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PROJECT SHEET 1 OF DATE
COMPUTED BY

SUBJECT JOB # CHECKED BY

OBJECTIVE: To estimate methane generation from a land clearing/inert debris (LCID) landfill in Phase 1 of the landfill

REFERENCES: 1. Landfill Gas Modeling: Estimation of Landfill Gas Decay Rate Constants and Yields for Individual Waste Components
Morton A. Barlaz and Florentino dela Cruz, North Carolina State University, 2010
2. EPA Landfill Gas Emissions Model (LandGEM), v. 3.02, May 2005

ASSUMPTIONS: Phase 1 landfill waste volume estimated from historic and current topographic information (Attached)
Waste density is assumed to equal 0.4 tons per cubic yard)
Landfill operational dates are estimated to be from 1986 to 2000
Waste acceptance rates are assumed to be equal during each year operation, until Phase 1 is full
Waste composition and characteristics (Ref. 1) is estimated to be composed of the following:
50% dirt (inert)
45% branches/wood (k=0.015, Lo=62.6)
2.5% Grass (k=0.3, Lo=144.4)
2.5% leaves (k=0.17, Lo=30.6

ANALYSIS: Composite waste characteristics are determined by  multiplying k and Lo values separately by the percentage of each
waste type, and summing the results to obtain composite k and Lo values.  These values were then entered into 
LandGEM (Ref. 2), along with annual waste acceptance rate data.  Inputs are given below:

987,307 = Phase 1 total volume (cubic yards)
394,923 = Phase 1 total volume (tons)

26,328 = Annual waste acceptance rate
0.019 = k value

32.545 = Lo value

Total methane generation rates (cfm) as calculated by LandGEM are given below for the Phase 1 LCID landfill for
the peak and current year of methane production.

12.97 cfm in 2001
10.53 cfm in 2012

Methane generation from a conventional municipal solid waste landfill using AP-42 emission factors for k and Lo
are as follows:

72.7 cfm in 2001
46.82 in 2012

14 N. Boylan Avenue, Raleigh, NC 27603 919.828.0577 www.smithgardnerinc.com

Currin Bros. LCID Landfill 8/23/2012
M. Lamb

CURRIN-12-1 S. SmithMethane Generation from LCID Waste

SMITH GARDNER, INC. LCID Methane Emission Factors.xls





LandGEM-Composite LCID Waste.xls 8/23/2012

Summary Report

Landfill Name or Identifier: Composite LCID Waste

Date: 

First-Order Decomposition Rate Equation:

Where,
QCH4 = annual methane generation in the year of the calculation (m 3 /year )
i = 1-year time increment Mi = mass of waste accepted in the ith year (Mg ) 
n = (year of the calculation) - (initial year of waste acceptance)
j = 0.1-year time increment
k = methane generation rate (year -1 )
Lo = potential methane generation capacity (m 3 /Mg )

tij = age of the jth section of waste mass Mi accepted in the ith year 
(decimal years , e.g., 3.2 years)

LandGEM is considered a screening tool — the better the input data, the better the estimates. Often, there are limitations with the available data 
regarding waste quantity and composition, variation in design and operating practices over time, and changes occurring over time that impact 
the emissions potential. Changes to landfill operation, such as operating under wet conditions through leachate recirculation or other liquid 
additions, will result in generating more gas at a faster rate. Defaults for estimating emissions for this type of operation are being developed to 
include in LandGEM along with defaults for convential landfills (no leachate or liquid additions) for developing emission inventories and 
determining CAA applicability. Refer to the Web site identified above for future updates.  

Thursday, August 23, 2012

LandGEM is based on a first-order decomposition rate equation for quantifying emissions from the decomposition of landfilled waste in 
municipal solid waste (MSW) landfills. The software provides a relatively simple approach to estimating landfill gas emissions. Model defaults 
are based on empirical data from U.S. landfills. Field test data can also be used in place of model defaults when available. Further guidance on 
EPA test methods, Clean Air Act (CAA) regulations, and other guidance regarding landfill gas emissions and control technology requirements 
can be found at http://www.epa.gov/ttnatw01/landfill/landflpg.html.

