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LANDFILL GAS MANAGEMENT SYSTEM

GAS GENERATION

To properly design and size the landfill gas (LFG) extraction system components, it is necessary
to estimate the total quantity of LFG being produced in all areas of the landfill through its
expected operational and post-closure periods. LFG generation was estimated using the
Landfill Air Emissions Estimation Model (LandGEM) developed by the United States
Environmental Protection Agency (U.S. EPA). This model was coded into a Microsoft Excel®
spreadsheet published by U.S. EPA [LandGEM Version 3.02, May 2005]. LandGEM is
described by the following first-order decomposition rate equation:

n 1 M
i I
Qch, = Z Z kL, (E) et

i=1j=0.1
where:

Qcu, =  annual methane generation in the year of the calculation (m?/year);

i = one-year time increment;

n =  year of the calculation minus initial year of waste acceptance;

j = 0.l-year time increment;

k= methane generation rate (1/year);

L, =  potential methane generation capacity (m*/Mg);

M; = mass of waste accepted in the i*" year (Mg); and

t = age of the j section of waste mass M; accepted in the i*" year (years).

The above equation estimates methane generation and not total LFG generation. The total
volume of LFG generated in a given year was estimated based on a methane content of 40
percent, which was selected based on monitoring of the blower/flare station as summarized by
Waste Management [2018].

In calculating the gas generation curves, the following assumptions were made:

1. The methane generation potential (L,) was calibrated to a value of 30 m*/Mg based
on gas flow measurements from the blower/flare station as summarized by Waste
Management [2018].

2. The methane generation rate constant (k) used is a default value (0.04 yr!) for sites
in non-arid climates as described in the U.S. EPA publication AP-42, Compilation
of Air Pollutant Emission Factors [U.S. EPA, 1995].
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3. The mass of waste accepted per year (M;) was estimated for each year of operation
as shown in Table 1 below, based on the following assumptions:

a. Waste quantities for all years prior to 2003 are based on the LFG
management system design for the previous Cell 6 design permit application
[Geosyntec, 2005].

b. Waste acceptance data from 2003 to the end of 2017 are based on total waste
receipts provided by DRPL

c. The future filling rate for the vertical expansion is estimated to be
approximately 253,100 Mg per year based on the budgeted yearly tonnage
provided by DRPL

Table 1: Waste Acceptance Rate during Landfill Operation

Waste Acceptance Waste Acceptance
Years Rate Years Rate
(Mg/yr) (Mg/yr)
1978-1982 281,491 2010 262,522
1983-1994 283,176 2011 281,064
1995-1998 645,750 2012 279,186
1999-2002 522,659 2013 249,885
2003 352,077 2014 253,455
2004 330,321 2015 227,868
2005 343,134 2016 253,188
2006 350,571 2017 318,591
2007 210,896 2018-2041 253,100
2008 233,620 2042 115,645
2009 208,417 2043 CLOSED

The LandGEM model output is provided in Attachment A. The varied nature of the waste
acceptance rate means that LFG generation is expected to exceed 1,300 cubic feet per minute
at standard temperature and pressure (scfm) starting in 2003 and then remain relatively stable
at this rate through 2043 before dropping steadily post-closure. A peak LFG generation rate of
1,375 scfm is conservatively used for sizing LFG components.

SIZING OF LANDFILL GAS SYSTEM COMPONENTS

The LFG system as proposed by Golder Associates (Golder) in the drawing set entitled
Application for Permit Renewal, DRPI Industrial Waste Landfill [Golder, 2015] was evaluated
for pipe capacity. The LFG system was evaluated assuming a collection efficiency of 100
percent. All piping components of the landfill gas extraction system should be sized such that:
(1) velocity is less than 30 feet per second (fps) to prevent countercurrent flow of condensate in
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the pipe and (ii) head loss is less than 1 inch of water (in.-water) per 100 feet of pipe to minimize
the required blower horsepower. All pipes will be high-density polyethylene (HDPE) standard
dimension ratio 17 (SDR-17) piping unless otherwise specified.

Velocity in a pipe, V, is calculated using the following standard formula:

Q
V=-
A
where:
Q = flow (ft/sec)
A = cross-sectional area of the pipe (ft?)

Head loss is calculated using the Spitzglass formula:

2
qnLS
Ah,, = C2ds
where:
Ah,, =  head loss (in.-water)
qn, =  flow rate (ft’/hr)
L = pipe length (ft)
Sg =  specific gravity of gas relative to air (S5 = 1.04)
d = pipe diameter (in.)
c. - 3550
.=

(1+%6+0.03d)1/2

Using the above referenced design criteria for head loss and maximum flow velocity, the
necessary nominal size for the different piping components of the LFG system was calculated
as summarized below. LFG pipe sizing calculations are included in Attachment B.

Perimeter Header

The header pipe serves to transmit LFG collected from the wellfield to the blower/flare station.
The header pipe needs to be sized for peak gas flow (i.e., 1,375 scfm). The capacity of the
existing and proposed header pipes were both evaluated. For a conservative estimate of the
required header size, despite the fact that gas will enter the header at many different points, it
is assumed that gas flow from all LFG wells connected to each header segment will enter the
header segment at a single point at the header location furthest from the blower and flare station.
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Based on the evaluation of the existing and proposed header pipes, the header pipes are expected
to have sufficient capacity to convey LFG flow from existing and proposed LFG wells which
connect to these header segments. As shown in Table 2, the size of the header pipe varies in
diameter from 8 to 12 inches. At the 10-inch diameter segment of the west header nearest to
the blower/flare station, the calculated velocity is 30.7 fps, which slightly exceeds the maximum
velocity criterion. However, because there is conservatism built into the analysis (i.e., 100
percent collection efficiency), this calculated velocity is acceptable.

Laterals

Lateral pipes serve to transmit LFG from individual extraction wells to the header. To provide
effective gas collection, even under differential settlement conditions, the laterals will be
installed at a minimum slope of 2 percent. Lateral pipe was evaluated for pipe capacity based
on the number of LFG wells connected to the lateral. As shown in Table 2, laterals are generally
6-inch diameter, with the exception of several locations where the diameter is increased to 8
inches to accommodate greater expected flow.

Vertical Wells and Horizontal Surface Collectors

A geomembrane liner will be placed above Cells 1, 2, and 3. Gas will be collected from beneath
the liner by horizontal surface collectors. In addition, existing gas wells in Cells 1, 2, and 3
(i.e., beneath the footprint of the overlay liner) will be converted to vertical conduits and
connected to the horizontal surface collectors to increase the amount of waste influenced by the
vacuum applied to the horizontal collectors. For the final landfill configuration, the wellfield
at the landfill will consist of vertical gas extraction wells (8-inch diameter slotted polyvinyl
chloride [PVC] pipe installed in 36-inch diameter boreholes backfilled with aggregate) installed
across the entire expansion area. The timing of well installation will depend on operational
factors; however, at the latest wells will be installed once waste filling reaches final permitted
grades. The existing wellfield will continue to be used for gas collection in Cells 4 and 5.

The horizontal surface collectors and wells were designed based on the radius of influence
(ROI) calculation included in Attachment C. The ROI can be defined as the distance from the
center of well or horizontal collection trench outward to the extent at which a vacuum is applied
within the waste mass. A method based on Darcy’s equation was used to estimate ROI
[Kulasingam and Othman, 2006], as follows:

2-g-K-TS(Z—;)

ROI =
Ps-GGR-yy - pu-T

(P? — P})
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where
g gravitational acceleration (32.2 ft/sec?);
K = intrinsic permeability of waste (ft?);
T = standard temperature (520 R);
H; = length of slotted pipe (ft);
Hy = total length of pipe (ft);
P; = standard pressure (psf);
GGR = gas generation rate (ft*/Ib/sec);
Yw = unit weight of waste (pcf);
u = dynamic viscosity of landfill gas (1b/ft/sec);
T = average landfill temperature (R);
P; = pressure (vacuum) at ROI circumference (2,116.8 psf); and
P, = pressure (vacuum) at wellhead (psf).

