five values will be averaged on a receptor-by-receptor 
basis, and the highest 5-year average will be selected as the design concentration.  For the 
annual average NAAQS design concentration, the annual PM2.5 concentration will be 
determined for each year modeled, the five values will be averaged on a receptor-by-
receptor basis, and the highest 5-year average value will be selected as the annual design 
concentration.  

1.3.3 PSD Increment Analyses 
The Class II PSD Increments are maximum allowable increases in concentrations that may be 
exceeded once per year at each site, except for the annual increment which may not be exceeded 
at all.  Therefore, for short-term averages the highest, second-highest short term average 
concentration for any year is the design concentration, and for annual averages the design 
concentration is the highest modeled annual average.  For the Class I area PSD Increment 
analysis, the highest short term and annual concentration for any year will be the design 
concentration for comparison with the Class I increments.   

A summary of the applicable Class I and II SILs, PSD Increments, and NAAQS is provided in 
Table 1-1: 
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1.3.4 GAEPD Toxic Impact Assessment Values 
The highest, first-high (H1H) short term average concentration for any year is the design 
concentration, and for annual averages the design concentration is the highest modeled annual 
average.  These values will be compared to the AAC for each averaging period. 

1.4 Proposed Modeling Procedures for Individual Pollutants 
The following Subsections 1.4.1 through 1.4.4 discuss the general modeling approach for each 
pollutant to be evaluated.    

1.4.1 NO2 1-hour and Annual Modeling 
The standard approach discussed in the U.S. EPA NSR Workshop Manual will be used for the 
annual NO2 modeling.   

For the 1-hour NO2 analysis, the interim SIL proposed by the U.S. EPA is 4 ppb (approximately 
7.5 µg/m3).  A multi-step approach for NO2 1-hour average modeling will be conducted.   

Step 1 (Significant Impact Modeling).  In the first step, all project-related sources will be 
modeled at their respective maximum allowable NOx emission rates.  Full conversion from NOx 
to NO2 will be assumed.  The modeling will be conducted on a receptor grid described in Section 
8, using five years of meteorological data.  In this step, the design concentration described in 
Section 1.3.1 will be compared to the SIL of 7.5 µg/m3 for the 1-hour average and 1.0 µg/m3 for 
annual average.  If the design concentration is less than the SIL, the demonstration will be 
assumed complete for each applicable averaging period; otherwise, the modeler will establish a 
circular or rectangular area receptor grid extending from the R&B sources to the distance of the 
Radius of Significant Impact (ROI) of the averaging period resulting in the largest ROI.  
Additional discussion of the receptor grids to be used in cumulative impact analyses is provided 
in Section 8. 

Step 2 (Simplified Cumulative Impact Modeling).  In this step, on-site existing and off-site 
sources of NOx will be added to the modeling.  Full conversion of NOx to NO2 will be assumed.  
A discussion regarding the development of the inventory of off-site sources is provided in 
Section 5.3.  The highest, 8th-high (H8H) values will be modeled as a conservative surrogate for 
98th percentile design values. 

The monitored NO2 background concentration described in Section 5.4 will be added to the 
design values predicted from the Step 2 modeling.  If the results from Step 2 modeling plus the 
background concentration are less than the NAAQS for all receptors, the demonstration will be 
assumed complete; otherwise, the modeling analysis will proceed to the next step. 

Step 3 (Background Concentration Refinement).  The monitored concentrations may already 
include impacts from the modeled sources, resulting in a “double-counting” of emissions, or the 
meteorology occurring during the periods where the background monitor indicates high NO2 
values may not correlate with the meteorological conditions causing the maximum impacts from 
the project sources.  If this is the case and compliance was not demonstrated in Step 2, a detailed 
analysis of the background monitor concentrations will be conducted and a refined background 
concentration might be proposed for GAEPD review and approval.  If the resulting value is 
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approved by GAEPD and is less than the NAAQS, the demonstration will be assumed complete; 
otherwise, the analysis will proceed to the next step. 

Step 4 (Refined Cumulative Impact Modeling).  In this step, the 98th percentile of the annual 
distribution of daily maximum 1-hour concentrations, averaged on a receptor-by-receptor basis 
across the number of years modeled, will be calculated instead of the H8H values used in Step 2 
analysis.  Predicted design concentration values will be developed from POST files created by 
the AERMOD modeling software for each modeled year.  The POST file data processing 
procedures will follow EPA guidance.  If the resulting design value plus background is less than 
the NAAQS, the demonstration will be assumed complete; otherwise, the analysis will proceed 
to the next step. 

Step 5 (Refined Receptor Grid). In this step, receptors that are less than the SIL from the 
preliminary impact analysis or less than the NAAQS from the cumulative analysis will be 
identified and removed from the analysis, and the remaining receptors will be evaluated for 
compliance with the NAAQS. 

