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Qsd=Dry volumetric stack gas flow rate cor-
rected to standard conditions, dscm/hr
(dscf/hr).

ts=Stack temperature, °C (°F).
Ts=Absolute stack temperature, °K, (°R).
=273+ts for metric.

Eq. 2–7
=460+ts for English.

Eq. 2–8
Tstd=Standard absolute temperature, 293 °K

(528° R).
vs=Average stack gas velocity, m/sec (ft/sec).
∆p=Velocity head of stack gas, mm H2O (in.

H2O).
3,600=Conversion factor, sec/hr.
18.0=Molecular weight of water, g/g-mole (lb/

lb-mole).
5.2 Average Stack Gas Velocity.

5.3 Average Stack Gas Dry Volumetric
Flow Rate.

Qsd=3,600(1¥Bws)vsA

Tstd Ps

Ts

(avg)
Pstd

Eq. 2–10

To convert Qsd from dscm/hr (dscf/hr) to
dscm/min (dscf/min), divide Qsd by 60.
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METHOD 2A—DIRECT MEASUREMENT OF GAS
VOLUME THROUGH PIPES AND SMALL DUCTS

1. Applicability and Principle
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1.1 Applicability. This method applies to
the measurement of gas flow rates in pipes
and small ducts, either in-line or at exhaust
positions, within the temperature range of 0
to 50°C.

1.2 Principle. A gas volume meter is used
to measure gas volume directly. Tempera-
ture and pressure measurements are made to
correct the volume to standard conditions.

2. Apparatus

Specifications for the apparatus are given
below. Any other apparatus that has been
demonstrated (subject to approval of the Ad-
ministrator) to be capable of meeting the
specifications will be considered acceptable.

2.1 Gas Volume Meter. A positive dis-
placement meter, turbine meter, or other di-
rect volume measuring device capable of
measuring volume to within 2 percent. The
meter shall be equipped with a temperature
gauge (±2 percent of the minimum absolute
temperature) and a pressure gauge (±2.5 mm
Hg). The manufacturer’s recommended ca-
pacity of the meter shall be sufficient for the
expected maximum and minimum flow rates
at the sampling conditions. Temperature,
pressure, corrosive characteristics, and pipe
size are factors necessary to consider in
choosing a suitable gas meter.

2.2 Barometer. A mercury, aneroid, or
other barometer capable of measuring at-
mospheric pressure to within 2.5 mm Hg. In
many cases, the barometric reading may be
obtained from a nearby National Weather
Service station, in which case the station
value (which is the absolute barometric pres-
sure) shall be requested, and an adjustment
for elevation differences between the weath-
er station and the sampling point shall be
applied at a rate of minus 2.5 mm Hg per 30-
meter elevation increase, or vice-versa for
elevation decrease.

2.3 Stopwatch. Capable of measurement
to within 1 second.
3. Procedure

3.1 Installation. As there are numerous
types of pipes and small ducts that may be
subject to volume measurement, it would be
difficult to describe all possible installation
schemes. In general, flange fittings should be
used for all connections wherever possible.
Gaskets or other seal materials should be
used to assure leak-tight connections. The
volume meter should be located so as to
avoid severe vibrations and other factors
that may affect the meter calibration.

3.2 Leak Test. A volume meter installed
at a location under positive pressure may be
leak-checked at the meter connections by
using a liquid leak detector solution con-
taining a surfactant. Apply a small amount
of the solution to the connections. If a leak
exists, bubbles will form, and the leak must
be corrected.

A volume meter installed at a location
under negative pressure is very difficult to
test for leaks without blocking flow at the
inlet of the line and watching for meter
movement. If this procedure is not possible,
visually check all connections and assure
tight seals.

3.3 Volume Measurement.
3.3.1 For sources with continuous, steady

emission flow rates, record the initial meter
volume reading, meter temperature(s), meter
pressure, and start the stopwatch. Through-
out the test period, record the meter tem-
perature(s) and pressure so that average val-
ues can be determined. At the end of the
test, stop the timer and record the elapsed
time, the final volume reading, meter tem-
perature(s), and pressure. Record the baro-
metric pressure at the beginning and end of
the test run. Record the data on a table simi-
lar to Figure 2A–1.
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3.3.2 For sources with noncontinuous,
non-steady emission flow rates, use the pro-
cedure in 3.3.1 with the addition of the fol-
lowing: Record all the meter parameters and
the start and stop times corresponding to
each process cyclical or noncontinuous
event.
4. Calibration

4.1 Volume Meter. The volume meter is
calibrated against a standard reference
meter prior to its initial use in the field. The
reference meter is a spirometer or liquid dis-
placement meter with a capacity consistent
with that of the test meter.

Alternatively, a calibrated, standard pitot
may be used as the reference meter in con-
junction with a wind tunnel assembly. At-
tach the test meter to the wind tunnel so
that the total flow passes through the test
meter. For each calibration run, conduct a 4-
point traverse along one stack diameter at a
position at least eight diameters of straight
tunnel downstream and two diameters up-
stream of any bend, inlet, or air mover. De-
termine the traverse point locations as spec-
ified in Method 1. Calculate the reference
volume using the velocity values following
the procedure in Method 2, the wind tunnel
cross-sectional area, and the run time.

Set up the test meter in a configuration
similar to that used in the field installation
(i.e., in relation to the flow moving device).
Connect the temperature and pressure
gauges as they are to be used in the field.
Connect the reference meter at the inlet of
the flow line, if appropriate for the meter,
and begin gas flow through the system to
condition the meters. During this condi-
tioning operation, check the system for
leaks.

The calibration shall be run over at least
three different flow rates. The calibration
flow rates shall be about 0.3, 0.6, and 0.9
times the test meter’s rated maximum flow
rate.

For each calibration run, the data to be
collected include: reference meter initial and
final volume readings, the test meter initial
and final volume reading, meter average
temperature and pressure, barometric pres-
sure, and run time. Repeat the runs at each
flow rate at least three times.

Calculate the test meter calibration coeffi-
cient, Ym, for each run as follows:

Ym =

(Vrf¥Vri) (tr+273) Pb

(Vmf¥Vmi)(tm+273) (Pb+Pg)

Eq. 2A–1
Where:
Ym=Test volume meter calibration coeffi-

cient, dimensionless.
Vr=Reference meter volume reading, m3.

Vm=Test meter volume reading, m3.
tr=Reference meter average temperature, °C.
tm=Test meter average temperature, °C.
Pb=Barometric pressure, mm Hg.
Pg=Test meter average static pressure, mm

Hg.
f=Final reading for run.
i=Initial reading for run.

Compare the three Ym values at each of the
flow rates tested and determine the maxi-
mum and minimum values. The difference
between the maximum and minimum values
at each flow rate should be no greater than
0.030. Extra runs may be required to com-
plete this requirement. If this specification
cannot be met in six successive runs, the test
meter is not suitable for use. In addition, the
meter coefficients should be between 0.95 and
1.05. If these specifications are met at all the
flow rates, average all the Ym values from
runs meeting the specifications to obtain an
average meter calibration coefficient, Ym.

The procedure above shall be performed at
least once for each volume meter. There-
after, an abbreviated calibration check shall
be completed following each field test. The
calibration of the volume meter shall be
checked by performing three calibration
runs at a single, intermediate flow rate
(based on the previous field test) with the
meter pressure set at the average value en-
countered in the field test. Calculate the av-
erage value of the calibration factor. If the
calibration has changed by more than 5 per-
cent, recalibrate the meter over the full
range of flow as described above.

NOTE.—If the volume meter calibration co-
efficient values obtained before and after a
test series differ by more than 5 percent, the
test series shall either be voided, or calcula-
tions for the test series shall be performed
using whichever meter coefficient value (i.e.,
before or after) gives the greater value of
pollutant emission rate.

4.2 Temperature Gauge. After each test
series, check the temperature gauge at ambi-
ent temperature. Use an American Society
for Testing and Materials (ASTM) mercury-
in-glass reference thermometer, or equiva-
lent, as a reference. If the gauge being
checked agrees within 2 percent (absolute
temperature) of the reference, the tempera-
ture data collected in the field shall be con-
sidered valid. Otherwise, the test data shall
be considered invalid or adjustments of the
test results shall be made, subject to the ap-
proval of the Administrator.

4.3 Barometer. Calibrate the barometer
used against a mercury barometer prior to
the field test.
5. Calculations

Carry out the calculations, retaining at
least one extra decimal figure beyond that of
the acquired data. Round off figures after the
final calculation.

5.1 Nomenclature.
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Pb=Barometric pressure, mm Hg.
Pg=Average static pressure in volume meter,

mm Hg.
Qs=Gas flow rate, m3/min, standard condi-

tions.
Tm=Average absolute meter temperature, °K.
Vm=Meter volume reading, m3.
Ym=Average meter calibration coefficient,

dimensionless.
f=Final reading for test period.
i=Initial reading for test period.
s=Standard conditions, 20° C and 760 mm Hg.
Θ=Elapsed test period time, min.

5.2 Volume.

Vms = 0.3853 Ym (Vmf¥Vmi)
(Pb+Pg)

Tm

Eq. 2A–2

5.3 Gas Flow Rate.

Qs =
Vms

Eq. 2A–3
Θ

6. Bibliography

1. Rom, Jerome J. Maintenance, Calibra-
tion, and Operation of Isokinetic Source
Sampling Equipment. U.S. Environmental
Protection Agency. Research Triangle Park,
NC, Publication No. APTD–0576. March 1972.

2. Wortman, Martin, R. Vollaro, and P.R.
Westlin. Dry Gas Volume Meter Calibra-
tions. Source Evaluation Society Newsletter.
Vol. 2, No. 2. May 1977.

3. Westlin, P.R. and R.T. Shigehara. Pro-
cedure for Calibrating and Using Dry Gas
Volume Meters as Calibration Standards.
Source Evaluation Society Newsletter. Vol.
3, No. 1. February 1978.

METHOD 2B—DETERMINATION OF EXHAUST GAS
VOLUME FLOW RATE FROM GASOLINE VAPOR
INCINERATORS

1. Applicability and Principle

1.1 Applicability. This method applies to
the measurement of exhaust volume flow
rate from incinerators that process gasoline
vapors consisting primarily of alkanes,
alkenes, and/or arenes (aromatic hydro-
carbons). It is assumed that the amount of
auxiliary fuel is negligible.

1.2 Principle. The incinerator exhaust
flow rate is determined by carbon balance.
Organic carbon concentration and volume
flow rate are measured at the incinerator
inlet. Organic carbon, carbon dioxide (CO2),
and carbon monoxide (CO) concentrations
are measured at the outlet. Then the ratio of
total carbon at the incinerator inlet and out-
let is multiplied by the inlet volume to de-

termine the exhaust volume and volume flow
rate.

2. Apparatus

2.1 Volume Meter. Equipment described in
Method 2A.

2.2 Organic Analyzers (2). Equipment de-
scribed in Method 25A or 25B.

2.3 CO Analyzer. Equipment described in
Method 10.

2.4 CO2 Analyzer. A nondispersive infrared
(NDIR) CO2 analyzer and supporting equip-
ment with comparable specifications as CO
analyzer described in Method 10.

3. Procedure

3.1 Inlet Installation. Install a volume
meter in the vapor line to incinerator inlet
according to the procedure in Method 2A. At
the volume meter inlet, install a sample
probe as described in Method 25A. Connect to
the probe a leak-tight, heated (if necessary
to prevent condensation) sample line (stain-
less steel or equivalent) and an organic ana-
lyzer system as described in Method 25A or
25B.

3.2 Exhaust Installation. Three sample
analyzers are required for the incinerator ex-
haust: CO2, CO, and organic analyzers. A
sample manifold with a single sample probe
may be used. Install a sample probe as de-
scribed in Method 25A. Connect a leak-tight
heated sample line to the sample probe. Heat
the sample line sufficiently to prevent any
condensation.

3.3 Recording Requirements. The output
of each analyzer must be permanently re-
corded on an analog strip chart, digital re-
corder, or other recording device. The chart
speed or number of readings per time unit
must be similar for all analyzers so that data
can be correlated. The minimum data re-
cording requirement for each analyzer is one
measurement value per minute.

3.4 Preparation. Prepare and calibrate all
equipment and analyzers according to the
procedures in the respective methods. For
the CO2 analyzer, follow the procedures de-
scribed in Method 10 for CO analysis sub-
stituting CO2 calibration gas where the
method calls for CO calibration gas. The
span value for the CO2 analyzer shall be 15
percent by volume. All calibration gases
must be introduced at the connection be-
tween the probe and the sample line. If a
manifold system is used for the exhaust ana-
lyzers, all the analyzers and sample pumps
must be operating when the calibrations are
done. Note: For the purposes of this test,
methane should not be used as an organic
calibration gas.

3.5 Sampling. At the beginning of the test
period, record the initial parameters for the
inlet volume meter according to the proce-
dures in Method 2A and mark all of the re-
corder strip charts to indicate the start of
the test. Continue recording inlet organic
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and exhaust CO2, CO, and organic concentra-
tions throughout the test. During periods of
process interruption and halting of gas flow,
stop the timer and mark the recorder strip
charts so that data from this interruption
are not included in the calculations. At the
end of the test period, record the final pa-
rameters for the inlet volume meter and
mark the end on all of the recorder strip
charts.

3.6 Post Test Calibrations. At the conclu-
sion of the sampling period, introduce the
calibration gases as specified in the respec-
tive reference methods. If an analyzer output
does not meet the specifications of the meth-
od, invalidate the test data for the period.
Alternatively, calculate the volume results
using initial calibration data and using final
calibration data and report both resulting
volumes. Then, for emissions calculations,
use the volume measurement resulting in
the greatest emission rate or concentration.

4. Calculations

Carry out the calculations, retaining at
least one extra decimal figure beyond that of
the acquired data. Round off figures after the
final calculation.

4.1 Nomenclature.
COe=Mean carbon monoxide concentration in

system exhaust, ppm.
CO2e=Mean carbon dioxide concentration in

system exhaust, ppm.
HCe=Mean organic concentration in system

exhaust as defined by the calibration gas,
ppm.

HCi=Mean organic concentration in system
inlet as defined by the calibration gas,
ppm.

K=Calibration gas factor
=2 for ethane calibration gas.
=3 for propane calibration gas.
=4 for butane calibration gas.
=Appropriate response factor for other

calibration gas.
Ves=Exhaust gas volume, m3.
Vis=Inlet gas volume, m3.
Qes=Exhaust gas volume flow rate, m3/min.

Qis=Inlet gas volume flow rate, m3/min.
Θ=Sample run time, min.
s=Standard conditions: 20°C, 760 mm Hg.
300=Estimated concentration of ambient CO2,

ppm. (CO2 concentration in the ambient
air may be measured during the test pe-
riod using an NDIR).

4.2 Concentrations. Determine mean con-
centrations of inlet organics, outlet CO2,
outlet CO, and outlet organics according to
the procedures in the respective methods and
the analyzers’ calibration curves, and for the
time intervals specified in the applicable
regulations. Concentrations should be deter-
mined on a parts per million by volume
(ppm) basis.

4.3 Exhaust Gas Volume. Calculate the
exhaust gas volume as follows:

Ves = Vis

K(HCi)

K(HCe)+CO2e+COe¥300

Eq. 2B–1

4.4 Exhaust Gas Volume Flow Rate. Cal-
culate the exhaust gas volume flow rate as
follows:

Qes=Ves/θ

Eq. 2B–2
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METHOD 2C—DETERMINATION OF STACK GAS

VELOCITY AND VOLUMETRIC FLOW RATE IN

SMALL STACKS OR DUCTS (STANDARD PITOT

TUBE)

1. Applicability and Principle
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METHOD 2C—DETERMINATION OF STACK GAS

VELOCITY AND VOLUMETRIC FLOW RATE IN

SMALL STACKS OR DUCTS (STANDARD PITOT

TUBE)

1. Applicability and Principle

1.1 Applicability.
1.1.1 The applicability of this method is

identical to Method 2, except this method is
limited to stationery source stacks or ducts
less than about 0.30 meter (12 in.) in diame-
ter or 0.071 m2 (113 in.2) in cross-sectional
area, but equal to or greater than about 0.10
meter (4 in.) in diameter or 0.0081 m2 (12.57
in.2) in cross-sectional area.

1.1.2 The apparatus, procedure, calibra-
tion, calculations, and biliography are the
same as in Method 2, Sections 2, 3, 4, 5, and
6, except as noted in the following sections.

1.2 Principle. The average gas velocity in
a stack or duct is determined from the gas

density and from measurement of velocity
heads with a standard pitot tube.

2. Apparatus

2.1 Standard Pitot Tube (instead of Type
S). Use a standard pitot tube that meets the
specifications of Section 2.7 of Method 2. Use
a coefficient value of 0.99 unless it is cali-
brated against another standard pitot tube
with an NBS-traceable coefficient.

2.2 Alternative Pitot Tube. A modified
hemispherical-nosed pitot tube (see Figure
2C–1), which features a shortened stem and
enlarged impact and static pressure holes,
may be used. This pitot tube is useful in liq-
uid drop-laden gas streams when a pitot
‘‘back purge’’ is ineffective. Use a coefficient
value of 0.99 unless the pitot is calibrated as
mentioned in Section 2.1 above.
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3. Procedure

Follow the general procedures in Section 3
of Method 2, except conduct the measure-
ments at the traverse points specified in
Method 1A. The static and impact pressure
holes of standard pitot tubes are susceptible
to plugging in PM–laden gas streams. There-
fore, the tester must furnish adequate proof
that the openings of the pitot tube have not
plugged during the traverse period; this
proof can be obained by first recording the
velocity head (∆p) reading at the final tra-
verse point, then cleaning out the impact
and static holes of the standard pitot tube by
‘‘back-purging’’ with pressurized air, and fi-
nally by recording another ∆p reading at the
final traverse point. If the ∆p reading made
after the air purge is within 5 percent of the
reading during the traverse, then the tra-
verse is acceptable. Otherwise, reject the
run. Note that if the ∆p at the final traverse
point is so low as to make this determina-
tion too difficult, then another traverse
point may be selected. If ‘‘back purging’’ at
regular intervals is part of the procedure,
then take comparative ∆p readings, as above,
for the last two back purges at which suit-
able high ∆p readings are observed.

METHOD 2D—MEASUREMENT OF GAS VOLU-
METRIC FLOW RATES IN SMALL PIPES AND
DUCTS

1. Applicability and Principle

1.1 Applicability. This method applies to
the measurement of gas flow rates in small
pipes and ducts, either before or after emis-
sion control devices.

1.2 Principle. To measure flow rate or
pressure drop, all the stack gas is directed
through a rotameter, orifice plate or similar
flow rate measuring device. The measuring
device has been previously calibrated in a
manner that insures its proper calibration
for the gas or gas mixture being measured.
Absolute temperature and pressure measure-
ments are also made to calculate volumetric
flow rates at standard conditions.

2. Apparatus

Specifications for the apparatus are given
below. Any other apparatus that has been
demonstrated (subject to approval of the Ad-
ministrator) to be capable of meeting the
specifications will be considered acceptable.

2.1 Flow Rate Measuring Device. A rotam-
eter, orifice plate, or other flow rate measur-
ing device capable of measuring all the stack
flow rate to within 5 percent of its true
value. The measuring device shall be
equipped with a temperature gauge accurate
to within 2 percent of the minimum absolute
stack temperature and a pressure gauge ac-
curate to within 5 mm Hg. The capacity of
the measuring device shall be sufficient for
the expected maximum and minimum flow

rates at the stack gas conditions. The mag-
nitude and variability of stack gas flow rate,
molecular weight, temperature, pressure,
compressibility, dew point, corrosiveness,
and pipe or duct size are all factors to con-
sider in choosing a suitable measuring de-
vice.

2.2 Barometer. Same as in Method 2, Sec-
tion 2.5.

2.3 Stopwatch. Capable of incremental
time measurement to within 1 second.

3. Procedure

3.1 Installation. Use the procedure in
Method 2A, Section 3.1.

3.2 Leak Check. Use the procedure in
Method 2A, Section 3.2.

3.3 Flow Rate Measurement.
3.3.1 Continuous, Steady Flow. At least

once an hour, record the measuring device
flow rate reading, and the measuring device
temperature and pressure. Make a minimum
of twelve equally spaced readings of each pa-
rameter during the test period. Record the
barometric pressure at the beginning and
end of the test period. Record the data on a
table similar to Figure 2D–1.
————————————————————————
————————————————————————
Plantlllllllllllllll
Datelllllll Run numberllll
Sample locationlllllllllll
Barometric pressure, mm (in.) Hg
Startlll Finishlll
Operators llllllllll
Measuring device numberlll Calibration
coefficientlll
Calibration gaslllll 
Last date calibratedllll

Time Flow rate
reading

Static
pressure
mm (in.)

Hg

Temperature

°C (°F) °K (°R)

Average.

Figure 2D–1. Flow rate measurement data.