ROI is calculated considering the gas generation rate (GGR), which is estimated using the
following equation by assuming a 50 percent methane content in the landfill gas. This equation
is similar to the LandGEM model equation [USEPA, 2005].

GGR=2'k-L, exp(—k-t)

where
k = decay constant for the rate of methane generation (yr);
L, = total methane generation potential for the waste (ft*/Ib); and
t = average age of waste.

ROl is calculated based on the GGR at the estimated time of well installation, with ROI limited
to a maximum of 150 feet. An ROI of 150 feet was estimated for vertical wells and horizontal
surface collectors.

Summary of Pipe Sizes

Sizes for all piping components of the LFG system are shown in Table 2.
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Table 2: Summary of LFG System Pipe Sizes and Specifications

Component Nominal Size (Diameter) Specification

) Varies
Perimeter Header 8. 10", or 12” SDR-17 HDPE
Laterals Varies SDR-17 HDPE

6” or 8
Horizontal Surface 6" SDR-17 HDPE

Collectors
Vertical Wells 8” Slotted PVC Schedule 80

ESTIMATE OF CONDENSATE VOLUME

To calculate the volume of condensate that may form in the LFG transmission piping, it is first
necessary to estimate the temperature of the landfill gas at different points in the system. From
previous experience, the following temperatures are expected:

e 90°F at wellheads (maximum)
e 05°F at condensate infiltrators
e 40°F at knockout tanks (minimum)

Based on Figure 1 [GPSA, 1994], the water content of hydrocarbon gas can be estimated at a
given temperature. Using Figure 1, the landfill gas water content can be estimated at each of
the above temperatures. The estimates are as follows:

yields Ib H,0
90°F — 2,200 ———5——
10 ft3 gas
ield lb H,0
yields 0 2

65°F
10 ft3 gas

yields b H,0
40°F
106 ft3 gas

Assuming that the maximum change in temperature will be from 90°F to 40°F, the maximum
expected change in water content is:
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yopg BH0 0 WbH0 o b H;0
771060 ft3 gas 106 ft3 gas ' 106 ft3 gas

The peak LFG generation rate of 1,375 scfm was used to estimate the maximum amount of
condensate generated in any one year. Using this value, the maximum annual condensate
generated at the landfill was calculated as follows:

b H,0 ft3 Ib
1,800 ———=—"1,375——=2.48——
106 ft3 gas min min
g Ib 1,440min 1ft® 7.48gal _ gal
min  lday 6241 1ft3 — day
al 365da al
IE 22T 55,1252
day 1year year

Under a worst-case scenario, the condensate knockout at the blower/flare station will need to
be able to handle this entire volume of condensate. However, additional condensate traps will
be located at low points along the header.
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Attachment A - LandGEM 5/7/2018

Summary Report

Landfill Name or Identifier: DRPI Vertical Expansion
Date: Monday, May 7, 2018

Description/Comments:

Waste quantities for all years prior to 2003 are based on the gas management system design for the previous Cell 6
design permit application. Waste acceptance data from 2003 to the end of 2017 are based on total waste receipts
provided by DRPI. The future filling rate is based on the budgeted yearly tonnage provided by DRPI.

About LandGEM: " 1

| ) | _ M. . j_
First-Order Decomposition Rate Equation: Q —_ kL — |&

CH, fo! 1 0

Where, =1 j=0.1
Qch4 = annual methane generation in the year of the calculation (m 3/year)
i = 1-year time increment M; = mass of waste accepted in the it year (Mg)
n = (year of the calculation) - (initial year of waste acceptance) t; = age of the jth section of waste mass M; accepted in the in year
j = 0.1-year time increment (decimal years, e.g., 3.2 years)

k = methane generation rate (year ™)
L, = potential methane generation capacity (m3/Mg)

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.

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.
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Input Review

LANDFILL CHARACTERISTICS

Landfill Open Year 1978

Landfill Closure Year (with 80-year limit) 2043

Actual Closure Year (without limit) 2043

Have Model Calculate Closure Year? No

Waste Design Capacity short tons

MODEL PARAMETERS

Methane Generation Rate, k 0.040 year 2

Potential Methane Generation Capacity, L, 30 m? /Mg

NMOC Concentration 4,000 ppmv as hexane
Methane Content 40 % 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

Year Waste Accepted Waste-In-Place
(Mg/year) (short tons/year) (Mg) (short tons)

1978 281,491 309,640 0 0
1979 281,491 309,640 281,491 309,640
1980 281,491 309,640 562,982 619,280
1981 281,491 309,640 844,473 928,920
1982 281,491 309,640 1,125,964 1,238,560
1983 283,176 311,494 1,407,455 1,548,201
1984 283,176 311,494 1,690,631 1,859,694
1985 283,176 311,494 1,973,807 2,171,188
1986 283,176 311,494 2,256,983 2,482,681
1987 283,176 311,494 2,540,159 2,794,175
1988 283,176 311,494 2,823,335 3,105,669
1989 283,176 311,494 3,106,511 3,417,162
1990 283,176 311,494 3,389,687 3,728,656
1991 283,176 311,494 3,672,863 4,040,149
1992 283,176 311,494 3,956,039 4,351,643
1993 283,176 311,494 4,239,215 4,663,137
1994 283,176 311,494 4,522,391 4,974,630
1995 645,750 710,325 4,805,567 5,286,124
1996 645,750 710,325 5,451,317 5,996,449
1997 645,750 710,325 6,097,067 6,706,774
1998 645,750 710,325 6,742,817 7,417,099
1999 522,659 574,925 7,388,567 8,127,424
2000 522,659 574,925 7,911,226 8,702,349
2001 522,659 574,925 8,433,885 9,277,274
2002 522,659 574,925 8,956,544 9,852,198
2003 352,077 387,285 9,479,203 10,427,123
2004 330,321 363,353 9,831,280 10,814,408
2005 343,134 377,447 10,161,601 11,177,761
2006 350,571 385,628 10,504,735 11,555,209
2007 210,896 231,986 10,855,306 11,940,837
2008 233,620 256,982 11,066,202 12,172,822
2009 208,417 229,259 11,299,822 12,429,804
2010 262,522 288,774 11,508,239 12,659,063
2011 281,064 309,170 11,770,761 12,947,837
2012 279,186 307,105 12,051,825 13,257,008
2013 249,885 274,874 12,331,011 13,564,112
2014 253,455 278,801 12,580,896 13,838,986
2015 227,868 250,655 12,834,351 14,117,786
2016 253,188 278,507 13,062,219 14,368,441
2017 318,591 350,450 13,315,407 14,646,948
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Attachment A - LandGEM 5/7/2018

WASTE ACCEPTANCE RATES (Continued)

Year Waste Accepted Waste-In-Place
(Mglyear) (short tonsl/year) (Mg) (short tons)

2018 253,100 278,410 13,633,998 14,997,398
2019 253,100 278,410 13,887,098 15,275,808
2020 253,100 278,410 14,140,198 15,554,218
2021 253,100 278,410 14,393,298 15,832,628
2022 253,100 278,410 14,646,398 16,111,038
2023 253,100 278,410 14,899,498 16,389,448
2024 253,100 278,410 15,152,598 16,667,858
2025 253,100 278,410 15,405,698 16,946,268
2026 253,100 278,410 15,658,798 17,224,678
2027 253,100 278,410 15,911,898 17,503,088
2028 253,100 278,410 16,164,998 17,781,498
2029 253,100 278,410 16,418,098 18,059,908
2030 253,100 278,410 16,671,198 18,338,318
2031 253,100 278,410 16,924,298 18,616,728
2032 253,100 278,410 17,177,398 18,895,138
2033 253,100 278,410 17,430,498 19,173,548
2034 253,100 278,410 17,683,598 19,451,958
2035 253,100 278,410 17,936,698 19,730,368
2036 253,100 278,410 18,189,798 20,008,778
2037 253,100 278,410 18,442,898 20,287,188
2038 253,100 278,410 18,695,998 20,565,598
2039 253,100 278,410 18,949,098 20,844,008
2040 253,100 278,410 19,202,198 21,122,418
2041 253,100 278,410 19,455,298 21,400,828
2042 115,645 127,210 19,708,398 21,679,238
2043 0 0 19,824,043 21,806,447
2044 0 0 19,824,043 21,806,447
2045 0 0 19,824,043 21,806,447
2046 0 0 19,824,043 21,806,447
2047 0 0 19,824,043 21,806,447
2048 0 0 19,824,043 21,806,447
2049 0 0 19,824,043 21,806,447
2050 0 0 19,824,043 21,806,447
2051 0 0 19,824,043 21,806,447
2052 0 0 19,824,043 21,806,447
2053 0 0 19,824,043 21,806,447
2054 0 0 19,824,043 21,806,447
2055 0 0 19,824,043 21,806,447
2056 0 0 19,824,043 21,806,447
2057 0 0 19,824,043 21,806,447
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Pollutant Parameters