If the R&B sources contribution is less than the SIL for all Step 5 receptors exceeding the 
NAAQS, the demonstration will be complete; otherwise, Sage will proceed to Step 6. 

Step 6 (Additional Refinements and/or Design and/or Operational Changes).  In this step, 
additional modeling refinements will be considered, and/or design or operational changes will be 
proposed, and Steps 1 through 5 will be repeated until the NAAQS is no longer exceeded or 
impacts from the project sources fall below the SIL. 

1.4.2 CO 1-hour and 8-hour Average Modeling 
Sage proposes to use the standard approach discussed in the U.S. EPA NSR Workshop Manual 
for the CO modeling.  Modeling results are expected to be below the SILs for CO.   

1.4.3 PM10 24-hour and Annual Average Modeling 
For PM10 24-hour NAAQS and increment analyses, the modeling will be conducted in agreement 
with the modeling procedures provided in the U.S. EPA’s NSR Workshop Manual (1990).  The 
highest, first-high model impacts from the project sources will be used in Significant Impact 
modeling.  The highest, sixth-high impacts from on- and off-site sources from an uninterrupted 
five-year model run plus background concentration will be compared to the NAAQS and the 
highest, second-high modeled concentration will be compared to the PSD increment. 

For PM10 annual increment modeling, the highest modeled annual concentration from all on- and 
off-property sources will be compared to the increment.  A PM10 annual NAAQS analysis will 
not be conducted because EPA revoked the annual PM10 NAAQS in September 2006.   

1.4.4 PM2.5 24-hour and Annual Average Modeling 
Issues related to implementing the NSR program for PM2.5 were addressed in a memorandum 
dated March 23, 2009, Modeling Procedures for Demonstrating Compliance with PM2.5 NAAQS.  
The main issue was related to elimination of the “PM10 as a surrogate” policy in favor of an 
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explicit PM2.5 analysis.  We propose to follow the steps discussed in Section 1.4.1 (regarding 1-
hour NO2 modeling) for the PM2.5 modeling as well, with the following modifications: 

• In the first steps, the modeling results will be compared to the SILs established by the 
U.S. EPA on September 29, 2010 (i.e., 1.2 µg/m3 for 24-hour average and 0.3 µg/m3 for 
annual average); 

• The inventory of off-site PM2.5 sources within the ROI + 50 km distance from R&B will 
be developed as discussed in Section 5.3. 

• Initially, PM2.5 emissions will conservatively be assumed equal to PM10 emissions from 
all modeled sources.  If compliance cannot be demonstrated using this conservative 
assumption, the PM2.5 fraction of PM10 emissions will be estimated for one or more 
sources, and the modeling analysis will be repeated; 

• The design values for PM2.5 described in Sections 1.3.1 and 1.3.2 will be utilized; 

• The PM2.5 background concentrations described in Section 5.4 will be used in the 
NAAQS analysis. 
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SECTION 2 
MODEL SELECTION 

 
The latest code (version 09292) of the U.S. EPA approved AERMOD model will be used to 
predict pollutant concentrations.  A commercial version of the model (BEEST for Windows by 
Bee-Line Software); will be used as the modeling interface.  In this analysis, modeling with 
AERMOD will be performed using the regulatory default options, which includes stack heights 
adjusted for stack-tip downwash, buoyancy-induced dispersion, and final plume rise.  Ground-
level concentrations occurring during “calm” wind conditions will be calculated by the model 
using the calm processing feature.  Regulatory default values for wind profile exponents and 
vertical potential temperature gradients will be used since no representative on-site 
meteorological data are available.   

As discussed in Section 1, the new NO2 and PM2.5 standards are probabilistic, which requires 
post-processing of initial modeling results to demonstrate compliance with the standards.  
BEEST for Windows software includes post-processors to calculate the required statistical 
probabilities of NO2 and PM2.5 concentrations as prescribed in the U.S. EPA’s guidance10,11.  
More details regarding the proposed post-processing procedures are provided in Section 10.  

 

                                                 
10 U.S. EPA, Notice Regarding Modeling for New Hourly NO2 NAAQS. February 25, 2010 (Updated). 
11 U.S. EPA, Modeling Procedures for Demonstrating Compliance with PM2.5 NAAQS. March 23, 2010. 
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SECTION 3 
SITE LOCATION 

 
A drawing showing R&B property boundaries overlaid on an aerial photo is shown in Figure 3-1.  
The areal image shows predominant geographical features such as highways, roads, and streams, 
as well as significant landmarks such as buildings. 

