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Figure 2. Proposed Landfill Expansion Areas, Phases 1 through 4 

1.4 Flare Facility 
Currently, the flare facility at the Ephrata Landfill consists of a passive flare system (Figure 3). The 
system has an open flare, condensate manhole and controls, and buried and aboveground piping and 
valves. The flare facility was designed to handle landfill gas from both the old and new landfill (Phases 1 
through 4). 

 
Figure 3. Open Flare of Type used at Ephrata MSW Landfill 
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The applicant is proposing to construct Phase 3 this year and activate the current passive system to 
determine if the current old and new landfill areas can maintain and sustain an active landfill gas 
system. The plan is to use the existing, single, open flare for both the original and expanded landfills, 
which was designed to handle both the old and new landfills, including Phases 3 and 4. The open flare is 
designed to handle a wide range of landfill gas flows with a maximum of approximately 1,200 standard 
cubic feet per minute (scfm), which will be adequate for the remaining LFG flows from the closed 
original landfill as well as the LFG flows for Phases 1 through 4. Depending upon gas quality, flow rate, 
and wind velocity, the average temperature readings are approximately 900 to 1,300 degrees 
Fahrenheit (°F), which will produce thermal destruction efficiencies of volatile compounds equal to or 
greater than the 98 percent required in Section 60.762(b)(2)(iii)(B), Subpart WWW, 40 Code of Federal 
Regulations (CFR) 60. 

The flare is constructed of plain carbon-steel plate and pipe with a stainless-steel wind shroud. The flare 
is equipped with a solar-ignitor device, which provides spark duration of 1 second every 60 seconds to 
ensure continual ignition of landfill gas regardless of flare combustion status. The flare’s inlet is 
equipped with a flame arrestor. 

The blowers will be installed to activate the current system, which will also handle the anticipated LFG 
generations rates for both landfills. A flow meter will be installed as part of the construction to assist 
with future greenhouse gas reporting. 

1.5 Air Permitting Requirement  
Washington Administrative Code (WAC) 173-400-110 applies to emissions of new and modified sources 
of air contaminants that would increase as a result of a modification1. The following sources that will be 
modified or will cause an increase in air pollutant emissions have been identified at the Ephrata Landfill: 

Landfill expansion: The expanded landfill constitutes a modification to the Ephrata Landfill 
because it includes construction of a new emission unit. 

Flare operations: No modifications are proposed for the existing flare at this time, but emissions 
from the flare will gradually increase due to increased projected annual waste acceptance rates 
brought about by population increase. 

Garbage truck operations: Garbage trucks currently bring MSW to the existing landfill, but 
emissions of fugitive dust are expected to gradually increase due to increased operations 
required to process the projected increase in annual waste acceptance rates. Exhaust emissions 
from garbage trucks is not evaluated in this application because garbage trucks are mobile 
sources. 

Earthmoving equipment operations: Earthmoving equipment, including bulldozers, compactors, 
excavators, and tractors, is already in use at the existing landfill; however, emissions of fugitive 
dust are expected to increase due to increased operations required to process the projected 
increase in annual waste acceptance rates. Diesel exhaust was not evaluated in this application 
because the nonroad diesel exhaust emissions from the earthmoving equipment is exempt 
according to WAC 173-400-035(2)(a) and WAC 173-400-110(1)(b). 

                                                            
1 A “modification” is defined in WAC 173-400-030(51) as any physical change in, or change in the method of 
operation of, a stationary source that increases the amount of any air contaminant emitted by such source or that 
results in the emissions of any air contaminant not previously emitted. 
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Greenhouse gas emissions: Greenhouse gas emissions will be generated by this facility, but they 
are not evaluated in this application because they are reported in accordance with Chapter 
173-441 WAC. 

1.6 NAICS and SIC Codes 
The industrial classification system codes applicable to this project are: 

• North American Industry Classification System (NAICS): 562212  

• Standard Industrial Classification (SIC): 4953  

2. FEE 
The basic $1,500 Notice of Construction (NOC) application fee will be sent by check to Ecology, along 
with the completed NOC application form (Attachment A). 

3. SEPA REVIEW  
A State Environmental Policy Act (SEPA) Checklist has been prepared by Grant County, which is also the 
lead agency. A signed Determination of Nonsignificance is submitted with this application.  

4. BEST AVAILABLE CONTROL TECHNOLOGY REVIEW 

4.1 BACT Requirement 
WAC 173-400-030(13) defines Best Available Control Technology (BACT) as “An emission limitation based 
on the maximum degree of reduction for each air pollutant subject to regulation under chapter 70.94 
RCW emitted from or which results from any new or modified stationary source, which the permitting 
authority, on a case-by-case basis, taking into account energy, environmental, and economic impacts, 
and other costs, determines is achievable for such stationary source or modification through application 
of production processes and available methods, systems, and techniques, including fuel cleaning, clean 
fuels, or treatment or innovative fuel combustion techniques for control of each such pollutant...”  