3.3.2 Noncontinuous and Nonsteady
Flows. Use flow rate measuring devices with
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particular caution. Calibration will be af-
fected by variation in stack gas temperature,
pressure, compressibility, and molecular
weight. Use the procedure in Section 3.3.1.
Record all the measuring device parameters
on a time interval frequency sufficient to
adequately profile each process cyclical or
noncontinuous event. A multichannel con-
tinuous recorder may be used.

4. Calibration

4.1 Flow Rate Measuring Device. Use the
procedure in Method 2A, Section 4, and apply
the same performance standards. Calibrate
the measuring device with the principal
stack gas to be measured (e.g., air, nitrogen)
against a standard reference meter. A cali-
brated dry gas meter is an acceptable ref-
erence meter. Ideally, calibrate the measur-
ing device in the field with the actual gas to
be measured. For measuring devices that
have a volume rate readout, calculate the
measuring device calibration coefficient, Ym,
for each run as follows:

Ym =

(Qr) (Tr) Pbar

Eq. 2D–1(Qm) (Tm) (Pbar
+ Pg)

where:
Qr=reference meter flow rate reading, m3/

min (ft3/min).
Qm=measuring device flow rate reading, m3/

min (ft3/min).
Tr=reference meter average absolute tem-

perature, °K (°R).
Tm=measuring device average absolute

temperature, °K (°R).
Pbar=barometric pressure, mm Hg (in. Hg).
Pg=measuring device average static pres-

sure, mm Hg (in. Hg).
For measuring devices that do not have a

readout as flow rate, refer to the manufac-
turer’s instructions to calculate the Qm cor-
responding to each Qr.

4.2 Temperature Gauge. Use the procedure
and specifications in Method 2A, Section 4.2.
Perform the calibration at a temperature
that approximates field test conditions.

4.3 Barometer. Calibrate the barometer to
be used in the field test with a mercury ba-
rometer prior to the field test.

5. Gas Flow Rate Calculation

Calculate the stack gas flow rate, Qs, as
follows:

Qs = KlYmQm

(Pbar +
Pg) Eq. 2D–2

Tm

where:

Kl = 0.3858 for international system of units
(SI); 17.64 for English units.
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METHOD 2E—DETERMINATION OF LANDFILL
GAS; GAS PRODUCTION FLOW RATE

1. Applicability and Principle

1.1 Applicability. This method applies to
the measurement of landfill gas (LFG) pro-
duction flow rate from municipal solid waste
(MSW) landfills and is used to calculate the
flow rate of nonmethane organic compounds
(NMOC) from landfills. This method also ap-
plies to calculating a site-specific k value as
provided in § 60.754(a)(4). It is unlikely that a
site-specific k value obtained through Meth-
od 2E testing will lower the annual emission
estimate below 50 Mg/yr NMOC unless the
Tier 2 emission estimate is only slightly
higher than 50 Mg/yr NMOC. Dry, arid re-
gions may show a more significant difference
between the default and calculated k values
than wet regions.

1.2 Principle. Extraction wells are in-
stalled either in a cluster of three or at five
locations dispersed throughout the landfill.
A blower is used to extract LFG from the
landfill. LFG composition, landfill pressures
near the extraction well, and volumetric
flow rate of LFG extracted from the wells
are measured and the landfill gas production
flow rate is calculated.

2. Apparatus

2.1 Well Drilling Rig. Capable of boring a
0.6 meters diameter hole into the landfill to
a minimum of 75 percent of the landfill
depth. The depth of the well shall not exceed
the bottom of the landfill or the liquid level.

2.2 Gravel. No fines. Gravel diameter
should be appreciably larger than perfora-
tions stated in sections 2.10 and 3.2 of this
method.

2.3 Bentonite.
2.4 Backfill Material. Clay, soil, and

sandy loam have been found to be accept-
able.

2.5 Extraction Well Pipe. Polyvinyl chlo-
ride (PVC), high density polyethylene
(HDPE), fiberglass, stainless steel, or other
suitable nonporous material capable of
transporting landfill gas with a minimum di-
ameter of 0.075 meters and suitable wall-
thickness.
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2.6 Wellhead Assembly. Valve capable of
adjusting gas flow at the wellhead and out-
let, and a flow measuring device, such as an

in-line orifice meter or pitot tube. A sche-
matic of the wellhead assembly is shown in
figure 1.
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2.7 Cap. PVC, HDPE, fiberglass, stainless
steel, or other suitable nonporous material
capable of transporting landfill gas with a
suitable wall-thickness.

2.8 Header Piping. PVC, HDPE, fiberglass,
stainless steel, or other suitable nonporous
material capable of transporting landfill gas
with a suitable wall-thickness.

2.9 Auger. Capable of boring a 0.15 to 0.23
meters diameter hole to a depth equal to the
top of the perforated section of the extrac-
tion well, for pressure probe installation.

2.10 Pressure Probe. PVC or stainless
steel (316), 0.025 meters. Schedule 40 pipe.
Perforate the bottom two thirds. A mini-
mum requirement for perforations is slots or
holes with an open area equivalent to four
6.0 millimeter diameter holes spaced 90°
apart every 0.15 meters.

2.11 Blower and Flare Assembly. A water
knockout, flare or incinerator, and an explo-
sion-proof blower, capable of extracting LFG
at a flow rate of at least 8.5 cubic meters per
minute.

2.12 Standard Pitot Tube and Differential
Pressure Gauge for Flow Rate Calibration
with Standard Pitot. Same as Method 2, sec-
tions 2.1 and 2.8.

2.13 Gas flow measuring device. Perma-
nently mounted Type S pitot tube or an ori-
fice meter.

2.14 Barometer. Same as Method 4, sec-
tion 2.1.5.

2.15 Differential Pressure Gauge. Water-
filled U-tube manometer or equivalent, capa-
ble of measuring within 0.02 mm Hg, for
measuring the pressure of the pressure
probes.

3. Procedure

3.1 Placement of Extraction Wells. The
landfill owner or operator shall either install

a single cluster of three extraction wells in a
test area or space five wells over the landfill.
The cluster wells are recommended but may
be used only if the composition, age of the
solid waste, and the landfill depth of the test
area can be determined. CAUTION: Since
this method is complex, only experienced
personnel should conduct the test. Landfill
gas contains methane, therefore explosive
mixtures may exist at or near the landfill. It
is advisable to take appropriate safety pre-
cautions when testing landfills, such as in-
stalling explosion-proof equipment and re-
fraining from smoking.

3.1.1 Cluster Wells. Consult landfill site
records for the age of the solid waste, depth,
and composition of various sections of the
landfill. Select an area near the perimeter of
the landfill with a depth equal to or greater
than the average depth of the landfill and
with the average age of the solid waste be-
tween 2 and 10 years old. Avoid areas known
to contain nondecomposable materials, such
as concrete and asbestos. Locate wells as
shown in figure 2.

Because the age of the solid waste in a test
area will not be uniform, calculate a weight-
ed average to determine the average age of
the solid waste as follows.

A f Aavg i
i

n

i=
=
∑

1

where,

Aavg=average age of the solid waste tested,
year

fi=fraction of the solid waste in the ith sec-
tion

Ai=age of the ith fraction, year
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3.1.2 Equal Volume Wells. This procedure
is used when the composition, age of solid
waste, and landfill depth are not well known.
Divide the portion of the landfill that has
had waste for at least 2 years into five areas
representing equal volumes. Locate an ex-
traction well near the center of each area.
Avoid areas known to contain
nondecomposable materials, such as con-
crete and asbestos.

3.2 Installation of Extraction Wells. Use a
well drilling rig to dig a 0.6 meters diameter
hole in the landfill to a minimum of 75 per-
cent of the landfill depth, not to exceed the
bottom of the landfill or the water table.
Perforate the bottom two thirds of the ex-

traction well pipe. Perforations shall not be
closer than 6 meters from the cover. Perfora-
tions shall be holes or slots with an open
area equivalent to 1.0 centimeter diameter
holes spaced 90 degrees apart every 0.1 to 0.2
meters. Place the extraction well in the cen-
ter of the hole and backfill with 2.0 to 7.5
centimeters gravel to a level 0.3 meters
above the perforated section. Add a layer of
backfill material 1.2 meters thick. Add a
layer of bentonite 1.0 meter thick, and back-
fill the remainder of the hole with cover ma-
terial or material equal in permeability to
the existing cover material. The specifica-
tions for extraction well installation are
shown in figure 3.
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3.3 Pressure Probes. Shallow pressure
probes are used in the check for infiltration
of air into the landfill, and deep pressure
probes are used to determine the radius of
influence. Locate the deep pressure probes
along three radial arms approximately 120
degrees apart at distances of 3, 15, 30, and 45
meters from the extraction well. The tester
has the option of locating additional pres-
sure probes at distances every 15 meters be-

yond 45 meters. Example placements of
probes are shown in figure 4.

The probes located 15, 30, and 45 meters
from each well, and any additional probes lo-
cated along the three radial arms (deep
probes), shall extend to a depth equal to the
top of the perforated section of the extrac-
tion wells. Locate three shallow probes at a
distance of 3 m from the extraction well.
Shallow probes shall extend to a depth equal
to half the depth of the deep probes.
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Use an auger to dig a hole, approximately
0.15 to 0.23 meters in diameter, for each pres-
sure probe. Perforate the bottom two thirds
of the pressure probe. Perforations shall be
holes or slots with an open area equivalent
to four 6.0 millimeter diameter holes spaced
90 degrees apart every 0.15 meters. Place the
pressure probe in the center of the hole and
backfill with gravel to a level 0.30 meters

above the perforated section. Add a layer of
backfill material at least 1.2 meters thick.
Add a layer of bentonite at least 0.3 meters
thick, and backfill the remainder of the hole
with cover material or material equal in per-
meability to the existing cover material.
The specifications for pressure probe instal-
lation are shown in figure 5.
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3.4 LFG Flow Rate Measurement. Deter-
mine the flow rate of LFG from the test
wells continuously during testing with an
orifice meter. Alternative methods to meas-
ure the LFG flow rate may be used with ap-
proval of the Administrator. Locate the ori-
fice meter as shown in figure 1. Attach the
wells to the blower and flare assembly. The
individual wells may be ducted to a common
header so that a single blower and flare as-
sembly and flow meter may be used. Use the
procedures in section 4.1 to calibrate the
flow meter.

3.5 Leak Check. A leak check of the above
ground system is required for accurate flow
rate measurements and for safety. Sample
LFG at the wellhead sample port and at a
point downstream of the flow measuring de-
vice. Use Method 3C to determine nitrogen
(N2) concentrations. Determine the dif-
ference by using the formula below.
Difference=Co¥Cw

where,
Co=concentration of N2 at the outlet, ppmv
Cw=concentration of N2 at the wellhead,

ppmv
The system passes the leak check if the

difference is less than 10,000 ppmv. If the sys-
tem fails the leak check, make the appro-
priate adjustments to the above ground sys-
tem and repeat the leak check.

3.6 Static Testing. The purpose of the
static testing is to determine the initial con-
ditions of the landfill. Close the control
valves on the wells so that there is no flow
of landfill gas from the well. Measure the
gauge pressure (Pg) at each deep pressure
probe and the barometric pressure (Pbar)
every 8 hours for 3 days. Convert the gauge
pressure of each deep pressure probe to abso-
lute pressure by using the following equa-
tion. Record as Pi.
Pi=Pbar+Pg

where,
Pbar=Atmospheric pressure, mm Hg
Pg=Gauge pressure of the deep probes, mm

Hg
Pi=Initial absolute pressure of the deep

probes during static testing, mm Hg
3.6.1 For each probe, average all of the 8

hr deep pressure probe readings and record as
Pia. The Pia is used in section 3.7.6 to deter-
mine the maximum radius of influence.

3.6.2 Measure the LFG temperature and
the static flow rate of each well once during
static testing using a flow measurement de-
vice, such as a Type S pitot tube and meas-
ure the temperature of the landfill gas. The
flow measurements should be made either
just before or just after the measurements of
the probe pressures and are used in deter-
mining the initial flow from the extraction
well during the short term testing. The tem-
perature measurement is used in the check
for infiltration.

3.7 Short Term Testing. The purpose of
short term testing is to determine the maxi-
mum vacuum that can be applied to the
wells without infiltration of air into the
landfill. The short term testing is done on
one well at a time. During the short term
testing, burn LFG with a flare or inciner-
ator.

3.7.1 Use the blower to extract LFG from
a single well at a rate at least twice the stat-
ic flow rate of the respective well measured
in section 3.6.2. If using a single blower and
flare assembly and a common header system,
close the control valve on the wells not being
measured. Allow 24 hours for the system to
stabilize at this flow rate.

3.7.2 Check for infiltration of air into the
landfill by measuring the temperature of the
LFG at the wellhead, the gauge pressures of
the shallow pressure probes, and the LFG N2

concentration by using Method 3C. CAU-
TION: Increased vacuum at the wellhead
may cause infiltration of air into the land-
fill, which increases the possibility of a land-
fill fire. Infiltration of air into the landfill
may occur if any of the following conditions
are met: the LFG N2 concentration is more
than 20 percent, any of the shallow probes
have a negative gauge pressure, or the tem-
perature has increased above 55°C or the
maximum established temperature during
static testing. If infiltration has not oc-
curred, increase the blower vacuum by 4 mm
Hg, wait 24 hours, and repeat the infiltration
check. If at any time, the temperature
change exceeds the limit, stop the test until
it is safe to proceed. Continue the above
steps of increasing blower vacuum by 4 mm
Hg, waiting 24 hours, and checking for infil-
tration until the concentration of N2 exceeds
20 percent or any of the shallow probes have
a negative gauge pressure, at which time re-
duce the vacuum at the wellhead so that the
N2 concentration is less than 20 percent and
the gauge pressures of the shallow probes are
positive. This is the maximum vacuum at
which infiltration does not occur.

3.7.3 At this maximum vacuum, measure
Pbar every 8 hours for 24 hours and record the
LFG flow rate as Qs and the probe gauge
pressures for all of the probes as Pf. Convert
the gauge pressures of the deep probes to ab-
solute pressures for each 8-hour reading at Qs

as follows:

P=Pbar+Pf

where,
Pbar=Atmospheric pressure, mm Hg
Pf=Final absolute pressure of the deep probes

during short term testing, mm Hg
P=Pressure of the deep probes, mm Hg

3.7.4 For each probe, average the 8-hr deep
pressure probe readings and record as Pfa.

3.7.5 For each probe, compare the initial
average pressure (Pia) from section 3.6.1 to
the final average pressure (Pfa). Determine
the furthermost point from the wellhead
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along each radial arm where Pfa ≤ Pia. This
distance is the maximum radius of influence
(ROI), which is the distance from the well af-
fected by the vacuum. Average these values
to determine the average maximum radius of
influence (Rma).

The average Rma may also be determined
by plotting on semi-log paper the pressure
differentials (Pfa-Pia) on the y-axis (abscissa)
versus the distances (3, 15, 30 and 45 meters)
from the wellhead on the x-axis (ordinate).
Use a linear regression analysis to determine
the distance when the pressure differential is
zero. Additional pressure probes may be used
to obtain more points on the semi-long plot
of pressure differentials versus distances.

3.7.6 Calculate the depth (Dst) affected by
the extraction well during the short term
test as follows. If the computed value of Dst

exceeds the depth of the landfill, set Dst

equal to the landfill depth.

Dst=WD + Rma2

where,

Dst=depth, m
WD=well depth, m
Rma=maximum radius of influence, m

3.7.7 Calculate the void volume for the ex-
traction well (V) as follows.

V=0.40 Rma2 Dst

where,

V=void volume of test well, m3

Rma=maximum radius of influence, m
Dst=depth, m

3.7.8 Repeat the procedures in section 3.7
for each well.

3.8 Calculate the total void volume of the
test wells (Vv) by summing the void volumes
(V) of each well.

3.9 Long Term Testing. The purpose of
long term testing is to determine the meth-
ane generation rate constant, k. Use the
blower to extract LFG from the wells. If a
single blower and flare assembly and com-
mon header system are used, open all control
valves and set the blower vacuum equal to
the highest stabilized blower vacuum dem-
onstrated by any individual well in section
3.7. Every 8 hours, sample the LFG from the
wellhead sample port, measure the gauge
pressures of the shallow pressure probes, the
blower vacuum, the LFG flow rate, and use
the criteria for infiltration in section 3.7.2
and Method 3C to check for infiltration. If
infiltration is detected, do not reduce the
blower vacuum, but reduce the LFG flow
rate from the well by adjusting the control
valve on the wellhead. Adjust each affected
well individually. Continue until the equiva-
lent of two total void volumes (Vv) have been
extracted, or until Vt=2 Vv.

3.9.1 Calculate Vt, the total volume of
LFG extracted from the wells, as follows.

Vt
i

n

=
=
∑60

1

 Q  ti vi

where,
Vt=total volume of LFG extracted from

wells, m3

Qi=LFG flow rate measured at orifice meter
at the ith interval, cubic meters per
minute

tvi=time of the ith interval, hour (usually 8)
3.9.2 Record the final stabilized flow rate

as Qf. If, during the long term testing, the
flow rate does not stabilize, calculate Qf by
averaging the last 10 recorded flow rates.

3.9.3 For each deep probe, convert each
gauge pressure to absolute pressure as in sec-
tion 3.7.4. Average these values and record as
Psa. For each probe, compare Pia to Psa. Deter-
mine the furthermost point from the well-
head along each radial arm where Psa ≤ Pia.
This distance is the stabilized radius of influ-
ence. Average these values to determine the
average stabilized radius of influence (Rsa).

3.10 Determine the NMOC mass emission
rate using the procedures in section 5.

3.11 Deactivation of pressure probe holes.
Upon completion of measurements, if pres-
sure probes are removed, restore the integ-
rity of the landfill cover by backfilling and
sealing to prevent venting of LFG to the at-
mosphere or air infiltration.

4. Calibrations

Gas Flow Measuring Device Calibration
Procedure. Locate a standard pitot tube in
line with a gas flow measuring device. Use
the procedures in Method 2D, section 4, to
calibrate the orifice meter. Method 3C may
be used to determine the dry molecular
weight. It may be necessary to calibrate
more than one gas flow measuring device to
bracket the landfill gas flow rates. Construct
a calibration curve by plotting the pressure
drops across the gas flow measuring device
for each flow rate versus the average dry gas
volumetric flow rate in cubic meters per
minute of the gas. Use this calibration curve
to determine the volumetric flow from the
wells during testing.

5. Calculations

5.1 Nomenclature.
Aavg=average age of the solid waste tested,

year
Ai=age of solid waste in the ith fraction, year
A=age of landfill, year
Ar=acceptance rate, megagrams per year
CNMOC=NMOC concentration, ppmv as hexane

(CNMOC=Ct/6)
Ct=NMOC concentration, ppmv (carbon

equivalent) from Method 25C
D = depth affected by the test wells, m
Dst=depth affected by the test wells in the

short term test, m
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DLF=landfill depth, m
f = fraction of decomposable solid waste in

the landfill
fi=fraction of the solid waste in the ith sec-

tion
k=methane generation rate constant, year¥1

Lo=methane generation potential, cubic me-
ters per megagram

Lo=revised methane generation potential to
account for the amount of
nondecomposable material in the land-
fill, cubic meters per megagram

Mi=mass of solid waste of the ith section,
megagrams

Mr=mass of decomposable solid waste af-
fected by the test well, megagrams

Mw=number of wells
Pbar=atmospheric pressure, mm Hg
Pg=gauge pressure of the deep pressure

probes, mm Hg
Pi=initial absolute pressure of the deep pres-

sure probes during static testing, mm Hg
Pia=average initial absolute pressure of the

deep pressure probes during static test-
ing, mm Hg

Pf=final absolute pressure of the deep pres-
sure probes during short term testing,
mm Hg

Pfa=average final absolute pressure of the
deep pressure probes during short term
testing, mm Hg

Ps=final absolute pressure of the deep pres-
sure probes during long term testing,
mm Hg

Psa=average final absolute pressure of the
deep pressure probes during long term
testing, mm Hg

QB=required blow flow rate, cubic meters per
minute

Qf=final stabilized flow rate, cubic meters
per minute

Qi=LFG flow rate measured at orifice meter
during the ith interval, cubic meters per
minute

Qs=maximum LFG flow rate at each well de-
termined by short term test, cubic me-
ters per minute

Qt=NMOC mass emission rate, cubic meters
per minute

Rm=maximum radius of influence, m
Rma=average maximum radius of influence,

m
Rs=stabilized radius of influence for an indi-

vidual well, m
Rsa=average stabilized radius of influence, m
ti=age of section i, year
tt=total time of long term testing, year
V=void volume of test well, m3

Vr=volume of solid waste affected by the test
well, m3

Vt=total volume of solid waste affected by
the long term testing, m3

Vv=total void volume affected by test wells,
m3

WD=well depth, m

ρ=solid waste density, m3 (Assume 0.64
megagrams per cubic meter if data are
unavailable)

5.2 Use the following equation to cal-
culate the depth affected by the test well. If
using cluster wells, use the average depth of
the wells for WD. If the value of D is greater
than the depth of the landfill, set D equal to
the landfill depth.
D=WD+Rsa

5.3 Use the following equation to cal-
culate the volume of solid waste affected by
the test well.
Vr=Rsa2 † D

5.4 Use the following equation to cal-
culate the mass affected by the test well.
Mr=Vrρ

5.5 Modify Lo to account for the
nondecomposable solid waste in the landfill.
Lo′=f Lo

5.6 In the following equation, solve for k
by iteration. A suggested procedure is to se-
lect a value for k, calculate the left side of
the equation, and if not equal to zero, select
another value for k. Continue this process
until the left hand side of the equation
equals zero, #0.001.
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5.7 Use the following equation to deter-

mine landfill NMOC mass emission rate if
the yearly acceptance rate of solid waste has
been consistent (±10 percent) over the life of
the landfill.
Qt = 2 Lo′ Ar (1 ¥ e¥k A) CNMOC / (5.256 × 1011)

5.8 Use the following equation to deter-
mine landfill NMOC mass emission rate if
the acceptance rate has not been consistent
over the life of the landfill.
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METHOD 3—GAS ANALYSIS FOR THE

DETERMINATION OF DRY MOLECULAR WEIGHT

1. APPLICABILITY AND PRINCIPLE

1.1 Applicability.

1.1.1 This method is applicable for deter-
mining carbon dioxide (CO2) and oxygen (O2)
concentrations and dry molecular weight of
a sample from a gas stream of a fossil-fuel
combustion process. The method may also be
applicable to other processes where it has
been determined that compounds other than
CO2, O2, carbon monoxide (CO), and nitrogen
(N2) are not present in concentrations suffi-
cient to affect the results.