An image showing the relative location of R&B to the nearby Class I areas is depicted in Figure 
3-2.  The Class I areas nearest to the facility are the Great Smoky Mountain National Park (120 
kilometers), the Cohutta Wilderness Area (117 km), the Joyce-Kilmer Slickrock Wilderness area 
(120 km), and the Shining Rock Wilderness Area (120 km).   
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Figure 3-1 
Site Location on Aerial Photo 

 
 



 

Sage Environmental Consulting, L.P. 3-3 Waste Management, Inc. – Chambers R&B Landfill 
December 2010 Modeling Protocol 12-22-10 

Figure 3-2 
Site Location Relative to the Nearest Class I Areas 
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SECTION 4 
PLOT PLAN 

 
The equipment affected by this project is located at the existing Chambers R&B Landfill near 
Homer, Banks County, Georgia.  The location of the project emission sources relative to the 
property lines are shown in Figure 4-1.  Figure 4-2 provides a detailed plot plan of the lot where 
the engines will be located.  The location of the leachate concentrator stack is still being 
determined, but it will reside on the same piece of property as the IC engines.  Its location will be 
included in the plot plan submitted with the modeling report.   

Figure 4-1 and 4-2 contain the UTM coordinates grid overlaying the property and are included to 
provide a generalized image of the facility layout.  In all modeling input and output data files, the 
location of emission sources, structures, and receptors will be represented in the Universal 
Transverse Mercator (UTM) coordinate system.  All UTM coordinates used in the modeling will 
be based on the North American Datum of 1983 (NAD83).  Figure 4-1 shows location and ID of 
each IC engine relative to the NAD83 UTM coordinate system. 

All emission units, buildings, structures, and property boundary locations digitized from plot 
plans and/or land surveys will be converted to equivalent UTM coordinates.  The R&B’s 
rectangular buildings and structures and their corresponding UTM coordinates will be presented 
in tables included in appendices to the modeling report. 

Figure 4-3 shows the relative location of the property line and fence line in the IC engine area.  
Per the U.S. EPA PSD modeling requirements, fence lines will be used in the modeling to define 
ambient air. 
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Figure 4-1 
Location of the IC Engines Relative to the Fence Lines 
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Note:  The fence lines of the R&B landfill are shown in blue color.  The IC engines are shown in red 
color. 
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Figure 4-2 
Detailed Plot Plan of the IC Engine Area 
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Note:  The fence line and significant downwash structures are shown in blue color.  The IC engines are 
shown in red color. 
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Figure 4-3 
Property and Fence Lines for the IC Engine Area 
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SECTION 5 
MODELING EMISSIONS INVENTORY 

 
R&B evaluated and quantified hourly and annual emissions for all applicable pollutants 
associated with the IC engine operations.  Detailed emission calculations are provided in the 
permit application package.  In our analyses, all of the engines will be included in the modeling 
at the maximum permitted rate.  As an alternative scenario, the leachate concentrator will be 
modeled simultaneously with the engines, assuming it receives exhaust gases from three of them.   

Emission sources included in the modeling input files will be specific to each type of modeling 
(i.e., Significant Impact; Cumulative Impact; PSD Increment, and Air Toxics Impact, as 
applicable).  The source selection is addressed in the following subsections, which provide a 
brief description of the modeling setup for the emission sources and the source groupings.  On-
site emission sources included in the modeling input files will be the same for all modeling steps 
discussed in Sections 1.4.1 through 1.4.4.  The step numbers referred to in the text correspond to 
the Section 1.4.1 discussion. 

5.1 Significant Impact Modeling Sources 
Significant Impact Modeling will be conducted to determine the Radius of Impact (ROI) and 
establish the corresponding Area of Significant Impact (AOI), i.e., the area in which receptors 
must be located to evaluate compliance with NAAQS and PSD Increment standards.  The PSD 
Step 1 analyses will be completed for NO2, CO, PM2.5, and PM10. 

To determine whether Cumulative Impact Modeling, PSD Increment modeling, and/or 
pre-construction and post construction ambient air monitoring for NO2, CO or PM10 are required, 
modeling of emissions from the IC engines and leachate concentrator will be conducted to 
determine if the predicted concentrations equal or exceed the SIL or significant monitoring 
concentration values listed in Table 1-1 for each respective pollutant and averaging period.  If a 
SIL is exceeded for a particular pollutant-averaging period combination, a significant impact 
area (SIA) will be defined as a circular or rectangular region centered on the modeled on-site 
sources with a radius or distance extending at least to the farthest receptor that equals or exceeds 
the SIL for that averaging period and pollutant. 

For determination of the impact area, the U.S. EPA guidance12 requires modeling of 
“contemporaneous emissions increases and decreases” (i.e., the difference between the 
post-project emissions and pre-project emissions).  Although in reality the operation of the IC 
engines will result in reduced operation of the open flares at the site, to maximize operational 
flexibility, R&B is electing to not take credit for these reductions.   

