
Bridgeton Landfill LLC 

13570 St. Charles Rock Road Bridgeton, Missouri   Tel: 314-744-8165 

 

August 19, 2015 

 

Ms. Darcy Bybee      Via email: darcy.bybee@dnr.mo.gov 

Missouri Department of Natural Resources 

Air Pollution Control Program 

P.O. Box 176 

Jefferson City, MO  65102-0176 

RE: Bridgeton Landfill, L.L.C. – Response to Request for additional background 

information related to Flare Air Permitting. 

 

Dear Ms. Bybee, 

This letter is in response to the August 5, 2015, MDNR request for additional information 

from Leanne Tippet Mosby to Brian Power.  The letter included six (6) items of request.  

This submittal addresses items 1, 5, and 6. As per your August 17, 2015 email, the response 

to requested items 2, 3 and 4 will be provided by August 24, 2015. 

 

The response letter includes the MDNR’s question for reference, followed by Bridgeton 

Landfill’s response. 

Q1. A copy of the power point presentation presented during the June 16, 2015, 

meeting. 

 

The requested copy is attached to this letter. 

 

Q5. Documentation of New Source Performance Standards compliance. Specifically, 

data justifying Bridgeton Landfill’s alternative compliance scenario using hydrogen 

values and information regarding the ability and any planned usage of assist gas. 

In accordance with NSPS compliance standards (included for reference below) and as 

highlighted in Bridgeton Landfill’s Title V permit, flare records are compiled each month 

and included in the site’s records.  See Monthly 60.18 Compliance Table attached. 

 

The table details the lab analysis provided Hydrogen content (% vol), the LFG Net Heating 

Value (Btu/scf), and the associated regulatory paragraph chosen for compliance.  Since 

October 2013, this has been governed by the hydrogen content. Should Bridgeton Landfill 

not be able to maintain compliance under paragraph (c)(3)(i), the site has installed and has 

operational ready to provide natural gas supplemental fuel to meet the heat content 

specifications in of paragraph (c)(3)(ii) of the referenced 60.18 section below. 
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Bridgeton Landfill LLC 

 

40 CFR § 60.18 General control device and work practice requirements. 

 

(b) Flares. Paragraphs (c) through (f) apply to flares. 

(c) 

(1) Flares shall be designed for and operated with no visible emissions as determined by the methods 

specified in paragraph (f), except for periods not to exceed a total of 5 minutes during any 2 
consecutive hours. 

(2) Flares shall be operated with a flame present at all times, as determined by the methods specified 

in paragraph (f). 

(3) An owner/operator has the choice of adhering to either the heat content specifications in 

paragraph (c)(3)(ii) of this section and the maximum tip velocity specifications in paragraph (c)(4) of 

this section, or adhering to the requirements in paragraph (c)(3)(i) of this section. 

(i) 

(A) Flares shall be used that have a diameter of 3 inches or greater, are nonassisted, have a hydrogen 

content of 8.0 percent (by volume), or greater, and are designed for and operated with an exit velocity 

less than 37.2 m/sec (122 ft/sec) and less than the velocity, Vmax, as determined by the following 

equation: 
Vmax=(XH2−K1)* K2 

Where: 

Vmax=Maximum permitted velocity, m/sec. 

K1=Constant, 6.0 volume-percent hydrogen. 
K2=Constant, 3.9(m/sec)/volume-percent hydrogen. 

XH2=The volume-percent of hydrogen, on a wet basis, as calculated by using the American Society for 

Testing and Materials (ASTM) Method D1946-77. (Incorporated by reference as specified in § 60.17). 

(B) The actual exit velocity of a flare shall be determined by the method specified in paragraph (f)(4) 

of this section. 

 

 

Q6. Air Model inputs files used for the May 29, 2015, report. Include additional 

documentation/justification or information on the radiative heat loss value of 0.08 and 

0.11. 

 

The Air Model inputs files were provide to MDNR via email correspondence dated August 8, 

2015. 

 

The radiative heat loss, or radiative heat fraction (RF) as referred to by John Zink, utilizes a 

proprietary design program based on the API Standard 521.  Their proprietary methods are 

further explained in the attached article titled “Accurately Predict Radiation from Flare 

Stacks, June 2006”.  The article notes that RF depends highly on the flame surface emissivity 

(temperature, gas composition, gas radiation, gas absorption and soot radiation).  As 

described, they have developed a flare specific thermal radiometer cube that provided full 

scale field test data to “calibrate” the API 521 modeling to the type of waste gas and flare tip 

configuration specific to the project conditions.  As stated in the attached article titled 

“Industrial-Scale Flare Testing, May 2006”, effective tip design can have a tremendous 

impact on the radiation characteristics of a flare, as the tip design can reduce the RF. 

