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METHOD 2E - DETERMINATION OF LANDFILL GAS
PRODUCTION FLOW RATE

NOTE: This nethod does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanpling and anal ytical) essential to its
performance. Sone material is incorporated by reference
fromother nmethods in this part. Therefore, to obtain
reliable results, persons using this nmethod should al so have
a thorough know edge of at | east the foll ow ng additional
test nmethods: Methods 2 and 3C.

1.0 Scope and Application.

1.1 Applicability. This nmethod applies to the
measurenent of landfill gas (LFG production flow rate from
muni ci pal solid waste landfills and is used to cal culate the
flow rate of nonmethane organi c conpounds (NMOC) from
landfills.

1.2 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

2.1 Extraction wells are installed either in a
cluster of three or at five dispersed |locations in the
[andfill. A blower is used to extract LFG fromthe

landfill. LFG conposition, landfill pressures, and orifice
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pressure differentials fromthe wells are neasured and the
landfill gas production flow rate is cal cul at ed.
3.0 Definitions. [Reserved]
4.0 Interferences. [Reserved]
5.0 Safety.

5.1 Since this nethod is conplex, only experienced
personnel should performthe test. Landfill gas contains
met hane, therefore explosive m xtures may exist at or near
the landfill. It is advisable to take appropriate safety
precautions when testing landfills, such as refraining from
snoki ng and installing expl osion-proof equipnent.

6.0 Equipment and Supplies.

6.1 Well Drilling Rg. Capable of boring a 0.61 m
(24 in.) dianeter hole into the landfill to a m ninmum of 75
percent of the landfill depth. The depth of the well shal
not extend to the bottomof the landfill or the liquid
| evel .

6.2 Gavel. No fines. Gavel dianeter should be
appreciably larger than perforations stated in Sections 6.10
and 8. 2.

6.3 Bentonite.

6.4 Backfill Mterial. Cday, soil, and sandy | oam

have been found to be acceptabl e.



289

6.5 Extraction Well Pipe. Mninmmdianmeter of 3 in.
constructed of polyvinyl chloride (PVC), high density
pol yet hyl ene (HDPE), fi berglass, stainless steel, or other
sui t abl e nonporous material capable of transporting |andfil
gas.

6.6 Above Gound Wll Assenbly. Valve capable of
adjusting gas flow, such as a gate, ball, or butterfly
val ve; sanpling ports at the well head and outlet; and a
fl ow measuring device, such as an in-line orifice neter or
pitot tube. A schematic of the aboveground well head
assenbly is shown in Figure 2E-1.

6.7 Cap. Constructed of PVC or HDPE

6.8 Header Piping. Constructed of PVC or HDPE

6.9 Auger. Capable of boring a 0.15- to 0.23-m (6-
to 9-in.) diameter hole to a depth equal to the top of the
perforated section of the extraction well, for pressure
probe installation.

6.10 Pressure Probe. Constructed of PVC or stainless
steel (316), 0.025-m (1-in.). Schedule 40 pipe. Perforate
the bottomtwo-thirds. A m ninumrequirenent for
perforations is slots or holes with an open area equi val ent
to four 0.006-m (1/4-in.) dianeter holes spaced 90° apart
every 0.15 m (6 in.).

6.11 Blower and Flare Assenbly. Expl osi on-proof

bl ower, capable of extracting LFG at a flow rate of
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8.5 n/mn (300 ft3 mn), a water knockout, and flare or
i nci nerator.

6.12 Standard Pitot Tube and Differential Pressure
Gauge for Flow Rate Calibration with Standard Pitot. Sane
as Method 2, Sections 6.7 and 6. 8.

6.13 Oifice Meter. Oifice plate, pressure tabs,
and pressure neasuring device to neasure the LFG flow rate.

6.14 Baroneter. Sane as Method 4, Section 6.1.5.

6.15 Differential Pressure Gauge. Water-filled U
tube manoneter or equival ent, capable of neasuring within
0.02 mmHg (0.01 in. HO, for neasuring the pressure of the
pressure probes.

7.0 Reagents and Standards. Not Applicable.
8.0 Sample Collection, Preservation, Storage, and
Transport.

8.1 Placenent of Extraction Wells. The landfill
owner or operator may install a single cluster of three
extraction wells in a test area or space five equal -vol une
wells over the landfill. The cluster wells are recommended
but may be used only if the conposition, age of the refuse,
and the landfill depth of the test area can be determ ned.