Washington State air pollution control agencies and Ecology use the “top-down” process to determine 
what BACT is for NOC reviews. In the “top-down” analysis process, the applicant lists and ranks all 
potential pollutant control options from the highest level of control (lowest emission rate) to the lowest 
(highest emission rate). Next, those emission control options that are technically infeasible are removed 
from the list of available controls. The highest level of control remaining is considered technically 
feasible to implement on the emission unit. An applicant may choose to demonstrate that the highest 
level of emissions control is not financially feasible (not cost-effective) to implement or has adverse 
environmental or energy impacts. In this case, the applicant evaluates the economic, environmental, 
and energy impacts of the next most stringent level of control until a level of control is demonstrated to 
be economically feasible. An applicant may streamline this analysis process by proposing “top-case” 
emission controls found after reviewing BACT determinations made in recent permitting decisions.  
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4.2 Landfill Operations 
The U.S. Environmental Protection Agency (EPA) online RACT/BACT/LAER2 Clearinghouse database and 
The California Air Resources Board online BACT determinations were reviewed and are described below.  

4.2.1 EPA’s RACT/BACT/LAER Clearinghouse 
Reports were accessed at: https://cfpub.epa.gov/rblc/index.cfm?action=Search.BasicSearch&lang=en, for process 
code 19.320 – Digester and Landfill Gas Flares. All BACT Determinations were made during the course of 
Prevention of Significant Deterioration (PSD) permitting actions in accordance with 40 CFR 52.21. 

Monroe County Mill Seat Landfill, permit date January 10, 2017. One open flare has a BACT limit of 0.31 
lb/MMBtu3 carbon monoxide (CO) as part of a PSD permit, and a LAER limit of 0.0680 lb/MMBtu for 
nitrogen oxides (NOx). LAER is the lowest achievable emission limit, and is a more stringent standard 
than BACT. An enclosed flare has a BACT limit of 0 (zero) for carbon dioxide equivalent (CO2e), with the 
note that the facility must demonstrate that the flare reduces methane (CH4) concentration of the 
collected LFG by 99 percent. The enclosed flare must achieve 0.2000 lb/MMBtu CO, 0.0600 lb/MMBtu 
lb/MMBtu NOx (LAER), and 0.0170 lb/MMBtu filterable particulate matter (PM) (no back-half 
condensables). 

Waste Management of New York, LLC, High Acres Landfill & Recycling Center, permit date December 2, 
2016. One enclosed flare. BACT limit: 0.20 lb/MMBtu CO; LAER limit 0.0600 lb/MMBtu NOx.  

Waste Management Service Center Liberty Landfill, Inc., permit date October 22, 2015. One landfill gas 
flare, rated for 2,050 cfm and 61.49 MMBtu/hr. BACT limits are 0.37 lb/MMBtu CO, 0.0032 kg/MMBtu 
CH4, 0.0680 lb/MMBtu NOx, and 17.0 lb/MMft3 PM2.5. Pollutant notes for all pollutants stated “…WILL 
NOT BE TESTED.” 

OMNI Waste of Osceola County, LLC, JED Solid Waste Management Facility, permit date September 15, 
2014. BACT limit 0 (zero) percent opacity, except for periods not to exceed a total of 5 minutes during 
any 2 consecutive hours. 

Waste Management Disposal Services of Oregon, Inc., Columbia Ridge Landfill and Recycling Center, 
permitted June 21, 2013. Two enclosed flares (FLR-1, FLR-2, both rated at 4,000 scfm, 132 MMBtu/hr) 
and smaller utility flare (FLR-3, rated at 1,350 scfm, 40.5 MMBtu/hr). BACT limits are 0.20 lb/MMBtu CO, 
0.60 lb/MMBtu NOx, 300 parts per million (ppm) sulfur dioxide (SO2), 20 ppm corrected to 3 percent 
oxygen (O2) volatile organic carbon (VOC).  

State of Maine and NEWSME Landfill Operations, LLC, Juniper Ridge Landfill, permitted November 26, 
2012. One landfill gas flare, rated at 106.50 MMBtu/hr. BACT limits are 39.41 lb/hr CO, 7.24 lb/hr NOx, 
PM (filterable) 1.81 lb/hr, 157 lb/hr SO2, 0.32 lb/hr VOC. 

Sycamore Landfill, Inc., permitted January 1, 2010. One enclosed landfill gas flare, rated at 1,800 cfm 
and 54 MMBtu/hr. BACT limit is 20.0 ppm at 3 percent O2 VOC (same as Subpart WWW).  

                                                            
2 RACT, or Reasonably Available Control Technology, is required on existing sources in areas that are not meeting 
national ambient air quality standards (i.e., non-attainment areas). 

BACT, or Best Available Control Technology, is required on major new or modified sources in clean areas 
(i.e., attainment areas). 