The RF values calculated by John Zink for the two Bridgeton Landfill site specific scenarios 

are 0.11 and 0.08, for high flow rate and low flow rate, respectfully.  These values are within 

the range of values provided in API Standard 521, Table 10, attached.  
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Bridgeton Landfill LLC 

 

Sincerely, 

 

Bridgeton Landfill, LLC 

 

 

 

 

James A. Getting, PE 

Environmental Manager 

P: 314.706.4558 

E: jgetting@RepublicServices.com  

 

 

cc:  Tippett Mosby, Leanne (Leanne.TippettMosby@dnr.mo.gov) – Missouri DNR 
Schmidt, Aaron aaron.schmidt@dnr.mo.gov 
Hale, Kendall (kendall.hale@dnr.mo.gov) – Missouri DNR 
Nagel, Chris (chris.nagel@dnr.mo.gov) – Missouri DNR 
Markowski, Tom tom.markowski@dnr.mo.gov  – Missouri DNR 
Donegan, Kathrina (KDonegan@stlouisco.com) – St. Louis County 
Weber, Rebecca (Weber.rebecca@Epa.gov) – US EPA Region 7 
Bill Beck (WBeck@LATHROPGAGE.COM) – Lathrop and Gage 
Eggert, Russell (REggert@lathropgage.com) - Lathrop and Gage 
Lambrecths, Bob (BLambrechts@lathropgage.com) – Lathrop and Gage 
Cunningham, Ally  (ACunningham@lathropgage.com) – Lathrop and Gage 
Phillips, Tom (Tom.Phillips@ago.mo.gov) - Missouri Attorney General’s Office 
Power, Brian (BPower@republicservices.com) – Republic Services 
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Bridgeton Landfill 
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• Bridgeton Landfill – Overview & Background  

• Bridgeton Reaction – Unique project conditions 

• Sulfur Testing– Atypical constituents; Variability 

• Gas Flow data– History & challenges with flow metering 

• Sulfur Calculations  - Current data review 

• Control Technology- Engineering challenges and Path Forward 

Bridgeton Landfill 
Key Topics and Talking Points 
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Bridgeton Landfill Overview and Background 

Document is a working DRAFT 



Bridgeton Landfill – Movement of Reaction 

Reaction Summary Points 

• No predictive gas generation model for 
South Quarry. 

• Reaction moves, impacting different, non 
homogenous waste zones —causing 
unpredictable variability in gas 
composition. 

Reaction has migrated south in the general path shown 
above. 

  Reaction Area Typical MSW Landfill 

Bridgeton Landfill: South Quarry North Quarry 

Landfill Temperatures: Elevated Temperature Typical Temperature 

Settlement Rate: High Settlement Rate Typical Settlement Rate 

Landfill Gas Composition: H2, CO2, CO CH4, CO2 

Landfill Gas Flow Rate Variable, High Air 
content 

Consistent with Normal 
LFG Generation Trends 

Document is a working DRAFT 



Bridgeton Landfill Gas Management 

  Gas Collection: 

• Comprehensive Coverage - Odor control objectives. 

• Gas system originally designed for typical Landfill 
operation; significant changes to manage reaction. 

• Significant air component of total flow (+/-50% air), 
highly variable. 

• Gas collection is dynamic and ever changing to 
manage reaction odors. 

 

Flare Capacity: 

• Flares are pollution/emission control devices. 

• Total Flare/Blower capacity far exceeds gas 
generation capacity of landfill. 

• Equipment capacity is redundancy & back up 
required for odor control. 

Document is a working DRAFT 



Bridgeton Landfill Air Quality  

  Air Quality Monitoring & Modeling Results 

• Air Modeling Results: 

 No exceedances NAAQS identified.  

 Utilized conservative emission rates. 

• Ambient Air Monitoring validates modeling 
results: 

 Stantec – Comprehensive Air Monitoring 
Program.  

 MDNR Monitoring Program.  

 EPA Ambient Air Monitoring Program. 
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Questions? 
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• Current approach (past 3 months+/-): 

 Test location at main blower outlet (Method 1 Laminar Flow). 

 Two samples 30 minute apart in summa canisters.  

 Method EPA 15/16, ASTM 1946D. 