1.1.2 Other methods, as well as modifica-
tions to the procedure described herein, are
also applicable for some or all of the above
determinations. Examples of specific meth-
ods and modifications include: (1) A multi-
point sampling method using an Orsat ana-
lyzer to analyze individual grab samples ob-
tained at each point; (2) a method using CO2

or O2 and stoichiometric calculations to de-
termine dry molecular weight; and (3) as-
signing a value of 30.0 for dry molecular
weight, in lieu of actual measurements, for
processes burning natural gas, coal, or oil.
These methods and modifications may be
used, but are subject to the approval of the
Administrator, U.S. Environmental Protec-
tion Agency (EPA).

1.1.3 Note. Mention of trade names or spe-
cific products does not constitute endorse-
ments by EPA.

1.2 Principle. A gas sample is extracted
from a stack by one of the following meth-

ods: (1) Single-point, grab sampling; (2) sin-
gle-point, integrated sampling; or (3) multi-
point, integrated sampling. The gas sample
is analyzed for pecent CO2, percent O2, and if
necessary, for percent CO. For dry molecular
weight determination, either an Orsat or a
Fyrite analyzer may be used for the analysis.

2. APPARATUS

As an alternative to the sampling appara-
tus and systems described herein, other sam-
pling systems (e.g., liquid displacement) may
be used, provided such systems are capable of
obtaining a representative sample and main-
taining a constant sampling rate, and are,
otherwise, capable of yielding acceptable re-
sults. Use of such systems is subject to the
approval of the Administrator.

2.1 Grab Sampling (Figure 3–1).

2.1.1 Probe. Stainless steel or borosilicate
glass tubing equipped with an in-stack or
out-stack filter to remove particulate mat-
ter (a plug of glass wool is satisfactory for
this purpose). Any other materials, inert to
O2, CO2, CO, and N2 and resistant to tempera-
ture at sampling conditions, may be used for
the probe. Examples of such materials are
aluminum, copper, quartz glass, and Teflon.

2.1.2 Pump. A one-way squeeze bulb, or
equivalent, to transport the gas sample to
the analyzer.

2.2 Integrated Sampling (Figure 3–2).
2.2.1 Probe. Same as in Section 2.1.1.
2.2.2 Condenser. An air-cooled or water-

cooled condenser, or other condenser no
greater than 250 ml that will not remove O2,
CO2, CO, and N2, to remove excess moisture
which would interfere with the operation of
the pump and flowmeter.

2.2.3 Valve. A needle valve, to adjust sam-
ple gas flow rate.
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2.2.4 Pump. A leaf-free, diaphragm-type
pump, or equivalent, to transport sample gas
to the flexible bag. Install a small surge tank
between the pump and rate meter to elimi-
nate the pulsation effect of the diaphragm
pump on the rotameter.

2.2.5 Rate Meter. A rotameter, or equiva-
lent rate meter, capable of measuring flow
rate to within 2 percent of the selected flow
rate. A flow rate range of 500 to 1000 cc/min
is suggested.

2.2.6 Flexible Bag. Any leak-free plastic
(e.g., Tedlar, Mylar, Teflon) or plastic-coated
aluminum (e.g., aluminized Mylar) bag, or
equivalent, having a capacity consistent
with the selected flow rate and time length
of the test run. A capacity in the range of 55
to 90 liters is suggested. To leak check the
bag, connect it to a water manometer, and
pressurize the bag to 5 to 10 cm H2O (2 to 4
in. H2O). Allow to stand for 10 minutes. Any
displacement in the water manometer indi-
cates a leak. An alternative leak-check
method is to pressurize the bag to 5 to 10 cm
(2 to 4 in.) H2O and allow to stand overnight.
A deflated bag indicates a leak.

2.2.7 Pressure Gauge. A water-filled U-tube
manometer, or equivalent, of about 30 cm (12
in.), for the flexible bag leak check.

2.2.8 Vacuum Gauge. A mercury manom-
eter, or equivalent, of at least 760 mm (30 in.)
Hg, for the sampling train leak check.

2.3 Analysis. An Orsat or Fyrite type com-
bustion gas analyzer. For Orsat and Fyrite
analyzer maintenance and operation proce-
dures, follow the instructions recommended
by the manufacturer, unless otherwise speci-
fied herein.

3. SINGLE-POINT, GRAB SAMPLING AND
ANALYTICAL PROCEDURE

3.1 The sampling point in the duct shall ei-
ther be at the centroid of the cross section or
at a point no closer to the walls than 1.00 m
(3.3 ft), unless otherwise specified by the Ad-
ministrator.

3.2 Set up the equipment as shown in Fig-
ure 3–1, making sure all connections ahead of
the analyzer are tight. If an Orsat analyzer is
used, it is recommended that the analyzer be
leak checked by following the procedure in
Section 6; however, the leak check is op-
tional.

3.3 Place the probe in the stack, with the
tip of the probe positioned at the sampling
point; purge the sampling line long enough
to allow at least five exchanges. Draw a sam-
ple into the analyzer, and immediately ana-
lyze it for percent CO2 and percent O2. Deter-
mine the percentage of the gas that is N2 and
CO by subtracting the sum of the percent
CO2 and percent 02O from 100 percent. Cal-
culate the dry molecular weight as indicated
in Section 7.2.

3.4 Repeat the sampling, analysis, and cal-
culation procedures until the dry molecular
weights of any three grab samples differ

from their mean by no more than 0.3 g/g-
mole (0.3 lb/lb-mole). Average these three
molecular weights, and report the results to
the nearest 0.1 g/g-mole (0.1 lb/lb-mole).

4. SINGLE-POINT, INTEGRATED SAMPLING AND
ANALYTICAL PROCEDURE

4.1 The sampling point in the duct shall be
located as specified in Section 3.1.

4.2 Leak check (optional) the flexible bag
as in Section 2.2.6. Set up the equipment as
shown in Figure 3–2. Just before sampling,
leak check (optional) the train by placing a
vacuum gauge at the condenser inlet, pulling
a vacuum of at least 250 mm Hg (10 in. Hg),
plugging the outlet at the quick disconnect,
and then turning off the pump. The vacuum
should remain stable for at least 0.5 minute.
Evacuate the flexible bag. Connect the
probe, and place it in the stack, with the tip
of the probe positioned at the sampling
point; purge the sampling line. Next, connect
the bag, and make sure that all connections
are tight.

4.3 Sample at a constant rate. The sam-
pling run should be simultaneous with, and
for the same total length of time as, the pol-
lutant emission rate determination. Collec-
tion of at least 30 liters (1.00 ft3) of sample
gas is recommended; however, smaller vol-
umes may be collected, if desired.

4.4 Obtain one integrated flue gas sample
during each pollutant emission rate deter-
mination. Within 8 hours after the sample is
taken, analyze it for percent CO2 and percent
O2 using either an Orsat analyzer or a Fyrite
type combustion gas analyzer. If an Orsat
analyzer is used, it is recommended that
Orsat leak check described in Section 6, be
performed before this determination; how-
ever, the check is optional. Determine the
percentage of the gas that is N2 and CO by
subtracting the sum of the percent CO2 and
percent 0 from 100 percent. Calculate the dry
molecular weight as indicated in Section 7.2.

4.5 Repeat the analysis and calculation
procedures until the individual dry molecu-
lar weights for any three analyses differ
from their mean by no more than 0.3 g/g-
mole (0.3 lb/lb-mole). Average these three
molecular weights, and report the results to
the nearest 0.1 g/g-mole (0.1 lb/lb-mole).

5. MULTI-POINT, INTEGRATED SAMPLING AND
ANALYTICAL PROCEDURE

5.1 Unless otherwise specified by the Ad-
ministrator, a minimum of eight traverse
points shall be used for circular stacks hav-
ing diameters less than 0.61 m (24 in.), a min-
imum of nine shall be used for rectangular
stacks having equivalent diameters less than
0.61 m (24 in.), and a minimum of 12 traverse
points shall be used for all other cases. The
traverse points shall be located according to
Method 1. The use of fewer points is subject
to approval of the Administrator.
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5.2 Follow the procedures outlined in Sec-
tions 4.2 through 4.5, except for the follow-
ing: Traverse all sampling points, and sam-
ple at each point for an equal length of time.
Record sampling data as shown in Figure 3–
3.

Time Traverse pt. Q, liter/min % dev.a

Average

a % dev.=(Q—Qavg)/Qavg X 100 (Must be ≤10%)
Figure 3–3. Sampling rate data.

6. LEAK-CHECK PROCEDURE FOR ORSAT
ANALYZER

Moving an Orsat analyzer frequently
causes it to leak. Therefore, an Orsat ana-
lyzer should be thoroughly leak checked on
site before the flue gas sample is introduced
into it. The procedure for leak checking an
Orsat analyzer is as follows:

6.1 Bring the liquid level in each pipette up
to the reference mark on the capillary tub-
ing, and then close the pipette stopcock.

6.2 Raise the leveling bulb sufficiently to
bring the confining liquid meniscus onto the
graduated portion of the burette, and then
close the manifold stopcock.

6.3 Record the meniscus position.

6.4 Observe the menisus in the burette and
the liquid level in the pipette for movement
over the next 4 minutes.

6.5 For the Orsat analyzer to pass the leak
check, two conditions must be met:

6.5.1 The liquid level in each pipette must
not fall below the botton of the capillary
tubing during this 4-minute interval.

6.5.2 The menisus in the burette must not
change by more than 0.2 ml during this 4-
minute interval.

6.6 If the anlyzer fails the leak-check pro-
cedure, check all rubber connections and
stopcocks to determine whether they might
be the cause of the leak. Disassemble, clean,
and regrease leaking stopcocks. Replace
leaking rubber connections. After the ana-
lyzer is reassembled, repeat the lead-check
procedure.

7. CALCULATIONS

7.1 Nomenclature

Md = Dry molecular weight, g/g-mole (1b/1b-
mole).

%CO2 = Percent CO2 by volume, dry basis.
%O2 = Percent O2 by volume, dry basis.
%CO = Percent CO by volume, dry basis.
%N2 = Percent N2 by volume, dry basis.

0.280 = Molecular weight of N2 or CO, divided
by 100.

0.320 = Molecular wight of O2 divided by 100.
0.440 = Molecular weight of CO2 divided by

100.
7.2 Dry Molecular Weight. Use Equation 3–

1 to calculate the dry molecular weight of
the stack gas.
Md = 0.440(%CO2) + 0.320 (%O2) + 0.280(%N2 +

%CO) Eq. 3–1
NOTE. The above equation does not con-

sider argon in air (about 0.9 percent, molecu-
lar weight of 39.9). A negative error of about
0.4 percent is introduced. The tester may
choose to include argon in the analysis using
procedures subject to approval of the Admin-
istrator.
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METHOD 3A—DETERMINATION OF OXYGEN AND
CARBON DIOXIDE CONCENTRATIONS IN EMIS-
SIONS FROM STATIONARY SOURCES (INSTRU-
MENTAL ANALYZER PROCEDURE)

1. Applicability and Principle

1.1 Applicability. This method is appli-
cable to the determination of oxygen (O2)
and carbon dioxide (CO2) concentrations in
emissions from stationary sources only when
specified within the regulations.

1.2 Principle. A sample is continuously
extracted from the effluent stream: a portion
of the sample stream is conveyed to an in-
strumental analyzer(s) for determination of
O2 and CO2 concentration(s). Performance
specifications and test procedures are pro-
vided to ensure reliable data.

2. Range and Sensitivity

Same as Method 6C, Sections 2.1 and 2.2,
except that the span of the monitoring sys-
tem shall be selected such that the average
O2 or CO2 concentration is not less than 20
percent of the span.

3. Definitions

3.1 Measurement System. The total equip-
ment required for the determination of the



609

Environmental Protection Agency Pt. 60, App. A, Meth. 3A

O2 or CO2 concentration. The measurement
system consists of the same major sub-
systems as defined in Method 6C, Sections
3.1.1, 3.1.2, and 3.1.3.

3.2 Span, Calibration Gas, Analyzer Cali-
bration Error, Sampling System Bias, Zero
Drift, Calibration Drift, Response Time, and
Calibration Curve. Same as Method 6C, Sec-
tions 3.2 through 3.8, and 3.10.

3.3 Interference Response. The output re-
sponse of the measurement system to a com-
ponent in the sample gas, other than the gas
component being measured.
4. Measurement System Performance Specifica-
tions

Same as Method 6C, Sections 4.1 through
4.4.
5. Apparatus and Reagents

5.1 Measurement System. Any measure-
ment system for O2 or CO2 that meets the
specifications of this method. A schematic of
an acceptable measurement system is shown
in Figure 6C–1 of Method 6C. The essential
components of the measurement system are
described below:

5.1.1 Sample Probe. A leak-free probe, of
sufficient length to traverse the sample
points.

5.1.2 Sample Line. Tubing, to transport
the sample gas from the probe to the mois-
ture removal system. A heated sample line is
not required for systems that measure the O2

or CO2 concentration on a dry basis, or trans-
port dry gases.

5.1.3 Sample Transport Line, Calibration
Value Assembly, Moisture Removal System,
Particulate Filter, Sample Pump, Sample
Flow Rate Control, Sample Gas Manifold,
and Data Recorder. Same as Method 6C, Sec-
tions 5.1.3 through 5.1.9, and 5.1.11, except
that the requirements to use stainless steel,
Teflon, and nonreactive glass filters do not
apply.

5.1.4 Gas Analyzer. An analyzer to deter-
mine continuously the O2 or CO2 concentra-
tion in the sample gas stream. The analyzer
shall meet the applicable performance speci-
fications of Section 4. A means of controlling
the analyzer flow rate and a device for deter-
mining proper sample flow rate (e.g., preci-
sion rotameter, pressure gauge downstream
of all flow controls, etc.) shall be provided at
the analyzer. The requirements for measur-
ing and controlling the analyzer flow rate
are not applicable if data are presented that
demonstrate the analyzer is insensitive to
flow variations over the range encountered
during the test.

5.2 Calibration Gases. The calibration
gases for CO2 analyzers shall be CO2 in N2 or
CO2 in air. Alternatively, CO2/SO2, O2/SO2 , or
O2/CO2/SO2 gas mixtures in N2 may be used.
Three calibration gases, as specified Section
5.3.1 through 5.3.3 of Method 6C, shall be
used. For O2 monitors that cannot analyze
zero gas, a calibration gas concentration

equivalent to less than 10 percent of the span
may be used in place of zero gas.
6. Measurement System Performance Test Proce-
dures

Perform the following procedures before
measurement of emissions (Section 7).

6.1 Calibration Concentration Verifica-
tion. Follow Section 6.1 of Method 6C, except
if calibration gas analysis is required, use
Method 3 and change the acceptance criteria
for agreement among Method 3 results to 5
percent (or 0.2 percent by volume, whichever
is greater).

6.2 Interference Response. Conduct an in-
terference response test of the analyzer prior
to its initial use in the field. Thereafter, re-
check the measurement system if changes
are made in the instrumentation that could
alter the interference response (e.g., changes
in the type of gas detector). Conduct the in-
terference response in accordance with Sec-
tion 5.4 of Method 20.

6.3 Measurement System Preparation,
Analyzer Calibration Error, and Sampling
System Bias Check. Follow Sections 6.2
through 6.4 of Method 6C.
7. Emission Test Procedure

7.1 Selection of Sampling Site and Sam-
pling Points. Select a measurement site and
sampling points using the same criteria that
are applicable to tests performed using
Method 3.

7.2 Sample Collection. Position the sam-
pling probe at the first measurement point,
and begin sampling at the same rate as used
during the sampling system bias check.
Maintain constant rate sampling (i.e., ±10
percent) during the entire run. The sampling
time per run shall be the same as for tests
conducted using Method 3 plus twice the sys-
tem response time. For each run, use only
those measurements obtained after twice the
response time of the measurement system
has elapsed to determine the average efflu-
ent concentration.

7.3 Zero and Calibration Drift Test. Fol-
low Section 7.4 of Method 6C.
8. Quality Control Procedures

The following quality control procedures
are recommended when the results of this
method are used for an emission rate correc-
tion factor, or excess air determination. The
tester should select one of the following op-
tions for validating measurement results:

8.1 If both O2 and CO2 are measured using
Method 3A, the procedures described in Sec-
tion 4.4 of Method 3 should be followed to
validate the O2 and CO2 measurement re-
sults.

8.2 If only O2 is measured using Method
3A, measurements of the sample stream CO2

concentration should be obtained at the sam-
ple by-pass vent discharge using an Orsat or
Fyrite analyzer, or equivalent. Duplicate
samples should be obtained concurrent with
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at least one run. Average the duplicate Orsat
or Fyrite analysis results for each run. Use
the average CO2 values for comparison with
the O2 measurements in accordance with the
procedures described in Section 4.4 of Meth-
od 3.

8.3 If only CO2 is measured using Method
3A, concurrent measurements of the sample
stream CO2 concentration should be obtained
using an Orsat or Fyrite analyzer as de-
scribed in Section 8.2. For each run, dif-
ferences greater than 0.5 percent between the
Method 3A results and the average of the du-
plicate Fyrite analysis should be inves-
tigated.
9. Emission Calculation

For all CO2 analyzers, and for O2 analyzers
that can be calibrated with zero gas, follow
Section 8 of Method 6C, except express all
concentrations as percent, rather than ppm.

For O2 analyzers that use a low-level cali-
bration gas in place of a zero gas, calculate
the effluent gas concentration using Equa-
tion 3A–1.

Cgas=
Cma¥Coa

(C̄¥Cm)∂Cma
Cm¥Co

Eq. 3A–1
Where:
Cgas=Effluent gas concentration, dry basis,

percent.
Cma=Actual concentration of the upscale

calibration gas, percent.
Coa=Actual concentration of the low-level

calibration gas, percent.
Cm=Average of initial and final system cali-

bration bias check responses for the
upscale calibration gas, percent.

Co=Average of initial and final system cali-
bration bias check responses for the low-
level gas, percent.

C̄=Average gas concentration indicated by
the gas analyzer, dry basis, percent.

10. Bibliography

Same as bibliography of Method 6C.

METHOD 3B—GAS ANALYSIS FOR THE DETER-
MINATION OF EMISSION RATE CORRECTION
FACTOR OR EXCESS AIR

1. APPLICABILITY AND PRINCIPLE

1.1 Applicability

1.1.1 This method is applicable for deter-
mining carbon dioxide (CO2), oxygen (O2),
and carbon monoxide (CO) concentrations of
a sample from a gas stream of a fossil-fuel
combustion provess for excess air or emis-
sion rate correction factor calculations.

1.1.2 Other methods, as well as modifica-
tions to the procedure described herein, are
also applicable for all of the above deter-
minations. Examples of specific methods and

modifications include: (1) A multi-point sam-
pling method using an Orsat analyzer to ana-
lyze individual grab samples obtained at
each point, and (2) a method using CO2 or O2

and stoichiometric calculations to determine
excess air. These methods and modifications
may be used, but are subject to the approval
of the Administrator, U.S. Environmental
Protection Agency (FPA).

1.1.3 Note. Mention of trade names or spe-
cific products does not constitute endorse-
ment by EPA.

1.2 Principle. A gas sample is extracted
from a stack by one of the following meth-
ods: (1) Single-point, grab sampling; (2) sin-
gle-point, integrated sampling; or (3) multi-
point, integrated sampling. The gas sample
is analyzed for percent CO2 percent O2, and,
if necessary, percent CO. An Orsat analyzer
must be used for excess air or emission rate
correction factor determinations.

2. APPARATUS

The alternative sampling systems are the
same as those mentioned in Section 2 of
Method 3.

