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METHOD 201A - DETERM NATI ON OF PM, EM SSI ONS
(Const ant Sanpling Rate Procedure)

1. Applicability and Principle

1.1 Applicability. This nethod applies to the in-stack neasurement of
particulate matter (PM emi ssions equal to or |ess than an aerodynam c
di ameter of nominally 10 um (PM,) from stationary sources. The EPA
recogni zes that condensi bl e em ssions not collected by an in-stack method are
al so PM,, and that em ssions that contribute to anbient PM, | evels are the
sum of condensi bl e em ssions and em ssions neasured by an in-stack PM,
met hod, such as this nethod or Method 201. Therefore, for establishing source
contributions to anmbient |evels of PM, such as for em ssion inventory
pur poses, EPA suggests that source PM, nmeasurenent include both in-stack PM,
and condensi bl e em ssions. Condensi bl e enm ssions may be neasured by an
i mpi nger analysis in conbination with this nmethod.

1.2 Principle. A gas sanple is extracted at a constant flow rate
t hrough an in-stack sizing device, which separates PM greater than PM,.
Variations fromisokinetic sanpling conditions are maintained within
wel | -defined limts. The particulate mass is deternmined gravinmetrically after
renmoval of unconbi ned water.
2. Apparatus

NOTE: Methods cited in this nethod are part of 40 CFR Part 60,
Appendi x A.

2.1 Sanpling Train. A schematic of the Method 201A sanmpling train is
shown in Figure 1. Wth the exception of the PM, sizing device and in-stack

filter, this train is the same as an EPA Method 17 train.

Prepared by Emission Measurement Branch EMTIC TM-201A
Techni cal Support Division, OAQPS, EPA
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Figure 1. Method 201A Sampling Train
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2.1.1 Nozzle. Stainless steel (316 or equivalent) with a sharp tapered
| eadi ng edge. Eleven nozzles that neet the design specifications in Figure 2
are recommended. A | arge nunber of nozzles with small nozzle increnents
increase the likelihood that a single nozzle can be used for the entire
traverse. |If the nozzles do not nmeet the design specifications in Figure 2,
then the nozzles nust neet the criteria in Section 5.2.

2.1.2 PM, Sizer. Stainless steel (316 or equivalent), capable of
determ ning the PM, fraction. The sizing device shall be either a cyclone
that neets the specifications in Section 5.2 or a cascade inpactor that has
been calibrated using the procedure in Section 5.4.

2.1.3 Filter Holder. 63-mm stainless steel. An Andersen filter, part
nunber SE274, has been found to be acceptable for the in-stack filter
NOTE: Mention of trade nanes or specific products does not constitute
endor senent by the Environmental Protection Agency.

2.1.4 Pitot Tube. Sane as in Method 5, Section 2.1.3. The pitot |ines
shal | be nade of heat resistant tubing and attached to the probe with
stainless steel fittings.

2.1.5 Probe Liner. Optional, sane as in Method 5, Section 2.1.2.

2.1.6 Differential Pressure Gauge, Condenser, Metering System
Baronmeter, and Gas Density Determination Equi pnment. Same as in Method 5,
Sections 2.1.4, and 2.1.7 through 2.1.10, respectively.

2.2 Sanple Recovery.

2.2.1 Nozzle, Sizing Device, Probe, and Filter Hol der Brushes. Nyl on
bristle brushes with stainless steel wire shafts and handl es, properly sized
and shaped for cleaning the nozzle, sizing device, probe or probe liner, and

filter hol ders.
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Nozzle Cone Outside Straight Inlet Total Length

Diameter  Angle, q Taper, f Length, / L

(inches) (degrees) (degrees) (inches) (inches)
0.136 4 15 £0.05 2.653+0.05
0.150 4 15 £0.05 2.553+0.05
0.164 5 15 £ 0.05 1.970+0.05
0.180 6 15 £ 0.05 1.572+0.05
0.197 6 15 £ 0.05 1.491+0.05
0.215 6 15 £0.05 1.450+0.05
0.233 6 15 £ 0.05 1.450+0.05
0.264 5 15 £ 0.05 1.450+0.05
0.300 4 15 £0.05 1.480+0.05
0.342 4 15 £ 0.05 1.450£0.05
0.390 3 15 £ 0.05 1.450+0.05

Figure 2. Nozzle Design Specification
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2.2.2 \Wash Bottles, G ass Sanple Storage Containers, Petri Dishes,
Graduated Cylinder and Bal ance, Plastic Storage Containers, Funnel and Rubber
Pol i ceman, and Funnel. Sane as in Method 5, Sections 2.2.2 through 2.2.8,
respectively.