Description/Comments:

About LandGEM:

REPORT - 1



LandGEM-Composite LCID Waste.xls 8/23/2012

Input Review

LANDFILL CHARACTERISTICS
Landfill Open Year 1986
Landfill Closure Year (with 80-year limit) 2001
Actual Closure Year (without limit) 2001
Have Model Calculate Closure Year? No
Waste Design Capacity 394,923 short tons

MODEL PARAMETERS
Methane Generation Rate, k 0.019 year -1

Potential Methane Generation Capacity, Lo 33 m 3 /Mg
NMOC Concentration 4,000 ppmv as hexane
Methane Content 50 % by volume

GASES / POLLUTANTS SELECTED
Gas / Pollutant #1: Total landfill gas
Gas / Pollutant #2: Methane
Gas / Pollutant #3: Carbon dioxide
Gas / Pollutant #4: NMOC

WASTE ACCEPTANCE RATES

(Mg/year) (short tons/year) (Mg) (short tons)
1986 23,935 26,328 0 0
1987 23,935 26,328 23,935 26,328
1988 23,935 26,328 47,869 52,656
1989 23,935 26,328 71,804 78,984
1990 23,935 26,328 95,738 105,312
1991 23,935 26,328 119,673 131,640
1992 23,935 26,328 143,607 157,968
1993 23,935 26,328 167,542 184,296
1994 23,935 26,328 191,476 210,624
1995 23,935 26,328 215,411 236,952
1996 23,935 26,328 239,345 263,280
1997 23,935 26,328 263,280 289,608
1998 23,935 26,328 287,215 315,936
1999 23,935 26,328 311,149 342,264
2000 23,935 26,328 335,084 368,592
2001 0 0 359,018 394,920
2002 0 0 359,018 394,920
2003 0 0 359,018 394,920
2004 0 0 359,018 394,920
2005 0 0 359,018 394,920
2006 0 0 359,018 394,920
2007 0 0 359,018 394,920
2008 0 0 359,018 394,920
2009 0 0 359,018 394,920
2010 0 0 359,018 394,920
2011 0 0 359,018 394,920
2012 0 0 359,018 394,920
2013 0 0 359,018 394,920
2014 0 0 359,018 394,920
2015 0 0 359,018 394,920
2016 0 0 359,018 394,920
2017 0 0 359,018 394,920
2018 0 0 359,018 394,920
2019 0 0 359,018 394,920
2020 0 0 359,018 394,920
2021 0 0 359,018 394,920
2022 0 0 359,018 394,920
2023 0 0 359,018 394,920
2024 0 0 359,018 394,920
2025 0 0 359,018 394,920

Year
Waste Accepted Waste-In-Place

REPORT - 2



LandGEM-Composite LCID Waste.xls 8/23/2012

Pollutant Parameters

Concentration Concentration
Compound (ppmv ) Molecular Weight (ppmv ) Molecular Weight

Total landfill gas 0.00
Methane 16.04
Carbon dioxide 44.01
NMOC 4,000 86.18
1,1,1-Trichloroethane 
(methyl chloroform) - 
HAP 0.48 133.41
1,1,2,2-
Tetrachloroethane - 
HAP/VOC 1.1 167.85
1,1-Dichloroethane 
(ethylidene dichloride) - 
HAP/VOC 2.4 98.97
1,1-Dichloroethene 
(vinylidene chloride) - 
HAP/VOC 0.20 96.94
1,2-Dichloroethane 
(ethylene dichloride) - 
HAP/VOC 0.41 98.96
1,2-Dichloropropane 
(propylene dichloride) - 
HAP/VOC 0.18 112.99
2-Propanol (isopropyl 
alcohol) - VOC 50 60.11
Acetone 7.0 58.08

Acrylonitrile - HAP/VOC
6.3 53.06

Benzene - No or 
Unknown Co-disposal - 
HAP/VOC 1.9 78.11
Benzene - Co-disposal - 
HAP/VOC 11 78.11
Bromodichloromethane - 
VOC 3.1 163.83
Butane - VOC 5.0 58.12
Carbon disulfide - 
HAP/VOC 0.58 76.13
Carbon monoxide 140 28.01
Carbon tetrachloride - 
HAP/VOC 4.0E-03 153.84
Carbonyl sulfide - 
HAP/VOC 0.49 60.07
Chlorobenzene - 
HAP/VOC 0.25 112.56
Chlorodifluoromethane 1.3 86.47
Chloroethane (ethyl 
chloride) - HAP/VOC 1.3 64.52
Chloroform - HAP/VOC 0.03 119.39
Chloromethane - VOC 1.2 50.49

Dichlorobenzene - (HAP 
for para isomer/VOC)

0.21 147

Dichlorodifluoromethane
16 120.91

Dichlorofluoromethane - 
VOC 2.6 102.92
Dichloromethane 
(methylene chloride) - 
HAP 14 84.94
Dimethyl sulfide (methyl 
sulfide) - VOC 7.8 62.13
Ethane 890 30.07
Ethanol - VOC 27 46.08

Gas / Pollutant Default Parameters:

P
o

ll
u

ta
n

ts

User-specified Pollutant Parameters:

G
as

es
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LandGEM-Composite LCID Waste.xls 8/23/2012

Pollutant Parameters (Continued)

Concentration Concentration
Compound (ppmv ) Molecular Weight (ppmv ) Molecular Weight

Ethyl mercaptan 
(ethanethiol) - VOC 2.3 62.13
Ethylbenzene - 
HAP/VOC 4.6 106.16
Ethylene dibromide - 
HAP/VOC 1.0E-03 187.88
Fluorotrichloromethane - 
VOC 0.76 137.38
Hexane - HAP/VOC 6.6 86.18
Hydrogen sulfide 36 34.08
Mercury (total) - HAP 2.9E-04 200.61
Methyl ethyl ketone - 
HAP/VOC 7.1 72.11
Methyl isobutyl ketone - 
HAP/VOC 1.9 100.16

Methyl mercaptan - VOC
2.5 48.11

Pentane - VOC 3.3 72.15
Perchloroethylene 
(tetrachloroethylene) - 
HAP 3.7 165.83
Propane - VOC 11 44.09
t-1,2-Dichloroethene - 
VOC 2.8 96.94
Toluene - No or 
Unknown Co-disposal - 
HAP/VOC 39 92.13
Toluene - Co-disposal - 
HAP/VOC 170 92.13
Trichloroethylene 
(trichloroethene) - 
HAP/VOC 2.8 131.40
Vinyl chloride - 
HAP/VOC 7.3 62.50
Xylenes - HAP/VOC 12 106.16

User-specified Pollutant Parameters:Gas / Pollutant Default Parameters:

P
o

ll
u

ta
n

ts
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LandGEM-Composite LCID Waste.xls 8/23/2012

Results

(Mg/year) (m 3 /year) (av ft^3/min) (Mg/year) (m 3 /year) (av ft^3/min)
1986 0 0 0 0 0 0
1987 3.660E+01 2.931E+04 1.969E+00 9.776E+00 1.465E+04 9.846E-01
1988 7.251E+01 5.806E+04 3.901E+00 1.937E+01 2.903E+04 1.951E+00
1989 1.077E+02 8.628E+04 5.797E+00 2.878E+01 4.314E+04 2.899E+00
1990 1.423E+02 1.140E+05 7.657E+00 3.802E+01 5.698E+04 3.829E+00
1991 1.762E+02 1.411E+05 9.482E+00 4.708E+01 7.056E+04 4.741E+00
1992 2.095E+02 1.678E+05 1.127E+01 5.597E+01 8.389E+04 5.637E+00
1993 2.422E+02 1.939E+05 1.303E+01 6.469E+01 9.696E+04 6.515E+00
1994 2.742E+02 2.196E+05 1.475E+01 7.325E+01 1.098E+05 7.377E+00
1995 3.057E+02 2.448E+05 1.645E+01 8.165E+01 1.224E+05 8.223E+00
1996 3.365E+02 2.695E+05 1.811E+01 8.989E+01 1.347E+05 9.053E+00
1997 3.668E+02 2.937E+05 1.973E+01 9.797E+01 1.468E+05 9.867E+00
1998 3.965E+02 3.175E+05 2.133E+01 1.059E+02 1.587E+05 1.067E+01
1999 4.256E+02 3.408E+05 2.290E+01 1.137E+02 1.704E+05 1.145E+01
2000 4.542E+02 3.637E+05 2.444E+01 1.213E+02 1.819E+05 1.222E+01
2001 4.823E+02 3.862E+05 2.595E+01 1.288E+02 1.931E+05 1.297E+01
2002 4.732E+02 3.789E+05 2.546E+01 1.264E+02 1.895E+05 1.273E+01
2003 4.643E+02 3.718E+05 2.498E+01 1.240E+02 1.859E+05 1.249E+01
2004 4.555E+02 3.648E+05 2.451E+01 1.217E+02 1.824E+05 1.225E+01
2005 4.470E+02 3.579E+05 2.405E+01 1.194E+02 1.790E+05 1.202E+01
2006 4.386E+02 3.512E+05 2.360E+01 1.171E+02 1.756E+05 1.180E+01
2007 4.303E+02 3.446E+05 2.315E+01 1.149E+02 1.723E+05 1.158E+01
2008 4.222E+02 3.381E+05 2.272E+01 1.128E+02 1.690E+05 1.136E+01
2009 4.143E+02 3.317E+05 2.229E+01 1.107E+02 1.659E+05 1.114E+01
2010 4.065E+02 3.255E+05 2.187E+01 1.086E+02 1.627E+05 1.093E+01
2011 3.988E+02 3.193E+05 2.146E+01 1.065E+02 1.597E+05 1.073E+01
2012 3.913E+02 3.133E+05 2.105E+01 1.045E+02 1.567E+05 1.053E+01
2013 3.839E+02 3.074E+05 2.066E+01 1.026E+02 1.537E+05 1.033E+01
2014 3.767E+02 3.017E+05 2.027E+01 1.006E+02 1.508E+05 1.013E+01
2015 3.696E+02 2.960E+05 1.989E+01 9.873E+01 1.480E+05 9.943E+00
2016 3.627E+02 2.904E+05 1.951E+01 9.687E+01 1.452E+05 9.756E+00
2017 3.558E+02 2.849E+05 1.915E+01 9.505E+01 1.425E+05 9.573E+00
2018 3.491E+02 2.796E+05 1.878E+01 9.326E+01 1.398E+05 9.392E+00
2019 3.426E+02 2.743E+05 1.843E+01 9.150E+01 1.372E+05 9.216E+00
2020 3.361E+02 2.692E+05 1.808E+01 8.978E+01 1.346E+05 9.042E+00
2021 3.298E+02 2.641E+05 1.774E+01 8.809E+01 1.320E+05 8.872E+00
2022 3.236E+02 2.591E+05 1.741E+01 8.643E+01 1.296E+05 8.705E+00
2023 3.175E+02 2.542E+05 1.708E+01 8.481E+01 1.271E+05 8.541E+00
2024 3.115E+02 2.495E+05 1.676E+01 8.321E+01 1.247E+05 8.380E+00
2025 3.057E+02 2.448E+05 1.645E+01 8.165E+01 1.224E+05 8.223E+00
2026 2.999E+02 2.402E+05 1.614E+01 8.011E+01 1.201E+05 8.068E+00
2027 2.943E+02 2.356E+05 1.583E+01 7.860E+01 1.178E+05 7.916E+00
2028 2.887E+02 2.312E+05 1.553E+01 7.712E+01 1.156E+05 7.767E+00
2029 2.833E+02 2.268E+05 1.524E+01 7.567E+01 1.134E+05 7.621E+00
2030 2.780E+02 2.226E+05 1.495E+01 7.425E+01 1.113E+05 7.477E+00
2031 2.727E+02 2.184E+05 1.467E+01 7.285E+01 1.092E+05 7.337E+00
2032 2.676E+02 2.143E+05 1.440E+01 7.148E+01 1.071E+05 7.199E+00
2033 2.626E+02 2.102E+05 1.413E+01 7.013E+01 1.051E+05 7.063E+00
2034 2.576E+02 2.063E+05 1.386E+01 6.881E+01 1.031E+05 6.930E+00
2035 2.528E+02 2.024E+05 1.360E+01 6.752E+01 1.012E+05 6.800E+00