LAER, or Lowest Achievable Emission Rate, is required on major new or modified sources in non-attainment areas. 
3 MMBtu = million British thermal units 

https://cfpub.epa.gov/rblc/index.cfm?action=Search.BasicSearch&lang=en
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Ridgewood Power Management, Rhode Island Central GENCO, LLC, permitted May 12, 2009. Enclosed 
landfill gas flares, with 3,000 cubic feet per minute (cfm) throughput. BACT limits are 0.20 lb/MMBtu CO, 
0.06 lb/MMBtu NOx, 0 (zero) lb/MMBtu VOC, with the note that no emission limits are available, and 
that 98 percent reduction or 5 parts per million dry volume (ppmdv) at 3 percent O2 is required for non-
methane organic compounds (NMOC). 

4.2.2 California Air Resources Board 
City of Los Angeles, Bureau of Sanitation: Permit date March 29, 2001. Despite the landfill gas gathering 
category, the BACT determination is for a 248 MMBtu/hr flare. The only real-time information was 
contained in the following note: “Maximum landfill gas flow rate: 8750 scfm total, 1250 scfm per flare. 
Minimum temperature in flare stack: 1400 deg F. Maximum emission rates, lb/hr per flare (total all 
flares): NOX 2.1 (9.4), SOX 0.38 (2.7), CO 0.35 (2.5), PM 0.63 (4.8), NMHC 0.63 (4.4). Maximum pollutant 
concentrations: NOX .06 lb/MMBtu, CO .01 lb/MMBtu, PM 6.1 lb/MMSCF landfill gas. Minimum NMHC 
destruction efficiency of 98% or maximum NMHC concentration in stack of 20 ppm, dry corrected to 3% 
O2 as hexane (as required by Rule 1150.1).” In this example, the landfill gas flares are being operated 
with pollutant concentrations below the following limits: NOx 0.06 lb/MMBtu, CO 0.01 lb/MMBtu, PM 
6.1 lb/MMSCF landfill gas. This NOX limit is already contained in Part D of the BACT Guidelines 
(guidelines for non-major facilities). The CO and PM limits are thus the significant information in this 
listing. The CO limit of 0.01 lb/MMBtu appears to be a relatively low limit and may not be achievable in 
all cases. 

4.2.3 Similar BACT Determinations 

4.2.3.1 Ecology Approval Order No. 09AQ-E290 
Ecology permitted the installation of the landfill gas collection system and emissions incidental to the 
operation of a landfill on March 16, 2009. The permit was for the landfill gas collection and control 
system (GCCS) that are in use today, including the current open flare.  

4.2.3.2 BCAA OA 2006-0012 
The Benton Clean Air Agency (BCAA) permitted the installation of the GCCS at the Horn Rapids Landfill 
on July 12, 2007. This permit was for the landfill gas collection system and flare that are in use today. 
The Order of Approval lists BACT as: 

• BACT for NO2, CO, VOC, and PM will be the use of a flare; proper operation as described in the 
Operations and Maintenance Manual. 

• BACT for SO2 emissions may vary according to the sulfur content of the landfill gas and are 
uncontrolled by this project. 

• T-BACT4 for hydrogen sulfide (H2S) and other sulfur compounds shall be the use of a flare to 
combust landfill gas. H2S and other sulfur compounds shall undergo 99 percent conversion to 
SO2.  

                                                            
4  T-BACT = Best Available Control Technology for Toxics 
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• T-BACT for organic toxic air pollutants (TAPs) will be the use of a flare; proper operation as 
described in the Operations and Maintenance Manual with a control efficiency of at least 
90 percent.  

4.2.4 BACT Recommendation for Control of Landfill Gases 
The applicant recommends that BACT for control of landfill gases be the use of the existing flare, 
with operation, maintenance, monitoring, and recordkeeping done in accordance with Subpart XXX 
of 40 CFR 60. 

4.3 Overall BACT Recommendation 
Based on review of the above resources, the applicant recommends the following as BACT for control of 
air pollutant emissions from the proposed MSW landfill. 

• The new landfill will have a liner system as specified by the Grant County Health Department.  

• Daily cover will be placed over the entire working face at the end of each working day. 

• Intermediate cover, at least 12 inches in thickness, will be placed on areas that have received 
waste but will be inactive for a period longer than 180 days.  

• Final cover will be placed over areas that have reached full capacity and final waste grades. 

• An active landfill gas collection system will be installed and operated in accordance with the 
requirements of Subpart XXX of 40 CFR 60 (also, T-BACT for organic TAP constituents of NMOC). 

• The existing flare will be operated in accordance with the requirements of Subpart XXX of 
40 CFR 60 (also, T-BACT for organic TAP constituents of NMOC). 

• Internal haul roads used by garbage trucks and other vehicles that also drive off the facility will 
either be graveled with 25-mile-per-hour (mph) speed limit and watered twice daily, or paved, 
to minimize fugitive particulate emissions. 

• There will be no visible emissions crossing the property line.  