Attachment A - LandGEM

Gas / Pollutant Default Parameters:

User-specified Pollutant Parameters:

Concentration

Concentration

Compound (ppmv) Molecular Weight (ppmv) Molecular Weight
" Total landfill gas 0.00
@ |[Methane 16.04
3 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/NOC 11 78.11
E Bromodichloromethane -
5 |vOC 3.1 163.83
3 |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

REPORT - 4

5/7/2018

Page 16 of 32



Attachment A - LandGEM

Pollutant Parameters (Continued)

Gas / Pollutant Default Parameters:

User-specified Pollutant Parameters:

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 25 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) -
E HAP/VOC 2.8 131.40
S |Vinyl chloride -
3 |HAP/NVOC 7.3 62.50
& IXylenes - HAP/VOC 12 106.16
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Attachment A - LandGEM

5/7/2018

Results
Year Total landfill gas Methane

(Mglyear) (m 3 jyear) (av ft*3/min) (Mg/year) (m 3 jyear) (av ft*3/min)
1978 0 0 0 0 0 0
1979 9.805E+02 8.295E+05 5.573E+01 2.214E+02 3.318E+05 2.229E+01
1980 1.923E+03 1.626E+06 1.093E+02 4.340E+02 6.506E+05 4.371E+01
1981 2.828E+03 2.392E+06 1.607E+02 6.384E+02 9.568E+05 6.429E+01
1982 3.697E+03 3.128E+06 2.102E+02 8.347E+02 1.251E+06 8.406E+01
1983 4.533E+03 3.835E+06 2.576E+02 1.023E+03 1.534E+06 1.031E+02
1984 5.342E+03 4.519E+06 3.036E+02 1.206E+03 1.807E+06 1.214E+02
1985 6.118E+03 5.176E+06 3.478E+02 1.381E+03 2.070E+06 1.391E+02
1986 6.865E+03 5.807E+06 3.902E+02 1.550E+03 2.323E+06 1.561E+02
1987 7.582E+03 6.414E+06 4.310E+02 1.712E+03 2.566E+06 1.724E+02
1988 8.271E+03 6.997E+06 4.701E+02 1.867E+03 2.799E+06 1.881E+02
1989 8.933E+03 7.557E+06 5.078E+02 2.017E+03 3.023E+06 2.031E+02
1990 9.569E+03 8.095E+06 5.439E+02 2.160E+03 3.238E+06 2.176E+02
1991 1.018E+04 8.612E+06 5.787E+02 2.298E+03 3.445E+06 2.315E+02
1992 1.077E+04 9.109E+06 6.120E+02 2.431E+03 3.644E+06 2.448E+02
1993 1.133E+04 9.586E+06 6.441E+02 2.558E+03 3.834E+06 2.576E+02
1994 1.187E+04 1.004E+07 6.749E+02 2.681E+03 4.018E+06 2.700E+02
1995 1.239E+04 1.049E+07 7.045E+02 2.798E+03 4.194E+06 2.818E+02
1996 1.416E+04 1.198E+07 8.047E+02 3.196E+03 4.791E+06 3.219E+02
1997 1.585E+04 1.341E+07 9.010E+02 3.579E+03 5.364E+06 3.604E+02
1998 1.748E+04 1.479E+07 9.936E+02 3.946E+03 5.915E+06 3.974E+02
1999 1.904E+04 1.611E+07 1.082E+03 4.299E+03 6.444E+06 4.330E+02
2000 2.012E+04 1.702E+07 1.143E+03 4.542E+03 6.807E+06 4.574E+02
2001 2.115E+04 1.789E+07 1.202E+03 4.774E+03 7.157E+06 4.808E+02
2002 2.214E+04 1.873E+07 1.258E+03 4.998E+03 7.492E+06 5.034E+02
2003 2.309E+04 1.954E+07 1.313E+03 5.213E+03 7.814E+06 5.250E+02
2004 2.341E+04 1.981E+07 1.331E+03 5.286E+03 7.923E+06 5.323E+02
2005 2.365E+04 2.000E+07 1.344E+03 5.338E+03 8.002E+06 5.376E+02
2006 2.391E+04 2.023E+07 1.359E+03 5.399E+03 8.092E+06 5.437E+02
2007 2.420E+04 2.047E+07 1.375E+03 5.463E+03 8.188E+06 5.502E+02
2008 2.398E+04 2.029E+07 1.363E+03 5.414E+03 8.116E+06 5.453E+02
2009 2.386E+04 2.018E+07 1.356E+03 5.386E+03 8.073E+06 5.424E+02
2010 2.365E+04 2.000E+07 1.344E+03 5.338E+03 8.002E+06 5.376E+02
2011 2.364E+04 1.999E+07 1.343E+03 5.336E+03 7.998E+06 5.374E+02
2012 2.369E+04 2.004E+07 1.346E+03 5.347E+03 8.015E+06 5.385E+02
2013 2.373E+04 2.008E+07 1.349E+03 5.357E+03 8.030E+06 5.395E+02
2014 2.367E+04 2.002E+07 1.345E+03 5.344E+03 8.010E+06 5.382E+02
2015 2.363E+04 1.999E+07 1.343E+03 5.333E+03 7.994E+06 5.371E+02
2016 2.349E+04 1.987E+07 1.335E+03 5.304E+03 7.950E+06 5.341E+02
2017 2.345E+04 1.984E+07 1.333E+03 5.295E+03 7.936E+06 5.332E+02
2018 2.364E+04 2.000E+07 1.344E+03 5.338E+03 8.001E+06 5.376E+02
2019 2.360E+04 1.996E+07 1.341E+03 5.327E+03 7.985E+06 5.365E+02
2020 2.355E+04 1.993E+07 1.339E+03 5.317E+03 7.970E+06 5.355E+02
2021 2.351E+04 1.989E+07 1.336E+03 5.308E+03 7.956E+06 5.346E+02
2022 2.347E+04 1.986E+07 1.334E+03 5.299E+03 7.943E+06 5.337E+02
2023 2.343E+04 1.982E+07 1.332E+03 5.290E+03 7.929E+06 5.328E+02
2024 2.340E+04 1.979E+07 1.330E+03 5.282E+03 7.917E+06 5.319E+02
2025 2.336E+04 1.976E+07 1.328E+03 5.274E+03 7.905E+06 5.311E+02
2026 2.333E+04 1.973E+07 1.326E+03 5.266E+03 7.893E+06 5.303E+02
2027 2.329E+04 1.970E+07 1.324E+03 5.258E+03 7.882E+06 5.296E+02
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Attachment A - LandGEM

Results (Continued)

5/7/2018

Year Total landfill gas Methane
(Mglyear) (m 3 jyear) (av ft*3/min) (Mg/year) (m 3 jyear) (av ft*3/min)