2.3 Analysis. Same as in Method 5, Section 2.3.

3. Reagents

The reagents for sanpling, sanple recovery, and analysis are the sane as
that specified in Method 5, Sections 3.1, 3.2, and 3.3, respectively.
4. Procedure

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

4.1.1 Pretest Preparation. Sanme as in Method 5, Section 4.1.1.

4.1.2 Prelimnary Determ nations. Sanme as in Method 5, Section 4.1.2,
except use the directions on nozzle size selection and sanpling tinme in this
met hod. Use of any nozzle greater that 0.16 in. in diameter require a
sampling port dianeter of 6 inches. Also, the required maxi mum nunber of
traverse points at any |location shall be 12.

4.1.2.1 The sizing device nust be in-stack or maintained at stack
tenmperature during sanpling. The blockage effect of the CSR sanpling assenbly
will be mnimal if the cross-sectional area of the sanpling assenble is
3 percent or |less of the cross-sectional area of the duct. |If the
cross-sectional area of the assenbly is greater than 3 percent of the
cross-sectional area of the duct, then either determ ne the pitot coefficient
at sanpling conditions or use a standard pitot with a known coefficient in a
configuration with the CSR sanpling assenbly such that flow di sturbances are
m ni m zed.

4.1.2.2 The setup calculations can be perforned by using the follow ng

procedures.
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4.1.2.2.1 In order to maintain a cut size of 10 umin the sizing
device, the flow rate through the sizing device nust be nmaintained at a
constant, discrete value during the run. |f the sizing device is a cyclone
that neets the design specifications in Figure 3, use the equations in
Figure 4 to calculate three orifice heads ()H): one at the average stack
tenmperature, and the other two at tenperatures x28°C (x50°F) of the average
stack tenmperature. Use the )H calculated at the average stack tenperature as
the pressure head for the sanple flowrate as long as the stack tenperature
during the run is within 28°C (50°F) of the average stack temperature. |If the
stack tenperature varies by nore than 28°C (50°F), then use the
appropriate )H

4.1.2.2.2 |If the sizing device is a cyclone that does not neet the
design specifications in Figure 3, use the equations in Figure 4, except use
the procedures in Section 5.3 to deternine Q, the correct cyclone flow rate
for a 10 um cut size.

4.1.2.2.3 To select a nozzle, use the equations in Figure 5 to
cal cul ate )p.,, and )p., for each nozzle at all three tenperatures. |If the
sizing device is a cyclone that does not neet the design specifications in
Figure 3, the exanple worksheets can be used.

4.1.2.2.4 Correct the Method 2 pitot readings to Method 201A pitot
readi ngs by multiplying the Method 2 pitot readings by the square of a ratio

of the Method 201A pitot coefficient to the Method 2 pitot coefficient.
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Cyclone Interior Dimensions

Din

De

0.10in. T L

—» - Do

Hw;:

@ D'e

-« Daup B

Dimensions (+ 0.02 cm, + 0.01 in.)

Din D De B H h z s |Hcup |Dcup |D'e Do
CM |127 |447 |150 |188 | 695 |224 |471 | 157 2.25 4.45 102 | 1.24

inch 0.50 1.76 0.59 0.74 2.74 0.88 1.85 0.62 0.89 1.75 0.40 0.49

FIGURE 3. CYCLONE DESIGN SPECIFICATIONS
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Sel ect the nozzle for which )p,, and )p. bracket all of the corrected
Method 2 pitot readings. |If nore than one nozzle nmeets this requirenent,
sel ect the nozzle giving the greatest synmetry. Note that if the expected
pitot reading for one or nore points is near a limt for a chosen nozzle, it
may be outside the linmts at the time of the run

4.1.2.2.5 Vary the dwell time, or sanpling tine, at each traverse point
proportionately with the point velocity. Use the equations in Figure 6 to
calculate the dwell time at the first point and at each subsequent point. It
is recoomended that the nunber of ninutes sanpled at each point be rounded to
the nearest 15 seconds.

4.1.3 Preparation of Collection Train. Sane as in Method 5,

Section 4.1.3, except omt directions about a glass cyclone.

4.1.4 Leak-Check Procedure. The sizing device is renoved before the
post-test |eak-check to prevent any disturbance of the collected sanple prior
to anal ysis.