2.1 Grab Sampling and Integrated Sam-
pling. Same as in Sections 2.1 and 2.2, respec-
tively, of Method 3.

2.2 Analysis. An Orsat analyzer only. For
low CO2 (less than 4.0 percent) or high O2

(greater than 15.0 percent) concentrations,
the measuring burette of the Orsat must
have at least 0.1 percent subdivisions. For
Orsat maintenance and operation proce-
dures, follow the instructions recommended
by the manufacturer, unless otherwise speci-
fied herein.

3. PROCEDURES

Each of the three procedures below shall be
used only when specified in an applicable
subpart of the standards. The use of these
procedures for other purposes must have spe-
cific prior approval of the Adminsitrator.

NOTE.—A Fyrite-type combustion gas ana-
lyzer is not acceptable for excess air or emis-
sion rate correction factor determinations,
unless approved by the Administrator. If
both percent CO2 and percent O2 are meas-
ured, the analytical results of any of the
three procedures given below may be used for
calculating the dry molecular weight (see
Method 3).

3.1 Single-Point, Grab Sampling and Analytical
Procedure.

3.1.1 The sampling point in the duct shall
be as described in Section 3.1 of Method 3.

3.1.2 Set up the equipment as shown in Fig-
ure 3–1 of Method 3, making sure all connec-
tions ahead of the analyzer are tight. Leak
check the Orsat analyzer according to the
procedure described in Section 6 of Method 3.
This leak check is mandatory.
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3.1.3 Place the probe in the stack, with
the tip of the probe positioned at the sam-
pling point; purge the sampling line long
enough to allow at least five exchanges.
Draw a sample into the analyzer. For emis-
sion rate correction factor determinations,
immediately analyze the sample, as outlined
in Sections 3.1.4 and 3.1.5, for percent CO2 or
percent O2. If excess air is desired, proceed as
follows: (1) immediately analyze the sample,
as in Sections 3.1.4 and 3.1.5, for percent CO2,
O2, and CO; (2) determine the percentage of
the gas that is N2 by subtracting the sum of
the percent CO2, percent O2, and percent CO
from 100 percent, and (3) calculate percent
excess air as outlined in Section 4.2.

3.1.4 To ensure complete absorption of the
CO2, O2, or if applicable, CO, make repeated
passes through each absorbing solution until
two consecutive readings are the same. Sev-
eral passes (three or four) should be made be-
tween readings. (If constant readings cannot
be obtained after three consecutive readings,
replace the absorbing solution.)

NOTE.—Since this single-point, grab sam-
pling and analytical procedure is normally
conducted in conjunction with a single-
point, grab sampling and analytical proce-
dure for a pollutant, only one analysis is or-
dinarily conducted. Therefore, great care
must be taken to obtain a valid sample and
analysis. Although in most cases, only CO2

or O2 is required, it is recommended that
both CO2 and O2 be measured, and that Sec-
tion 3.4 be used to validate the analytical
data.

3.1.5 After the analysis is completed, leak
check (mandatory) the Orsat analyzer once
again, as described in Section 6 of Method 3.
For the results of the analysis to be valid,
the Orsat analyzer must pass this leak test
before and after the analysis.

3.2 Single-Point, Integrated Sampling and
Analytical Procedure.

3.2.1 The sampling point in the duct shall
be located as specified in Section 3.1.1.

3.2.2 Leak check (mandatory) the flexible
bag as in Section 2.2.6 of Method 3. Set up
the equipment as shown in Figure 3–2 of
Method 3. Just before sampling, leak check
(mandatory) the train as described in Sec-
tion 4.2 of Method 3.

3.2.3 Sample at a constant rate, or as
specified by the Administrator. The sam-
pling run must be simultaneous with, and for
the same total length of time as, the pollut-
ant emission rate determination. Collect at
least 30 liters (1.00 ft3) of sample gas. Smaller
volumes may be collected, subject to ap-
proval of the Administrator.

3.2.4 Obtain one integrated flue gas sam-
ple during each pollutant emission rate de-
termination. For emission rate correction
factor determination, analyze the sample
within 4 hours after it is taken for percent

CO2 or percent O2 (as outlined in Sections
3.2.5 through 3.2.7). The Orsat analyzer must
be leak checked (see Section 6 of Method 3)
before the analysis. If excess air is desired,
procede as follows: (1) within 4 hours after
the sample is taken, analyze it (as in Sec-
tions 3.2.5 through 3.2.7) for percent CO2, O2,
and CO; (2) determine the percentage of the
gas that is N2 by subtracting the sum of the
percent CO2, percent O2, and percent CO from
100 percent; and (3) calculate percent excess
air, as outlined in Section 4.2.

3.2.5 To ensure complete absorption of the
CO2, O2, or if applicable, CO, follow the pro-
cedure described in Section 3.1.4.

NOTE.—Although in most instances only
CO2 or O2 is required, it is recommended that
both CO2 and O2 be measured, and that Sec-
tion 3.4.1 be used to validate the analytical
data.

3.2.6 Repeat the analysis until the follow-
ing criteria are met:

3.2.6.1 For percent CO2, repeat the analyt-
ical procedure until the results of any three
analyses differ by no more than (a) 0.3 per-
cent by volume when CO2 is greater than 4.0
percent or (b) 0.2 percent by volume when
CO2 is less than or equal to 4.0 percent. Aver-
age three acceptable values of percent CO2,
and report the results to the nearest 0.2 per-
cent.

3.2.6.2 For percent O2, repeat the analyt-
ical procedure until the results of any three
analyses differ by no more than (a) 0.3 per-
cent by volume when O2 is less than 15.0 per-
cent or (b) 0.2 percent by volume when O2 is
greater than or equal to 15.0 percent. Aver-
age the three acceptable values of percent
O2, and report the results to the nearest 0.1
percent.

3.2.6.3 For percent CO, repeat the analyt-
ical procedure until the results of any three
analyses differ by no more than 0.3 percent.
Average the three acceptable values of per-
cent CO, and report the results to the near-
est 0.1 percent.

3.2.7 After the analysis is completed, leak
check (mandatory) the Orsat analyzer once
again, as described in Section 6 of Method 3.
For the results of the analysis to be valid,
the Orsat analyzer must pass this leak test
before and after the analysis.

3.3 Multi-Point, Integrated Sampling and
Analytical Procedure.

3.3.1 The sampling points shall be deter-
mined as specified in Section 5.3 of Method 3.

3.3.2 Follow the procedures outlined in
Sections 3.2.2 through 3.2.7, except for the
following: Traverse all sampling points, and
sample at each point for an equal length of
time. Record sampling data as shown in Fig-
ure 3–3 of Method 3.
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3.4 Quality Control Procedure.

3.4.1 Data Validation When Both CO2 and
O2 Are Measured. Although in most in-
stances, only CO2 or O2 measurement is re-
quired, it is recommended that both CO2 and
O2 be measured to provide a check on the
quality of the data. The following quality
control procedure is suggested.

NOTE.—Since the method for validating the
CO2 and O2 analyses is based on combustion
of organic and fossil fuels and dilution of the
gas stream with air, this method does not
apply to sources that (1) remove CO2 or O2

through processes other than combustion, (2)
add O2 (e.g., oxygen enrichment) and N2 in
proportions different from that of air, (3) add
CO2 (e.g., cement or lime kilns) or (4) have no
fuel factor, Fo, values obtainable (e.g., ex-
tremely variable waste mixtures). This
method validates the measured proportions
of CO2 and O2 for fuel type, but the method
does not detect sample dilution resulting
from leaks during or after sample collection.
The method is applicable for samples col-
lected downstream of most lime or limestone
flue-gas desulfurization units as the CO2

added or removed from the gas stream is not
significant in relation to the total CO2 con-
centration. The CO2 concentrations from
other types of scrubbers using only water or
basic slurry can be significantly affected and
would render the Fo check minimally useful.

3.4.1.1 Calculate a fuel factor, Fo, using
the following equation:

Fo=
20.9–%O2

Eq. 3B–1
%CO2

where:

%O2=Percent O2 by volume, dry basis.
%CO2=Percent CO2 by volume, dry basis.
20.9=Percent O2 by volume in ambient air.

If CO present in quantities measurable by
this method, adjust the O2 and CO2 values be-
fore performing the calculation for F0 as fol-
lows:

%CO2 (adj) = %CO2 + %CO
%O2 (adj) = %O2 ¥ 0.5 %CO
where:

%5CO = Percent CO by volume, dry basis.

3.4.1.2 Compare the calculated F0 factor
with the expected F0 values. The following
table may be used in establishing acceptable

ranges for the expected F0 if the fuel being
burned is known. When fuels are burned in
combinations, calculate the combined fuel Fd

and Fc factors (as defined in Method 19) ac-
cording to the procedure in Method 19, Sec-
tion 5.2.3. Then calculate the F0 factor as fol-
lows:

F0=
0.209 Fd

Eq. 3B–2
Fc

Fuel type F0 range

Coal:
Anthracite and lignite .................................. 1.016–1.130
Bituminous .................................................. 1.083–1.230

Oil:
Distillate ...................................................... 1.260–1.413
Residual ...................................................... 1.210–1.370

Gas:
Natural ........................................................ 1.600–1.836
Propane ...................................................... 1.434–1.586
Butane ........................................................ 1.405–1.553

Wood ................................................................. 1.000–1.120
Wood bark ......................................................... 1.003–1.130

3.4.1.3 Calculated F0 values, beyond the ac-
ceptable ranges shown in this table, should
be investigated before accepting the test re-
sults. For example, the strength of the solu-
tions in the gas analyzer and the analyzing
technique should be checked by sampling
and analyzing a known concentration, such
as air; the fuel factor should be reviewed and
verified. An acceptability range of ±12 per-
cent is appropriate for the F0 factor of mixed
fuels with variable fuel ratios. The level of
the emission rate relative to the compliance
level should be considered in determining if
a retest is appropriate, i.e., if the measured
emissions are much lower or much greater
than the compliance limit, repetition of the
test would not significantly change the com-
pliance status of the source and would be un-
necessarily time consuming and costly.

4. CALCULATIONS

4.1 Nomenclature. Same as Section 5 of
Method 3 with the addition of the following:

%EA = Percent excess air.
0.264 = Ratio of O2 to N2 in air, v/v.

4.2 Percent Excess Air. Calculate the per-
cent excess air (if applicable) by substituting
the appropriate values of percent O2, CO, and
N2 (obtained from Section 3.1.3 or 3.2.4) into
Equation 3B–3.

%EA
=

%O2¥0.5 %CO
x 100 Eq. 3B–3

0.264 %N2¥(%O2¥0.5 %CO)

NOTE.—The equation above assumes that
ambient air is used as the source of O2 and

that the fuel does not contain appreciable
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amounts of N2 (as do coke oven or blast fur-
nace gases). For those cases when appre-
ciable amounts of N2 are present (coal, oil
and natural gas do not contain appreciable
amounts of N2) or when oxygen enrichment
is used, alternative methods, subject to ap-
proval of the Administrator, are required.

5. BIBLIOGRAPHY

Same as Method 3.

METHOD 3C—DETERMINATION OF CARBON DI-
OXIDE, METHANE, NITROGEN, AND OXYGEN
FROM STATIONARY SOURCES

1. Applicability and Principle

1.1 Applicability. This method applies to
the analysis of carbon dioxide (CO2), meth-
ane (CH4), nitrogen (N2), and oxygen (O2) in
samples from municipal solid waste landfills
and other sources when specified in an appli-
cable subpart.

1.2 Principle. A portion of the sample is
injected into a gas chromatograph (GC) and
the CO2, CH4, N2, and O2 concentrations are
determined by using a thermal conductivity
detector (TCD) and integrator.

2. Range and Sensitivity

2.1 Range. The range of this method de-
pends upon the concentration of samples.
The analytical range of TCD’s is generally
between approximately 10 ppmv and the
upper percent range.

2.2 Sensitivity. The sensitivity limit for a
compound is defined as the minimum detect-
able concentration of that compound, or the
concentration that produces a signal-to-
noise ratio of three to one. For CO2, CH4, N2,
and O2, the sensitivity limit is in the low
ppmv range.

3. Interferences

Since the TCD exhibits universal response
and detects all gas components except the
carrier, interferences may occur. Choosing
the appropriate GC or shifting the retention
times by changing the column flow rate may
help to eliminate resolution interferences.

To assure consistent detector response, he-
lium is used to prepare calibration gases.
Frequent exposure to samples or carrier gas
containing oxygen may gradually destroy
filaments.

4. Apparatus

4.1 Gas Chromatograph. GC having at
least the following components:

4.1.1 Separation Column. Appropriate col-
umn(s) to resolve CO2, CH4, N2, O2, and other
gas components that may be present in the
sample.

4.1.2 Sample Loop. Teflon or stainless
steel tubing of the appropriate diameter.
NOTE: Mention of trade names or specific
products does not constitute endorsement or

recommendation by the U. S. Environmental
Protection Agency.

4.1.3 Conditioning System. To maintain
the column and sample loop at constant tem-
perature.

4.1.4 Thermal Conductivity Detector.
4.2 Recorder. Recorder with linear strip

chart. Electronic integrator (optional) is rec-
ommended.

4.3 Teflon Tubing. Diameter and length
determined by connection requirements of
cylinder regulators and the GC.

4.4 Regulators. To control gas cylinder
pressures and flow rates.

4.5 Adsorption Tubes. Applicable traps to
remove any O2 from the carrier gas.

5. Reagents

5.1 Calibration and Linearity Gases.
Standard cylinder gas mixtures for each
compound of interest with at least three con-
centration levels spanning the range of sus-
pected sample concentrations. The calibra-
tion gases shall be prepared in helium.

5.2 Carrier Gas. Helium, high-purity.

6. Analysis

6.1 Sample Collection. Use the sample col-
lection procedures described in Methods 3 or
25C to collect a sample of landfill gas (LFG).

6.2 Preparation of GC. Before putting the
GC analyzer into routine operation, optimize
the operational conditions according to the
manufacturer’s specifications to provide
good resolution and minimum analysis time.
Establish the appropriate carrier gas flow
and set the detector sample and reference
cell flow rates at exactly the same levels.
Adjust the column and detector tempera-
tures to the recommended levels. Allow suf-
ficient time for temperature stabilization.
This may typically require 1 hour for each
change in temperature.

6.3 Analyzer Linearity Check and Calibra-
tion. Perform this test before sample analy-
sis. Using the gas mixtures in section 5.1,
verify the detector linearity over the range
of suspected sample concentrations with at
least three points per compound of interest.
This initial check may also serve as the ini-
tial instrument calibration. All subsequent
calibrations may be performed using a sin-
gle-point standard gas provided the calibra-
tion point is within 20 percent of the sample
component concentration. For each instru-
ment calibration, record the carrier and de-
tector flow rates, detector filament and
block temperatures, attenuation factor, in-
jection time, chart speed, sample loop vol-
ume, and component concentrations. Plot a
linear regression of the standard concentra-
tions versus area values to obtain the re-
sponse factor of each compound. Alter-
natively, response factors of uncorrected
component concentrations (wet basis) may
be generated using instrumental integration.
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NOTE: Peak height may be used instead of
peak area throughout this method.

6.4 Sample Analysis. Purge the sample
loop with sample, and allow to come to at-
mospheric pressure before each injection.
Analyze each sample in duplicate, and cal-
culate the average sample area (A). The re-
sults are acceptable when the peak areas for
two consecutive injections agree within 5
percent of their average. If they do not
agree, run additional samples until consist-
ent area data are obtained. Determine the
tank sample concentrations according to
section 7.2.

7. Calculations

Carry out calculations retaining at least
one extra decimal figure beyond that of the
acquired data. Round off results only after
the final calculation.

7.1 Nomenclature.
A = average sample area
Bw = moisture content in the sample, frac-

tion
C = component concentration in the sample,

dry basis, ppmv
Ct = calculated NMOC concentration, ppmv C

equivalent
Ctm = measured NMOC concentration, ppmv C

equivalent
Pbar = barometric pressure, mm Hg
Pti = gas sample tank pressure after evacu-

ation, mm Hg absolute
Pt = gas sample tank pressure after sam-

pling, but before pressurizing, mm Hg ab-
solute

Ptf = final gas sample tank pressure after
pressurizing, mm Hg absolute

Pw = vapor pressure of H2O (from table 3C–1),
mm Hg

Tti = sample tank temperature before sam-
pling, °K

Tt = sample tank temperature at completion
of sampling, °K

Ttf = sample tank temperature after pressur-
izing, °K

r = total number of analyzer injections of
sample tank during analysis (where j =
injection number, 1 . . . r)

R = Mean calibration response factor for spe-
cific sample component, area/ppmv

TABLE 3C–1.—MOISTURE CORRECTION

Temperature °C
Vapor Pres-

sure of
H2O, mm

Hg

4 ......................................................................... 6.1
6 ......................................................................... 7.0
8 ......................................................................... 8.0
10 ....................................................................... 9.2
12 ....................................................................... 10.5
14 ....................................................................... 12.0
16 ....................................................................... 13.6
18 ....................................................................... 15.5
20 ....................................................................... 17.5
22 ....................................................................... 19.8

TABLE 3C–1.—MOISTURE CORRECTION—
Continued

Temperature °C
Vapor Pres-

sure of
H2O, mm

Hg

24 ....................................................................... 22.4
26 ....................................................................... 25.2
28 ....................................................................... 28.3
30 ....................................................................... 31.8

7.2 Concentration of Sample Components.
Calculate C for each compound using Equa-
tions 3C–1 and 3C–2. Use the temperature and
barometric pressure at the sampling site to
calculate Bw. If the sample was diluted with
helium using the procedures in Method 25C,
use Equation 3C–3 to calculate the con-
centration.
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METHOD 4—DETERMINATION OF MOISTURE
CONTENT IN STACK GASES

1. Principle and Applicability
1.1 Principle. A gas sample is extracted at

a constant rate from the source; moisture is
removed from the sample stream and deter-
mined either volumetrically or gravimetri-
cally.

1.2 Applicability. This method is applica-
ble for determining the moisture content of
stack gas.

Two procedures are given. The first is a
reference method, for accurate determina-
tions of moisture content (such as are needed
to calculate emission data). The second is an
approximation method, which provides esti-
mates of percent moisture to aid in setting
isokinetic sampling rates prior to a pollut-
ant emission measurement run. The approxi-
mation method described herein is only a
suggested approach; alternative means for
approximating the moisture content, e.g.,
drying tubes, wet bulb-dry bulb techniques,
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condensation techniques, stoichiometric cal-
culations, previous experience, etc., are also
acceptable.

The reference method is often conducted
simultaneously with a pollutant emission
measurement run; when it is, calculation of
percent isokinetic, pollutant emission rate,
etc., for the run shall be based upon the re-
sults of the reference method or its equiva-
lent; these calculations shall not be based
upon the results of the approximation meth-
od, unless the approximation method is
shown, to the satisfaction of the Adminis-
trator, U.S. Environmental Protection Agen-
cy, to be capable of yielding results within 1
percent H2O of the reference method.

NOTE: The reference method may yield
questionable results when applied to satu-
rated gas streams or to streams that contain
water droplets. Therefore, when these condi-
tions exist or are suspected, a second deter-
mination of the moisture content shall be
made simultaneously with the reference
method, as follows: Assume that the gas
stream is saturated. Attach a temperature

sensor [capable of measuring to ±1° C (2° F)]
to the reference method probe. Measure the
stack gas temperature at each traverse point
(see Section 2.2.1) during the reference meth-
od traverse; calculate the average stack gas
temperature. Next, determine the moisture
percentage, either by: (1) using a
psychrometric chart and making appropriate
corrections if stack pressure is different
from that of the chart, or (2) using satura-
tion vapor pressure tables. In cases where
the pyschrometric chart or the saturation
vapor pressure tables are not applicable
(based on evaluation of the process), alter-
native methods, subject to the approval of
the Administrator, shall be used.

2. Reference Method

The procedure described in Method 5 for
determining moisture content is acceptable
as a reference method.

2.1 Apparatus. A schematic of the sam-
pling train used in this reference method is
shown in Figure 4–1. All components shall be
maintained and calibrated according to the
procedure outlined in Method 5.
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2.1.1 Probe. The probe is constructed of
stainless steel or glass tubing, sufficiently
heated to prevent water condensation, and is
equipped with a filter, either in-stack (e.g., a
plug of glass wool inserted into the end of
the probe) or heated out-stack (e.g., as de-
scribed in Method 5), to remove particular
matter.

When stack conditions permit, other met-
als or plastic tubing may be used for the
probe, subject to the approval of the Admin-
istrator.

2.1.2 Condenser. The condenser consists of
four impingers connected in series with
ground glass, leak-free fittings or any simi-
larly leak-free non-contaminating fittings.
The first, third, and fourth impingers shall
be of the Greenburg-Smith design, modified
by replacing the tip with a 1.3 centimeter (1⁄2
inch) ID glass tube extending to about 1.3 cm
(1⁄2 in.) from the bottom of the flask. The sec-
ond impinger shall be of the Greenburg-
Smith design with the standard tip. Modi-
fications (e.g., using flexible connections be-
tween the impingers, using materials other
than glass, or using flexible vacuum lines to
connect the filter holder to the condenser)
may be used, subject to the approval of the
Administrator.