8.1.1 Custer Wlls. Consult landfill site records
for the age of the refuse, depth, and conposition of various

sections of the landfill. Select an area near the perineter
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of the landfill with a depth equal to or greater than the
average depth of the landfill and with the average age of
the refuse between 2 and 10 years old. Avoid areas known to
contai n nondeconposabl e materials, such as concrete and
asbestos. Locate the cluster wells as shown in Figure 2E-2.

8.1.1.1 The age of the refuse in a test area wll not
be uniform so calculate a weighted average age of the
refuse as shown in Section 12. 2.

8.1.2 Equal Volunme Wells. Divide the sections of the
landfill that are at least 2 years old into five areas
representing equal volunes. Locate an extraction well near
the center of each area.

8.2 Installation of Extraction Wlls. Use a wel |

drilling rigtodiga 0.6 m(24 in.) diameter hole in the
[andfill to a m ninumof 75 percent of the landfill depth,
not to extend to the bottomof the landfill or the liquid
level. Perforate the bottomtwo thirds of the extraction

wel | pipe. A mnimmrequirenment for perforations is holes
or slots with an open area equivalent to 0.01-m (0.5-in.)

di aneter hol es spaced 90° apart every 0.1 to 0.2 m(4 to

8 in.). Place the extraction well in the center of the hole
and backfill with gravel to a level 0.30 m(1 ft) above the
perforated section. Add a |ayer of backfill material 1.2 m

(4 ft) thick. Add a layer of bentonite 0.9 m (3 ft) thick

and backfill the remai nder of the hole with cover nateri al
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or material equal in perneability to the existing cover
material. The specifications for extraction well
installation are shown in Figure 2E-3.

8.3 Pressure Probes. Shallow pressure probes are
used in the check for infiltration of air into the landfill,
and deep pressure probes are use to determ ne the radius of
i nfl uence. Locate pressure probes along three radial arns
approxi mately 120° apart at distances of 3, 15, 30, and 45 m
(10, 50, 100, and 150 ft) fromthe extraction well. The
tester has the option of |ocating additional pressure probes
at di stances every 15 m (50 feet) beyond 45 m (150 ft).
Exanpl e pl acenments of probes are shown in Figure 2E-4. The
15-, 30-, and 45-m (50-, 100-, and 150-ft) probes from each
wel |, and any additional probes |ocated along the three
radi al arnms (deep probes), shall extend to a depth equal to
the top of the perforated section of the extraction wells.
Al l other probes (shallow probes) shall extend to a depth
equal to half the depth of the deep probes.

8.3.1 Use an auger to dig a hole, 0.15- to 0.23-m (6-
to 9-in.) in diameter, for each pressure probe. Perforate
the bottomtwo thirds of the pressure probe. A m ni num
requi renment for perforations is holes or slots with an open
area equivalent to four 0.006-m (0.25-in.) dianmeter hol es
spaced 90° apart every 0.15 m(6 in.). Place the pressure

probe in the center of the hole and backfill with gravel to
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a level 0.30 m(1 ft) above the perforated section. Add a
| ayer of backfill material at least 1.2 m(4 ft) thick. Add
a layer of bentonite at least 0.3 m(1 ft) thick, and
backfill the remai nder of the hole with cover material or
material equal in perneability to the existing cover
material. The specifications for pressure probe
installation are shown in Figure 2E-5.

8.4 LFG Flow Rate Measurenent. Place the flow
measur enent device, such as an orifice neter, as shown in
Figure 2E-1. Attach the wells to the blower and flare
assenbly. The individual wells may be ducted to a conmon
header so that a single blower, flare assenbly, and fl ow
meter may be used. Use the procedures in Section 10.1 to
calibrate the flow neter.

8.5 Leak-Check. A |eak-check of the above ground
systemis required for accurate flow rate neasurenents and
for safety. Sanple LFG at the well head sanple port and at
the outlet sanple port. Use Method 3C to determ ne nitrogen
(N,) concentrations. Determne the difference between the
wel | head and outlet N, concentrations using the formula in
Section 12.3. The system passes the | eak-check if the
difference is | ess than 10,000 ppnv.