 Sample collection paired with valid flow measurement (EPA method 2C/ATM055). 

• The test methods utilized:  ASTM 5504; EPA method 15/16. 

• Large variability in sample data (same day samples and different sample events). 

• Utilized different labs, test method and sample media (i.e. summa, tedlar bags) to 
evaluate/confirm variability in TRS. 

• Initial sampling initiated by Bridgeton Landfill was to evaluate potential odor 
control technologies. Sampling prior to March 12, 2015 were grab samples, not 
validated with flow measurement data. 

Bridgeton Landfill Sulfur Testing 

Document is a working DRAFT 



• Sulfur Compounds not typical for landfills;  

 H2S in results at less than typical AP-42 
values for landfills and less than  values used 
for permitting. 

 DMS, DMDS, Mercaptans present at highest 
concentrations. 

• Test result variability observed 
concentrations greater than 50% in samples 
taken 30-minutes apart. 

• Test results variability observed greater than 
400% in samples taken on different days. 

• Determined use of averages from all 
samples on test date to calculate daily TRS 
concentration- eliminate spikes in data. 

Bridgeton Landfill Sulfur Testing 
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Document is a working DRAFT 



• Site historically  used thermal mass flow meter - industry standard. 
 

• Reaction Gas Issues: moisture, air intrusion, hydrogen variability, meter fouling 
(excludes other meter types). 
 

• Meter Calibrations- Compliant with Industry BMP. 
 
 

Bridgeton Landfill Gas Flow Data 

Document is a working DRAFT 



Bridgeton Landfill Gas Flow Data 
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• Existing meters-discovered accuracy issue in March-Method 2 testing. 
 
• Variability TCI meters vs. method 2- Over reporting 20% to 45%. 
 
• Extensive evaluation; tested and purchased updated meter technology (Kurz). 
 

Bridgeton Landfill Gas Flow Data 
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Bridgeton Landfill Gas Flow Test Data 
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Bridgeton Landfill Sulfur Testing Location 

Document is a working DRAFT 



Demonstration of Annual Emissions Variability Based on Current Operating 
conditions: 
 
• Logic for SO2 Emission Calculation 

 Daily averages of test event sulfur data by date,  
 Same test event date flow data using EPA approved method 2C for flow measurement, 
 AP-42 calculation for estimating SO2 rate, 

 
• Issues with past flow data (invalid prior to March 12, 2015), 
 

•  ‘mix and match’ approach of using sulfur concentration data and flow data from 
different days is invalid (i.e. Variability in air intrusion, spiking, gas operation), 

 

• Assumptions with converting sulfur in LFG to SO2 (i.e. AP-42 SO2 calculation) 

Bridgeton Landfill Sulfur Calculations 
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Bridgeton Landfill Preliminary Sulfur Calculations 

-Controlled “Future” PTE assumes 75% reduction of TRS 
-CMSO2 Value determination performed based on daily TRS & DSCM values.  Each row should be treated independently.  Values are for informational 
purposes only. 

Date TRS PPMV
DCFM 

Method 2

Qp 

(m
3
/yr)

UMP 

(kg/yr)

TRS Flow/Input 

(lbs/day)

Daily Flow Rate- 

CMSO2 (in TPY)

Controlled 

"Future" 

PTE (TPY)

3/12/2015 1,518 4,104 92,721 129,221 71221 268 67

3/18/2015 846 4,702 59,169 82,461 45449 171 43

3/24/2015 833 4,913 60,910 84,888 46786 176 44

4/1/2015 1,076 4,742 75,923 105,810 58318 219 55

4/8/2015 1,250 5,042 93,802 130,727 72051 271 68

4/14/2015 1,400 4,925 102,621 143,017 78824 296 74

4/21/2015 1,250 4,785 89,021 124,064 68378 257 64

4/28/2015 1,200 4,774 85,264 118,828 65492 246 62

5/5/2015 1,800 4,210 112,786 157,184 86633 326 81

5/12/2015 1,300 4,695 90,840 126,600 69776 262 66

5/19/2015 1,450 4,452 96,078 133,899 73799 277 69

5/26/2015 1,400 4,573 95,286 132,795 73191 275 69

6/2/2015 1,300 4,596 88,925 123,930 68305 257 64
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• Initial Pilot Test- Iron Sponge/MV Technologies. 

• Technology Review- Stages 1 and 2. 

• Technical Challenges- No commercially available control technology. 

• Second pilot test- R&D Selected candidate Technologies. 