The first two impingers shall contain
known volumes of water, the third shall be
empty, and the fourth shall contain a known
weight of 6- to 16-mesh indicating type silica
gel, or equivalent desiccant. If the silica gel
has been previously used, dry at 175° C (350°
F) for 2 hours. New silica gel may be used as
received. A thermometer, capable of measur-
ing temperature to within 1° C (2° F), shall be
placed at the outlet of the fourth impinger,
for monitoring purposes.

Alternatively, any system may be used
(subject to the approval of the Adminis-
trator) that cools the sample gas stream and
allows measurement of both the water that
has been condensed and the moisture leaving
the condenser, each to within 1 ml or 1 g. Ac-
ceptable means are to measure the con-
densed water, either gravimetrically or
volumetrically, and to measure the moisture
leaving the condenser by: (1) monitoring the
temperature and pressure at the exit of the
condenser and using Dalton’s law of partial
pressures, or (2) passing the sample gas
stream through a tared silica gel (or equiva-
lent desiccant) trap, with exit gases kept
below 20° C (68° F), and determining the
weight gain.

If means other than silica gel are used to
determine the amount of moisture leaving
the condenser, it is recommended that silica
gel (or equivalent) still be used between the
condenser system and pump, to prevent
moisture condensation in the pump and me-
tering devices and to avoid the need to make
corrections for moisture in the metered vol-
ume.

2.1.3 Cooling System. An ice bath con-
tainer and crushed ice (or equivalent) are
used to aid in condensing moisture.

2.1.4 Metering System. This system in-
cludes a vacuum gauge, leak-free pump,
thermometers capable of measuring tem-
perature to within 3° C (5.4° F), dry gas meter
capable of measuring volume to within 2 per-
cent, and related equipment as shown in Fig-
ure 4–1. Other metering systems, capable of
maintaining a constant sampling rate and
determining sample gas volume, may be
used, subject to the approval of the Adminis-
trator.

2.1.5 Barometer. Mercury, aneroid, or
other barometer capable of measuring at-
mospheric pressure to within 2.5 mm Hg (0.1
in. Hg) may be used. In many cases, the baro-
metric reading may be obtained from a near-
by National Weather Service station, in
which case the station value (which is the
absolute barometric pressure) shall be re-
quested and an adjustment for elevation dif-
ferences between the weather station and the
sampling point shall be applied at a rate of
minus 2.5 mm Hg (0.1 in. Hg) per 30 m (100 ft)
elevation increase or vice versa for elevation
decrease.

2.1.6 Graduated Cylinder and/or Balance.
These items are used to measure condensed
water and moisture caught in the silica gel
to within 1 ml or 0.5 g. Graduated cylinders
shall have subdivisions no greater than 2 ml.
Most laboratory balances are capable of
weighing to the nearest 0.5 g or less. These
balances are suitable for use here.

2.2 Procedure. The following procedure is
written for a condenser system (such as the
impinger system described in Section 2.1.2)
incorporating volumetric analysis to meas-
ure the condensed moisture, and silica gel
and gravimetric analysis to measure the
moisture leaving the condenser.

2.2.1 Unless otherwise specified by the Ad-
ministrator, a minimum of eight traverse
points shall be used for circular stacks hav-
ing diameters less than 0.61 m (24 in.), a min-
imum of nine points shall be used for rectan-
gular stacks having equivalent diameters
less than 0.61 m (24 in.), and a minimum of
twelve traverse points shall be used in all
other cases. The traverse points shall be lo-
cated according to Method 1. The use of
fewer points is subject to the approval of the
Administrator. Select a suitable probe and
probe length such that all traverse points
can be sampled. Consider sampling from op-
posite sides of the stack (four total sampling
ports) for large stacks, to permit use of
shorter probe lengths. Mark the probe with
heat resistant tape or by some other method
to denote the proper distance into the stack
or duct for each sampling point. Place
known volumes of water in the first two
impingers. Weigh and record the weight of



618

40 CFR Ch. I (7–1–97 Edition)Pt. 60, App. A, Meth. 4

the silica gel to the nearest 0.5 g, and trans-
fer the silica gel to the fourth impinger; al-
ternatively, the silica gel may first be trans-
ferred to the impinger, and the weight of the
silica gel plus impinger recorded.

2.2.2 Select a total sampling time such
that a minimum total gas volume of 0.60 scm
(21 scf) will be collected, at a rate no greater
than 0.021 m3/min (0.75 cfm). When both mois-
ture content and pollutant emission rate are
to be determined, the moisture determina-
tion shall be simultaneous with, and for the
same total length of time as, the pollutant
emission rate run, unless otherwise specified
in an applicable subpart of the standards.

2.2.3 Set up the sampling train as shown
in Figure 4–1. Turn on the probe heater and
(if applicable) the filter heating system to
temperatures of about 120° C (248° F), to pre-
vent water condensation ahead of the con-
denser; allow time for the temperatures to
stabilize. Place crushed ice in the ice bath
container. It is recommended, but not re-
quired, that a leak check be done, as follows:
Disconnect the probe from the first impinger
or (if applicable) from the filter holder. Plug
the inlet to the first impinger (or filter hold-
er) and pull a 380 mm (15 in.) Hg vacuum; a
lower vacuum may be used, provided that it
is not exceeded during the test. A leakage
rate in excess of 4 percent of the average
sampling rate or 0.00057 m3/min (0.02 cfm),
whichever is less, is unacceptable. Following
the leak check, reconnect the probe to the
sampling train.

2.2.4 During the sampling run, maintain a
sampling rate within 10 percent of constant
rate, or as specified by the Administrator.
For each run, record the data required on the
example data sheet shown in Figure 4–2. Be

sure to record the dry gas meter reading at
the beginning and end of each sampling time
increment and whenever sampling is halted.
Take other appropriate readings at each
sample point, at least once during each time
increment.

2.2.5 To begin sampling, position the
probe tip at the first traverse point. Imme-
diately start the pump and adjust the flow to
the desired rate. Traverse the cross section,
sampling at each traverse point for an equal
length of time. Add more ice and, if nec-
essary, salt to maintain a temperature of
less 20° C (68° F) at the silica gel outlet.

2.2.6 After collecting the sample, dis-
connect the probe from the filter holder (or
from the first impinger) and conduct a leak
check (mandatory) as described in Section
2.2.3. Record the leak rate. If the leakage
rate exceeds the allowable rate, the tester
shall either reject the test results or shall
correct the sample volume as in Section 6.3
of Method 5. Next, measure the volume of
the moisture condensed to the nearest ml.
Determine the increase in weight of the sili-
ca gel (or silica gel plus impinger) to the
nearest 0.5 g. Record this information (see
example data sheet, Figure 4–3) and calculate
the moisture percentage, as described in 2.3
below.

2.2.7 A quality control check of the vol-
ume metering system at the field site is sug-
gested before collecting the sample following
the procedure in Method 5, Section 4.4

2.3 Calculations. Carry out the following
calculations, retaining at least one extra
decimal figure beyond that of the acquired
data. Round off figures after final calcula-
tion.
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FIGURE 4–3—ANALYTICAL DATA—REFERENCE
METHOD

Impinger vol-
ume, ml

Silica gel
weight, g

Final .....................................
Initial ....................................
Difference ............................

2.3.1 Nomenclature.

B ws=Proportion of water vapor, by volume,
in the gas stream.

M w=Molecular weight of water, 18.0 g/g-mole
(18.0 lb/lb-mole).

P m=Absolute pressure (for this method, same
as barometric pressure) at the dry gas
meter, mm Hg (in. Hg).

P std=Standard absolute pressure, 760 mm Hg
(29.92 in. Hg).

R=Ideal gas constant, 0.06236 (mm Hg) (m3)/
(g-mole) (°K) for metric units and 21.85
(in. Hg) (ft3)/(lb-mole) (°R) for English
units.

T m=Absolute temperature at meter, °K (°R).
T std=Standard absolute temperature, 293° K

(528°R).
V m=Dry gas volume measured by dry gas

meter, dcm (dcf).
∆V m=Incremental dry gas volume measured

by dry gas meter at each traverse point,
dcm (dcf).

V m(std)=Dry gas volume measured by the dry
gas meter, corrected to standard condi-
tions, dscm (dscf).

V wc(std)=Volume of water vapor condensed
corrected to standard conditions, scm
(scf).

V wsg(std)=Volume of water vapor collected in
silica gel corrected to standard condi-
tions, scm (scf).

V f=Final volume of condenser water, ml.
V i=Initial volume, if any, of condenser

water, ml.
W f=Final weight of silica gel or silica gel

plus impinger, g.
W i=Initial weight of silica gel or silica gel

plus impinger, g.
Y=Dry gas meter calibration factor.
ρ w=Density of water, 0.9982 g/ml (0.002201 lb/

ml).
2.3.2 Volume of Water Vapor Condensed.

Vwc(std) =
(Vf¥Vi)ρwRTstd

PstdMw

= K1(Vf¥Vi)

Eq. 4–1

Where:

K1=0.001333 m3/ml for metric units
=0.04707 ft3/ml for English units

2.3.3 Volume of Water Vapor Collected in
Silica Gel.

Vwsg(std) =
(Wf¥Wi)RTstd

PstdMw

= K2(Wf¥Wi)

Eq. 4–2

Where:
K 2=0.001335 m3/g for metric units

=0.04715 ft3/g for English units
2.3.4 Sample Gas Volume.

Vm(std) = VmY
(Pm)(Tstd)

(Pstd)(Tm)

= K3Y
VmPm

Tm

Eq. 4–3

Where:
K 3=0.3858 °K/mm Hg for metric units

=17.64 °R/in. Hg for English units

NOTE: If the post-test leak rate (Section
2.2.6) exceeds the allowable rate, correct the
value of V m in Equation 4–3, as described in
Section 6.3 of Method 5.

2.3.5 Moisture Content.

Bws =
Vwc(std)+Vwsg(std)

Vwc(std)+Vwsg(std)+Vm(std)

Eq. 4–4

NOTE: In saturated or moisture droplet-
laden gas streams, two calculations of the
moisture content of the stack gas shall be
made, one using a value based upon the satu-
rated conditions (see Section 1.2), and an-
other based upon the results of the impinger
analysis. The lower of these two values of
B ws shall be considered correct.

2.3.6 Verification of Constant Sampling
Rate. For each time increment, determine
the ∆V m. Calculate the average. If the value
for any time increment differs from the aver-
age by more than 10 percent, reject the re-
sults and repeat the run.

3. Approximation Method

The approximation method described
below is presented only as a suggested meth-
od (see Section 1.2).

3.1 Apparatus.
3.1.1 Probe. Stainless steel glass tubing,

sufficiently heated to prevent water con-
densation and equipped with a filter (either
in-stack or heated out-stack) to remove par-
ticulate matter. A plug of glass wool, in-
serted into the end of the probe, is a satisfac-
tory filter.

3.1.2 Impingers. Two midget impingers,
each with 30 ml capacity, or equivalent.
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3.1.3 Ice Bath. Container and ice, to aid in
condensing moisture in impingers.

3.1.4 Drying Tube. Tube packed with new
or regenerated 6- to 16-mesh indicating-type
silica gel (or equivalent desiccant), to dry
the sample gas and to protect the meter and
pump.

3.1.5 Valve. Needle valve, to regulate the
sample gas flow rate.

3.1.6 Pump. Leak-free, diaphragm type, or
equivalent, to pull the gas sample through
the train.

3.1.7 Volume Meter. Dry gas meter, suffi-
ciently accurate to measure the sample vol-
ume within 2%, and calibrated over the
range of flow rates and conditions actually
encountered during sampling.

3.1.8 Rate Meter. Rotameter, to measure
the flow range from 0 to 3 lpm (0 to 0.11 cfm).

3.1.9 Graduated Cylinder. 25 ml.
3.1.10 Barometer. Mercury, aneroid, or

other barometer, as described in Section 2.1.5
above.

3.1.11 Vacuum Gauge. At least 760 mm Hg
(30 in. Hg) gauge, to be used for the sampling
leak check.

3.2 Procedure.
3.2.1 Place exactly 5 ml distilled water in

each impinger.

Leak check the sampling train as follows:
Temporarily insert a vacuum gauge at or
near the probe inlet; then, plug the probe
inlet and pull a vacuum of at least 250 mm
Hg (10 in. Hg). Note the time rate of change
of the dry gas meter dial; alternatively, a ro-
tameter (0–40 cc/min) may be temporarily at-
tached to the dry gas meter outlet to deter-
mine the leakage rate. A leak rate not in ex-
cess of 2 percent of the average sampling
rate is acceptable.

NOTE: Carefully release the probe inlet
plug before turning off the pump.
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FIGURE 4–5—FIELD MOISTURE
DETERMINATION—APPROXIMATION METHOD

FIGURE 4–5—FIELD MOISTURE
DETERMINATION—APPROXIMATION METHOD

Location ................................. Comments:
Test ........................................
Date .......................................
Operator ................................
Barometric pressure ..............

Clock time
Gas volume

through meter,
(Vm), m3 (ft3)

Rate meter
setting m3/

min (ft3/min)

Meter tem-
perature, ° C

(° F)

3.2.2 Connect the probe, insert it into the
stack, and sample at a constant rate of 2 lpm
(0.071 cfm). Continue sampling until the dry
gas meter registers about 30 liters (1.1 ft3) or
until visible liquid droplets are carried over
from the first impinger to the second. Record
temperature, pressure, and dry gas meter
readings as required by Figure 4–5.

3.2.3 After collecting the sample, combine
the contents of the two impingers and meas-
ure the volume to the nearest 0.5 ml.

3.3 Calculations. The calculation method
presented is designed to estimate the mois-
ture in the stack gas; therefore, other data,
which are only necessary for accurate mois-
ture determinations, are not collected. The
following equations adequately estimate the
moisture content, for the purpose of deter-
mining isokinetic sampling rate settings.

3.3.1 Nomenclature.

Bwm=Approximate proportion, by volume, of
water vapor in the gas stream leaving
the second impinger, 0.025.

Bws=Water vapor in the gas stream, propor-
tion by volume.

Mw=Molecular weight of water, 18.0 g/g-mole
(18.0 lb/lb-mole).

Pm=Absolute pressure (for this method, same
as barometric pressure) at the dry gas
meter.

Pstd=Standard absolute pressure, 760 mm Hg
(29.92 in. Hg).

R=Ideal gas constant, 0.06236 (mm Hg) (m3)/
(g-mole) (°K) for metric units and 21.85
(in. Hg) (ft3)/lb-mole) (°R) for English
units.

Tm=Absolute temperature at meter, °K (°R).
Tstd=Standard absolute temperature, 293° K

(528° R).
Vf=Final volume of impinger contents, ml.
Vi=Initial volume of impinger contents, ml.

Vm=Dry gas volume measured by dry gas
meter, dcm (dcf).

Vm(std)=Dry gas volume measured by dry gas
meter, corrected to standard conditions,
dscm (dscf).

Vwc(std)=Volume of water vapor condensed,
corrected to standard conditions, scm
(scf).

ρw=Density of water, 0.9982 g/ml (0.002201 lb/
ml).

Y=Dry gas meter calibration factor.
3.3.2 Volume of Water Vapor Collected.

Vwc =
(Vf¥Vi)ρwRTstd

PstdMw

= K1(Vf¥Vi)

Eq. 4–5

Where:
K1=0.001333 m3/ml for metric units

=0.04707 ft3/ml for English units.

3.3.3 Gas Volume.

where:
K2=0.3858 °K/mm Hg for metric units

=17.64 °R/in. Hg for English units

3.3.4 Approximate Moisture Content.

4. Calibration

4.1 For the reference method, calibrate
equipment as specified in the following sec-
tions of Method 5: Section 5.3 (metering sys-
tem); Section 5.5 (temperature gauges); and
Section 5.7 (barometer). The recommended
leak check of the metering system (Section
5.6 of Method 5) also applies to the reference
method. For the approximation method, use
the procedures outlined in Section 5.1.1 of
Method 6 to calibrate the metering system,
and the procedure of Method 5, Section 5.7 to
calibrate the barometer.
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METHOD 5—DETERMINATION OF PARTICULATE

EMISSIONS FROM STATIONARY SOURCES

1. Principle and Applicability

1.1 Principle. Particulate matter is with-
drawn isokinetically from the source and
collected on a glass fiber filter maintained at
a temperature in the range of 120±14° C
(248±25° F) or such other temperature as
specified by an applicable subpart of the
standards or approved by Administrator,
U.S. Environmental Protection Agency, for a
particular application. The particulate mass,
which includes any material that condenses
at or above the filtration temperature, is de-

termined gravimetrically after removal of
uncombined water.

1.2 Applicability. This method is applica-
ble for the determination of particulate
emissions from stationary sources.

2. Apparatus

2.1 Sampling Train. A schematic of the
sampling train used in this method is shown
in Figure 5–1. Complete construction details
are given in APTD–0581 (Citation 2 in Bibli-
ography); commercial models of this train
are also available. For changes from APTD–
0581 and for allowable modifications of the
train shown in Figure 5–1, see the following
subsections.

The operating and maintenance procedures
for the sampling train are described in
APTD–0576 (Citation 3 in Bibliography).
Since correct usage is important in obtain-
ing valid results, all users should read
APTD–0576 and adopt the operating and
maintenance procedures outlined in it, un-
less otherwise specified herein. The sampling
train consists of the following components:



625

Environmental Protection Agency Pt. 60, App. A, Meth. 5



626

40 CFR Ch. I (7–1–97 Edition)Pt. 60, App. A, Meth. 5

2 Mention of trade names or specific prod-
uct does not constitute endorsement by the
Environmental Protection Agency.

2.1.1 Probe Nozzle. Stainless steel (316) or
glass with sharp, tapered leading edge. The
angle of taper shall be ≤30° and the taper
shall be on the outside to preserve a con-
stant internal diameter. The probe nozzle
shall be of the button-hook or elbow design,
unless otherwise specified by the Adminis-
trator. If made of stainless steel, the nozzle
shall be constructed from seamless tubing;
other materials of construction may be used,
subject to the approval of the Administrator.

A range of nozzle sizes suitable for
isokinetic sampling should be available, e.g.,
0.32 to 1.27 cm (1⁄8 to 1⁄2 in.)—or larger if high-
er volume sampling trains are used—inside
diameter (ID) nozzles in increments of 0.16
cm (1⁄16 in.). Each nozzle shall be calibrated
according to the procedures outlined in Sec-
tion 5.

2.1.2 Probe Liner. Borosilicate or quartz
glass tubing with a heating system capable
of maintaining a gas temperature at the exit
end during sampling of 120±14° C (248±25° F),
or such other temperature as specified by an
applicable subpart of the standards or ap-
proved by the Administrator for a particular
application. (The tester may opt to operate
the equipment at a temperature lower than
that specified.) Since the actual temperature
at the outlet of the probe is not usually mon-
itored during sampling, probes constructed
according to APTD–0581 and utilizing the
calibration curves of APTD–0576 (or cali-
brated according to the procedure outlined
in APTD–0576) will be considered acceptable.

Either borosilicate or quartz glass probe
liners may be used for stack temperatures up
to about 480° C (900° F); quartz liners shall be
used for temperatures between 480 and 900° C
(900 and 1,650° F). Both types of liners may be
used at higher temperatures than specified
for short periods of time, subject to the ap-
proval of the Administrator. The softening
temperature for borosilicate is 820° C (1,508°
F), and for quartz it is 1,500° C (2,732° F).

Whenever practical, every effort should be
made to use borosilicate or quartz glass
probe liners. Alternatively, metal liners
(e.g., 316 stainless steel, Incoloy 825,2 or
other corrosion resistant metals) made of
seamless tubing may be used, subject to the
approval of the Administrator.

2.1.3 Pitot Tube. Type S, as described in
Section 2.1 of Method 2, or other device ap-
proved by the Administrator. The pitot tube
shall be attached to the probe (as shown in
Figure 5–1) to allow constant monitoring of
the stack gas velocity. The impact (high
pressure) opening plane of the pitot tube
shall be even with or above the nozzle entry
plane (see Method 2, Figure 2–6b) during sam-
pling. The Type S pitot tube assembly shall

have a known coefficient, determined as out-
lined in Section 4 of Method 2.

2.1.4 Differential Pressure Gauge. Inclined
manometer or equivalent device (two), as de-
scribed in Section 2.2 of Method 2. One ma-
nometer shall be used or velocity head (∆ρ)
readings, and the other, for orifice differen-
tial pressure readings.

2.1.5 Filter Holder. Borosilicate glass,
with a glass frit filter support and a silicone
rubber gasket. Other materials of construc-
tion (e.g., stainless steel, Teflon, Viton) may
be used, subject to approval of the Adminis-
trator. The holder design shall provide a
positive seal against leakage from the out-
side or around the filter. The holder shall be
attached immediately at the outlet of the
probe (or cyclone, it used).