8.6 Static Testing. Cose the control valves on the
wel | heads during static testing. Measure the gauge

pressure (P,) at each deep pressure probe and the baronetric
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pressure (Py,y) every 8 hours (hr) for 3 days. Convert the
gauge pressure of each deep pressure probe to absolute
pressure using the equation in Section 12.4. Record as P,
(initial absolute pressure).

8.6.1 For each probe, average all of the 8-hr deep
pressure probe readings (P) and record as P,, (average
absolute pressure). P, 1is used in Section 8.7.51to0
determ ne the maxi mum radi us of influence.

8.6.2 Measure the static flowrate of each well once
during static testing.

8.7 Short-Term Testing. The purpose of short-term
testing is to determ ne the maxi num vacuum that can be
applied to the wells without infiltration of anmbient air
into the landfill. The short-termtesting is perforned on
one well at a time. Burn all LFGwith a flare or
i nci nerator.

8.7.1 Use the blower to extract LFG froma single
well at a rate at least twce the static flowrate of the
respective well neasured in Section 8.6.2. |If using a
single blower and flare assenbly and a commopn header system
cl ose the control valve on the wells not being neasured.
Allow 24 hr for the systemto stabilize at this flow rate.

8.7.2 Test for infiltration of air into the landfill
by measuring the gauge pressures of the shallow pressure

probes and using Method 3C to determ ne the LFG N,
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concentration. If the LFG N, concentration is |ess than
5 percent and all of the shall ow probes have a positive
gauge pressure, increase the blower vacuum by 3.7 nm Hg
(2 in. HO, wait 24 hr, and repeat the tests for
infiltration. Continue the above steps of increasing bl ower
vacuum by 3.7 mmHg (2 in. HO, waiting 24 hr, and testing
for infiltration until the concentration of N, exceeds
5 percent or any of the shall ow probes have a negative gauge
pressure. Wen this occurs,reduce the bl ower vacuumto the
maxi mum setting at which the N, concentration was |ess than
5 percent and the gauge pressures of the shall ow probes are
positive.

8.7.3 At this blower vacuum neasure atnospheric
pressure (P,,) every 8 hr for 24 hr, and record the LFG fl ow
rate (Q) and the probe gauge pressures (P;) for all of the
probes. Convert the gauge pressures of the deep probes to
absol ute pressures for each 8-hr reading at Q as shown in
Section 12. 4.

8.7.4 For each probe, average the 8-hr deep pressure
probe absol ute pressure readi ngs and record as P;, (the
final average absol ute pressure).

8.7.5 For each probe, conpare the initial average
pressure (P, from Section 8.6.1 to the final average
pressure (P;,). Determne the furthernost point fromthe

wel | head al ong each radial armwhere P, < P,. This
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di stance is the maxi mumradi us of influence (R), which is
the distance fromthe well affected by the vacuum Average
t hese values to determ ne the average naxi mum radi us of
i nfluence (Ru).

8.7.6 Calculate the depth (D,,) affected by the
extraction well during the short termtest as shown in
Section 12.6. |If the conputed val ue of D, exceeds the
depth of the landfill, set D, equal to the landfill depth.

8.7.7 Calculate the void volunme (V) for the
extraction well as shown in Section 12.7.

8.7.8 Repeat the procedures in Section 8.7 for each
wel | .

8.8 Calculate the total void volune of the test wells
(V,) by summ ng the void volunes (V) of each well.

8.9 Long-Term Testing. The purpose of |ong-term
testing is to extract two void volunes of LFG fromthe
extraction wells. Use the blower to extract LFG fromthe
wells. If a single blower and flare assenbly and common
header system are used, open all control valves and set the
bl ower vacuum equal to the highest stabilized bl ower vacuum
denonstrated by any individual well in Section 8.7. Every
8 hr, sanple the LFG fromthe well head sanple port, neasure
t he gauge pressures of the shall ow pressure probes, the
bl ower vacuum the LFG flow rate, and use the criteria for

infiltration in Section 8.7.2 and Method 3C to test for
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infiltration. If infiltration is detected, do not reduce
t he bl ower vacuum instead reduce the LFG flow rate from
the well by adjusting the control valve on the well head.
Adj ust each affected well individually. Continue until the
equi valent of two total void volunes (V,) have been
extracted, or until V, = 2 V..