• The permittee must develop and comply with a fugitive dust control plan (FDCP), which shall be 
incorporated into the operations and maintenance (O&M) plan. The FDCP will cover internal 
haul roads and unpaved materials handing areas, including control of vehicular track-out from 
the facility. 

5. EMISSIONS 
All emission calculations are for potential emission increases due to the expansion, as required in WAC 
173-400-110.  

5.1 MSW Landfill Gas Generation 
Methane (CH4) and carbon dioxide (CO2) are the primary constituents of LFG and are produced by 
microorganisms within the landfill under anaerobic conditions. Transformations of CH4 and CO2 are 
mediated by microbial populations that are adapted to the cycling of materials in anaerobic 
environments. Landfill gas generation proceeds through four phases. The first phase is aerobic 
[(i.e., with O2) available from air trapped in the waste] and the primary gas produced is CO2. The second 
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phase is characterized by O2 depletion, resulting in an anaerobic environment, where large amounts of 
CO2 and some hydrogen (H2) are produced. In the third phase, CH4 production begins, with an 
accompanying reduction in the amount of CO2 produced. Nitrogen (N2) content is initially high in LFG in 
the first phase, but declines sharply as the landfill proceeds through the second and third phases. In the 
fourth phase, gas production of CH4, CO2, and N2 becomes fairly steady. The duration of each phase and 
the total time of gas generation vary with landfill conditions (i.e., waste composition, design 
management, and anaerobic state). 

Typically, LFG also contains NMOC and VOCs. NMOC result from either decomposition byproducts or 
volatilization of biodegradable wastes. Although NMOC are considered trace constituents in LFG, the 
NMOC and VOC emission rates could be significant with regard to toxic air pollution regulations, such as 
Chapter 173-460 WAC. This NMOC fraction often contains various organic hazardous air pollutants 
(HAPs), greenhouse gases, compounds associated with stratospheric ozone depletion, and VOCs. 

Other emissions associated with MSW landfills include combustion products from LFG control and 
utilization equipment (i.e., flares, engines, turbines, and boilers). These include CO, NOX, SO2, hydrogen 
chloride (HCl), H2S, particulate matter (PM), and other combustion products (including HAPs). PM 
emissions can also be generated in the form of fugitive dust created by mobile sources (i.e., garbage 
trucks) traveling along paved and unpaved surfaces. 

The most commonly used method to estimate the uncontrolled emissions associated with LFG is based on a 
biological decay model. When annual refuse acceptance data are available, the following equation is used5. 

𝑄𝑄𝐶𝐶𝐶𝐶4 = � � 𝑘𝑘𝐿𝐿𝑜𝑜 �
𝑀𝑀𝑖𝑖

10�
1

𝑗𝑗=0.1

𝑛𝑛

𝑖𝑖=0

𝑒𝑒−𝑘𝑘𝑘𝑘𝑖𝑖𝑖𝑖 

where: 

QCH4 = annual methane generation in the year of the calculation (m3/year) 

i = 1 year time increment 

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 (m3/Mg) 

Mi = mass of waste accepted in the ith year (Mg) 

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

This is the general form of the equation that is used in EPA’s Landfill Gas Emissions Model 
(LandGEM 3.2), which is what was used to calculate emissions generated by the expansion. 

The Landfill Gas Emissions Model (LandGEM) is an automated estimation tool that can be used to 
estimate emission rates for total landfill gas, methane, carbon dioxide, non-methane organic 
compounds, and individual air pollutants from municipal solid waste landfills. LandGEM can use either 
site-specific data to estimate emissions or default parameters if no site-specific data are available. The 
model contains two sets of default parameters, Clean Air Act (CAA) defaults and inventory defaults. The 
CAA defaults are based on federal regulations for MSW landfills laid out by the CAA and can be used for 

                                                            
5 Landfill Gas Emissions Model (LandGEM) Version 3.02 User’s Guide, EPA-600/R-05-047, May 2005. 
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determining whether a landfill is subject to the control requirements of these regulations. The inventory 
defaults are based on emission factors in EPA’s Compilation of Air Pollutant Emission Factors (AP-42) 
and can be used to generate emission estimates for use in emission inventories and air permits in the 
absence of site-specific test data. 

LandGEM calculated emissions of total LFG, NMOC, CH4, CO2, and a list of common trace constituents 
generated by the Ephrata Landfill over the years from 2021 through 2161. LFG emissions from the 
expansion are predicted to follow a curve such as that shown in Figure 4, assuming that the landfill 
expansion will begin accepting MSW in 2021 and that it will be closed in 2034. The applicant predicts 
that up to 1,813,555 megagrams (Mg) (1,994,911 tons) of waste will be placed in the expansion area by 
the closure date. 