2028 2.326E+04 1.968E+07 1.322E+03 5.251E+03 7.871E+06 5.289E+02
2029 2.323E+04 1.965E+07 1.320E+03 5.244E+03 7.861E+06 5.282E+02
2030 2.320E+04 1.963E+07 1.319E+03 5.238E+03 7.851E+06 5.275E+02
2031 2.317E+04 1.960E+07 1.317E+03 5.231E+03 7.841E+06 5.269E+02
2032 2.315E+04 1.958E+07 1.316E+03 5.225E+03 7.832E+06 5.263E+02
2033 2.312E+04 1.956E+07 1.314E+03 5.219E+03 7.824E+06 5.257E+02
2034 2.310E+04 1.954E+07 1.313E+03 5.214E+03 7.815E+06 5.251E+02
2035 2.307E+04 1.952E+07 1.311E+03 5.208E+03 7.807E+06 5.245E+02
2036 2.305E+04 1.950E+07 1.310E+03 5.203E+03 7.799E+06 5.240E+02
2037 2.303E+04 1.948E+07 1.309E+03 5.198E+03 7.792E+06 5.235E+02
2038 2.301E+04 1.946E+07 1.308E+03 5.193E+03 7.785E+06 5.230E+02
2039 2.298E+04 1.944E+07 1.306E+03 5.189E+03 7.778E+06 5.226E+02
2040 2.297E+04 1.943E+07 1.305E+03 5.184E+03 7.771E+06 5.221E+02
2041 2.295E+04 1.941E+07 1.304E+03 5.180E+03 7.765E+06 5.217E+02
2042 2.293E+04 1.940E+07 1.303E+03 5.176E+03 7.758E+06 5.213E+02
2043 2.243E+04 1.898E+07 1.275E+03 5.064E+03 7.591E+06 5.100E+02
2044 2.155E+04 1.823E+07 1.225E+03 4.865E+03 7.293E+06 4.900E+02
2045 2.071E+04 1.752E+07 1.177E+03 4.675E+03 7.007E+06 4.708E+02
2046 1.990E+04 1.683E+07 1.131E+03 4.491E+03 6.732E+06 4.523E+02
2047 1.912E+04 1.617E+07 1.086E+03 4.315E+03 6.468E+06 4.346E+02
2048 1.837E+04 1.554E+07 1.044E+03 4.146E+03 6.215E+06 4.176E+02
2049 1.765E+04 1.493E+07 1.003E+03 3.983E+03 5.971E+06 4.012E+02
2050 1.695E+04 1.434E+07 9.636E+02 3.827E+03 5.737E+06 3.855E+02
2051 1.629E+04 1.378E+07 9.259E+02 3.677E+03 5.512E+06 3.703E+02
2052 1.565E+04 1.324E+07 8.895E+02 3.533E+03 5.296E+06 3.558E+02
2053 1.504E+04 1.272E+07 8.547E+02 3.395E+03 5.088E+06 3.419E+02
2054 1.445E+04 1.222E+07 8.212E+02 3.261E+03 4.889E+06 3.285E+02
2055 1.388E+04 1.174E+07 7.890E+02 3.134E+03 4.697E+06 3.156E+02
2056 1.334E+04 1.128E+07 7.580E+02 3.011E+03 4.513E+06 3.032E+02
2057 1.281E+04 1.084E+07 7.283E+02 2.893E+03 4.336E+06 2.913E+02
2058 1.231E+04 1.041E+07 6.997E+02 2.779E+03 4.166E+06 2.799E+02
2059 1.183E+04 1.001E+07 6.723E+02 2.670E+03 4.002E+06 2.689E+02
2060 1.136E+04 9.614E+06 6.459E+02 2.566E+03 3.845E+06 2.584E+02
2061 1.092E+04 9.237E+06 6.206E+02 2.465E+03 3.695E+06 2.482E+02
2062 1.049E+04 8.875E+06 5.963E+02 2.368E+03 3.550E+06 2.385E+02
2063 1.008E+04 8.527E+06 5.729E+02 2.275E+03 3.411E+06 2.292E+02
2064 9.684E+03 8.192E+06 5.504E+02 2.186E+03 3.277E+06 2.202E+02
2065 9.304E+03 7.871E+06 5.289E+02 2.100E+03 3.148E+06 2.115E+02
2066 8.940E+03 7.562E+06 5.081E+02 2.018E+03 3.025E+06 2.032E+02
2067 8.589E+03 7.266E+06 4.882E+02 1.939E+03 2.906E+06 1.953E+02
2068 8.252E+03 6.981E+06 4.691E+02 1.863E+03 2.792E+06 1.876E+02
2069 7.929E+03 6.707E+06 4.507E+02 1.790E+03 2.683E+06 1.803E+02
2070 7.618E+03 6.444E+06 4.330E+02 1.720E+03 2.578E+06 1.732E+02
2071 7.319E+03 6.192E+06 4.160E+02 1.652E+03 2.477TE+06 1.664E+02
2072 7.032E+03 5.949E+06 3.997E+02 1.587E+03 2.380E+06 1.599E+02
2073 6.756E+03 5.716E+06 3.840E+02 1.525E+03 2.286E+06 1.536E+02
2074 6.491E+03 5.491E+06 3.690E+02 1.465E+03 2.197E+06 1.476E+02
2075 6.237E+03 5.276E+06 3.545E+02 1.408E+03 2.110E+06 1.418E+02
2076 5.992E+03 5.069E+06 3.406E+02 1.353E+03 2.028E+06 1.362E+02
2077 5.757E+03 4.870E+06 3.272E+02 1.300E+03 1.948E+06 1.309E+02
2078 5.532E+03 4.680E+06 3.144E+02 1.249E+03 1.872E+06 1.258E+02
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Attachment A - LandGEM

Results (Continued)

5/7/2018

Year Total landfill gas Methane
(Mglyear) (m 3 lyear) (av ft*3/min) (Mg/year) (m 3 lyear) (av ft*3/min)

2079 5.315E+03 4.496E+06 3.021E+02 1.200E+03 1.798E+06 1.208E+02
2080 5.106E+03 4.320E+06 2.902E+02 1.153E+03 1.728E+06 1.161E+02
2081 4.906E+03 4.150E+06 2.789E+02 1.108E+03 1.660E+06 1.115E+02
2082 4.714E+03 3.988E+06 2.679E+02 1.064E+03 1.595E+06 1.072E+02
2083 4.529E+03 3.831E+06 2.574E+02 1.022E+03 1.533E+06 1.030E+02
2084 4.351E+03 3.681E+06 2.473E+02 9.823E+02 1.472E+06 9.893E+01
2085 4.181E+03 3.537E+06 2.376E+02 9.438E+02 1.415E+06 9.505E+01
2086 4.017E+03 3.398E+06 2.283E+02 9.068E+02 1.359E+06 9.132E+01
2087 3.859E+03 3.265E+06 2.194E+02 8.712E+02 1.306E+06 8.774E+01
2088 3.708E+03 3.137E+06 2.108E+02 8.371E+02 1.255E+06 8.430E+01
2089 3.563E+03 3.014E+06 2.025E+02 8.043E+02 1.206E+06 8.100E+01
2090 3.423E+03 2.896E+06 1.946E+02 7.727E+02 1.158E+06 7.782E+01
2091 3.289E+03 2.782E+06 1.869E+02 7.424E+02 1.113E+06 7.477E+01
2092 3.160E+03 2.673E+06 1.796E+02 7.133E+02 1.069E+06 7.184E+01
2093 3.036E+03 2.568E+06 1.726E+02 6.853E+02 1.027E+06 6.902E+01
2094 2.917E+03 2.467E+06 1.658E+02 6.585E+02 9.870E+05 6.632E+01
2095 2.802E+03 2.371E+06 1.593E+02 6.326E+02 9.483E+05 6.372E+01
2096 2.693E+03 2.278E+06 1.530E+02 6.078E+02 9.111E+05 6.122E+01
2097 2.587E+03 2.188E+06 1.470E+02 5.840E+02 8.754E+05 5.882E+01
2098 2.486E+03 2.103E+06 1.413E+02 5.611E+02 8.411E+05 5.651E+01
2099 2.388E+03 2.020E+06 1.357E+02 5.391E+02 8.081E+05 5.429E+01
2100 2.294E+03 1.941E+06 1.304E+02 5.180E+02 7.764E+05 5.217E+01
2101 2.204E+03 1.865E+06 1.253E+02 4.977E+02 7.459E+05 5.012E+01
2102 2.118E+03 1.792E+06 1.204E+02 4.781E+02 7.167E+05 4.815E+01
2103 2.035E+03 1.721E+06 1.157E+02 4.594E+02 6.886E+05 4.627E+01
2104 1.955E+03 1.654E+06 1.111E+02 4.414E+02 6.616E+05 4.445E+01
2105 1.879E+03 1.589E+06 1.068E+02 4.241E+02 6.357E+05 4.271E+01
2106 1.805E+03 1.527E+06 1.026E+02 4.074E+02 6.107E+05 4.103E+01
2107 1.734E+03 1.467E+06 9.856E+01 3.915E+02 5.868E+05 3.943E+01
2108 1.666E+03 1.409E+06 9.470E+01 3.761E+02 5.638E+05 3.788E+01
2109 1.601E+03 1.354E+06 9.099E+01 3.614E+02 5.417E+05 3.639E+01
2110 1.538E+03 1.301E+06 8.742E+01 3.472E+02 5.204E+05 3.497E+01
2111 1.478E+03 1.250E+06 8.399E+01 3.336E+02 5.000E+05 3.360E+01
2112 1.420E+03 1.201E+06 8.070E+01 3.205E+02 4.804E+05 3.228E+01
2113 1.364E+03 1.154E+06 7.753E+01 3.079E+02 4.616E+05 3.101E+01
2114 1.311E+03 1.109E+06 7.449E+01 2.959E+02 4.435E+05 2.980E+01
2115 1.259E+03 1.065E+06 7.157E+01 2.843E+02 4.261E+05 2.863E+01
2116 1.210E+03 1.023E+06 6.877E+01 2.731E+02 4.094E+05 2.751E+01
2117 1.162E+03 9.833E+05 6.607E+01 2.624E+02 3.933E+05 2.643E+01
2118 1.117E+03 9.448E+05 6.348E+01 2.521E+02 3.779E+05 2.539E+01
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Attachment A - LandGEM 5/7/2018