8.9.1 Calculate V,, the total volunme of LFG extracted
fromthe wells, as shown in Section 12.8.

8.9.2 Record the final stabilized flowrate as Q and
t he gauge pressure for each deep probe. |[If, during the |ong
termtesting, the flow rate does not stabilize, calculate Q
by averaging the last 10 recorded flow rates.

8.9.3 For each deep probe, convert each gauge
pressure to absolute pressure as in Section 12.4. Average
t hese val ues and record as P,,. For each probe, conpare P,
to P,,., Determne the furthernost point fromthe well head
al ong each radial armwhere P,, < P,. This distance is the
stabilized radius of influence. Average these values to
determ ne the average stabilized radius of influence (R),).

8.10 Determ ne the NMOC nass eni ssion rate using the
procedures in Section 12.9 through 12.15.

9.0 Quality Control.

9.1 Mscellaneous Quality Control Measures.
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Section Quality Control Measure Effect

10.1 LFG flow rate neter Ensures accurate
calibration measur enent of LFG fl ow

rate and sanpl e vol une
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10.0 Calibration and Standardization.

10.1 LFG Flow Rate Meter (Orifice) Calibration
Procedure. Locate a standard pitot tube in line with an
orifice neter. Use the procedures in Section 8, 12.5, 12.6,
and 12.7 of Method 2 to determ ne the average dry gas
volunetric flowrate for at least five flow rates that
bracket the expected LFG flow rates, except in Section 8.1
use a standard pitot tube rather than a Type S pitot tube.
Met hod 3C may be used to determ ne the dry nol ecul ar wei ght.
It may be necessary to calibrate nore than one orifice neter
in order to bracket the LFG flow rates. Construct a
calibration curve by plotting the pressure drops across the
orifice neter for each flowrate versus the average dry gas
volunetric flowrate in n¥/mn of the gas.

11.0 Procedures. [Reserved]
12.0 Data Analysis and Calculations.

12.1 Nonencl at ur e.

A = Age of landfill, yr.

A.g = Average age of the refuse tested, yr.

A = Age of refuse in the ith fraction, yr.

A = Acceptance rate, M/ yr.

Cwee = NMOC concentration, ppnmv as hexane
(Gaee = G/6).

G = Concentration of N, at the outlet, ppnmv.
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NMOC concentration, ppnv (carbon equival ent)
from Met hod 25C
Concentration of N, at the well head, ppnv.
Depth affected by the test wells, m
Depth affected by the test wells in the short-
termtest, m
Base nunber for natural logarithnms (2.718).
Fraction of deconposable refuse in the
landfill.
Fraction of the refuse in the ith section.
Landfill gas generation constant, yr-1
Met hane generation potential, nf/ M.
Revi sed nmet hane generation potential to
account for the anmount of nondeconposabl e
material in the landfill, nf/ M.
Mass of refuse in the ith section, M.
Mass of deconposable refuse affected by the
test well, M.
At nospheric pressure, nmm Hg.
Fi nal absol ute pressure of the deep pressure
probes during short-termtesting, mm Hg.
Average final absolute pressure of the deep
pressure probes during short-termtesting,
mm Hg.

final gauge pressure of the deep pressure
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probes, mm Hg.
Initial gauge pressure of the deep pressure
probes, mm Hg.
Initial absolute pressure of the deep pressure
probes during static testing, nmm Hg.
Average initial absolute pressure of the deep
pressure probes during static testing, nm Hg.
Fi nal absol ute pressure of the deep pressure
probes during long-termtesting, nm Hg.
Average final absolute pressure of the deep
pressure probes during long-termtesting,
mm Hg.
Final stabilized flowrate, n¥/ mn.
LFG flow rate neasured at orifice nmeter during
the ith interval, n¥ mn.
Maxi mum LFG flow rate at each well determ ned
by short-termtest, n¥ mn.
NMOC nmass em ssion rate, n¥/ mn.
Maxi mum r adi us of influence, m
Aver age maxi mum radi us of influence, m
Stabilized radius of influence for an
i ndi vidual well, m
Average stabilized radius of influence, m
Age of section i, yr.

Total tinme of long-termtesting, yr.
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t, = Time of the ith interval (usually 8), hr.