Individual point sources representing the six IC engines and the leachate concentrator at R&B 
will be included in the criteria pollutant significant impact modeling analyses.   

                                                 
12 New Source Review Workshop Manual.  Prevention of Significant Deterioration and Nonattainment Area Permitting, Section 
C.IV.B.  U.S. EPA, Office of Air Quality Planning and Standards.  October 1990. 
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Tables showing the source parameters specific to each modeled source will also be presented in 
appendices of the modeling report.  These tables will include UTM coordinates, emissions rates, 
and release parameters for each modeled pollutant and emission source. 

5.2 Cumulative Impact Modeling - On-site Sources 
NAAQS and PSD Increment Full Impact Modeling (FIM) analyses will be conducted for the 
pollutants with significant impacts from the project sources.  All on-site sources will be included 
in this step of the modeling analysis at maximum permitted emission levels.   

5.3 Off-property Sources and Parameters 
The inventory of off-site sources will be based on a review of all sources located within 
50 kilometers of the center point of the project sources plus the ROI, determined as described in 
Section 5.1 above.  The relative location of the off-site emission sources included in the 
modeling run for each pollutant will be shown on the drawings included in appendices of the 
modeling report.  As a conservative technique, the increment modeling inventory will be 
identical to the NAAQS inventory, even though not all of the NAAQS inventory sources 
consume increment.   

The off-site inventory data will be collected by conducting a detailed search of GAEPD permit 
files and records found on the GAEPD website.  The inventory from a recent PSD modeling 
analysis submitted by Huber Engineered Woods, LLC will also be reviewed for inclusion in the 
R&B off-site inventory, if there are sources in that inventory that are located within the Radius 
of Impact plus 50 kilometers.   

The inventory will be reduced to a manageable number of sources using the “20-D Rule”, subject 
to approval from GAEPD.  If GAEPD authorizes screening out of insignificant sources per the 
referenced rule, all sources with annual emissions (in tons per year) of less than 20*Distance to 
the proposed IC engines location (in kilometers) will be removed from the off-site inventory. 

The site is located approximately 35 km from the State of South Carolina, 73 km from the State 
of Tennessee, and 183 km from the State of Alabama.  If the Radius of Significant Impact (ROI) 
plus 50 km exceeds the distances above, off-site source retrievals will be requested from these 
other states for potential inclusion in the cumulative impact modeling. 

5.4 Background Concentrations 

Background concentrations for the NAAQS analyses were selected based on recommendations 
provided by Mr. Peter Courtney of GAEPD.  We believe the GAEPD recommendations 
represent conservative and/or representative background values appropriate for use in the 
NAAQS modeling demonstrations. 

A summary of the background monitored values to be used in the analyses is provided in Table 
5-1.  A drawing depicting the location of the referenced monitoring stations in relation to the 
project location is provided in Figure 5-1.   

Please note that per the discussion provided in Step 3 in Section 1.4.1 above, we will provide a 
proposed approach to background concentration refinement if initial modeling indicates 
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exceedances of the NAAQS, which could be partially due to “double-counting” of emissions or a 
background concentration that is otherwise too conservative. 

 
Table 5-1 

Background Concentrations Proposed for Modeling 

Pollutant Monitoring 
Station County Station ID Avg. 

Period 

Background 
Conc. 

(µg/m3) 
Basis 

CO Yorkville Paulding 132230003 
1-hour 1031 High Second High, 

2005 - 2009 

8-hour 870 High Second High, 
2005 - 2009 

NO2 Yorkville Paulding 132230003 
1-hour 40 Highest Conc., 2007 

- 2009 

Annual 5.7 Avg. Conc., 2005 - 
2009 

PM2.5 
Fair St. 

Elementary Hall 131390003 
24-hour 26.3 

3 Year Avg. of 98th 
Percentile, 2007-
2009 

Annual 12 3-Year Avg., 2007-
2009 

PM10 Statewide N/A N/A 

24-hour 38 

Historical 
Monitoring Based 
on Statewide 
Composite 

Annual 20 

Historical 
Monitoring Based 
on Statewide 
Composite 
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Figure 5-1 
Location of the Background Monitoring Stations Relative to the Project Site 
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SECTION 6 
LAND USE AND TERRAIN 

 
The land use within a 3-kilometer (km) radius of R&B was evaluated using current aerial photo 
images and general knowledge of the area.  Rural land use clearly prevails in the area; therefore, 
the AERMOD-default rural dispersion option will be used in this air quality analysis. 

The terrain option will be used in the modeling to account for the elevation of the on- and off-site 
sources, receptors, and downwash structures.  This approach is consistent with the GAEPD 
requirement (i.e., no flat terrain).  Base elevations of the facility emission sources, buildings, and 
all receptors will be obtained from a National Elevation Dataset (NED) file as described below. 