Results (Continued)

Year Carbon dioxide NMOC
(Mglyear) (m 3 jyear) (av ft*3/min) (Mg/year) (m 3 jyear) (av ft*3/min)

1978 0 0 0 0 0 0
1979 9.110E+02 4.977E+05 3.344E+01 1.189E+01 3.318E+03 2.229E-01
1980 1.786E+03 9.758E+05 6.557E+01 2.332E+01 6.506E+03 4.371E-01
1981 2.627E+03 1.435E+06 9.643E+01 3.430E+01 9.568E+03 6.429E-01
1982 3.435E+03 1.877E+06 1.261E+02 4.485E+01 1.251E+04 8.406E-01
1983 4.212E+03 2.301E+06 1.546E+02 5.498E+01 1.534E+04 1.031E+00
1984 4.963E+03 2.711E+06 1.822E+02 6.479E+01 1.807E+04 1.214E+00
1985 5.685E+03 3.106E+06 2.087E+02 7.421E+01 2.070E+04 1.391E+00
1986 6.378E+03 3.484E+06 2.341E+02 8.327E+01 2.323E+04 1.561E+00
1987 7.045E+03 3.848E+06 2.586E+02 9.196E+01 2.566E+04 1.724E+00
1988 7.685E+03 4.198E+06 2.821E+02 1.003E+02 2.799E+04 1.881E+00
1989 8.300E+03 4.534E+06 3.047E+02 1.084E+02 3.023E+04 2.031E+00
1990 8.891E+03 4.857E+06 3.263E+02 1.161E+02 3.238E+04 2.176E+00
1991 9.459E+03 5.167E+06 3.472E+02 1.235E+02 3.445E+04 2.315E+00
1992 1.000E+04 5.465E+06 3.672E+02 1.306E+02 3.644E+04 2.448E+00
1993 1.053E+04 5.752E+06 3.865E+02 1.374E+02 3.834E+04 2.576E+00
1994 1.103E+04 6.027E+06 4.049E+02 1.440E+02 4.018E+04 2.700E+00
1995 1.152E+04 6.291E+06 4.227E+02 1.503E+02 4.194E+04 2.818E+00
1996 1.315E+04 7.186E+06 4.828E+02 1.717E+02 4.791E+04 3.219E+00
1997 1.473E+04 8.046E+06 5.406E+02 1.923E+02 5.364E+04 3.604E+00
1998 1.624E+04 8.872E+06 5.961E+02 2.120E+02 5.915E+04 3.974E+00
1999 1.769E+04 9.666E+06 6.495E+02 2.310E+02 6.444E+04 4.330E+00
2000 1.869E+04 1.021E+07 6.861E+02 2.440E+02 6.807E+04 4.574E+00
2001 1.965E+04 1.073E+07 7.213E+02 2.565E+02 7.157E+04 4.808E+00
2002 2.057E+04 1.124E+07 7.551E+02 2.685E+02 7.492E+04 5.034E+00
2003 2.146E+04 1.172E+07 7.876E+02 2.801E+02 7.814E+04 5.250E+00
2004 2.175E+04 1.188E+07 7.985E+02 2.840E+02 7.923E+04 5.323E+00
2005 2.197E+04 1.200E+07 8.064E+02 2.868E+02 8.002E+04 5.376E+00
2006 2.222E+04 1.214E+07 8.156E+02 2.901E+02 8.092E+04 5.437E+00
2007 2.248E+04 1.228E+07 8.252E+02 2.935E+02 8.188E+04 5.502E+00
2008 2.228E+04 1.217E+07 8.179E+02 2.909E+02 8.116E+04 5.453E+00
2009 2.217E+04 1.211E+07 8.136E+02 2.894E+02 8.073E+04 5.424E+00
2010 2.197E+04 1.200E+07 8.065E+02 2.868E+02 8.002E+04 5.376E+00
2011 2.196E+04 1.200E+07 8.060E+02 2.867E+02 7.998E+04 5.374E+00
2012 2.201E+04 1.202E+07 8.078E+02 2.873E+02 8.015E+04 5.385E+00
2013 2.205E+04 1.205E+07 8.093E+02 2.878E+02 8.030E+04 5.395E+00
2014 2.199E+04 1.201E+07 8.073E+02 2.871E+02 8.010E+04 5.382E+00
2015 2.195E+04 1.199E+07 8.057E+02 2.866E+02 7.994E+04 5.371E+00
2016 2.183E+04 1.192E+07 8.012E+02 2.849E+02 7.950E+04 5.341E+00
2017 2.179E+04 1.190E+07 7.999E+02 2.845E+02 7.936E+04 5.332E+00
2018 2.197E+04 1.200E+07 8.063E+02 2.868E+02 8.001E+04 5.376E+00
2019 2.193E+04 1.198E+07 8.048E+02 2.862E+02 7.985E+04 5.365E+00
2020 2.188E+04 1.196E+07 8.033E+02 2.857E+02 7.970E+04 5.355E+00
2021 2.185E+04 1.193E+07 8.019E+02 2.852E+02 7.956E+04 5.346E+00
2022 2.181E+04 1.191E+07 8.005E+02 2.847E+02 7.943E+04 5.337E+00
2023 2177TE+04 1.189E+07 7.992E+02 2.842E+02 7.929E+04 5.328E+00
2024 2.174E+04 1.188E+07 7.979E+02 2.838E+02 7.917E+04 5.319E+00
2025 2.170E+04 1.186E+07 7.967E+02 2.833E+02 7.905E+04 5.311E+00
2026 2.167E+04 1.184E+07 7.955E+02 2.829E+02 7.893E+04 5.303E+00
2027 2.164E+04 1.182E+07 7.944E+02 2.825E+02 7.882E+04 5.296E+00
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Attachment A - LandGEM

Results (Continued)