Year
Total landfill gas Methane

REPORT - 8
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 PHOTOGRAPHIC LOG 

Client Name:   
Currin Brothers LCID Landfill 
 

Site Location:
Holly Springs, NC 
 

Project No.
 Currin 12-3 
 

Photo No. 

1 
Date: 

8/9/12 

Direction Photo Taken: 
 
N/A 

Description: 
 
TP-1 

 
Photo No. 

2 
Date: 

8/9/12 

Direction Photo Taken: 
 
N/A 

Description: 
 
Debris excavated from 
TP-1. 

 
 



 PHOTOGRAPHIC LOG 

Client Name:   
Currin Brothers LCID Landfill 
 

Site Location: 
Holly Springs, NC 
 

Project No. 
 Currin 12-3 
 

Photo No. 

3 
Date: 

8/9/12 

Direction Photo Taken: 
 
N/A. 

Description: 
 
View of TP-2. 

 
Photo No. 

4 
Date: 

8/9/12 

Direction Photo Taken: 
 
N/A 

Description: 
 
View of the solid pilot 
rod for the Push Probe 
evaluation being 
advanced within waste 
limits. 
 



 PHOTOGRAPHIC LOG 

Client Name:   
Currin Brothers LCID Landfill 
 

Site Location: 
Holly Springs, NC 
 

Project No. 
 Currin 12-3 
 

Photo No. 

5 
Date: 

8/9/12 

Direction Photo Taken: 
 
N/A 

Description: 
 
View of perforated push 
probe (hollow) being 
advanced within the 
waste limits 

 
Photo No. 

6 
Date: 

8/9/12 

Direction Photo Taken: 
 
N/A 

Description: 
 
Connection of Push 
Probe and GEM-2000. 
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Client Name:   
Currin Brothers LCID Landfill 
 

Site Location: 
Holly Springs, NC 
 

Project No. 
 Currin 12-3 
 

Photo No. 