• Propose using Temporary Treatment option- continuation of larger scale pilot 
system. 

• Long Term control system, based on applicable air permitting requirements. 

Bridgeton Landfill SO2 Control Technology 
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• Ambient Air Monitoring has not identified any air quality issues. 

• Air Modeling Results- No NAAQS exceedances identified.  

 Utilized conservative emission rates. 

• Need to finalize Stage 2 pilot study  

 Current data is not representative of normal operations.   

 Insufficient data to estimate actual or potential emissions at this time. 

 Interim controls to be potentially installed by end of Summer 2015 to control 
TRS to below major source levels. 

 

Bridgeton Landfill – Closing Points 

Document is a working DRAFT 



Thank You 

bridgetonlandfill.com 
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Bridgeton Landfill, LLC.
Installation's Flares
MONTHLY 60.18 COMPLIANCE

SLCHD/APCP Permit No. 7840
Special Condition No. 3

FIPS ID = 189‐0312

COMPLIANCE
MONTH

(MM/YYYY)

SAMPLE
DATE

(MM/DD/YYYY)
FLARE ID

FLARE 
UNOBSTRUCTED

EXIT CROSS SECTION 
AREA
(ft2)

HYDROGEN
CONTENT

(%)

LFG NET
HEATING VALUE

(Btu/scf)
APPLICABILITY

MAXIMUM
EXIT

VELOCITY
[Vmax]
(ft/sec)

AVG FLARE 
LFG

INLET FLOW
[QLFG]
(scfm)

AVG ACTUAL
EXIT

VELOCITY
[Vactual]
(ft/sec)

COMPLIANCE
with 60.18 and
Permit Cond #5?

(Yes/No)

MAX Q
(scfm)