5/7/2018

Year Carbon dioxide NMOC
(Mglyear) (m 3 lyear) (av ft*3/min) (Mg/year) (m 3 lyear) (av ft*3/min)

2028 2.161E+04 1.181E+07 7.933E+02 2.821E+02 7.871E+04 5.289E+00
2029 2.158E+04 1.179E+07 7.923E+02 2.818E+02 7.861E+04 5.282E+00
2030 2.156E+04 1.178E+07 7.913E+02 2.814E+02 7.851E+04 5.275E+00
2031 2.153E+04 1.176E+07 7.903E+02 2.811E+02 7.841E+04 5.269E+00
2032 2.151E+04 1.175E+07 7.894E+02 2.807E+02 7.832E+04 5.263E+00
2033 2.148E+04 1.174E+07 7.885E+02 2.804E+02 7.824E+04 5.257E+00
2034 2.146E+04 1.172E+07 7.876E+02 2.801E+02 7.815E+04 5.251E+00
2035 2.144E+04 1.171E+07 7.868E+02 2.798E+02 7.807E+04 5.245E+00
2036 2.141E+04 1.170E+07 7.860E+02 2.796E+02 7.799E+04 5.240E+00
2037 2.139E+04 1.169E+07 7.853E+02 2.793E+02 7.792E+04 5.235E+00
2038 2.137E+04 1.168E+07 7.846E+02 2.790E+02 7.785E+04 5.230E+00
2039 2.136E+04 1.167E+07 7.839E+02 2.788E+02 7.778E+04 5.226E+00
2040 2.134E+04 1.166E+07 7.832E+02 2.785E+02 7.771E+04 5.221E+00
2041 2.132E+04 1.165E+07 7.826E+02 2.783E+02 7.765E+04 5.217E+00
2042 2.130E+04 1.164E+07 7.819E+02 2.781E+02 7.758E+04 5.213E+00
2043 2.084E+04 1.139E+07 7.650E+02 2.721E+02 7.591E+04 5.100E+00
2044 2.002E+04 1.094E+07 7.350E+02 2.614E+02 7.293E+04 4.900E+00
2045 1.924E+04 1.051E+07 7.062E+02 2.512E+02 7.007E+04 4.708E+00
2046 1.848E+04 1.010E+07 6.785E+02 2.413E+02 6.732E+04 4.523E+00
2047 1.776E+04 9.702E+06 6.519E+02 2.319E+02 6.468E+04 4.346E+00
2048 1.706E+04 9.322E+06 6.263E+02 2.228E+02 6.215E+04 4.176E+00
2049 1.639E+04 8.956E+06 6.018E+02 2.140E+02 5.971E+04 4.012E+00
2050 1.575E+04 8.605E+06 5.782E+02 2.056E+02 5.737E+04 3.855E+00
2051 1.513E+04 8.268E+06 5.555E+02 1.976E+02 5.512E+04 3.703E+00
2052 1.454E+04 7.944E+06 5.337E+02 1.898E+02 5.296E+04 3.558E+00
2053 1.397E+04 7.632E+06 5.128E+02 1.824E+02 5.088E+04 3.419E+00
2054 1.342E+04 7.333E+06 4.927E+02 1.752E+02 4.889E+04 3.285E+00
2055 1.290E+04 7.045E+06 4.734E+02 1.684E+02 4.697E+04 3.156E+00
2056 1.239E+04 6.769E+06 4.548E+02 1.618E+02 4.513E+04 3.032E+00
2057 1.190E+04 6.504E+06 4.370E+02 1.554E+02 4.336E+04 2.913E+00
2058 1.144E+04 6.249E+06 4.198E+02 1.493E+02 4.166E+04 2.799E+00
2059 1.099E+04 6.004E+06 4.034E+02 1.435E+02 4.002E+04 2.689E+00
2060 1.056E+04 5.768E+06 3.876E+02 1.378E+02 3.845E+04 2.584E+00
2061 1.014E+04 5.542E+06 3.724E+02 1.324E+02 3.695E+04 2.482E+00
2062 9.747E+03 5.325E+06 3.578E+02 1.272E+02 3.550E+04 2.385E+00
2063 9.365E+03 5.116E+06 3.437E+02 1.223E+02 3.411E+04 2.292E+00
2064 8.998E+03 4.915E+06 3.303E+02 1.175E+02 3.277E+04 2.202E+00
2065 8.645E+03 4.723E+06 3.173E+02 1.129E+02 3.148E+04 2.115E+00
2066 8.306E+03 4.537E+06 3.049E+02 1.084E+02 3.025E+04 2.032E+00
2067 7.980E+03 4.360E+06 2.929E+02 1.042E+02 2.906E+04 1.953E+00
2068 7.667E+03 4.189E+06 2.814E+02 1.001E+02 2.792E+04 1.876E+00
2069 7.367E+03 4.024E+06 2.704E+02 9.617E+01 2.683E+04 1.803E+00
2070 7.078E+03 3.867E+06 2.598E+02 9.240E+01 2.578E+04 1.732E+00
2071 6.800E+03 3.715E+06 2.496E+02 8.877E+01 2.477TE+04 1.664E+00
2072 6.534E+03 3.569E+06 2.398E+02 8.529E+01 2.380E+04 1.599E+00
2073 6.277E+03 3.429E+06 2.304E+02 8.195E+01 2.286E+04 1.536E+00
2074 6.031E+03 3.295E+06 2.214E+02 7.874E+01 2.197E+04 1.476E+00
2075 5.795E+03 3.166E+06 2.127E+02 7.565E+01 2.110E+04 1.418E+00
2076 5.568E+03 3.042E+06 2.044E+02 7.268E+01 2.028E+04 1.362E+00
2077 5.349E+03 2.922E+06 1.963E+02 6.983E+01 1.948E+04 1.309E+00
2078 5.139E+03 2.808E+06 1.886E+02 6.709E+01 1.872E+04 1.258E+00
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Attachment A - LandGEM

Results (Continued)

5/7/2018

Year Carbon dioxide NMOC
(Mglyear) (m 3 jyear) (av ftA3/min) (Mg/year) (m 3 jyear) (av ftA3/min)