2.1.6 Filter Heating System. Any heating
system capable of maintaining a tempera-
ture around the filter holder during sampling
of 120±14° C (248±25° F), or such other tem-
perature as specified by an applicable sub-
part of the standards or approved by the Ad-
ministrator for a particular application. Al-
ternatively, the tester may opt to operate
the equipment at a temperature lower than
that specified. A temperature gauge capable
of measuring temperature to within 3° C (5.4°
F) shall be installed so that the temperature
around the filter holder can be regulated and
monitored during sampling. Heating systems
other than the one shown in APTD–0581 may
be used.

2.1.7 Condenser. The following system
shall be used to determine the stack gas
moisture content: Four impingers connected
in series with leak-free ground glass fittings
or any similar leak-free non-contaminating
fittings. The first, third, and fourth
impingers shall be of the Greenburg-Smith
design, modified by replacing the tip with 1.3
cm (1⁄2 in.) ID glass tube extending to about
1.3 cm (1⁄2 in.) from the bottom of the flask.
The second impinger shall be of the
Greenburg-Smith design with the standard
tip. Modifications (e.g., using flexible con-
nections between the impingers, using mate-
rials other than glass, or using flexible vacu-
um lines to connect the filter holder to the
condenser) may be used, subject to the ap-
proval of the Administrator. The first and
second impingers shall contain known quan-
tities of water (Section 4.1.3), the third shall
be empty, and the fourth shall contain a
known weight of silica gel, or equivalent des-
iccant. A thermometer, capable of measuring
temperature to within 1° C (2° F) shall be
placed at the outlet of the fourth impinger
for monitoring purposes.

Alternatively, any system that cools the
sample gas stream and allows measurement
of the water condensed and moisture leaving
the condenser, each to within 1 ml or 1 g
may be used, subject to the approval of the
Administrator. Acceptable means are to
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measure the condensed water either gravi-
metrically or volumetrically and to measure
the moisture leaving the condenser by: (1)
monitoring the temperature and pressure at
the exit of the condenser and using Dalton’s
law of partial pressures; or (2) passing the
sample has stream through a tared silica gel
(or equivalent desiccant) trap with exit gases
kept below 20° C (68° F) and determining the
weight gain.

If means other than silica gel are used to
determine the amount of moisture leaving
the condenser, it is recommended that silica
gel (or equivalent) still be used between the
condenser system and pump to prevent mois-
ture condensation in the pump and metering
devices and to avoid the need to make cor-
rections for moisture in the metered volume.

NOTE: If a determination of the particulate
matter collected in the impingers is desired
in addition to moisture content, the im-
pinger system described above shall be used,
without modification. Individual States or
control agencies requiring this information
shall be contacted as to the sample recovery
and analysis of the impinger contents.

2.1.8 Metering System. Vacuum gauge,
leak-free pump, thermometers capable of
measuring temperature to within 3° C (5.4°
F), dry gas meter capable of measuring vol-
ume to within 2 percent, and related equip-
ment, as shown in Figure 5–1. Other metering
systems capable of maintaining sampling
rates within 10 percent of isokinetic and of
determining sample volumes to within 2 per-
cent may be used, subject to the approval of
the Administrator. When the metering sys-
tem is used in conjunction with a pitot tube,
the system shall enable checks of isokinetic
rates.

Sampling trains utilizing metering sys-
tems designed for higher flow rates than that
decribed in APTD–0581 or APDT–0576 may be
used provided that the specifications of this
method are met.

2.1.9 Barometer. Mercury aneroid, or
other barometer capable of measuring at-
mospheric pressure to within 2.5 mm Hg (0.1
in. Hg). In many cases the barometric read-
ing may be obtained from a nearby National
Weather Service station, in which case the
station value (which is the absolute baro-
metric pressure) shall be requested and an
adjustment for elevation differences between
the weather station and sampling point shall
be applied at a rate of minus 2.5 mm Hg (0.1
in. Hg) per 30 m (100 ft) elevation increase or
vice versa for elevation decrease.

2.1.10 Gas Density Determination Equip-
ment. Temperature sensor and pressure
gauge, as described in Sections 2.3 and 2.4 of
Method 2, and gas analyzer, if necessary, as
described in Method 3. The temperature sen-
sor shall, preferably, be permanently at-
tached to the pitot tube or sampling probe in
a fixed configuration, such that the tip of

the sensor extends beyond the leading edge
of the probe sheath and does not touch any
metal. Alternatively, the sensor may be at-
tached just prior to use in the field. Note,
however, that if the temperature sensor is
attached in the field, the sensor must be
placed in an interference-free arrangement
with respect to the Type S pitot tube open-
ings (see Method 2, Figure 2–7). As a second
alternative, if a difference of not more than
1 percent in the average velocity measure-
ment is to be introduced, the temperature
gauge need not be attached to the probe or
pitot tube. (This alternative is subject to the
approval of the Administrator.)

2.2 Sample Recovery. The following items
are needed.

2.2.1 Probe-Liner and Probe-Nozzle Brush-
es. Nylon bristle brushes with stainless steel
wire handles. The probe brush shall have ex-
tensions (at least as long as the probe) of
stainless steel, Nylon, Teflon, or similarly
inert material. The brushes shall be properly
sized and shaped to brush out the probe liner
and nozzle.

2.2.2 Wash Bottles—Two. Glass wash bot-
tles are recommended; polyethylene wash
bottles may be used at the option of the test-
er. It is recommended that acetone not be
stored in polyethylene bottles for longer
than a month.

2.2.3 Glass Sample Storage Containers.
Chemically resistant, borosilicate glass bot-
tles, for acetone washes, 500 ml or 1000 ml.
Screw cap liners shall either be rubber-
backed Teflon or shall be constructed so as
to be leak-free and resistant to chemical at-
tack by acetone. (Narrow mouth glass bot-
tles have been found to be less prone to leak-
age.) Alternatively, polyethylene bottles
may be used.

2.2.4 Petri Dishes. For filter samples,
glass or polyethylene, unless otherwise spec-
ified by the Administrator.

2.2.5 Graduated Cylinder and/or Balance.
To measure condensed water to within 1 ml
or 1 g. Graduated cylinders shall have sub-
divisions no greater than 2 ml. Most labora-
tory balances are capable of weighing to the
nearest 0.5 g or less. Any of these balances is
suitable or use here and in Section 2.3.4.

2.2.6 Plastic Storage Containers. Air-tight
containers to store silica gel.

2.2.7 Funnel and Rubber Policeman. To
aid in transfer of silica gel to container; not
necessary if silica gel is weighed in the field.

2.2.8 Funnel. Glass or polyethylene, to aid
in sample recovery.

2.3 Analysis. For analysis, the following
equipment is needed.

2.3.1 Glass Weighing Dishes.
2.3.2 Desiccator.
2.3.3 Analytical Balance. To measure to

within 0.1 mg.
2.3.4 Balance. To measure to within 0.5 g.
2.3.5 Beakers. 250 ml.
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2.3.6 Hygrometer. To measure the relative
humidity of the laboratory environment.

2.3.7 Temperature Gauge. To measure the
temperature of the laboratory environment.
3. Reagents

3.1 Sampling. The reagents used in sam-
pling are as follows:

3.1.1 Filters. Glass fiber filters, without
organic binder, exhibiting at least 99.95 per-
cent efficiency (<0.05 percent penetration) on
0.3-micron dioctyl phthalate smoke par-
ticles. The filter efficiency test shall be con-
ducted in accordance with ASTM Standard
Method D2986–71 (Reapproved 1978) (incor-
porated by reference—see § 60.17). Test data
from the supplier’s quality control program
are sufficient for this purpose. In sources
containing SO2 or SO3, the filter material
must be of a type that is unreactive to SO2

or SO3. Citation 10 in Bibliography, may be
used to select the appropriate filter.

3.1.2 Silica Gel. Indicating type, 6 to 16
mesh. If previously used, dry at 175° C (350°
F) for 2 hours. New silica gel may be used as
received. Alternatively, other types of
desiccants (equivalent or better) may be
used, subject to the approval of the Adminis-
trator.

3.1.3 Water. When analysis of the material
caught in the impingers is required,
deionized distilled water shall be used. Run
blanks prior to field use to eliminate a high
blank on test samples.

3.1.4 Crushed Ice.
3.1.5 Stopcock Grease. Acetone-insoluble,

heat-stable silicone grease. This is not nec-
essary if screw-on connectors with Teflon
sleeves, or similar, are used. Alternatively,
other types of stopcock grease may be used,
subject to the approval of the Administrator.

3.2 Sample Recovery. Acetone-reagent
grade, ≤0.001 percent residue, in glass bot-
tles—is required. Acetone from metal con-
tainers generally has a high residue blank
and should not be used. Sometimes, suppliers
transfer acetone to glass bottles from metal
containers; thus, acetone blanks shall be run
prior to field use and only acetone with low
blank values (≤0.001 percent) shall be used. In
no case shall a blank value of greater than
0.001 percent of the weight of acetone used be
subtracted from the sample weight.

3.3 Analysis. Two reagents are required
for the analysis:

3.3.1 Acetone. Same as 3.2.
3.3.2 Desiccant. Anhydrous calcium sul-

fate, indicating type. Alternatively, other
types of desiccants may be used, subject to
the approval of the Administrator.
4. Procedure

4.1 Sampling. The complexity of this
method is such that, in order to obtain reli-
able results, testers should be trained and
experienced with the test procedures.

4.1.1 Pretest Preparation. It is suggested
that sampling equipment be maintained ac-

cording to the procedure described in APTD–
0576.

Weigh several 200 to 300 g portions of silica
gel in air-tight containers to the nearest 0.5
g. Record the total weight of the silica gel
plus container, on each container. As an al-
ternative, the silica gel need not be
preweighed, but may be weighed directly in
the impinger or sampling holder just prior to
train assembly.

Check filters visually against light for
irregularities and flaws or pinhole leaks.
Label filters of the proper diameter on the
back side near the edge using numbering ma-
chine ink. As an alternative, label the ship-
ping containers (glass or plastic petri dishes)
and keep the filters in these containers at all
times except during sampling and weighing.

Desiccate the filters at 20±5.6° C (68±10° F)
and ambient pressure for at least 24 hours
and weigh at intervals of at least 6 hours to
a constant weight, i.e., 0.5 mg change from
previous weighing; record results to the
nearest 0.1 mg. During each weighing the fil-
ter must not be exposed to the laboratory at-
mosphere for a period greater than 2 minutes
and a relative humidity above 50 percent. Al-
ternatively (unless otherwise specified by
the Administrator), the filters may be oven
dried at 105° C (220° F) for 2 to 3 hours, des-
iccated for 2 hours, and weighed. Procedures
other than those described, which account
for relative humidity effects, may be used,
subject to the approval of the Administrator.

4.1.2 Preliminary Determinations. Select
the sampling site and the minimum number
of sampling points according to Method 1 or
as specified by the Administrator. Determine
the stack pressure, temperature, and the
range of velocity heads using Method 2; it is
recommended that a leak-check of the pitot
lines (see Method 2, Section 3.1) be per-
formed. Determine the moisture content
using Approximation Method 4 or its alter-
natives for the purpose of making isokinetic
sampling rate settings. Determine the stack
gas dry molecular weight, as described in
Method 2, Section 3.6; if integrated Method 3
sampling is used for molecular weight deter-
mination, the integrated bag sample shall be
taken simultaneously with, and for the same
total length of time as, the particulate sam-
ple run.

Select a nozzle size based on the range of
velocity heads, such that it is not necessary
to change the nozzle size in order to main-
tain isokinetic sampling rates. During the
run, do not change the nozzle size. Ensure
that the proper differential pressure gauge is
chosen for the range of velocity heads en-
countered (see Section 2.2 of Method 2).

Select a suitable probe liner and probe
length such that all traverse points can be
sampled. For large stacks, consider sampling
from opposite sides of the stack to reduce
the length of probes.
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Select a total sampling time greater than
or equal to the minimum total sampling
time specified in the test procedures for the
specific industry such that (1) the sampling
time per point is not less than 2 min (or
some greater time interval as specified by
the Administrator), and (2) the sample vol-
ume taken (corrected to standard conditions)
will exceed the required minimum total gas
sample volume. The latter is based on an ap-
proximate average sampling rate.

It is recommended that the number of min-
utes sampled at each point be an integer or
an integer plus one-half minute, in order to
avoid timekeeping errors. The sampling time
at each point shall be the same.

In some circumstances, e.g., batch cycles,
it may be necessary to sample for shorter
times at the traverse points and to obtain
smaller gas sample volumes. In these cases,
the Administrator’s approval must first be
obtained.

4.1.3 Preparation of Collection Train. Dur-
ing preparation and assembly of the sam-
pling train, keep all openings where con-
tamination can occur covered until just
prior to assembly or until sampling is about
to begin.

Place 100 ml of water in each of the first
two impingers, leave the third impinger
empty, and transfer approximately 200 to 300
g of preweighed silica gel from its container
to the fourth impinger. More silica gel may
be used, but care should be taken to ensure
that it is not entrained and carried out from
the impinger during sampling. Place the con-
tainer in a clean place for later use in the
sample recovery. Alternatively, the weight
of the silica gel plus impinger may be deter-
mined to the nearest 0.5 g and recorded.

Using a tweezer or clean disposable sur-
gical gloves, place a labeled (identified) and
weighed filter in the filter holder. Be sure
that the filter is properly centered and the
gasket properly placed so as to prevent the
sample gas stream from circumventing the
filter. Check the filter for tears after assem-
bly is completed.

When glass liners are used, install the se-
lected nozzle using a Viton A O-ring when
stack temperatures are less than 260° C (500°
F) and an asbestos string gasket when tem-
peratures are higher. See APTD–0576 for de-
tails. Other connecting systems using either
316 stainless steel or Teflon ferrules may be
used. When metal liners are used, install the
nozzle as above or by a leak-free direct me-
chanical connection. Mark the probe with
heat resistant tape or by some other method
to denote the proper distance into the stack
or duct for each sampling point.

Set up the train as in Figure 5–1, using (if
necessary) a very light coat of silicone
grease on all ground glass joints, greasing
only the outer portion (see APTD–0576) to
avoid possibility of contamination by the sil-
icone grease. Subject to the approval of the

Administrator, a glass cyclone may be used
between the probe and filter holder when the
total particulate catch is expected to exceed
100 mg or when water droplets are present in
the stack gas.

Place crushed ice around the impingers.
4.1.4 Leak-Check Procedures.
4.1.4.1 Pretest Leak-Check. A pretest

leak-check is recommended, but not re-
quired. If the tester opts to conduct the pre-
test leak-check, the following procedure
shall be used.

After the sampling train has been assem-
bled, turn on and set the filter and probe
heating systems at the desired operating
temperatures. Allow time for the tempera-
tures to stabilize. If a Viton A O-ring or
other leak-free connection is used in assem-
bling the probe nozzle to the probe liner,
leak-check the train at the sampling site by
plugging the nozzle and pulling a 380 mm Hg
(15 in. Hg) vacuum.

NOTE: A lower vacuum may be used, pro-
vided that it is not exceeded during the test.

If an asbestos string is used, do not con-
nect the probe to the train during the leak-
check. Instead, leak-check the train by first
plugging the inlet to the filter holder (cy-
clone, if applicable) and pulling a 380 mm Hg
(15 in. Hg) vacuum (see Note immediately
above). Then connect the probe to the train
and leak-check at about 25 mm Hg (1 in. Hg)
vacuum; alternatively, the probe may be
leak-checked with the rest of the sampling
train, in one step, at 380 mm Hg (15 in. Hg)
vacuum. Leakage rates in excess of 4 percent
of the average sampling rate or 0.00057 m3/
min (0.02 cfm), whichever is less, are unac-
ceptable.

The following leak-check instructions for
the sampling train described in APTD–0576
and APTD–0581 may be helpful. Start the
pump with bypass valve fully open and
coarse adjust valve, completely closed. Par-
tially open the coarse adjust valve and slow-
ly close the bypass valve until the desired
vacuum is reached. Do not reverse direction
of bypass valve; this will cause water to back
up into the filter holder. If the desired vacu-
um is exceeded, either leak-check at this
higher vacuum or end the leak-check as
shown below and start over.

When the leak-check is completed, first
slowly remove the plug from the inlet to the
probe, filter holder, or cyclone (if applicable)
and immediately turn off the vacuum pump.
This prevents the water in the impingers
from being forced backward into the filter
holder and silica gel from being entrained
backward into the third impinger.

4.1.4.2 Leak-Checks During Sample Run.
If, during the sampling run, a component
(e.g., filter assembly or impinger) change be-
comes necessary, a leak-check shall be con-
ducted immediately before the change is
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made. The leak-check shall be done accord-
ing to the procedure outlined in Section
4.1.4.1 above, except that it shall be done at
a vacuum equal to or greater than the maxi-
mum value recorded up to that point in the
test. If the leakage rate is found to be no
greater than 0.00057 m3/min (0.02 cfm) or 4
percent of the average sampling rate (which-
ever is less), the results are acceptable, and
no correction will need to be applied to the
total volume of dry gas metered; if, however,
a higher leakage rate is obtained, the tester
shall either record the leakage rate and plan
to correct the sample volume as shown in
Section 6.3 of this method, or shall void the
sampling run.

Immediately after component changes,
leak-checks are optional; if such leak-checks
are done, the procedure outlined in Section
4.1.4.1 above shall be used.

4.1.4.3 Post-test Leak-Check. A leak-
check is mandatory at the conclusion of each
sampling run. The leak-check shall be done
in accordance with the procedures outlined
in Section 4.1.4.1, except that it shall be con-
ducted at a vacuum equal to or greater than
the maximum value reached during the sam-
pling run. If the leakage rate is found to be
no greater than 0.00057 m3/min (0.02 cfm) or 4
percent of the average sampling rate (which-
ever is less), the results are acceptable, and
no correction need be applied to the total
volume of dry gas metered. If, however, a
higher leakage rate is obtained, the tester
shall either record the leakage rate and cor-
rect the sample volume as shown in Section
6.3 of this method, or shall void the sampling
run.

4.1.5 Particulate Train Operation. During
the sampling run, maintain an isokinetic
sampling rate (within 10 percent of true
isokinetic unless otherwise specified by the
Administrator) and a temperature around
the filter of 120±14° C (248±25° F), or such

other temperature as specified by an applica-
ble subpart of the standards or approved by
the Administrator.

For each run, record the data required on
a data sheet such as the one shown in Figure
5–2. Be sure to record the initial dry gas
meter reading. Record the dry gas meter
readings at the beginning and end of each
sampling time increment, when changes in
flow rates are made, before and after each
leak-check, and when sampling is halted.
Take other readings required by Figure 5–2
at least once at each sample point during
each time increment and additional readings
when significant changes (20 percent vari-
ation in velocity head readings) necessitate
additional adjustments in flow rate. Level
and zero the manometer. Because the ma-
nometer level and zero may drift due to vi-
brations and temperature changes, make
periodic checks during the traverse.

Clean the portholes prior to the test run to
minimize the chance of sampling deposited
material. To begin sampling, remove the
nozzle cap, verify that the filter and probe
heating systems are up to temperature, and
that the pitot tube and probe are properly
positioned. Position the nozzle at the first
traverse point with the tip pointing directly
into the gas stream. Immediately start the
pump and adjust the flow to isokinetic con-
ditions. Nomographs are available, which aid
in the rapid adjustment of the isokinetic
sampling rate without excessive computa-
tions. These nomographs are designed for use
when the Type S pitot tube coefficient is
0.85±0.02, and the stack gas equivalent den-
sity (dry molecular weight) is equal to 29±4.
APTD–0576 details the procedure for using
the nomographs. If Cp and Md are outside the
above stated ranges do not use the
nomographs unless appropriate steps (see Ci-
tation 7 in Bibliography) are taken to com-
pensate for the deviations.
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When the stack is under significant nega-
tive pressure (height of impinger stem), take
care to close the coarse adjust valve before
inserting the probe into the stack to prevent
water from backing into the filter holder. If
necessary, the pump may be turned on with
the coarse adjust valve closed.

When the probe is in position, block off the
openings around the probe and porthole to
prevent unrepresentative dilution of the gas
stream.

Traverse the stack cross-section, as re-
quired by Method 1 or as specified by the Ad-
ministrator, being careful not to bump the
probe nozzle into the stack walls when sam-
pling near the walls or when removing or in-
serting the probe through the portholes; this
minimizes the chance of extracting deposited
material.

During the test run, make periodic adjust-
ments to keep the temperature around the
filter holder at the proper level; add more ice
and, if necessary, salt to maintain a tem-
perature of less than 20° C (68° F) at the con-
denser/silica gel outlet. Also, periodically
check the level and zero of the manometer.

If the pressure drop across the filter be-
comes too high, making isokinetic sampling
difficult to maintain, the filter may be re-
placed in the midst of a sample run. It is rec-
ommended that another complete filter as-
sembly be used rather than attempting to
change the filter itself. Before a new filter
assembly is installed, conduct a leak-check
(see Section 4.1.4.2). The total particulate
weight shall include the summation of all
filter assembly catches.