08/04/15 EP‐011 (FL100: Flare #1) 0.674 11.0 123.0 60.18©(3)(i) 64.00 0.00 Yes 2,588
08/04/15 EP‐012 (FL120: Flare #2) 0.936 11.0 127.0 60.18©(3)(i) 64.00 0.00 Yes 3,594
08/04/15 EP‐013 (FL140: Flare #3) 0.936 11.0 126.0 60.18©(3)(i) 64.00 0.00 Yes 3,594
08/04/15 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 14.0 129.0 60.18©(3)(i) 102.40 0.00 Yes 5,119
07/01/15 EP‐011 (FL100: Flare #1) 0.674 10.0 127.0 60.18©(3)(i) 51.20 1592 39.37 Yes 2,071
07/01/15 EP‐012 (FL120: Flare #2) 0.936 10.0 128.0 60.18©(3)(i) 51.20 1663 29.61 Yes 2,875
07/01/15 EP‐013 (FL140: Flare #3) 0.936 10.0 130.0 60.18©(3)(i) 51.20 1840 32.76 Yes 2,875
07/01/15 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 10.0 110.0 60.18©(3)(i) 51.20 0 0.00 Yes 2,560
06/02/15 EP‐011 (FL100: Flare #1) 0.674 11.0 140.0 60.18©(3)(i) 64.00 1435 35.49 Yes 2,588
06/02/15 EP‐012 (FL120: Flare #2) 0.936 11.0 139.0 60.18©(3)(i) 64.00 1650 29.39 Yes 3,594
06/02/15 EP‐013 (FL140: Flare #3) 0.936 10.0 142.0 60.18©(3)(i) 51.20 1765 31.43 Yes 2,875
06/02/15 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 14.0 145.0 60.18©(3)(i) 102.40 740 14.80 Yes 5,119
05/05/15 EP‐011 (FL100: Flare #1) 0.674 11.0 157.0 60.18©(3)(i) 64.00 1387 34.30 Yes 2,588
05/05/15 EP‐012 (FL120: Flare #2) 0.936 11.0 158.0 60.18©(3)(i) 64.00 1809 32.21 Yes 3,594
05/05/15 EP‐013 (FL140: Flare #3) 0.936 11.0 159.0 60.18©(3)(i) 64.00 2165 38.55 Yes 3,594
05/05/15 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 12.0 135.0 60.18©(3)(i) 76.80 347 6.95 Yes 3,839
04/01/15 EP‐011 (FL100: Flare #1) 0.674 10.0 128.0 60.18©(3)(i) 51.20 1832 45.31 Yes 2,071
04/01/15 EP‐012 (FL120: Flare #2) 0.936 9.9 130.0 60.18©(3)(i) 49.92 2223 39.58 Yes 2,804
04/01/15 EP‐013 (FL140: Flare #3) 0.936 10.0 127.0 60.18©(3)(i) 51.20 2229 39.68 Yes 2,875
04/01/15 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 10.0 104.0 60.18©(3)(i) 51.20 467 9.34 Yes 2,560
03/12/15 EP‐011 (FL100: Flare #1) 0.674 11.0 119.0 60.18©(3)(i) 64.00 2005 49.58 Yes 2,588
03/12/15 EP‐012 (FL120: Flare #2) 0.936 10.0 117.0 60.18©(3)(i) 51.20 1849 32.92 Yes 2,875
03/12/15 EP‐013 (FL140: Flare #3) 0.936 11.0 124.0 60.18©(3)(i) 64.00 2936 52.28 Yes 3,594
03/12/15 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 10.0 109.0 60.18©(3)(i) 51.20 828 16.56 Yes 2,560
02/10/15 EP‐011 (FL100: Flare #1) 0.674 10.0 104.0 60.18©(3)(i) 51.20 1873 46.32 Yes 2,071
02/10/15 EP‐012 (FL120: Flare #2) 0.936 10.0 105.0 60.18©(3)(i) 51.20 2425 43.19 Yes 2,875
02/10/15 EP‐013 (FL140: Flare #3) 0.936 10.0 106.0 60.18©(3)(i) 51.20 2484 44.23 Yes 2,875
02/10/15 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 10.0 94.3 60.18©(3)(i) 51.20 672 13.44 Yes 2,560
01/02/15 EP‐011 (FL100: Flare #1) 0.674 13.0 141.0 60.18©(3)(i) 89.60 1844 45.60 Yes 3,623
01/02/15 EP‐012 (FL120: Flare #2) 0.936 13.0 139.0 60.18©(3)(i) 89.60 2221 39.55 Yes 5,032
01/02/15 EP‐013 (FL140: Flare #3) 0.936 11.0 118.0 60.18©(3)(i) 64.00 2890 51.47 Yes 3,594
01/02/15 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 12.0 128.0 60.18©(3)(i) 76.80 521 10.41 Yes 3,839
12/22/14 EP‐011 (FL100: Flare #1) 0.674 12 125.0 60.18©(3)(i) 76.80 2226 55.05 Yes 3,106
12/22/14 EP‐012 (FL120: Flare #2) 0.936 12 131.0 60.18©(3)(i) 76.80 2953 52.58 Yes 4,313
12/22/14 EP‐013 (FL140: Flare #3) 0.936 12 132.0 60.18©(3)(i) 76.80 2613 46.53 Yes 4,313
12/22/14 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 12 128.0 60.18©(3)(i) 76.80 0 0.00 Yes 3,839
12/12/04 EP‐011 (FL100: Flare #1) 0.674 9.2 106.0 60.18©(3)(i) 40.96 2338 57.81 NO‐Corrective Action Needed 1,656
12/12/04 EP‐012 (FL120: Flare #2) 0.936 8.9 105.0 60.18©(3)(i) 37.12 2711 48.27 NO‐Corrective Action Needed 2,085
12/12/04 EP‐013 (FL140: Flare #3) 0.936 8.0 93.4 60.18©(3)(i) 25.60 3091 55.03 NO‐Corrective Action Needed 1,438
12/12/04 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 12.0 128.0 60.18©(3)(i) 76.80 650 13.00 Yes 3,839
11/03/04 EP‐011 (FL100: Flare #1) 0.674 11.0 136.0 60.18©(3)(i) 64.00 2018 49.89 Yes 2,588
11/03/04 EP‐012 (FL120: Flare #2) 0.936 11.0 135.0 60.18©(3)(i) 64.00 2726 48.53 Yes 3,594
11/03/04 EP‐013 (FL140: Flare #3) 0.936 11.0 143.0 60.18©(3)(i) 64.00 2778 49.47 Yes 3,594
11/03/04 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 8.3 95.0 60.18©(3)(i) 29.44 271 5.43 Yes 1,472
10/01/14 EP‐011 (FL100: Flare #1) 0.674 12.0 152.0 60.18©(3)(i) 76.80 2365 58.47 Yes 3,106
10/01/14 EP‐012 (FL120: Flare #2) 0.936 12.0 150.0 60.18©(3)(i) 76.80 3134 55.81 Yes 4,313
10/01/14 EP‐013 (FL140: Flare #3) 0.936 12.0 155.0 60.18©(3)(i) 76.80 2714 48.32 Yes 4,313
10/01/14 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 11.0 137.0 60.18©(3)(i) 64.00 573 11.46 Yes 3,199
09/03/14 EP‐011 (FL100: Flare #1) 0.674 12.0 155.0 60.18©(3)(i) 76.80 2104 52.03 Yes 3,106
09/03/14 EP‐012 (FL120: Flare #2) 0.936 12.0 158.0 60.18©(3)(i) 76.80 3061 54.51 Yes 4,313
09/03/14 EP‐013 (FL140: Flare #3) 0.936 12.0 151.0 60.18©(3)(i) 76.80 3310 58.94 Yes 4,313
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Bridgeton Landfill, LLC.
Installation's Flares
MONTHLY 60.18 COMPLIANCE