2079 4.938E+03 2.698E+06 1.813E+02 6.446E+01 1.798E+04 1.208E+00
2080 4.744E+03 2.592E+06 1.741E+02 6.194E+01 1.728E+04 1.161E+00
2081 4.558E+03 2.490E+06 1.673E+02 5.951E+01 1.660E+04 1.115E+00
2082 4.380E+03 2.393E+06 1.608E+02 5.717E+01 1.595E+04 1.072E+00
2083 4.208E+03 2.299E+06 1.545E+02 5.493E+01 1.533E+04 1.030E+00
2084 4.043E+03 2.209E+06 1.484E+02 5.278E+01 1.472E+04 9.893E-01
2085 3.884E+03 2.122E+06 1.426E+02 5.071E+01 1.415E+04 9.505E-01
2086 3.732E+03 2.039E+06 1.370E+02 4.872E+01 1.359E+04 9.132E-01
2087 3.586E+03 1.959E+06 1.316E+02 4.681E+01 1.306E+04 8.774E-01
2088 3.445E+03 1.882E+06 1.265E+02 4.497E+01 1.255E+04 8.430E-01
2089 3.310E+03 1.808E+06 1.215E+02 4.321E+01 1.206E+04 8.100E-01
2090 3.180E+03 1.737E+06 1.167E+02 4.152E+01 1.158E+04 7.782E-01
2091 3.056E+03 1.669E+06 1.122E+02 3.989E+01 1.113E+04 7.477E-01
2092 2.936E+03 1.604E+06 1.078E+02 3.832E+01 1.069E+04 7.184E-01
2093 2.821E+03 1.541E+06 1.035E+02 3.682E+01 1.027E+04 6.902E-01
2094 2.710E+03 1.480E+06 9.947E+01 3.538E+01 9.870E+03 6.632E-01
2095 2.604E+03 1.422E+06 9.557E+01 3.399E+01 9.483E+03 6.372E-01
2096 2.502E+03 1.367E+06 9.183E+01 3.266E+01 9.111E+03 6.122E-01
2097 2.404E+03 1.313E+06 8.822E+01 3.138E+01 8.754E+03 5.882E-01
2098 2.309E+03 1.262E+06 8.477E+01 3.015E+01 8.411E+03 5.651E-01
2099 2.219E+03 1.212E+06 8.144E+01 2.897E+01 8.081E+03 5.429E-01
2100 2.132E+03 1.165E+06 7.825E+01 2.783E+01 7.764E+03 5.217E-01
2101 2.048E+03 1.119E+06 7.518E+01 2.674E+01 7.459E+03 5.012E-01
2102 1.968E+03 1.075E+06 7.223E+01 2.569E+01 7.167E+03 4.815E-01
2103 1.891E+03 1.033E+06 6.940E+01 2.468E+01 6.886E+03 4.627E-01
2104 1.817E+03 9.924E+05 6.668E+01 2.371E+01 6.616E+03 4.445E-01
2105 1.745E+03 9.535E+05 6.406E+01 2.278E+01 6.357E+03 4.271E-01
2106 1.677E+03 9.161E+05 6.155E+01 2.189E+01 6.107E+03 4.103E-01
2107 1.611E+03 8.802E+05 5.914E+01 2.103E+01 5.868E+03 3.943E-01
2108 1.548E+03 8.457E+05 5.682E+01 2.021E+01 5.638E+03 3.788E-01
2109 1.487E+03 8.125E+05 5.459E+01 1.942E+01 5.417E+03 3.639E-01
2110 1.429E+03 7.806E+05 5.245E+01 1.865E+01 5.204E+03 3.497E-01
2111 1.373E+03 7.500E+05 5.039E+01 1.792E+01 5.000E+03 3.360E-01
2112 1.319E+03 7.206E+05 4.842E+01 1.722E+01 4.804E+03 3.228E-01
2113 1.267E+03 6.924E+05 4.652E+01 1.655E+01 4.616E+03 3.101E-01
2114 1.218E+03 6.652E+05 4.470E+01 1.590E+01 4.435E+03 2.980E-01
2115 1.170E+03 6.391E+05 4.294E+01 1.527E+01 4.261E+03 2.863E-01
2116 1.124E+03 6.141E+05 4.126E+01 1.467E+01 4.094E+03 2.751E-01
2117 1.080E+03 5.900E+05 3.964E+01 1.410E+01 3.933E+03 2.643E-01
2118 1.038E+03 5.669E+05 3.809E+01 1.355E+01 3.779E+03 2.539E-01
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Attachment B - Gas Collection Pipe Sizing Calculation

DRPI Vertical Expansion

. Number of Nominal Actual Pipe _ - Pressure Drop

ollector ID Wells & | Expected Flow . Inner Velocity Length C Pressure Drop per
Trenches Diameter Diameter 100 ft @
(cfm) (in.) (in.) (fps) (ft) (in.-water) (in.-water)
Header
East Header (12") 14 271 12 11.160 6.7 450 7,603,866 0.1 0.0
East Header (8") 27 523 8 7.550 28.0 1,070 7,398,781 5.8 0.5
East Header (12") 33 639 12 11.160 15.7 875 7,603,866 1.0 0.1
East Header (10") 35 678 10 9.410 23.4 970 7,569,652 2.9 0.3
West Header (12") 8 155 12 11.160 3.8 1,760 7,603,866 0.1 0.0
West Header (10") 19 368 10 9.410 12.7 2,135 7,569,652 1.9 0.1
West Header (12") 32 620 12 11.160 15.2 1,760 7,603,866 1.8 0.1
West Header (10") 46 891 10 9.410 30.7 850 7,569,652 4.3 0.5
Laterals

L-1 1 19 6 5.798 1.8 150 7,021,503 0.0 0.0
L-2 1 19 6 5.798 1.8 25 7,021,503 0.0 0.0
L-3 1 19 6 5.798 1.8 95 7,021,503 0.0 0.0
L-4 1 19 6 5.798 1.8 125 7,021,503 0.0 0.0
L-5 4 77 6 5.798 7.0 560 7,021,503 0.3 0.0
L-6 4 77 6 5.798 7.0 850 7,021,503 0.4 0.0
L-7 2 39 6 5.798 35 396 7,021,503 0.0 0.0
L-8 1 19 6 5.798 1.8 85 7,021,503 0.0 0.0
L-9 2 39 6 5.798 35 930 7,021,503 0.1 0.0
L-10 1 19 8 7.550 1.0 290 7,398,781 0.0 0.0
L-11 2 39 6 5.798 3.5 570 7,021,503 0.1 0.0
L-12 6 116 8 7.550 6.2 350 7,398,781 0.1 0.0
L-13 2 39 6 5.798 35 485 7,021,503 0.1 0.0
L-14 1 19 6 5.798 1.8 185 7,021,503 0.0 0.0
L-15 1 19 8 7.550 1.0 300 7,398,781 0.0 0.0
L-16 4 77 6 5.798 7.0 1,080 7,021,503 0.5 0.0
L-17 10 194 8 7.550 10.4 180 7,398,781 0.1 0.1
L-18 7 136 6 5.798 12.3 1,185 7,021,503 1.7 0.1
L-19 1 19 6 5.798 1.8 185 7,021,503 0.0 0.0
L-20 1 19 6 5.798 1.8 190 7,021,503 0.0 0.0
L-21 1 19 6 5.798 1.8 115 7,021,503 0.0 0.0
L-22 1 19 6 5.798 1.8 115 7,021,503 0.0 0.0
L-23 1 19 6 5.798 1.8 90 7,021,503 0.0 0.0
L-24 1 19 6 5.798 1.8 20 7,021,503 0.0 0.0
L-25 8 155 6 5.798 14.1 835 7,021,503 1.6 0.2
L-26 4 77 6 5.798 7.0 715 7,021,503 0.3 0.0
L-27 2 39 6 5.798 35 405 7,021,503 0.0 0.0

Notes:
1. C, is the Spitzglass coefficient.

2. Even though a head loss of up to 1 inch of water column per 100 feet of pipe is generally acceptable, pipe sizing for this design was done to further minimize head loss.
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Input Parameters for ROI Calculations

DRPI Vertical Expansion

Parameter Value Unit Comment
5 Gravitational acceleration
g 32.2 ft/sec
Typical intrinsic permeability of waste
K 2.68E-11 ft’ & P Y
Corresponds to a temperature of 60° F
T, 520 R
Average temperature of landfill gas assumed to be 110° F
T 570 R
Length of slotted pipe
H, Varies ft J PIP
) Total landfill thickness/length, which accounts for waste that the
Hr Varies fi trenches are not constructed through
Corresponds to a gage pressure of zero (i.e., no vacuum present at the
P1 2,116.8 psf extent of the ROI)
Selected based on allowable vacuum of 3 in. w.c.
P, 2,101.2 psf
Standard atmospheric pressure
Ps 2,116.8 psf
Typical unit weight of waste
Vw 70 pcf
1 Default methane generation rate constant for sites in non-arid climates
k 0.040 yr
L s Methane generation potential calibrated based on gas flow measurements
0 30 m*/Mg from the blower/flare station
Based on a mixture of methane and carbon dioxide at average
H 8.31E-06 Ib/ft/sec  |tomperature and pressure anticipated within the landfill
7/12/2018
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Radius of Influence Calculation

DRPI Vertical Expansion

- Average Age Average Well Depth /|  Average Landfill
_ Beginning of Estimated of Waste at k L, GGR Trench Length, Thickness / Length, ROI
Location Waste Closure Year Closure H, H .
Placement
(yr) (yrh (ft*/1b) (fe*/Iblyr) (ft*/Ib/sec) (ft) (ft) (ft*/Iblyr)
Cells 1-3 2018 2043 12.5 0.040 0.48 0.023 7.39E-10 1300 1700 150
(above overlay)
Cells 1-3
1983 2018 17.5 0.040 0.48 0.019 7.39E-10 1300 1700 150
(below overlay)
Cell 4 1994 2043 24.5 0.040 0.48 0.014 7.39E-10 165 180 150
Cell 5 1999 2043 22.0 0.040 0.48 0.016 7.39E-10 165 180 150
Cell 6
2018 2043 12.5 0.040 0.48 0.023 7.39E-10 55 70 150
(above overlay)
Cell 6 2010 2018 4.0 0.040 0.48 0.033 7.39E-10 450 1300 150
(below overlay)
7/12/2018 Page 2 of 2