A single train shall be used for the entire
sample run, except in cases where simulta-
neous sampling is required in two or more
separate ducts or at two or more different lo-
cations within the same duct, or, in cases
where equipment failure necessitates a
change of trains. In all other situations, the
use of two or more trains will be subject to
the approval of the Administrator.

Note that when two or more trains are
used, separate analyses of the front-half and
(if applicable) impinger catches from each
train shall be performed, unless identical
nozzle sizes were used on all trains, in which
case, the front-half catches from the individ-
ual trains may be combined (as may the im-
pinger catches) and one analysis of front-half
catch and one analysis of impinger catch
may be performed. Consult with the Admin-
istrator for details concerning the calcula-
tion of results when two or more trains are
used.

At the end of the sample run, turn off the
coarse adjust valve, remove the probe and
nozzle from the stack, turn off the pump,
record the final dry gas meter reading, and
conduct a post-test leak-check, as outlined
in Section 4.1.4.3. Also, leak-check the pitot
lines as described in Method 2, Section 3.1;

the lines must pass this leak-check, in order
to validate the velocity head data.

4.1.6 Calculation of Percent Isokinetic.
Calculate percent isokinetic (see Calcula-
tions, Section 6) to determine whether the
run was valid or another test run should be
made. If there was difficulty in maintaining
isokinetic rates due to source conditions,
consult with the Administrator for possible
variance on the isokinetic rates.

4.2 Sample Recovery. Proper cleanup pro-
cedure begins as soon as the probe is re-
moved from the stack at the end of the sam-
pling period. Allow the probe to cool.

When the probe can be safely handled, wipe
off all external particulate matter near the
tip of the probe nozzle and place a cap over
it to prevent losing or gaining particulate
matter. Do not cap off the probe tip tightly
while the sampling train is cooling down as
this would create a vacuum in the filter
holder, thus drawing water from the
impingers into the filter holder.

Before moving the sample train to the
cleanup site, remove the probe from the sam-
ple train, wipe off the silicone grease, and
cap the open outlet of the probe. Be careful
not to lose any condensate that might be
present. Wipe off the silicone grease from the
filter inlet where the probe was fastened and
cap it. Remove the umbilical cord from the
last impinger and cap the impinger. If a
flexible line is used between the first im-
pinger or condenser and the filter holder, dis-
connect the line at the filter holder and let
any condensed water or liquid drain into the
impingers or condenser. After wiping off the
silicone grease, cap off the filter holder out-
let and impinger inlet. Either ground-glass
stoppers, plastic caps, or serum caps may be
used to close these openings.

Transfer the probe and filter-impinger as-
sembly to the cleanup area. This area should
be clean and protected from the wind so that
the chances of contaminating or losing the
sample will be minimized.

Save a portion of the acetone used for
cleanup as a blank. Take 200 ml of this ace-
tone directly from the wash bottle being
used and place it in a glass sample container
labeled ‘‘acetone blank.’’

Inspect the train prior to and during dis-
assembly and note any abnormal conditions.
Treat the samples as follows:

Container No. 1. Carefully remove the filter
from the filter holder and place it in its iden-
tified petri dish container. Use a pair of
tweezers and/or clean disposable surgical
gloves to handle the filter. If it is necessary
to fold the filter, do so such that the particu-
late cake is inside the fold. Carefully trans-
fer to the petri dish any particulate matter
and/or filter fibers which adhere to the filter
holder gasket, by using a dry Nylon bristle
brush and/or a sharp-edged blade. Seal the
container.
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Container No. 2. Taking care to see that
dust on the outside of the probe or other ex-
terior surfaces does not get into the sample,
quantitatively recover particulate matter or
any condensate from the probe nozzle, probe
fitting, probe liner, and front half of the fil-
ter holder by washing these components with
acetone and placing the wash in a glass con-
tainer. Distilled water may be used instead
of acetone when approved by the Adminis-
trator and shall be used when specified by
the Administrator; in these cases, save a
water blank and follow the Administrator’s
directions on analysis. Perform the acetone
rinses as follows:

Carefully remove the probe nozzle and
clean the inside surface by rinsing with ace-
tone from a wash bottle and brushing with a
Nylon bristle brush. Brush until the acetone
rinse shows no visible particles, after which
make a final rinse of the inside surface with
acetone.

Brush and rinse the inside parts of the
Swagelok fitting with acetone in a similar
way until no visible particles remain.

Rinse the probe liner with acetone by tilt-
ing and rotating the probe while squirting
acetone into its upper end so that all inside
surfaces will be wetted with acetone. Let the
acetone drain from the lower end into the
sample container. A funnel (glass or poly-
ethylene) may be used to aid on transferring
liquid washes to the container. Follow the
acetone rinse with a probe brush. Hold the
probe in an inclined position, squirt acetone
into the upper end as the probe brush is
being pushed with a twisting action through
the probe; hold a sample container under-
neath the lower end of the probe, and catch
any acetone and particulate matter which is
brushed from the probe. Run the brush
through the probe three times or more until
no visible particulate matter is carried out
with the acetone or until none remains in
the probe liner on visual inspection. With
stainless steel or other metal probes, run the
brush through in the above prescribed man-
ner at least six times since metal probes
have small crevices in which particulate
matter can be entrapped. Rinse the brush
with acetone, and quantitatively collect
these washings in the sample container.
After the brushing, make a final acetone
rinse of the probe as described above.

It is recommended that two people clean
the probe to minimize sample losses. Be-
tween sampling runs, keep brushes clean and
protected from contaminations.

After ensuring that all joints have been
wiped clean of silicone grease, clean the in-
side of the front half of the filter holder by
rubbing the surfaces with a Nylon bristle
brush and rinsing with acetone. Rinse each
surface three times or more if needed to re-
move visible particulate. Make a final rinse
of the brush and filter holder. Carefully rinse
out the glass cyclone, also (if applicable).

After all acetone washings and particulate
matter have been collected in the sample
container, tighten the lid on the sample con-
tainer so that acetone will not leak out when
it is shipped to the laboratory. Mark the
height of the fluid level to determine wheth-
er or not leakage occured during transport.
Label the container to clearly identify its
contents.

Container No. 3. Note the color of the indi-
cating silica gel to determine if it has been
completely spent and make a notation of its
condition. Transfer the silica gel from the
fourth impinger to its original container and
seal. A funnel may make it easier to pour
the silica gel without spilling. A rubber po-
liceman may be used as an aid in removing
the silica gel from the impinger. It is not
necessary to remove the small amount of
dust particles that may adhere to the im-
pinger wall and are difficult to remove.
Since the gain in weight is to be used for
moisture calculations, do not use any water
or other liquids to transfer the silica gel. If
a balance is available in the field, follow the
procedure for container No. 3 in Section 4.3.

Impinger Water. Treat the impingers as fol-
lows; Make a notation of any color or film in
the liquid catch. Measure the liquid which is
in the first three impingers to within ±1 ml
by using a graduated cylinder or by weighing
it to within ±0.5 g by using a balance (if one
is available). Record the volume or weight of
liquid present. This information is required
to calculate the moisture content of the ef-
fluent gas.

Discard the liquid after measuring and re-
cording the volume or weight, unless analy-
sis of the impinger catch is required (see
Note, Section 2.1.7).

If a different type of condenser is used,
measure the amount of moisture condensed
either volumetrically or gravimetrically.

Whenever possible, containers should be
shipped in such a way that they remain up-
right at all times.

4.3 Analysis. Record the data required on
a sheet such as the one shown in Figure 5–3.
Handle each sample container as follows:

FIGURE 5–3—ANALYTICAL DATA

Plant ————————————————————
Date —————————————————————
Run No. ———————————————————
Filter No. ——————————————————
Amount liquid lost during transport ————
Acetone blank volume, ml —————————
Acetone wash volume, ml ——————————
Acetone blank concentration, mg/mg (Equa-

tion 5–4) ——————————————————
Acetone wash blank, mg (Equation 5–5) ——

Container
number

Weight of particulate collected, mg

Final weight Tare weight Weight gain

1.
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Container
number

Weight of particulate collected, mg

Final weight Tare weight Weight gain

2.

Total.

Less acetone blank.

Weight of particulate matter.

Volume of liquid water col-
lected

Impinger vol-
ume, ml

Silica gel
weight, g

Final.
Initial.
Liquid collected.
Total volume collected ......... g* ml

*Convert weight of water to volume by dividing total weight
increase by density of water (1 g/ml).

Increase, g
————— = Volume water, ml

(1 g/ml)

Container No. 1. Leave the contents in the
shipping container or transfer the filter and
any loose particulate from the sample con-
tainer to a tared glass weighing dish. Des-
iccate for 24 hours in a desiccator containing
anhydrous calcium sulfate. Weigh to a con-
stant weight and report the results to the
nearest 0.1 mg. For purposes of this Section,
4.3, the term ‘‘constant weight’’ means a dif-
ference of no more than 0.5 mg or 1 percent
of total weight less tare weight, whichever is
greater, between two consecutive weighings,
with no less than 6 hours of desiccation time
between weighings.

Alternatively, the sample may be oven
dried at 105° C (220° F) for 2 to 3 hours, cooled
in the desiccator, and weighed to a constant
weight, unless otherwise specified by the Ad-
ministrator. The tester may also opt to oven
dry the sample at 105° C (220° F) for 2 to 3
hours, weigh the sample, and use this weight
as a final weight.

Container No. 2. Note the level of liquid in
the container and confirm on the analysis
sheet whether or not leakage occurred dur-
ing transport. If a noticeable amount of
leakage has occurred, either void the sample
or use methods, subject to the approval of
the Administrator, to correct the final re-
sults. Measure the liquid in this container ei-
ther volumetrically to ±1 ml or gravimetri-
cally to ±0.5 g. Transfer the contents to a
tared 250-ml beaker and evaporate to dryness
at ambient temperature and pressure. Des-
iccate for 24 hours and weigh to a constant
weight. Report the results to the nearest 0.1
mg.

Container No. 3. Weigh the spent silica gel
(or silica gel plus impinger) to the nearest 0.5

g using a balance. This step may be con-
ducted in the field.

‘‘Acetone Blank’’ Container. Measure ace-
tone in this container either volumetrically
or gravimetrically. Transfer the acetone to a
tared 250-ml beaker and evaporate to dryness
at ambient temperature and pressure. Des-
iccate for 24 hours and weigh to a constant
weight. Report the results to the nearest 0.1
mg.

NOTE: At the option of the tester, the con-
tents of Container No. 2 as well as the ace-
tone blank container may be evaporated at
temperatures higher than ambient. If evapo-
ration is done at an elevated temperature,
the temperature must be below the boiling
point of the solvent; also, to prevent ‘‘bump-
ing,’’ the evaporation process must be close-
ly supervised, and the contents of the beaker
must be swirled occasionally to maintain an
even temperature. Use extreme care, as ace-
tone is highly flammable and has a low flash
point.

4.4 Quality Control Procedures. The fol-
lowing quality control procedures are sug-
gested to check the volume metering system
calibration values at the field test site prior
to sample collection. These procedures are
optional for the tester.

4.4.1 Meter Orifice Check. Using the cali-
bration data obtained during the calibration
procedure described in Section 5.3, determine
the ∆H@ for the metering system orifice. The
∆H@ is the orifice pressure differential in
units of in. H2O that correlates to 0.75 cfm of
air at 528°R and 29.92 in. Hg. The ∆H@ is cal-
culated as follows:

∆H@=0.0319 ∆H

Tm r2

Pbar
Y2 V2m

Eq. 5–9

Where:

∆H=Average pressure differential across the
orifice meter, in. H2O.

Tm=Absolute average dry gas meter tempera-
ture, °R.

Pbar=Barometric pressure, in. Hg.
Θ=Total sampling time, min.
Y=Dry gas meter calibration factor,

dimensionless.
Vm=Volume of gas sample as measured by

dry gas meter, dcf.
0.0319=(0.0567 in. Hg/°R) x (0.75 cfm)2.

Before beginning the field test (a set of three
runs usually constitutes a field test), operate
the metering system (i.e., pump, volume
meter, and orifice) at the ∆H@ pressure dif-
ferential for 10 minutes. Record the volume
collected, the dry gas meter temperature,
and the barometric pressure. Calculate a dry
gas meter calibration check value, Yc, as fol-
lows:
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Y
V Pc

m bar

=










10 0 0319
1 2

.  Tm

Eq. 5–10

Where:

Yc=Dry gas meter calibration check value,
dimensionless.

10=10 minutes of run time.

Compare the Yc value with the dry gas meter
calibration factor Y to determine that:

0.97Y<Yc<1.03Y

If the Yc value is not within this range, the
volume metering system should be inves-
tigated before beginning the test.

4.4.2 Calibrated Critical Orifice. A cali-
brated critical orifice, calibrated against a
wet test meter or spirometer and designed to
be inserted at the inlet of the sampling
meter box may be used as a quality control
check by following the procedure of Section
7.2.

5. Calibration

Maintain a laboratory log of all calibra-
tions.

5.1 Probe Nozzle. Probe nozzles shall be
calibrated before their initial use in the
field. Using a micrometer, measure the in-
side diameter of the nozzle to the nearest
0.025 mm (0.001 in.). Make three separate
measurements using different diameters
each time, and obtain the average of the
measurements. The difference between the
high and low numbers shall not exceed 0.1
mm (0.004 in.). When nozzles become nicked,
dented, or corroded, they shall be reshaped,
sharpened, and recalibrated before use. Each
nozzle shall be permanently and uniquely
identified.

5.2 Pitot Tube. The Type S pitot tube as-
sembly shall be calibrated according to the
procedure outlined in Section 4 of Method 2.

5.3 Metering System.
5.3.1 Calibration Prior to Use. Before its

initial use in the field, the metering system
shall be calibrated as follows: Connect the
metering system inlet to the outlet of a wet
test meter that is accurate to within 1 per-
cent. Refer to Figure 5.5. The wet test meter
should have a capacity of 30 liters/rev (1 ft3/
rev). A spirometer of 400 liters (14 ft3) or
more capacity, or equivalent, may be used
for this calibration, although a wet test
meter is usually more practical. The wet test
meter should be periodically calibrated with
a spirometer or a liquid displacement meter
to ensure the accuracy of the wet test meter.
Spirometers or wet test meters of other sizes
may be used, provided that the specified ac-
curacies of the procedure are maintained.
Run the metering system pump for about 15
minutes with the orifice manometer indicat-
ing a median reading as expected in field use
to allow the pump to warm up and to permit
the interior surface of the wet test meter to
be thoroughly wetted. Then, at each of a
minimum of three orifice manometer set-
tings, pass an exact quantity of gas through
the wet test meter and note the gas volume
indicated by the dry gas meter. Also note the
barometric pressure, and the temperatures of
the wet test meter, the inlet of the dry gas
meter, and the outlet of the dry gas meter.
Select the highest and lowest orifice settings
to bracket the expected field operating range
of the orifice. Use a minimum volume of 0.15
m3 (5 cf) at all orifice settings. Record all the
data on a form similar to Figure 5.6, and cal-
culate Y, the dry gas meter calibration fac-
tor, and ∆H@, the orifice calibration factor,
at each orifice setting as shown on Figure
5.6. Allowable tolerances for individual Y and
∆H@, values are given in Figure 5.6. Use the
average of the Y values in the calculations in
Section 6.
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Before calibrating the metering system, it
is suggested that a leak-check be conducted.
For metering systems having diaphragm
pumps, the normal leak-check procedure will
not detect leakages within the pump. For
these cases the following leak-check proce-
dure is suggested: make a 10-minute calibra-
tion run at 0.00057m3/min (0.02 cfm); at the
end of the run, take the difference of the
measured wet test meter and dry gas meter
volumes; divide the difference by 10, to get
the leak rate. The leak rate should not ex-
ceed 0.00057 m3/min (0.02 cfm).

5.3.2 Calibration After Use. After each
field use, the calibration of the metering sys-
tem shall be checked by performing three
calibration runs at a single, intermediate
orifice setting (based on the previous field
test), with the vacuum set at the maximum
value reached during the test series. To ad-
just the vacuum, insert a valve between the
wet test meter and the inlet of the metering
system. Calculate the average value of the
dry gas meter calibration factor. If the value
has changed by more than 5 percent, recali-
brate the meter over the full range of orifice
settings, as previously detailed.

Alternative procedures, e.g., rechecking
the orifice meter coefficient may be used,
subject to the approval of the Administrator.

5.3.3 Acceptable Variation in Calibration.
If the dry gas meter coefficient values ob-
tained before and after a test series differ by
more than 5 percent, the test series shall ei-
ther be voided, or calculations for the test
series shall be performed using whichever
meter coefficient value (i.e., before or after)
gives the lower value of total sample vol-
ume.

5.4 Probe Heater Calibration. The probe
heating system shall be calibrated before its
initial use in the field.

Use a heat source to generate air heated to
selected temperatures that approximate
those expected to occur in the sources to be
sampled. Pass this air through the probe at
a typical simple flow rate while measuring

the probe inlet and outlet temperatures at
various probe heater settings. For each air
temperature generated, construct a graph of
probe heating system setting versus probe
outlet temperature. The procedure outlined
in APTD–0576 can also be used. Probes con-
structed according to APTD–0581 need not be
calibrated if the calibration curves in APTD–
0576 are used. Also, probes with outlet tem-
perature monitoring capabilities do not re-
quire calibration.

5.5 Temperature Gauges. Use the proce-
dure in Section 4.3 of Method 2 to calibrate
in-stack temperature gauges. Dial thermom-
eters, such as are used for the dry gas meter
and condenser outlet, shall be calibrated
against mercury-in-glass thermometers.

5.6 Leak Check of Metering System
Shown in Figure 5–1. That portion of the
sampling train from the pump to the orifice
meter should be leak checked prior to initial
use and after each shipment. Leakage after
the pump will result in less volume being re-
corded than is actually sampled. The follow-
ing procedure is suggested (see Figure 5–4):
Close the main valve on the meter box. In-
sert a one-hole rubber stopper with rubber
tubing attached into the orifice exhaust
pipe. Disconnect and vent the low side of the
orifice manometer. Close off the low side ori-
fice tap. Pressurize the system to 13 to 18 cm
(5 to 7 in.) water column by blowing into the
rubber tubing. Pinch off the tubing and ob-
serve the manometer for one minute. A loss
of pressure on the manometer indicates a
leak in the meter box; leaks, if present, must
be corrected.

5.7 Barometer. Calibrate against a mer-
cury barometer.

6. Calculations

Carry out calculations, retaining at least
one extra decimal figure beyond that of the
acquired data. Round off figures after the
final calculation. Other forms of the equa-
tions may be used as long as they give equiv-
alent results.
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6.1 Nomenclature.

An=Cross-sectional area of nozzle, m2 (ft2).
Bws=Water vapor in the gas stream, propor-

tion by volume.
Ca=Acetone blank residue concentration, mg/

mg.
cs=Concentration of particulate matter in

stack gas, dry basis, corrected to stand-
ard conditions, g/dscm (g/dscf).

I=Percent of isokinetic sampling.
La=Maximum acceptable leakage rate for ei-

ther a pretest leak check or for a leak
check following a component change;
equal to 0.00057 m3/min (0.02 cfm) or 4 per-
cent of the average sampling rate, which-
ever is less.

Li=Individual leakage rate observed during
the leak check conducted prior to the
‘‘ith’’ component change (i=1, 2, 3....n),
m3/min (cfm).

Lp=Leakage rate observed during the post-
test leak check, m3/min (cfm).

ma=Mass of residue of acetone after evapo-
ration, mg.

mn=Total amount of particulate matter col-
lected, mg.

Mw=Molecular weight of water, 18.0 g/g-mole
(18.0lb/lb-mole).

Pbar=Barometric pressure at the sampling
site, mm Hg (in. Hg).

Ps=Absolute stack gas pressure, mm Hg (in.
Hg).

Pstd=Standard absolute pressure, 760 mm Hg
(29.92 in. Hg).

R=Ideal gas constant, 0.06236 mm Hg-m3/°K-g-
mole (21.85 in. Hg-ft3/°R-lb-mole).

Tm=Absolute average dry gas meter tempera-
ture (see Figure 5–2), °K (°R).

Ts=Absolute average stack gas temperature
(see Figure 5–2), °K (°R).

Tstd=Standard absolute temperature, 293° K
(528° R).

Va=Volume of acetone blank, ml.
Vaw=Volume of acetone used in wash, ml.
Vlc=Total volume of liquid collected in

impingers and silica gel (see Figure 5–3),
ml.

Vm=Volume of gas sample as measured by
dry gas meter, dcm (dscf).

Vm(std)=Volume of gas sample measured by
the dry gas meter, corrected to standard
conditions, dscm (dscf).

Vw(std)=Volume of water vapor in the gas
sample, corrected to standard conditions,
scm (scf).

vs=Stack gas velocity, calculated by Method
2, Equation 2–9, using data obtained from
Method 5, m/sec (ft/sec).

Wa=Weight of residue in acetone wash, mg.
Y=Dry gas meter calibration factor.
∆H=Average pressure differential across the

orifice meter (see Figure 5–2), mm H2O
(in. H2O).