7 
Date: 

8/9/12 

Direction Photo Taken: 
 
N/A 

Description: 
 
Soil Vapor Probe pilot 
rod being advanced 
outside of waste limits 
using a hammer drill. 

 
Photo No. 

8 
Date: 

8/9/12 

Direction Photo Taken: 
 
N/A 

Description: 
 
Soil Vapor Probe pilot 
rod being removed 
using a jack. 
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Client Name:   
Currin Brothers LCID Landfill 
 

Site Location: 
Holly Springs, NC 
 

Project No. 
 Currin 12-3 
 

Photo No. 

9 
Date: 

8/9/12 

Direction Photo Taken: 
 
N/A 

Description: 
 
Soil Gas Vapor Probe 
sample tube being 
advanced into pilot 
hole. 

 
Photo No. 

10 
Date: 

8/9/12 

Direction Photo Taken: 
 
N/A 

Description: 
 
Soil Gas Vapor Probe 
sample tube connection 
with GEM-2000. 
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Client Name:   
Currin Brothers LCID Landfill 
 

Site Location: 
Holly Springs, NC 
 

Project No. 
 Currin 12-3 
 

Photo No. 

11 
Date: 

8/9/12 

Direction Photo Taken: 
 
N/A 

Description: 
 
Ambient Gas Sampling 
at concrete culvert. 

 
Photo No. 

12 
Date: 

8/9/12 

Direction Photo Taken: 
 
N/A 

Description: 
 
View of buffer area 
south of landfill, near 
concrete culvert. 
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Client Name:   
Currin Brothers LCID Landfill 
 

Site Location: 
Holly Springs, NC 
 

Project No. 
 Currin 12-3 
 

Photo No. 

13 
Date: 

8/9/12 

Direction Photo Taken: 
 
East. 

Description: 
 
Buffer area near 
eastern property 
boundary. 

 
Photo No. 

14 
Date: 

8/9/12 

Direction Photo Taken: 
 
Northwest 

Description: 
 
View of active 
operations on-site. 

 
 





 

 
 
5105 Harbour Towne Drive  •  Raleigh  •  North Carolina  •  27604 
919-418-4375 (Direct Mobile)      •     919-231-1818 (Office Fax)      •     E-mail: david@davidgarretpe.com 

David Garrett, P.G., P.E. 

Engineering and Geology 
 

March 5, 2012 

 

MEMORANDUM 

 

TO: John Tucker, PE. Glenn Currin 

 

RE: Comment on Landfill Gas Monitoring 

 Sunset Lake Road LCID, Permit 92-N 

 

I am writing to express my concern over the requirement for monitoring landfill gas at the LCID.  

The Solid Waste rules require a demonstration that gas is not exceeding regulatory thresholds; 

i.e., 25% LEL within onsite structures and 100% LEL at the property line.  Subsurface gas 

migration can be influenced by porous soil, jointing and other fractures, and manmade 

conduits.  Gas migration is typically hindered by low permeability soils (including surficial clay) 

and ground water.  I have prepared numerous gas monitoring plans for MSW and C&D landfills, 

but these efforts were based on data acquired through detailed geologic investigations.   

 

I am of the opinion that a relatively shallow soil-gas investigation that penetrates below the 

surficial clay layer would be sufficient to detect a “halo effect” of steady state gas migration if 

the concentrations approach the LEL at the property line.  However, in the absence of site 

specific geologic information, which is not required for LCID facilities, the random siting of gas 

monitoring wells based solely on proximity to offsite structures is not technically responsible. 

 

While it is true that deeper borings, such as would be required for installing gas monitoring 

wells will penetrate to the more porous soils that typically exist near the water table, not 

having a geographical spread of data provides no basis for determining where the wells should 

go, that is, if a spread of data indicate the need for wells.  I can provide guidance on how to 

construct a gas monitoring well, but I cannot advise siting the wells based on guesswork.   

 

I do not believe such a course of action would absolve the facility owner, its consultants, or the 

State for that matter, of any liability in the event of an incident pertaining to an undetected gas 

migration.  Please notify me if I can provide further input or be of assistance on this matter.  DG 


	CURRIN OppsManual20120306
	john tuck 3-5-2012-estimated air space-1 page
	STACY SMITH -GAS M-EVALUATIONCURRIN 92N-9-4-12-ID-17227
	john tucker-cover page-3-5-2012
	DAVID GARRET'S COMMENTS-Currin landfill gas plan comments (1)-MARCH 2011