An NED file contains a seamless dataset with the best available raster elevation data of the 
contiguous United States, Alaska, Hawaii, and territorial islands.  Each NED dataset consists of a 
sampled array of elevations for ground positions that are spaced at resolutions of 30 meters.  An 
NED file can span multiple Digital Elevation Model (DEM) file quadrants. 

An NED file will obtained from the United States Geological Survey (USGS) website13.  The 
NED file is a NAD83 elevation file with heights measured in meters.  The NED file will be used 
to calculate elevations for all modeled objects (sources, structures, and receptors).  A copy of the 
file will be provided to GAEPD with the modeling report.   

The terrain elevations will be imported into the AERMOD input file using the BEEST for 
Windows built-in processor that utilizes the latest version of EPA’s AERMAP (version 06341) 
terrain preprocessing program. 

 

                                                 
13http://seamless.usgs.gov/index.php  
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SECTION 7 
BUILDING WAKE EFFECTS (DOWNWASH) 

 
Direction-specific building dimensions and the dominant downwash structure parameters used as 
input to the AERMOD model will be determined using GEP/BPIPPRM (Good Engineering 
Practice/Building Profile Input Program for PRIME) program, version 04274. 

Data input for each structure at R&B will be used by the BPIPPRM program to calculate the 
direction-specific downwash parameters.  The BPIPPRM program generates the height, width 
and three additional downwash parameters for thirty-six compass directions for each structure 
with reference to each point source of emissions.  BPIPPRM also takes into account the 
difference in the base elevation of the point source and the structure to determine the good 
engineering practice (GEP) stack height or the height at which the stack will not be affected by 
downwash from the structure. 

The output from the BPIPPRM contains a summary of the dominant structures for each emission 
unit (considering all wind directions) and the actual building heights, projected widths, and three 
additional parameters for 36 wind directions.  This information will then be incorporated into the 
input files for the AERMOD model using the BEEST for Windows Suite’s built-in functions.  
The BPIPPRM input and output files will be provided with the modeling report.   
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SECTION 8 
RECEPTOR GRIDS 

 
The following sections discuss the receptor grids proposed to be used in modeling analyses.  All 
receptor coordinates will have a datum of NAD83.  The receptor elevations for all grids will be 
evaluated using the BEEST for Windows software’s built-in processor that utilizes the AERMAP 
program, which will process the NED file covering the modeling domain. 

8.1 Receptors for Class I Impact Modeling Analyses 
A polar grid will be used to conduct the Class 1 Significant Impact modeling analyses.  A set of 
polar receptors will be set up that are arranged in an arc in the direction of each Class 1 areas, 
with 1 degree spacing, at a distance of 50 kilometers.  The proposed location of the receptors is 
depicted on Figure 8-1.    

8.2 Preliminary and Cumulative Impact Modeling Receptors 
For the criteria pollutant and air toxics modeling, the receptor grids will consist of receptor 
points with tight spacing close to the project sources and coarser spacing as distance from the 
project sources increases.  The “property line grid” will be a discrete receptor grid with the 
receptors spaced at 100-meter intervals along the fence lines encompassing the R&B properties 
including the engine project area and two adjacent landfill areas separated by a public road.  The 
“fine grid” will consist of a rectangular grid with receptors spaced 100 meters apart and 
extending at least 2,000 meters from the sides and corner points of the fence line surrounding the 
location of the IC engines and landfills.  A second rectangular grid with the receptors spaced 
250 meters apart will extend 3,500-4,000 meters from the fence line surrounding the location of 
the IC engines.  The “medium grid” will consist of receptors spaced 500 meters apart and will 
extend at least 8,500 meters from the fence line surrounding the location of the IC engines.  The 
coarse grid will have the receptors spaced 1,000 meters apart and extending up to 12.5 km from 
the fence lines.   

Tentative modeling indicates that the size of the coarse grid will be sufficient in all preliminary 
modeling analyses to establish the ROI.  The proposed grid design is depicted in Figures 8-2 and 
8-3. 

In Full Impact analyses, the receptor grids may be reduced, as described in Section 1.4.   

8.3 PSD Increment Modeling Receptors 
For the PSD Increment Modeling, we will initially use the same Cumulative Impact Modeling 
grid discussed above in Section 8.2.  However, the receptor grid may be reduced to eliminate 
receptors with impacts below the Significant Impact Levels, as discussed in Section 1.4.   