φa=Density of acetone, mg/ml (see label on
bottle).

φw=Density of water, 0.9982 g/ml (0.002201 lb/
ml).

ε=Total sampling time, min.
ε1=Sampling time interval, from the begin-

ning of a run until the first component
change, min.

εi=Sampling time interval, between two suc-
cessive component changes, beginning
with the interval between the first and
second changes, min.

εp=Sampling time interval, from the final
(nth) component change until the end of
the sampling run, min.

13.6=Specific gravity of mercury.
60=Sec/min.
100=Conversion to percent.

6.2 Average Dry Gas Meter Temperature
and Average Orifice Pressure Drop. See data
sheet (Figure 5–2).

6.3 Dry Gas Volume. Correct the sample
volume measured by the dry gas meter to
standard conditions (20° C, 760 mm Hg or 68°
F, 29.92 in. Hg) by using Equation 5–1.

Where;
K1=0.3858 °K/mm Hg for metric units

=17.64 °R/in. Hg for English units

NOTE: Equation 5–1 can be used as written
unless the leakage rate observed during any
of the mandatory leak checks (i.e., the post-
test leak check or leak checks conducted
prior to component changes) exceeds La. If
Lp or i exceeds La, Equation 5–1 must be
modified as follows:

(a) Case I. No component changes made
during sampling run. In this case, replace Vm

in Equation 5–1 with the expression:

[Vm—(Lp—La)θ]

(b) Case II. One or more component
changes made during the sampling run. In
this case, replace Vm in Equation 5–1 by the
expression:

and substitute only for those leakage rates
(Li or Lp) which exceed La.

6.4 Volume of Water Vapor.
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Where:
K2=0.001333 m3/ml for metric units

=0.04707 ft3/ml for English units.
6.5 Moisture Content.

Bws =
Vw (std)

Vm (std)+Vw (std)

Eq. 5–3
NOTE: In saturated or water droplet-laden

gas streams, two calculations of the mois-
ture content of the stack gas shall be made,
one from the impinger analysis (Equation 5–
3), and a second from the assumption of satu-
rated conditions. The lower of the two values
of Bws shall be considered correct. The proce-
dure for determining the moisture content
based upon assumption of saturated condi-
tions is given in the Note of Section 1.2 of
Method 4. For the purposes of this method,
the average stack gas temperature from Fig-
ure 5–2 may be used to make this determina-
tion, provided that the accuracy of the in-
stack temperature sensor is ±1° C (2° F).

6.6 Acetone Blank Concentration.

Ca =
ma

Eq. 5–4
Vaρa

6.7 Acetone Wash Blank.

Wa=CaVawρa Eq. 5–5

6.8 Total Particulate Weight. Determine
the total particulate catch from the sum of
the weights obtained from Containers 1 and
2 less the acetone blank (see Figure 5–3).

NOTE: Refer to Section 4.1.5 to assist in cal-
culation of results involving two or more fil-
ter assemblies or two or more sampling
trains.

6.9 Particulate Concentration.

cs=(0.001 g/mg) (mn/Vm (std))

Eq. 5–6
6.10 Conversion Factors:

From To Multiply by

scf .......................... m3 .......................... 0.02832.
g ............................ mg ......................... 0.001
g/ft3 ........................ gr/ft3 ....................... 15.43.
g/ft3 ........................ lb/ft3 ....................... 2.205×10¥3.
g/ft3 ........................ g/m3 ....................... 35.31.

6.11 Isokinetic Variation.
6.11.1 Calculation From Raw Data.

I=

100 Ts[K3Vlc∂(Vm Y/Tm)(Pbar∂∆H/13.6)]

60θvs Ps An

Eq. 5–7

Where:

K3=0.003454 mm Hg¥m3/ml¥°K for metric
units.

=0.002669-in. Hg¥ft3/ml¥°R for English
units.

6.11.2 Calculation From Intermediate Val-
ues.

Where:

K4=4.320 for metric units
=0.09450 for English units.

6.12 Acceptable Results. If 90 percent ≤ I ≤
110 percent, the results are acceptable. If the
particulate results are low in comparison to
the standard, and I is over 110 percent or less
than 90 percent, the Administrator may ac-
cept the results. Citation 4 in the bibliog-
raphy section can be used to make accept-
ability judgments. If I is judged to be unac-
ceptable, reject the particulate results and
repeat the test.

6.13 Stack Gas Velocity and Volumetric
Flow Rate. Calculate the average stack gas
velocity and volumetric flow rate, if needed,
using data obtained in this method and the
equations in Sections 5.2 and 5.3 of Method 2.

7. Alternative Procedures
7.1 Dry Gas Meter as a Calibration Stand-

ard. A dry gas meter may be used as a cali-
bration standard for volume measurements
in place of the wet test meter specified in
Section 5.3, provided that it is calibrated ini-
tially and recalibrated periodically as fol-
lows:

7.1.1 Standard Dry Gas Meter Calibration.
7.1.1.1 The dry gas meter to be calibrated

and used as a secondary reference meter
should be of high quality and have an appro-
priately sized capacity, e.g., 3 liters/rev (0.1
ft 3/rev). A spirometer (400 liters or more ca-
pacity), or equivalent, may be used for this
calibration, although a wet test meter is
usually more practical. The wet test meter
should have a capacity of 30 liters/rev (1
ft 3/rev) and capable of measuring volume to
within ±1.0 percent; wet test meters should
be checked against a spirometer or a liquid
displacement meter to ensure the accuracy
of the wet test meter. Spirometers or wet
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test meters of other sizes may be used, pro-
vided that the specified accuracies of the
procedure are maintained.

7.1.1.2 Set up the components as shown in
Figure 5.7. A spirometer, or equivalent, may
be used in place of the wet test meter in the
system. Run the pump for at least 5 minutes
at a flow rate of about 10 liters/min (0.35 cfm)

to condition the interior surface of the wet
test meter. The pressure drop indicated by
the manometer at the inlet side of the dry
gas meter should be minimized [no greater
than 100 mm H2O (4 in. H2O) at a flow rate of
30 liters/min (1 cfm)]. This can be accom-
plished by using large diameter tubing con-
nections and straight pipe fittings.

7.1.1.3 Collect the data as shown in the ex-
ample data sheet (see Figure 5–8). Make trip-
licate runs at each of the flow rates and at
no less than five different flow rates. The

range of flow rates should be between 10 and
34 liters/min (0.35 and 1.2 cfm) or over the ex-
pected operating range.
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7.1.1.4 Calculate flow rate, Q, for each run
using the wet test meter gas volume, Vw, and
the run time, θ. Calculate the dry gas meter
coefficient, Yds, for each run. These calcula-
tions are as follows:

Q=Kl

Pbar Vw

tw+tstd θ

Yds=

Vw (tds+tstd) Pbar

Vds (tw+tstd) (Pbar+
∆p

)
13.6

Where:

Kl=0.3858 for international system of units
(SI); 17.64 for English units.

Vw=Wet test meter volume, liters (ft 3).
Vds=Dry gas meter volume, liters (ft 3).
tds=Average dry gas meter temperature, °C

(°F).
tstd=273° C for SI units; 460° F for English

units.
tw=Average wet test meter temperature, °C

(°F).
Pbar=Barometric pressure, mm Hg (in. Hg).
∆p=Dry gas meter inlet differential pressure,

mm H2O (in. H2O).
θ=Run time, min.

7.1.1.5 Compare the three Yds values at
each of the flow rates and determine the
maximum and minimum values. The dif-
ference between the maximum and minimum
values at each flow rate should be no greater
than 0.030. Extra sets of triplicate runs may
be made in order to complete this require-
ment. In addition, the meter coefficients
should be between 0.95 and 1.05. If these spec-
ifications cannot be met in three sets of suc-
cessive triplicate runs, the meter is not suit-
able as a calibration standard and should not
be used as such. If these specifications are
met, average the three Yds values at each
flow rate resulting in five average meter co-
efficients, Yds.

7.1.1.6 Prepare a curve of meter coeffi-
cient, Yds, versus flow rate, Q, for the dry gas
meter. This curve shall be used as a ref-
erence when the meter is used to calibrate
other dry gas meters and to determine
whether recalibration is required.

7.1.2 Standard Dry Gas Meter Recalibra-
tion.

7.1.2.1 Recalibrate the standard dry gas
meter against a wet test meter or spirometer
annually or after every 200 hours of oper-
ation, whichever comes first. This require-
ment is valid provided the standard dry gas
meter is kept in a laboratory and, if trans-
ported, cared for as any other laboratory in-
strument. Abuse to the standard meter may

cause a change in the calibration and will re-
quire more frequent recalibrations.

7.1.2.2 As an alternative to full recalibra-
tion, a two-point calibration check may be
made. Follow the same procedure and equip-
ment arrangement as for a full recalibration,
but run the meter at only two flow rates
[suggested rates are 14 and 28 liters/min (0.5
and 1.0 cfm)]. Calculate the meter coeffi-
cients for these two points, and compare the
values with the meter calibration curve. If
the two coefficients are within ±1.5 percent
of the calibration curve values at the same
flow rates, the meter need not be recali-
brated until the next date for a recalibration
check.

7.2 Critical Orifices As Calibration Stand-
ards. Critical orifices may be used as calibra-
tion standards in place of the wet test meter
specified in Section 5.3, provided that they
are selected, calibrated, and used as follows:

7.2.1 Section of Critical Orifices.
7.2.1.1 The procedure that follows de-

scribes the use of hypodermic needles or
stainless steel needle tubings which have
been found suitable for use as critical ori-
fices. Other materials and critical orifice de-
signs may be used provided the orifices act
as true critical orifices; i.e., a critical vacu-
um can be obtained, as described in Section
7.2.2.2.3. Select five critical orifices that are
appropriately sized to cover the range of flow
rates between 10 and 34 liters/min or the ex-
pected operating range. Two of the critical
orifices should bracket the expected operat-
ing range.

A minimum of three critical orifices will
be needed to calibrate a Method 5 dry gas
meter (DGM); the other two critical orifices
can serve as spares and provide better selec-
tion for bracketing the range of operating
flow rates. The needle sizes and tubing
lengths shown below give the following ap-
proximate flow rates:

Gauge/cm Flow rate (li-
ters/min) Gauge/cm Flow rate (li-

ters/min)

12/7.6 32.56 14/2.5 19.54
12/10.2 30.02 14/5.1 17.27
13/2.5 25.77 14/7.6 16.14
13/5.1 23.50 15/3.2 14.16
13/7.6 22.37 15/7.6 11.61

13/10.2 20.67 15/10.2 10.48

7.2.1.2 These needles can be adapted to a
Method 5 type sampling train as follows: In-
sert a serum bottle stopper, 13- by 20-mm
sleeve type, into a 1⁄2-inch Swagelok quick
connect. Insert the needle into the stopper as
shown in Figure 5–9.
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7.2.2 Critical Orifice Calibration. The pro-
cedure described in this section uses the
Method 5 meter box configuration with a
DGM as described in Section 2.1.8 to cali-
brate the critical orifices. Other schemes
may be used, subject to the approval of the
Administrator.

7.2.2.1 Calibration of Meter Box. The criti-
cal orifices must be calibrated in the same
configuration as they will be used; i.e., there
should be no connections to the inlet of the
orifice.

7.2.2.1.1 Before calibrating the meter box,
leak check the system as follows: Fully open
the coarse adjust valve, and completely close
the by-pass valve. Plug the inlet. Then trun
on the pump, and determine whether there is
any leakage. The leakage rate shall be zero;

i.e., no detectable movement of the DGM
dial shall be seen for 1 minute.

7.2.2.1.2 Check also for leakages in that
portion of the sampling train between the
pump and the orifice meter. See Section 5.6
for the procedure; make any corrections, if
necessary. If leakage is detected, check for
cracked gaskets, loose fittings, worn O-rings,
etc., and make the necessary repairs.

7.2.2.1.3 After determining that the meter
box is leakless, calibrate the meter box ac-
cording to the procedure given in Section 5.3.
Make sure that the wet test meter meets the
requirements stated in Section 7.1.1.1. Check
the water level in the wet test meter. Record
the DGM calibration factor, Y.

7.2.2.2 Calibration of Critical Orifices. Set
up the apparatus as shown in Figure 5–10.
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7.2.2.2.1 Allow a warm-up time of 15 min-
utes. This step is important to equilibrate
the temperature conditions through the
DGM.

7.2.2.2.2 Leak check the system as in Sec-
tion 7.2.2.1.1. The leakage rate shall be zero.

7.2.2.2.3 Before calibrating the critical
orifice, determine its suitability and the ap-
propriate operating vacuum as follows: Turn
on the pump, fully open the coarse adjust
valve, and adjust the by-pass valve to give a
vacuum reading corresponding to about half
of atmospheric pressure. Observe the meter
box orifice manometer reading, H. Slowly in-
crease the vacuum reading until a stable
reading is obtained on the meter box orifice
manometer. Record the critical vacuum for
each orifice.

Orifices that do not reach a critical value
shall not be used.

7.2.2.2.4 Obtain the barometric pressure
using a barometer as described in Section
2.1.9. Record the barometric pressure, Pbar, in
mm Hg (in. Hg).

7.2.2.2.5 Conduct duplicate runs at a vacu-
um of 25 to 50 mm Hg (1 to 2 in. Hg) above
the critical vacuum. The runs shall be at
least 5 minutes each. The DGM volume read-
ings shall be in increments of 0.00283 m3 (0.1
ft3) or in increments of complete revolutions
of the DGM. As a guideline, the times should
not differ by more than 3.0 seconds (this in-
cludes allowance for changes in the DGM
temperatures) to achieve ± 0.5 percent in K′.
Record the information listed in Figure 5–11.

7.2.2.2.6 Calculate K′ using Equation 5–9.
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K′ =

K1VmY (Pbar+∆H/13.6) √
Tamb Eq. 5–

9
Pbar Tmr

Where:

K′ = Critical orifice coefficient,

(m3)(°K)1/2 - (ft3)(°R)1/2 &(mm. Hg)
(min)

(in. Hg)
(min)

Tamb=Absolute ambient temperature, °K (°R).
Average the K′ values. The individual K′

values should not differ by more than ±0.5
percent from the average.

7.2.3 Using the Critical Orifices as Cali-
bration Standards.

7.2.3.1 Record the barometric pressure.
Date llll Train ID llll DGM cal. fac-
tor llll Critical orifice ID llll

Dry gas meter
Run number

1 2

Final reading ............... m3 (ft3) ............ ............ ............
Initial reading .............. m3 (ft3) ............ ............ ............
Difference, Vm ............. m3 (ft3) ............ ............ ............
Inlet/Outlet tempera-

tures:
Initial ........................ °C (°F) .............. / /
Final ........................ °C (°F) .............. / /
Avg. Temperature,

tm.
°C (°F) .............. ............ ............

Time, r ....................... min/sec ............. / /
min .................... ............ ............

Orifice man. rdg., >H mm (in.) H2O .... ............ ............
Bar. pressure, Pbar ...... mm (in.) Hg ...... ............ ............
Ambient temperature,

tamb.
°C (°F) .............. ............ ............

Pump vacuum ............. mm (in.) Hg ...... ............ ............
K′ factor ...................... ........................... ............ ............

Average ............... ........................... ............ ............

Figure 5–11. Data sheet for determining K′
factor.

7.2.3.2 Calibrate the metering system ac-
cording to the procedure outlined in Sections
7.2.2.2.1 to 7.2.2.2.5. Record the information
listed in Figure 5.12.

7.2.3.3 Calculate the standard volumes of
air passed through the DGM and the critical
orifices, and calculate the DGM calibration
factor, Y, using the equations below:

Vm(std) = K1 Vm

Pbar+(∆H/13.6)

Tm

Eq. 5–10

Vcr(std)=K′
Pbarr Eq. 5–

11Tamb

Y=
Vcr(std) Eq. 5–

12Vm(std)

where:
Vcr(std)=Volume of gas sample passed through

the critical orifice, corrected to standard
conditions, dsm3 (dscf).

K1=0.3858 °K/mm Hg for metric units
=17.64 °R/in. Hg for English units.

7.2.3.4 Average the DGM calibration val-
ues for each of the flow rates. The calibra-
tion factor, Y, at each of the flow rates
should not differ by more than ±2 percent
from the average.

7.2.3.5 To determine the need for recali-
brating the critical orifices, compare the
DGM Y factors obtained from two adjacent
orifices each time a DGM is calibrated; for
example, when checking 13/2.5, use orifices
12/10.2 and 13/5.1. If any critical orifice yields
a DGM Y factor differing by more than 2 per-
cent from the others, recalibrate the critical
orifice according to Section 7.2.2.2.
Date llll Train ID llll Critical ori-
fice ID llll Critical orifice K′ factor
llll

Dry gas meter
Run number

1 2

Final reading ......................... m3 (ft3) ...... .......... ..........
Initial reading ........................ m3 (ft3) ...... .......... ..........
Difference, Vm ....................... m3 (ft3) ...... .......... ..........
Inlet/outlet temperatures:

Initial .................................. °C (°F) ........ / /
Final .................................. °C (°F) ........ / /
Avg. Temperature, tm ........ °C (°F) ........ .......... ..........

Time, r ................................. min/sec ....... / /
min .............. .......... ..........

Orifice man. rdg., >H .......... mm (in.)
H2O.

.......... ..........

Bar. pressure, Pbar ................ mm (in.) Hg .......... ..........
Ambient temperature, tamb .... °C (°F) ........ .......... ..........
Pump vacuum ....................... mm (in.) Hg .......... ..........
Vm(std) .................................... m3 (ft3) ...... .......... ..........
Vcr(std) .................................... m3 (ft3) ...... .......... ..........
DGM cal. factor, Y ................ ..................... .......... ..........

Figure 5–12. Data sheet for determining
DGM Y factor.
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METHOD 5A—DETERMINATION OF PARTICULATE
EMISSIONS FROM THE ASPHALT PROCESSING
AND ASPHALT ROOFING INDUSTRY

1. Applicability and Principle

1.1 Applicability. This method applies to
the determination of particulate emissions
from asphalt roofing industry process satu-
rators, blowing stills, and other sources as
specified in the regulations.

1.2 Principle. Particulate matter is with-
drawn isokinetically from the source and
collected on a glass filter fiber maintained at
a temperature of 42°±10°C (108°±18°F). The
particulate mass, which includes any mate-

rial that condenses at or above the filtration
temperature, is determined gravimetrically
after removal of uncombined water.
2. Apparatus

2.1 Sampling Train. The sampling train
configuration is the same as shown in Figure
5–1 of Method 5. The sampling train consists
of the following components:

2.1.1 Probe Nozzle, Pitot Tube, Differen-
tial Pressure Gauge, Filter Holder, Con-
denser, Metering System, Barometer, and
Gas Density Determination Equipment.
Same as Method 5, Sections 2.1.1, 2.1.3 to
2.1.5, and 2.1.7 to 2.1.10, respectively.

2.1.2 Probe Liner. Same as in Method 5,
Section 2.1.2, with the note that at high
stack gas temperatures (greater than 250°C
(480°F)), water-cooled probes may be required
to control the probe exit temperature to
42°±10°C (108±18°F).

2.1.3 Precollector Cyclone. Borosilicate
glass following the construction details
shown in Air Pollution Technical Document–
0581, ‘‘Construction Details of Isokinetic
Source-Sampling Equipment’’.

NOTE: The tester shall use the cyclone
when the stack gas moisture is greater than
10 percent. The tester shall not use the
precollector cyclone under other, less severe
conditions.

2.1.4 Filter Heating System. Any heating
(or cooling) system capable of maintaining a
sample gas temperature at the exit end of
the filter holder during sampling at 42°±10°C
(108°±18°F). Install a temperature gauge ca-
pable of measuring temperature within 3°C
(5.4°F) at the exit side of the filter holder so
that the sensing tip of the temperature
gauge is in direct contact with the sample
gas, and the sample gas temperature can be
regulated and monitored during sampling.
The temperature gauge shall comply with
the calibration specifications defined in Sec-
tion 5. The tester may use systems other
than the one shown in APTD–0581.

2.2 Sample Recovery. The equipment re-
quired for sample recovery is as follows:

2.2.1 Probe-Liner and Probe-Nozzle Brush-
es, Graduated Cylinder and/or Balance, Plas-
tic Storage Containers, and Funnel and Rub-
ber Policeman. Same as Method 5, Sections
2.2.1, 2.2.5, 2.2.6, and 2.2.7, respectively.

2.2.2 Wash Bottles. Glass.
2.2.3 Sample Storage Containers. Chemi-

cally resistant, borosilicate glass bottles,
with rubber-backed Teflon screw cap liners
or caps that are constructed so as to be leak-
free and resistant to chemical attack by
1,1,1-trichloroethane (TCE), 500-ml or 1000-
ml. (Narrow mouth glass bottles have been
found to be less prone to leakage.)

2.2.4 Petri Dishes. Glass, unless otherwise
specified by the Administrator.

2.2.5 Funnel. Glass.
2.3 Analysis. For analysis, the following

equipment is needed:
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