P:\PRJII\MDENG\PROJECT\ME1571 - DRPI Vertical Expansion Permit Mod\4. Permit Application and Report\Part 6 - Engineering Report\Appendix VI-F. LFG Management System\Supporting Docs\Attachment C - ROI [ROI] Page 31 of 32



1 2 4 5 6 7 8
NORTH
—— — — ——  PROPERTY BOUNDARY
TRENCHES ABOVE 'NSTALL e ‘ EXISTING GRADE CONTOUR (FEET—MSL)
OVERLAY LINER Z LINER GRADE CONTOUR (FEET—MSL)
e /\/ E’J‘ﬁ;'g‘TGAﬁ%NND(E%SQgE FUTURE FINAL GRADE CONTOUR (FEET—MSL)
@ VALVE (TYPICAL} ﬂ DECOMMISSIONED AT-A EXISTING TREELINE
LATER DATE)
PROPOSED GASWEADER
(3% MINNMUM) PROPOSED HORIZONTAL EXISTING ROAD
GAS COLLECTORS EXISTING BUILDING
w AT ELEVATION 90.0 FT-MSL E
(SEE DRAWING 26) | EXISTING GAS PROBE
ESTIMATED ROI - i EXISTING EXTRACTION WELL
TRENCHES BELOW L EXSTING SUP
| EXISTING VALVE
OVERLAY LINER EXISTING REDUCER
PROPOSED ON-SLOPE EXISTING GAS HEADER
CONDENSATE DRIP-LEG — i1 L EXISTING GAS PROBE TIE-IN
\27A/ i 4 —_— /
/ & = / @™ EXISTING GAS WELL TO REMAIN
EXISTING LEACHATE FORCEMAIN = EXISTING HORIZONTAL / -
~ GAS COLLECTORS ® EXISTING GAS WELL TO BE DECOMMISSIONED
N\ 2 (ELEVATIONS-VARY) /
IN-LINE BRIP'LEG / COVER TERRACE
/
- = / &)
” | N STORMWATER DIVERSION BERM
K / 2 | ’I | I \ EXlSTING REMOTE WELL HEAD EXISTING GAS HEADER
&) < \V?
\ \ N 4 : J X N PROPOSED GAS HEADER (ABOVE CAP)
o J /32
\ / | ENG WELLS OUTSIDE OF WASTE D\
s o, I | : - PROPOSED HORIZONTAL GAS COLLECTOR (IN WASTE)
| ~— TIE INTO ISTING GAS HEADER
/ | P . / E\ - PROPOSED PERFORATED PIPING (BELOW SLOPE CAP OVER LINER SYSTEM)
Z 3 © ' S EXISTING HORIZONTAL GAS SYSTEM
\ <L 2 A | 4 > /_ CONNECTION ANPERIMETER GAS D VALVE
A HEADER .
) 2 6" : | l | : A i REDUCER
X © — EXISTING
3 - CPS 6-2
7 > EW=3-3 It e U ' I —/ N ESTIMATED ROI ® CONDENSATE PUMP STATION OR DRIP LEG
§- EW—€-2-2 VERTICAL LFG WELL
\ | | = > @) VERTICAL LANDFILL GAS CONDUIT
o
\ A\ oy | | /
/
I | —s
| | EW-<6-1 7
o i - (% ) //
\ . ~EW-1
\ ! ' = /
6\\
\ N 7
\ © EXIS7ING VERTICAL-VSELL 9 /
TIE-IN TO EXISTING 12" PIPE 6! (T/SERECO Re” X A A
O CONDENSATE PUMP\STATION = g 10+ /
\ e 2 EW{-5E—4 S 3 /
“ S EXISTING CPS : \ /
(=O X
| —5D-3 p
\ L ol EXTEND EXISTING VERTICAL EXTRACTION WELL
\ / ' A ¥ > AS NECESSARY TO MEET FINAL DEVELOPMENT
< / g EW—5E= 3 | GRADING (TYPICAL)
APPROX. FLARE o >y EW—6—I1—6 <
LOCATION ) : 7 2
o
\ jil S /
PROPOSED ADDITIONAL FLARE % g 7
(APPLICATION PENDING | |y — 6 EW—5E— h .G s PROPOSED GAS LATERAL
LOCATION APPROX.)
/ EW—6—1—1 \/ NOTES:
(@]
: (3 - &= EXISTING HEADER 1. SEE DRAWING 2 FOR GENERAL NOTES.
\ > S EW—5C— LD / 2. BASE TOPOGRAPHY SHOWN ON THIS DRAWING WAS COMPILED BY PHOTOGRAMMETRIC METHODS
% FROM AERIAL PHOTOGRAPH DATED JANUARY 17, 2014, BY AIR SURVEY CORP.
\ -
3 S s 3. EXISTING GAS SYSTEM AS—BUILT INFORMATION PROVIDED IN CADD FILE NO 33826—L, REVISION 19
\ == © CEAIN TO EXISTING BY VANDENMARK & LYNCH, INC., DATED SEPTEMBER 18, 2013.
ST =S o #” CONDENSATE DRIP LEG 4. LANDFILL GAS SYSTEM LAYOUT TAKEN FROM GOLDER ASSOCIATES FILE 14000742B024—REV 2
7
N el 1on - REVISED MARCH 18, 2015
\ - » /
EXISTING VERTICAL WELL P g
(TO REMAIN) == — \/
PROPOSED VERTICAL WELL REV DATE DESCRIPTION DRN APP
Geosyntec” w WASTE MANAGEMENT
PROPOSED GAS HOEAMDIER consultants DELAWARE RECYCLABLE PRODUCTS, INC.
(3% J) 10221 WINCOPIN CIRCLE, 4TH FLOOR 246 MARSH LANE
COLUMBIA, MARYLAND 21044 USA NEW CASTLE, DELAWARE 19720

PHONE: 410.381.4333 PHONE: 302.655.1360

TITLE:

LANDFILL GAS MANAGEMENT SYSTEM - FINAL CONDITION

PROJECT:

VERTICAL EXPANSION
DESIGN MODIFICATION APPLICATION

SITE:

DRPI INDUSTRIAL WASTE LANDFILL
NEW CASTLE, DELAWARE

THIS DRAWING MAY NOT BE ISSUED DESIGN BY: KSS | DATE: JULY 2018
FOR PROJECT TENDER OR
CONSTRUCTION, UNLESS SEALED.
DRAWN BY: ME/TJ/BE | PROJECT NO.: ME1571
CHECKED BY: KSS | FILE: 1571-025
SIGNATURE REVIEWED BY: CHP | DRAWING NO.:
PERMIT DRAWING m— APPROVED BY: CHP 25 o __ 28

Page 32 of 32



AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Oval

AStallings
Polygon

AStallings
Polygon

AStallings
Polygon

AStallings
Callout
ESTIMATED ROI - VERTICAL LFG WELL

AStallings
Callout
ESTIMATED ROI - TRENCHES BELOW OVERLAY LINER

AStallings
Callout
ESTIMATED ROI - TRENCHES ABOVE OVERLAY LINER


	DRPI Part VI Engineering Report
	APPENDIX VI-E  LEACHATE MANAGEMENT SYSTEM CALCULATIONS
	APPENDIX VI-E.1  LEACHATE MANAGEMENT SYSTEM EVALUATION
	APPENDIX VI-E.2  PIPE STRUCTURAL STABILITY CALCULATIONS

	APPENDIX VI-F  LANDFILL GAS MANAGEMENT SYSTEM CALCULATION