8.4 Modeling Receptors for Probabilistic Standards 
The logic behind the proposed reduction in the number of receptors used in refined modeling 
which predicts 98th percentile values is discussed in Section 1.4.1 for Step 4 modeling.  If the 
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areas where a Step 2 and 3 modeling predicts exceedances of 1-hour NAAQS for NO2 and/or 24-
hour NAAQS for PM2.5 will occur in the area with receptors are spaced 500 or 1,000 meters 
apart 
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Figure 8-1 
Proposed Receptor Grid for Class I Area Modeling 
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Figure 8-2 
Proposed Receptor Grids for Class II Area Modeling (All Receptors) 
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Figure 8-3 
Proposed Receptor Grids for Class II Area Modeling 

(Receptors in the Vicinity of the Fence Lines) 
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SECTION 9 
METEOROLOGICAL DATA 

 
The locations of the U.S. National Weather Service (NWS) surface meteorological stations near 
R&B are depicted on Figure 9-1.  The station closest to the proposed location of the IC engines 
is located at the Athens, Georgia airport.  On the small scale image, the terrain and land coverage 
at both locations look similar.  This station (NSW ID: 13873) was selected as the primary station 
for evaluation of representativeness of the surface meteorological observations for the site. 

The GAEPD’s document Meteorological Data Representation of the Project Site Conditions and 
U.S. EPA’s AERSURFACE User’s Guide were then used to establish representativeness of the 
Athens NWS observations for the LFGTE facility site.  A comparison of the two sites was 
completed using the USGS maps and aerial photo images.  The location of the LFGTE facility 
on a USGS map and aerial photo are presented on Figures 9-2 and 9-3, respectfully, and the 
location of the meteorological station on a USGS map and aerial photo are presented on Figures 
9-4 and 9-5, respectfully.  Please note that the geographical coordinates for the NWS station 
were obtained from the U.S. EPA’ TTN Website, and no attempts were made to verify the exact 
location of the station within the airport property boundaries. 

As seen from comparison of the USGS maps, both sites are located in comparable terrain with 
small hills and shallow valleys surrounding both sites.  The predominant land coverage within 
the 10-km distance from both sides includes undeveloped lands covered with grass, bushes, and 
trees; thus, it may be expected that albedo (the ratio of reflected radiation to incoming radiation) 
and Bowen ratio (the value reflecting the moisture level) are substantially the same.  
AERSURFACE software model runs were completed for both sites by GAEPD personnel.  The 
program was run in two modes: assuming high surface moisture (wet conditions) and average 
surface moisture conditions.  For both average and high surface moisture conditions, the 
predicted albedo values ranged from 0.15 to 0.16 for both sites.  The Bowen ratio values ranged 
from 0.29 to 0.42 for Athens and from 0.28 to 0.37 for the project site for wet conditions and 
from 0.44 to 0.88 for Athens and from 0.33 to 0.87 for the project site for wet conditions.  Thus 
AERSURFACE runs have not revealed significant differences between the two sites.  In 
addition, AERMOD modeling results are not particularly sensitive to the selection of albedo and 
Bowen ratio values for input to the AERMET, the meteorological pre-processing program for 
AERMOD.  Thus, they are less important in characterization of the atmospheric boundary layer 
than surface roughness. 

U.S. EPA’s AERSURFACE User’s Guide and AERMET User’s Guide require determining the 
surface roughness within one (1) kilometer distance from the site.  As seen from the comparison 
of the two sites overlaid on the most recent available aerial photos, the land use within the 1-km 
distance is similar.  While surroundings of the meteorological station include residential and 
commercial constructions at the outskirts of the 1-km circle, man-made structures (i.e., the 
landfill cells) are observed in the vicinity of the proposed location of the IC engines.  However, 
the predominant land within the 1-km circle for each site consists of areas covered with trees and 
bushes. 
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The AERSURFACE runs completed by GAEPD (as discussed above) were completed for twelve 
30-degree sectors and four weather seasons.  The surface roughness values for all sectors and 
seasons ranged from 0.019 to 0.927 for Athens and from 0.128 to 1.274 for the project site.  
Since the AERSURFACE modeling revealed some differences in the surface roughness values, 
the modeler will use two sets of meteorological data discussed below and will use the higher 
prediction for each modeled year in the comparison with the standards and other levels of 
concern.  See additional discussion below. 

Per the requirements of GAEPD, an additional consideration was given to the distance to terrain 
features with maximum elevations in excess of the stack heights of various proportions of 
emission sources.  A detailed analysis of the USGS maps revealed that, except for very few 
isolated hills, terrain within 50 kilometers does not exceed the emission release height of any 
project pollutants.  This analysis justified use of the existing meteorological monitoring station 
data in Athens, GA for the project. 

In conclusion, the Athens, GA NWS station was found to be representative for the project site, 
and it was assumed that no considerations of additional NWS stations are required for the 
proposed modeling analyses. 

The AERMOD model runs will be conducted using five years (1989-1993) of meteorological 
data (SFC and PLF files) that are based on surface and upper air data from Athens, GA (NWS 
Station No. 13873).  The profile base elevation of 244 meters above sea level for this station will be 
used in the AERMOD setup.   