\Y = Void volunme of test well, nf.

V, = Volune of refuse affected by the test well,
ns.

V, = Total volune of refuse affected by the | ong-

termtesting, nt.

V, = Total void volune affected by test wells, nft.
W = Well depth, m
D = Refuse density, My/n? (Assune 0.64 My/n? if

data are unavail abl e).
12.2 Use the followi ng equation to calculate a

wei ght ed average age of landfill refuse.

A =YV f A Eq. 2E-1

avg i i

12.3 Use the followi ng equation to determ ne the
difference in N, concentrations (ppnv) at the well head and
outl et | ocation.

Difference = C, - G, Eq. 2E-2

12.4 Use the follow ng equation to convert the gauge
pressure (P,) of each initial deep pressure probe to
absol ute pressure (P).

P = P + Py Eq. 2E-3
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12.5 Use the followi ng equation to convert the gauge
pressures of the deep probes to absolute pressures for each
8-hr reading at Q.
P = Poar + Py Eq. 2E-4
12.6 Use the follow ng equation to calculate the
depth (D,;) affected by the extraction well during the
short-termtest.
D, = W + R, Eq. 2E-5
12.7 Use the follow ng equation to calculate the void
vol une for the extraction well (V).
V = 0.40 B R.? D, Eq. 2E-6
12.8 Use the follow ng equation to calculate V,, the

total volune of LFG extracted fromthe wells.

V=), 60Q t, Eq. 2E-7

12.9 Use the follow ng equation to calculate the

depth affected by the test well. If using cluster wells,
use the average depth of the wells for WD. |If the val ue of
Dis greater than the depth of the landfill, set D equal to

the landfill depth.
D= W + R, Eq. 2E-8
12.10 Use the follow ng equation to cal cul ate the
vol une of refuse affected by the test well.

V, = R,2B D Eq. 2E-9
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12.11 Use the follow ng equation to cal cul ate the
mass affected by the test well.
M=V D Eq. 2E-10
12.12 Mddify Lo to account for the nondeconposabl e
refuse in the landfill.
L, =f L, Eq. 2E-11
12.13 1In the follow ng equation, solve for k
(landfill gas generation constant) by iteration. A
suggested procedure is to select a value for k, calculate
the left side of the equation, and if not equal to zero,
sel ect another value for k. Continue this process until the

| eft hand side of the equation equals zero, +0.001.

keik Aavg B =0 Eq. 2E-12

12.14 Use the follow ng equation to determ ne
landfill NMOC mass em ssion rate if the yearly acceptance
rate of refuse has been consistent (+10 percent) over the

life of the landfill.

Q =2L/A (1 -e™ Cype (3.595 x 1079 Eq. 2E-13
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12.15 Use the follow ng equation to determ ne
landfill NMOC mass em ssion rate if the acceptance rate has

not been consistent over the life of the landfill.

n
Q =2kL/Cype(3.595x 109 X M e Eq. 2E-14

i=1
13.0 Method Performance. [ Reserved]
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
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Schematic of Aboveground Well Head Assembly.

Figure 2E-1.
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1 | | <«—— PVC or HDPE Cap 4" (min) dia.
2 -« PVC or HDPE Pipe 4" (min) dia.
J Ground Surface
— A~
> Existing Cover Material
R Bentonite Seal
3

Cohesionless Backfill Material

O
O
'e) Gravel No Fines 1 to 3" dia.
75% of the O
Landfill Depth
and Above O
Liquid Level
a O
O
Perforate 2/3 of
Pipe Length O
O
O
Q PVC or HDPE Pipe
O
O
O
PVC or HDPE Cap 4" (min) dia.
24" dia.
Wellbore

Figure 2E-3. Gas Extraction Well.
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Perimeter

Interior 300’
50'
i

Landfill

O =well

Figure 2E-2.

Cluster Well Placement.
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\/150' 600 \/150'
N\ N\

600"

A =Well
(Q = Shallow Probe
X= Deep Probe

Figure 2E-4. Cluster Well Configuration.
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6" to 9" Bore Hole '

Quick Connect
1" Cap

1" Pipe

Cover Material or Equivalent

Bentonite Seal

Sandy Loam or
Appropriate Cover

Gravel

Figure 2E-5.

Pressure Probe.
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