 

Figure 4. MSW Landfill Gases Generated by Ephrata Expansion (Megagrams per year) 

5.2 Uncontrolled Landfill Gas Emissions (LandGEM results) 

5.2.1 Waste Acceptance Weights and Landfill Gas Emissions 
Projected waste acceptance rates for years 2021 through 2034 were used by LandGEM to calculate 
estimated emissions of LFG, CH4, and CO2 for years 2021 through 2161, shown in Table 1, below. 
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Table 1. Projected Waste Acceptance and LandGEM-Calculated LFG, NMOC, CH4, and CO2 Emissions 

Year 

Input Units Calculated Units, ton/year 

(tons/year) Total LFG NMOC CH4 CO2 

2021 126,466 - - - - 

2022 128,996 573.1 4.4 167.6 351.1 

2023 131,576 1,146.2 8.8 335.2 702.4 

2024 134,207 1,719.8 13.2 502.9 1,053.8 

2025 136,891 2,293.8 17.6 670.8 1,405.6 

2026 139,629 2,868.7 22.0 838.9 1,757.8 

2027 142,422 3,444.6 26.4 1,007.3 2,110.7 

2028 145,270 4,021.8 30.8 1,176.1 2,464.3 

2029 148,175 4,600.4 35.2 1,345.3 2,818.9 

2030 151,139 5,180.7 39.7 1,515.0 3,174.5 

2031 154,162 5,763.0 44.1 1,685.3 3,531.3 

2032 157,245 6,347.5 48.6 1,856.2 3,889.4 

2033 160,390 6,934.3 53.1 2,027.8 4,249.0 

2034 138,343 7,523.8 57.6 2,200.2 4,610.2 

2035   8,001.7 61.3 2,340.0 4,903.0 

2036   7,843.2 60.1 2,293.6 4,805.9 

2037   7,687.9 58.9 2,248.2 4,710.8 

2038   7,535.7 57.7 2,203.7 4,617.5 

2039   7,386.5 56.6 2,160.1 4,526.1 

2040   7,240.2 55.4 2,117.3 4,436.4 

2041   7,096.9 54.3 2,075.4 4,348.6 

2042   6,956.3 53.3 2,034.3 4,262.5 

2043   6,818.6 52.2 1,994.0 4,178.1 

2044   6,683.6 51.2 1,954.5 4,095.4 

2045   6,551.2 50.2 1,915.8 4,014.3 

2046   6,421.5 49.2 1,877.9 3,934.8 

2047   6,294.3 48.2 1,840.7 3,856.9 

2048   6,169.7 47.2 1,804.2 3,780.5 

2049   6,047.5 46.3 1,768.5 3,705.6 

2050   5,927.8 45.4 1,733.5 3,632.3 

2051   5,810.4 44.5 1,699.2 3,560.3 

2052   5,695.4 43.6 1,665.5 3,489.8 

2053   5,582.6 42.7 1,632.6 3,420.7 

2054   5,472.0 41.9 1,600.2 3,353.0 

2055   5,363.7 41.1 1,568.5 3,286.6 
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Year 

Input Units Calculated Units, ton/year 

(tons/year) Total LFG NMOC CH4 CO2 

2056   5,257.5 40.3 1,537.5 3,221.5 

2057   5,153.4 39.5 1,507.0 3,157.7 

2058   5,051.3 38.7 1,477.2 3,095.2 

2059   4,951.3 37.9 1,447.9 3,033.9 

2060   4,853.3 37.2 1,419.3 2,973.8 

2061   4,757.2 36.4 1,391.2 2,915.0 

 

Note that the peak year for generation of LFG and major constituents is projected to be 2035. Calendar 
year 2035 was therefore used for subsequent potential to emit calculations.  

5.3 Landfill Gas NMOC Constituent Measurements 
The landfill gas constituent concentrations provided in LandGEM are national averages. The applicant 
suspected that emission generation characteristics at landfills in Eastern Washington may vary 
somewhat from the national average; as a result, Squak Mountain Air Quality, LLC (SMAQ) was hired to 
collect source-specific emissions concentration data from the existing landfill at the Ephrata Landfill. The 
testing at Ephrata occurred on the main feeder pipe just upstream of the flare and flame arrester at the 
monitoring port. All three samples were collected on January 31, 2019. 

5.3.1 Sampling Method description 
Each sample was collected in a pre-clean, glass lined Summa™ canister that was supplied to SMAQ from 
Atmospheric Analysis Consulting (AAC) located in Ventura, California. Each 6-liter canister was 
evacuated to absolute pressure, and then had 2 liters of helium introduced. The helium was added to the 
canisters prior to the sampling to stabilize the gases that were sampled and allow the samples to be more 
easily shipped. 

On site, the canisters were attached to a clean flow regulator that would allow the canisters to fill over 
an approximately 15-minute period. The flow controllers were then attached to a 30-inch-long piece of 
¼-inch stainless-steel tubing that was placed into the landfill gas feed pipe. 

Once the sampling system was connected, the system underwent a 3-minute leak check to ensure that 
no outside air was drawn into the sample system. After the system passed the leak check, the canister 
pressure was recorded, and the stainless-steel probe and flow controller were purged with landfill gas 
for 3 to 5 minutes to ensure that the sample contained no ambient air. 