SLCHD/APCP Permit No. 7840
Special Condition No. 3

FIPS ID = 189‐0312

COMPLIANCE
MONTH

(MM/YYYY)

SAMPLE
DATE

(MM/DD/YYYY)
FLARE ID

FLARE 
UNOBSTRUCTED

EXIT CROSS SECTION 
AREA
(ft2)

HYDROGEN
CONTENT

(%)

LFG NET
HEATING VALUE

(Btu/scf)
APPLICABILITY

MAXIMUM
EXIT

VELOCITY
[Vmax]
(ft/sec)

AVG FLARE 
LFG

INLET FLOW
[QLFG]
(scfm)

AVG ACTUAL
EXIT

VELOCITY
[Vactual]
(ft/sec)

COMPLIANCE
with 60.18 and
Permit Cond #5?

(Yes/No)

MAX Q
(scfm)

09/03/14 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 10.0 147.0 60.18©(3)(i) 51.20 714 14.28 Yes 2,560
08/05/14 EP‐011 (FL100: Flare #1) 0.674 13.0 162.0 60.18©(3)(i) 89.60 2140 52.92 Yes 3,623
08/05/14 EP‐012 (FL120: Flare #2) 0.936 13.0 164.0 60.18©(3)(i) 89.60 3278 58.36 Yes 5,032
08/05/14 EP‐013 (FL140: Flare #3) 0.936 13.0 164.0 60.18©(3)(i) 89.60 3679 65.52 Yes 5,032
08/05/14 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 17.0 191.0 60.18©(3)(i) 140.80 807 16.14 Yes 7,039
07/03/14 EP‐011 (FL100: Flare #1) 0.674 12.0 157.0 60.18©(3)(i) 76.80 2187 54.09 Yes 3,106
07/03/14 EP‐012 (FL120: Flare #2) 0.936 12.0 158.0 60.18©(3)(i) 76.80 3224 57.40 Yes 4,313
07/03/14 EP‐013 (FL140: Flare #3) 0.936 12.0 158.0 60.18©(3)(i) 76.80 3682 65.56 Yes 4,313
07/03/14 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 06/25/2014 EP‐014 source on standby status.  Operated on "as needed" basis" 630 12.61 Yes
06/04/14 EP‐011 (FL100: Flare #1) 0.674 13.0 180.0 60.18©(3)(i) 89.60 1866 46.14 Yes 3,623
06/04/14 EP‐012 (FL120: Flare #2) 0.936 12.0 180.0 60.18©(3)(i) 76.80 2774 49.39 Yes 4,313
06/04/14 EP‐013 (FL140: Flare #3) 0.936 13.0 180.0 60.18©(3)(i) 89.60 3172 56.47 Yes 5,032
06/04/14 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 12.0 170.0 60.18©(3)(i) 76.80 590 11.80 Yes 3,839
5/6/14 EP‐011 (FL100: Flare #1) 0.674 12.0 170.0 60.18©(3)(i) 76.80 1456 35.99 Yes 3,106
5/6/14 EP‐012 (FL120: Flare #2) 0.936 11.0 170.0 60.18©(3)(i) 64.00 2866 51.03 Yes 3,594
5/6/14 EP‐013 (FL140: Flare #3) 0.936 11.0 170.0 60.18©(3)(i) 64.00 2965 52.79 Yes 3,594
5/6/14 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 13.0 160.0 60.18©(3)(i) 89.60 636 12.71 Yes 4,479
4/4/14 EP‐011 (FL100: Flare #1) 0.674 12.0 130.0 60.18©(3)(i) 76.80 2108 52.12 Yes 3,106
4/4/14 EP‐012 (FL120: Flare #2) 0.936 11.0 130.0 60.18©(3)(i) 64.00 1855 33.04 Yes 3,594
4/4/14 EP‐013 (FL140: Flare #3) 0.936 11.0 130.0 60.18©(3)(i) 64.00 2731 48.63 Yes 3,594
4/4/14 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 9.5 120.0 60.18©(3)(i) 44.80 865 17.30 Yes 2,240
3/11/14 EP‐011 (FL100: Flare #1) 0.674 12.0 150.0 60.18©(3)(i) 76.80 1524 37.69 Yes 3,106
3/11/14 EP‐012 (FL120: Flare #2) 0.936 13.0 160.0 60.18©(3)(i) 89.60 2251 40.08 Yes 5,032
3/11/14 EP‐013 (FL140: Flare #3) 0.936 13.0 160.0 60.18©(3)(i) 89.60 2459 43.78 Yes 5,032
3/11/14 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 8.4 140.0 60.18©(3)(i) 30.72 813 16.27 Yes 1,536
2/4/04 EP‐011 (FL100: Flare #1) 0.674 9.2 120.0 60.18©(3)(i) 40.96 1416 35.01 Yes 1,656
2/4/04 EP‐012 (FL120: Flare #2) 0.936 9.5 120.0 60.18©(3)(i) 44.80 2438 43.41 Yes 2,516
2/4/04 EP‐013 (FL140: Flare #3) 0.936 9.5 120.0 60.18©(3)(i) 44.80 1879 33.46 Yes 2,516
2/4/04 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 9.0 120.0 60.18©(3)(i) 38.40 1216 24.32 Yes 1,920