The sets of processed meteorological files were provided to Sage by Mr. Peter (Pete) Courtney of 
the GAEPD.  One was developed using the surface roughness and other surface characteristics 
specific for the Athens, GA weather station.  The other was developed using the surface 
roughness and other surface characteristics specific for the proposed location of the IC engines. 

To avoid uncertainties in arguing which of the two sets is more representative, unit impact 
modeling (with a unitized emission rate of 1 lb/hr) of the engines will be conducted using both 
sets of data to determine, for each applicable averaging period, which of the two sets is more 
conservative, i.e., results in the higher off-site impacts.  The worst-case met files will be used in 
the criteria pollutant and state air toxics modeling analyses.   

The unit impact modeling results and copies of the meteorological data files will be provided 
with the modeling report. 
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Figure 9-1 
Relative Location of the Chambers R&B Landfill and NWS Meteorological Stations 
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Figure 9-2 
Proposed Location of the LFGTE Facility Overlaid on USGS Map 
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Figure 9-3 
Proposed Location of the LFGTE Facility Overlaid on Aerial Photo 
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Figure 9-4 
Athens NWS Meteorological Station Location Overlaid on USGS Map 
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Figure 9-5 
Athens NWS Meteorological Station Location Overlaid on Aerial Photo 
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SECTION 10 
MODEL REFINEMENTS AND POST-PROCESSING 

 
While the new 1-hour NAAQS is defined relative to ambient concentrations of NO2, the majority 
of nitrogen oxides (NOx) emissions for stationary and mobile sources are in the form of nitric 
oxide (NO) rather than NO2.  In addition, the new standard for NO2 is attained when the 3-year 
average of the 98th-percentile of the annual distribution of daily maximum 1-hour concentrations 
does not exceed the threshold value of 100 parts-per-billion.  As a result, special techniques 
discussed below may be used to demonstrate compliance of the R&B operations with the new 
standards. 

10.1 NO2 Modeling Options 
The U.S. EPA’s NO2 modeling memorandum14 provides four main options for 1-hour averaging 
period modeling for NO2:  

• Tier 1 – Regulatory default modeling assuming full conversion of NO to NO2; 

• Tier 2 (Ambient Ratio Method, aka ARM) – Regulatory default modeling with Tier I 
results multiplied by empirically-derived NO2/NOx annual national default ratio of 0.75; 

• Tier 3A (Ozone Limiting Method, aka OLM) – non regulatory default beta option; 

• Tier 3B (Plume Volumetric Molar Ratio Method, aka RVMRM) – non regulatory default 
beta option. 

Tier 1 option will be used initially in the 1-hour and annual modeling.  However, if compliance 
cannot be demonstrated based on this very conservative assumption, it may be necessary to use 
the more refined techniques.  We will submit a supplement to the protocol if this is the case, and 
wait for written approval from GAEPD and EPA prior to using them. 

10.2 Post-processing of NO2 and PM2.5 Results 
As stated in Section 1.3.2, the modeler requests an approval to use highest, 8th-high (H8H) 
values as a conservative substitute of the 98th percentile design concentration in the NO2 1-hour 
modeling.  If this request is approved, H8H values will be compared to the new NAAQS directly 
and no post-processing will be required for NO2 modeling results. 

Since AERMOD (version 09292) does not directly calculate 1-hour NO2 and 24-hour PM2.5 
NAAQS design concentrations according to the latest EPA guidance, Bee-Line Software’s 
NO2POST and PMPOST post-processors will be used to process the AERMOD results, 
calculate the appropriate percentile values, and average them over the specified number of years.  
The design value calculated by the post-processor is the highest of the 98th percentile values for 
NO2 of the maximum daily one-hour concentrations and the highest values for PM2.5 of the 

                                                 
14 U.S. EPA, Applicability of Appendix W Modeling Guidance for the 1-hour NO2 NAAQS, Memorandum, Office of Air Quality 
Planning and Standards, June 28, 2010. 
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maximum 24-hour concentrations, averaged over the number of years modeled (five years for 1-
hour NAAQS modeling analyses, consistent with the U.S. EPA guidance).   

To generate the necessary input files for NO2POST and PMPOST, AERMOD will be run with 
the POSTFILE output option.  The post files generated by the model contain every modeled 
1-hour or 24-hour concentration, as applicable, at every receptor for each year modeled.  For 
each modeled year, NO2POST processor selects the highest 1-hour concentration at each 
receptor and each day, calculates the 98th percentile value at each receptor, and then averages 
the 98th percentile values at each receptor over the modeled number of years.  PMPOST 
completes similar calculations for 24-hour averages, except the calculations are based on the 
highest values rather than the 98th percentile values.  Both processors provide a plot file for 
plotting the design values at each receptor, in units of both micrograms per cubic meter and parts 
per billion (for NO2 only), for comparison to the NAAQS. 