After the probe and flow controller purge was finished, the system was set to sample and the landfill gas 
began to enter the canister, and the sample start time was recorded. A timer was started and after 
15 minutes the system was turned off and the final vacuum of the canister was recorded. The sample 
canister was then labeled, recorded on the chain of custody form, and packaged for shipment to AAC 
for analysis. 
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5.3.2 Analysis Methods Description 
On February 1, 2019, AAC received the three Summa™ canisters containing samples from the Ephrata 
Landfill. AAC analyzed the gases contained therein for non-methane organic compounds by EPA Method 
25C, for fixed gases (major constituents) by EPA Method 3C, and total reduced sulfur compounds by 
ASTM D-5504.  

5.3.3 Site-Specific Landfill Gas Speciation Results 
The LandGEM model provides a list of the major pollutants and common trace pollutants that are 
generated by anaerobic decomposition of MSW in landfills, as shown in Table 2. The default 
concentrations in this list are national averages. The measured concentrations are the values found 
during sampling at the Ephrata Landfill.  

Table 2. Common Trace LFG Constituents, Default LandGEM vs. Source-specific Measurements 

Compound 
LandGEM Default 

(ppmdv) 
Measured 
(ppmdv) 

Total landfill gas   

Methane 50% 42.80% 
Carbon dioxide 50% 36.67% 
NMOC 2,763 1,788 
1,1,1-Trichloroethane (methyl chloroform) - HAP 0.48 ND 
1,1,2,2-Tetrachloroethane - HAP/VOC 1.1 ND 
1,1-Dichloroethane (ethylidene dichloride) - HAP/VOC 2.4 ND 
1,1-Dichloroethene (vinylidene chloride) - HAP/VOC 0.20 ND 
1,2-Dichloroethane (ethylene dichloride) - HAP/VOC 0.41 ND 
1,2-Dichloropropane (propylene dichloride) - HAP/VOC 0.18 ND 
2-Propanol (isopropyl alcohol) - VOC 50 2.67 
Acetone 7.0 5.37 
Acrylonitrile - HAP/VOC 6.3 ND 
Benzene - No or Unknown Co-disposal - HAP/VOC 1.9 1.49 
Bromodichloromethane - VOC 3.1 ND 
Butane - VOC 5.0  

Carbon disulfide - HAP/VOC 0.58 ND 
Carbon monoxide 140 ND 
Carbon tetrachloride - HAP/VOC 4.0E-03 ND 
Carbonyl sulfide - HAP/VOC 0.49 ND 
Chlorobenzene - HAP/VOC 0.25 0.27 
Chlorodifluoromethane 1.3 0.24 
Chloroethane (ethyl chloride) - HAP/VOC 1.3 ND 
Chloroform - HAP/VOC 0.03 ND 
Chloromethane - VOC 1.2 ND 
Dichlorobenzene - (HAP for para isomer/VOC) 0.21 0.44 
Dichlorodifluoromethane 16 0.23 
Dichlorofluoromethane - VOC 2.6 0.25 
Dichloromethane (methylene chloride) - HAP 14 ND 
Dimethyl sulfide (methyl sulfide) - VOC 7.8 0.4 
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Compound 
LandGEM Default 

(ppmdv) 
Measured 
(ppmdv) 

Ethane 890  

Ethanol - VOC 27 2.78 
Ethyl mercaptan (ethanethiol) - VOC 2.3 0.35 
Ethylbenzene - HAP/VOC 4.6 9.13 
Ethylene dibromide - HAP/VOC 1.0E-03 ND 
Fluorotrichloromethane - VOC 0.76 ND 
Hexane - HAP/VOC 6.6 0.65 
Hydrogen sulfide 36 275.3 
Mercury (total) - HAP 2.9E-04  

Methyl ethyl ketone - HAP/VOC 7.1 8.37 
Methyl isobutyl ketone - HAP/VOC 1.9 1.16 
Methyl mercaptan - VOC 2.5 0.85 
Pentane - VOC 3.3 ND 
Perchloroethylene (tetrachloroethylene) - HAP 3.7 0.52 
Propane - VOC 11  

t-1,2-Dichloroethene - VOC 2.8 ND 
Toluene - No or Unknown Co-disposal - HAP/VOC 39 21.37 
Trichloroethylene (trichloroethene) - HAP/VOC 2.8 0.46 
Vinyl chloride - HAP/VOC 7.3 0.18 
Xylenes - HAP/VOC 12 27.94 

ND – non-detectable.  

Note: Ethane, propane, butane, and mercury were not analyzed; therefore, LandGEM values were carried forward. 