01/02/14 EP‐011 (FL100: Flare #1) 0.674 9.9 130.0 60.18©(3)(i) 49.92 1891 46.77 Yes 2,019
01/02/14 EP‐012 (FL120: Flare #2) 0.936 9.9 130.0 60.18©(3)(i) 49.92 1892 33.68 Yes 2,804
01/02/14 EP‐013 (FL140: Flare #3) 0.936 9.9 130.0 60.18©(3)(i) 49.92 1988 35.39 Yes 2,804
01/02/14 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 11.0 150.0 60.18©(3)(i) 64.00 1028 20.57 Yes 3,199
12/10/13 EP‐011 (FL100: Flare #1) 0.674 8.1 110.0 60.18©(3)(i) 26.88 1358 33.58 NO‐Corrective Action Needed 1,087
12/10/13 EP‐012 (FL120: Flare #2) 0.936 8.5 120.0 60.18©(3)(i) 32.00 2140 38.11 NO‐Corrective Action Needed 1,797
12/10/13 EP‐013 (FL140: Flare #3) 0.936 8.8 120.0 60.18©(3)(i) 35.84 1767 31.47 Yes 2,013
12/10/13 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 7.4 120.0 Non Compliant 0.00 967 19.35 NO‐Corrective Action Needed 0
11/20/13 EP‐011 (FL100: Flare #1) 0.674 10.0 130.0 60.18©(3)(i) 51.20 918 22.69 Yes 2,071
11/20/13 EP‐012 (FL120: Flare #2) 0.936 9.9 130.0 60.18©(3)(i) 49.92 1763 31.39 Yes 2,804
11/20/13 EP‐013 (FL140: Flare #3) 0.936 9.8 130.0 60.18©(3)(i) 48.64 2059 36.66 Yes 2,732
11/20/13 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 8.0 140.0 60.18©(3)(i) 26.11 1093 21.86 Yes 1,305
10/30/13 EP‐011 (FL100: Flare #1) 0.674 9.6 188.0 60.18©(3)(i) 46.08 1152 28.48 Yes 1,863
10/30/13 EP‐012 (FL120: Flare #2) 0.936 9.6 188.0 60.18©(3)(i) 46.08 1861 33.14 Yes 2,588
10/30/13 EP‐013 (FL140: Flare #3) 0.936 9.6 188.0 60.18©(3)(i) 46.08 2147 38.23 Yes 2,588
10/30/13 EP‐014 (FXA1212: LFG CSU Flare) 0.8332 8.4 212.0 60.18©(3)(i) 30.72 1175 23.50 Yes 1,536
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International Headquarters Ingrid McKoy 
11920 E. Apache Street Vapor Controls Project Manager 
Tulsa, Oklahoma 74116 
918/234-2917 

 

TO: Mr. Jim Getting. 