10.3 Units Conversion for 1-hour NO2 
AERMOD output concentrations are in micrograms per cubic meter of air (µg/m3).  The 
standards for NO2 are expressed in parts per billion parts of air (ppb).  After calculating the H8H 
concentrations or post-processing of the results and finding the 5-year average of the 
98th percentile of the annual distribution of daily maximum 1-hour concentrations in µg/m3, the 
highest value in ppb will be identified from the plot files discussed in Section 10.2 or will be 
converted to ppb using a factor based on standard atmospheric conditions.  The conversion 
factors for NO2 are:  

• 1 ppb = 1.8868 µg/m3, and 
• 1 µg/m3 = 0.53 ppb. 

 

 



 

Sage Environmental Consulting, L.P. 11-1 Waste Management, Inc. – Chambers R&B Landfill 
December 2010 Modeling Protocol 12-22-10 

SECTION 11 
ADDITIONAL AND CLASS I AQRV ANALYSES 

 
PSD rules require special analyses related to protection of the environment. 

11.1 Visibility, Soils, and Vegetation 
Additional impact analyses are required for PSD permit applications.  The three types of 
additional impacts analyses are growth, soils and vegetation, and visibility. 

11.1.1 Growth Analysis 
Per the U.S. EPA Guidelines15, a growth analysis is required only “if the project would result in a 
significant shift of population and associated activity into an area – that is, a population increase 
on the order of thousands of people.”  Temporary increase in the local population may occur 
only during the construction period of LFGTE project; however, the project will not result in a 
significant population shift or increase.  The number of net new jobs in the community will be 
relatively small.  Therefore, we believe that a growth analysis is not required. 

11.1.2 Soils and Vegetation Analysis 
It is expected that the LFGTE project will not result in any off-property concentrations of criteria 
pollutants in excess of state NAAQS or PSD Increment standards, as will be documented in the 
modeling report.  If the predicted concentration levels will be determined to have appreciable 
detrimental effect on soils and vegetation, additional analyses will be completed in compliance 
with the U.S. EPA guidelines. 

11.1.3 Visibility Analysis 
Visibility analyses evaluate impacts of the proposed projects on any Class II areas within the 
ROI and on any Class I areas within 100 km of the proposed site.  No such areas have been 
established within the specified distances from the facility.  As discussed in Sections 6.2 and 6.3 
of the air permit application, all sources affected by the project will comply with the visibility 
and opacity requirements in Georgia regulations 391-3-1-.02(2)(b) and  
391-3-1-.02(2)(uu).  Therefore, additional modeling for visibility impairment analysis is not 
expected to be required. 

11.2 Class I Area Impacts – Air Quality Related Values 
A Class I PSD Area is defined as either: 

• International park 
• National wilderness area greater than 5,000 acres 
• National memorial park greater than 5,000 acres 
• National park greater than 6,000 acres 

                                                 
15 U.S. EPA, Draft New Source Review Workshop Manual.  Prevention of Significant Deterioration and Nonattainment Area 
Permitting, U.S. EPA, Office of Air Quality, October 1990.  Chapter D, Additional Impact Analyses. 
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Figure 3-2 is a map of the PSD Class I areas nearest to R&B.  The nearest Class I area is the 
Cohutta Wilderness Area, which is 117 kilometers from the proposed location of the project 
sources.  

Per the Federal Land Managers’ Air Quality Related Values Workgroup (FLAG) guidance, Class 
I visibility and Air Quality Related Values (AQRV) analyses must be conducted if the sum of the 
PM10, SO2, and NOX emission increases from the project, in tons per year (tpy) exceeds 10D, 
where D is the distance in kilometers from the source.  The combined PM10, SO2, and NOx 
emissions from the project are less than 140 tpy, which results in the Q/D value of 1.2.  
Therefore, no Class I AQRV impact analyses will be performed unless specifically requested by 
the Federal Land Manager. 
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SECTION 12 
MODELING RESULTS AND SUBMITTALS 

 
The modeling results will be summarized in a modeling report to be submitted to the GAEPD.  
The report will include a textual description of all phases of the modeling analysis and tables 
comparing the design concentrations for each averaging period for each pollutant to the 
applicable significance level, PSD Increment, and NAAQS.   

The report will also include figures showing concentration plots or isopleths of the predicted 
concentration of each pollutant over the receptor grid area for each averaging period that exceeds 
a SIL.   

The report will also include a CD containing all model input and output files, as well as 
meteorological data electronic files pertinent to the modeling analyses, terrain files, downwash 
files, and supporting information files.   
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