5.3.4 Uncontrolled Landfill Gas Generated for Peak Year 
(Potential to Emit) 

The uncontrolled quantities of major and trace constituents of LFG that are predicted to be generated 
by the Ephrata Landfill expansion are shown in Table 3 below. The pollutants in grey are alternative 
values for landfills in which “co-disposal” is practiced. Co-disposal is the disposal of hazardous waste 
along with MSW; however, there will be no co-disposal at the Ephrata expansion. The pollutants in bold 
font are site-specific toxic air pollutants listed in WAC 173-460-150, sampled as of January 29, 2019. The 
values were calculated by the LandGEM model for calendar year 2035, using the measured LFG 
concentrations. 

Table 3. Uncontrolled LFG Generated for Peak Year (Potential to Emit) 

Gas/Pollutant CAS Expanded, ton/year 

Total landfill gas  7.985E+03 
Methane 74-82-8 2.335E+03 
Carbon dioxide 124-38-9 4.893E+03 
NMOC  6.114E+01 
1,1,1-Trichloroethane (methyl chloroform) - HAP 71-55-6 ND 
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Gas/Pollutant CAS Expanded, ton/year 

1,1,2,2-Tetrachloroethane - HAP/VOC 79-34-5 ND 
1,1-Dichloroethane (ethylidene dichloride) - HAP/VOC 75-34-3 ND 
1,1-Dichloroethene (vinylidene chloride) - HAP/VOC 75-35-4 ND 
1,2-Dichloroethane (ethylene dichloride) - HAP/VOC 107-06-2 ND 
1,2-Dichloropropane (propylene dichloride) - HAP/VOC 78-87-5 ND 
2-Propanol (isopropyl alcohol) - VOC 67-63-0 4.126E-02 
Acetone 67-64-1 8.008E-02 
Acrylonitrile - HAP/VOC 107-13-1 ND 
Benzene - No or Unknown Co-disposal - HAP/VOC 71-43-2 2.982E-02 
Benzene - Co-disposal - HAP/VOC 71-43-2 2.206E-01 
Bromodichloromethane - VOC 75-27-4 ND 
Butane - VOC 106-97-8 7.461E-02 
Carbon disulfide - HAP/VOC 75-15-0 ND 
Carbon monoxide 630-08-0 ND 
Carbon tetrachloride - HAP/VOC 56-23-5 ND 
Carbonyl sulfide - HAP/VOC 463-58-1 ND 
Chlorobenzene - HAP/VOC 108-90-7 7.841E-03 
Chlorodifluoromethane 74-45-6 5.328E-03 
Chloroethane (ethyl chloride) - HAP/VOC 75-00-3 ND 
Chloroform - HAP/VOC 67-66-3 ND 
Chloromethane - VOC 74-87-3 ND 
Dichlorobenzene - (HAP for para isomer/VOC) 106-46-7 1.654E-02 
Dichlorodifluoromethane 75-71-8 7.162E-03 
Dichlorofluoromethane - VOC 75-43-4 6.509E-03 
Dichloromethane (methylene chloride) - HAP 75-09-2 ND 
Dimethyl sulfide (methyl sulfide) - VOC 75-18-3 6.445E-03 
Ethane 74-84-0 6.871E+00 
Ethanol - VOC 64-17-5 3.285E-02 
Ethyl mercaptan (ethanethiol) - VOC 75-08-1 5.535E-03 
Ethylbenzene - HAP/VOC 100-41-4 2.489E-01 
Ethylene dibromide - HAP/VOC 106-93-4 ND 
Fluorotrichloromethane - VOC 75-69-4 ND 
Hexane - HAP/VOC 110-54-3 1.434E-02 
Hydrogen sulfide 7783-06-4 2.409E+00 
Mercury (total) - HAP 7439-97-6 1.494E-05 
Methyl ethyl ketone - HAP/VOC 7439-97-6 1.550E-01 
Methyl isobutyl ketone - HAP/VOC 108-10-1 2.975E-02 
Methyl mercaptan - VOC 74-93-1 1.044E-02 
Pentane - VOC 109-66-0 6.113E-02 
Perchloroethylene (tetrachloroethylene) - HAP 127-18-4 2.226E-02 
Propane - VOC 74-98-6 1.245E-01 
trans-1,2-Dichloroethene - VOC 150-60-5 ND 
Toluene - No or Unknown Co-disposal - HAP/VOC 108-88-3 5.054E-01 
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Gas/Pollutant CAS Expanded, ton/year 

Toluene - Co-disposal - HAP/VOC 108-88-3 4.021E+00 
Trichloroethylene (trichloroethene) - HAP/VOC 79-01-6 1.541E-02 
Vinyl chloride - HAP/VOC 75-01-4 2.961E-03 
Xylenes - HAP/VOC 108-38-3 7.615E-01 

Note: No co-disposal of hazardous waste is known to have been made at Ephrata Landfill, or will be made in the landfill expansion. 

5.4 Controlled Landfill Gas Emissions 
“Controlled emissions” represents landfill gas emissions that are collected by the wells, trenches, and 
blowers of the LFG collection system and routed to the flare for destruction of the NMOC. Overall 
control efficiency is a function of collection efficiency and destruction efficiency.  