 Bridgeton Landfill LLC, Environmental Manager 

DATE: May 28, 2015 

REFERENCE: Sales Orders 9128755 & 9136795 

 Elevated ZEF™ Flare Radiant Heat Fraction 

______________________________________ 
 
John Zink Hamworthy Combustion (John Zink) has over more than 80 years of combustion experience 

and has remained a global leader in emissions-control and clean-air systems, delivering next-generation 

technologies backed by proven experience and expertise, along with unmatched service and support.  

Since our establishment in 1929, John Zink has more installed equipment than any other manufacturer in 

our industry. We have more than 250 U.S. patents (and hundreds more worldwide). Our three research 

and development test centers make up the largest and most advanced combustion testing complex in the 

industry.  Finally, The John Zink Combustion Handbook is an industry standard reference and has been a 

top-seller since 2006. 

 

John Zink provided three Elevated ZEF Flares to Bridgeton Landfill LLC (Bridgeton Landfill), one of 

which is 14” diameter, (FL-100) and the other two are 16” diameter (FL-120 and FL-140).  John Zink 

understands that Bridgeton Landfill is required to perform air emission modeling for these flares that, in 

part, is based on the calculated radiant heat fraction of the flares.   

 

As part of our design process, John Zink utilizes a proprietary design program that incorporates methods 

based on the American Petroleum Institute (API) Standard 521 as well as our own proprietary methods.  

This topic is addressed in The John Zink Combustion Handbook and the John Zink Company, Flare 

Radiation paper included. The calculation method considers a number of factors including flare tip exit 

area, gas composition, and gas flow rate.  Our design program is proprietary and as a result we cannot 

provide detailed information on the equations that are incorporated in this program.  John Zink was asked 

by Bridgeton Landfill to run the design program for two scenarios for each of the three flares.  
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The following are the inputs that were entered and the resulting average radiant fraction (for determining 

thermal radiation levels at a given point): 

 

Scenario 1- Flare FL-100: 

Methane (%): 28 

Carbon Dioxide (%): 38 

Oxygen (%): 5 

Nitrogen (%): 19 

Hydrogen (%): 10 

Nominal Diameter (in): 14 

Gas Temperature (˚F): 100 

Flow rate (scfm): 2,327   

 

Calculated Average Radiant Fraction = 0.11 

 

Scenario 1- Flare FL-120: 

Methane (%): 28 

Carbon Dioxide (%): 38 

Oxygen (%): 5 

Nitrogen (%): 19 

Hydrogen (%): 10 

Nominal Diameter (in): 16 

Gas Temperature (˚F): 100 

Flow rate (scfm): 3,243   

 

Calculated Average Radiant Fraction = 0.11 

 

Scenario 1- Flare FL-140: 

Methane (%): 28 

Carbon Dioxide (%): 38 

Oxygen (%): 5 

Nitrogen (%): 19 

Hydrogen (%): 10 

Nominal Diameter (in): 16 

Gas Temperature (˚F): 100 

Flow rate (scfm): 3,430 (exceeds maximum velocity limitation per 40 CFR 60.18) 

 

Calculated Average Radiant Fraction = 0.11 
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Scenario 2- Flare FL-100: 

Methane (%): 9.11 

Carbon Dioxide (%): 38.99 

Oxygen (%): 8.24 

Nitrogen (%): 32.52 

Hydrogen (%): 11.02 

Carbon Monoxide (%): 0.12 

Nominal Diameter (in):  14 

Gas Temperature (˚F): 100 

Flow rate (scfm): 955   

 

Calculated Average Radiant Fraction = 0.08 

 

Scenario 2- Flare FL-120: 

Methane (%): 9.11 

Carbon Dioxide (%): 38.99 

Oxygen (%): 8.24 

Nitrogen (%): 32.52 

Hydrogen (%): 11.02 

Carbon Monoxide (%): 0.12 

Nominal Diameter (in):  16 

Gas Temperature (˚F): 100 

Flow rate (scfm): 1,331   

 

Calculated Average Radiant Fraction = 0.08 

 

Scenario 2- Flare FL-140: 

Methane (%): 9.11 

Carbon Dioxide (%): 38.99 

Oxygen (%): 8.24 

Nitrogen (%): 32.52 

Hydrogen (%): 11.02 

Carbon Monoxide (%): 0.12 

Nominal Diameter (in):  16 

Gas Temperature (˚F): 100 

Flow rate (scfm): 1,408   

 

Calculated Average Radiant Fraction = 0.08 

 

 

 

 

 

 
 

 

 

 




