The applicant used landfill gas collection factors from Table H-3 of the Equation HH-6 HH-7 HH-8 
Calculation Spreadsheet.xlxs, which is used for greenhouse gas calculations in Subpart HH of 40 CFR 98 
to determine weighted average collection efficiency of the Ephrata Landfill in 2035, the year of maximum 
landfill gas generation. The 104-acre landfill area will be nearly full. The applicant estimates at that time 
15.38 percent of the landfill will be active, and will have an intermediate soil cover and active gas 
collection, which according to Table H-3, will provide a collection efficiency of 75 percent. The other 
84.62 percent of the expanded landfill will have final soil cover of 3 feet or thicker clay and/or 
geomembrane cover system and active gas collection, for a collection efficiency of 95 percent. The 
weighted average collection efficiency will be 91.9 percent. The applicant assumed a value of 98 percent 
destruction of collected NMOC by the flare, because that is what is required in Subpart XXX of 40 CFR 60, 
Standards of Performance for Municipal Solid Waste Landfills That Commenced Construction, 
Reconstruction, or Modification After July 17, 2014.  

5.5 Combined Landfill Gas Emissions, Collected Controlled and 
Uncollected Fugitive 

Table 4 shows major and trace pollutants, using concentrations measured during the recent testing as 
calculated by LandGEM for calendar year 2035, assuming 91.9 percent collection and 98 percent 
destruction in the flare.  

5.6 Landfill Gas Hazardous Air Pollutants 
Hazardous air pollutants (HAPs) are those pollutants that cause or may cause cancer or other serious 
health effects, such as reproductive effects or birth defects, or adverse environmental and ecological 
effects. EPA is required to control 187 hazardous air pollutants.  

Potential to emit for HAP was estimated by using HAP emissions during 2035, the peak year of LFG 
production as predicted by LandGEM. During 2035, projected emissions of the highest single HAP, 
xylenes, will be 0.05 ton per year, and total HAP emissions will be 0.14 ton per year.  
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Table 4. Combined LFG emissions, Collected Controlled and Uncontrolled Fugitive 

Gas/Pollutant CAS lb/yr 
Flare 

(lb/yr) 

Uncollected, 
Fugitive 
(lb/yr) 

Total Emissions 
(lb/yr) 

Total landfill gas  1.60E+07 2.94E+05 1.29E+06 1.58E+06 

Methane 74-82-8 4.67E+06 8.59E+04 3.77E+05 4.63E+05 

Carbon dioxide1 124-38-9 9.79E+06 1.80E+05 7.90E+05 9.70E+05 

NMOC  1.22E+05 2.25E+03 9.87E+03 1.21E+04 

1,1,1-Trichloroethane2 (methyl chloroform) - HAP 71-55-6 ND ND ND ND 

1,1,2,2-Tetrachloroethane - HAP/VOC 79-34-5 ND ND ND ND 

1,1-Dichloroethane (ethylidene dichloride) - HAP/VOC 75-34-3 ND ND ND ND 

1,1-Dichloroethene (vinylidene chloride) - HAP/VOC 75-35-4 ND ND ND ND 

1,2-Dichloroethane (ethylene dichloride) - HAP/VOC 107-06-2 ND ND ND ND 

1,2-Dichloropropane (propylene dichloride) - HAP/VOC 78-87-5 ND ND ND ND 

2-Propanol (isopropyl alcohol) - VOC 67-63-0 8.25E+01 1.52E+00 6.66E+00 8.18E+00 

Acetone 67-64-1 1.60E+02 2.94E+00 1.29E+01 1.59E+01 

Acrylonitrile - HAP/VOC 107-13-1 ND ND ND ND 

Benzene - No or Unknown Co-disposal - HAP/VOC 71-43-2 5.96E+01 1.10E+00 4.82E+00 5.91E+00 

Benzene - Co-disposal - HAP/VOC 71-43-2 4.412E+02 8.112E+00 3.563E+01 4.374E+01 

Bromodichloromethane - VOC 75-27-4 ND ND ND ND 

Butane - VOC 106-97-8 1.49E+02 2.74E+00 1.21E+01 1.48E+01 

Carbon disulfide - HAP/VOC 75-15-0 ND ND ND ND 

Carbon monoxide 630-08-0 ND ND ND ND 

Carbon tetrachloride - HAP/VOC 56-23-5 ND ND ND ND 

Carbonyl sulfide - HAP/VOC 463-58-1 ND ND ND ND 

Chlorobenzene - HAP/VOC 108-90-7 1.57E+01 2.88E-01 1.27E+00 1.55E+00 

Chlorodifluoromethane 74-45-6 1.07E+01 1.96E-01 8.61E-01 1.06E+00 

Chloroethane (ethyl chloride) - HAP/VOC 75-00-3 ND ND ND ND 
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