4.1.4.1 Pretest Leak-Check. A pretest |eak-check of the entire
sampling train, including the sizing device, is required. Use the |eak-check
procedure in Method 5, Section 4.1.4.1 to conduct a pretest |eak-check

4.1.4.2 Leak-Checks During Sanple Run. Sane as in Method 5,

Section 4.1.4.1.

4.1.4.3 Post-Test Leak-Check. A |leak-check is required at the
concl usi on of each sanmpling run. Renove the cyclone before the | eak-check to
prevent the vacuum created by the cooling of the probe from disturbing the
col l ected sanple and use the procedure in Method 5, Section 4.1.4.3 to conduct
a post-test |eak-check

4.1.5 Method 201A Train Operation. Sanme as in Method 5, Section 4.1.5,
except use the procedures in this section for isokinetic sanpling and fl ow
rate adjustment. Miintain the flowrate calculated in Section 4.1.2.2.1

t hr oughout the run provided the stack tenperature is within 28°C (50°F) of the
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tenmperature used to calculate )H If stack tenperatures vary by nore than
28°C (50°F), use the appropriate )H value calculated in Section 4.1.2.2.1.
Calcul ate the dwell tinme at each traverse point as in Figure 6.

4.1.6 Calculation of Percent |sokinetic Rate and Aerodynam c Cut Size
(Ds). Calculate percent isokinetic rate and Dy, (see Cal cul ations, Section 6)
to deternine whether the test was valid or another test run should be nade.

If there was difficulty in maintaining isokinetic sanpling rates within the
prescribed range, or if the D, is not in its proper range because of source
conditions, the Adm nistrator may be consulted for possible variance.

4.2 Sample Recovery. |f a cascade inpactor is used, use the
manuf acturer's recomrended procedures for sanple recovery. |If a cyclone is
used, use the same sanple recovery as that in Method 5, Section 4.2, except an
i ncreased number of sanple recovery containers is required.

4.2.1 Container Number 1 (In-Stack Filter). The recovery shall be the
sane as that for Container Number 1 in Method 5, Section 4.2.

4.2.3 Container Number 2 (Cyclone or Large PM Catch). This step is
optional. The anisokinetic error for the cyclone PMis theoretically |arger
than the error for the PM, catch. Therefore, adding all the fractions to get
a total PMcatch is not as accurate as Method 5 or Method 201. Disassenble
t he cycl one and renove the nozzle to recover the |large PM catch
Quantitatively recover the PMfromthe interior surfaces of the nozzle and
cycl one, excluding the "turn around" cup and the interior surfaces of the exit
tube. The recovery shall be the sane as that for Container Number 2 in
Met hod 5, Section 4. 2.

4.2.4 Container Number 3 (PM,). Quantitatively recover the PMfrom
all of the surfaces fromthe cyclone exit to the front half of the in-stack
filter holder, including the "turn around" cup inside the cyclone and the

interior surfaces of the exit tube. The recovery shall be the sane as that
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for Container Number 2 in Method 5, Section 4.2.

4.2.6 Container Number 4 (Silica CGel). The recovery shall be the sane
as that for Container Number 3 in Method 5, Section 4.2.

4.2.7 Impinger Water. Sanme as in Method 5, Section 4.2, under
"I npi nger \Water."

4.3 Analysis. Sanme as in Method 5, Section 4.3, except handle
Met hod 201A Contai ner Nunber 1 |ike Container Nunber 1, Method 201A Cont ai ner
Nunmbers 2 and 3 |ike Container Number 2, and Method 201A Contai ner Number 4
i ke Container Number 3. Use Figure 7 to record the weights of PM coll ected.
Use Figure 5-3 in Method 5, Section 4.3, to record the volume of water
col | ect ed.

4.4 (Qality Control Procedures. Same as in Method 5, Section 4.4.

5. Calibration

Mai ntain an accurate | aboratory Iog of all calibrations.

5.1 Probe Nozzle, Pitot Tube, Metering System Probe Heater
Cal i bration, Tenperature Gauges, Leak-check of Metering System and Baroneter.
Sane as in Method 5, Section 5.1 through 5.7, respectively.

5.2 Probe Cyclone and Nozzl e Conmbi nations. The probe cycl one and
nozzl e conbi nati ons need not be calibrated if both meet design specifications
in Figures 2 and 3. |If the nozzles do not neet design specifications, then
test the cycl one and nozzl e conbinations for confornmity w th performance
specifications (PS's) in Table 1. 1f the cyclone does not neet design
speci fications, then the cyclone and nozzl e conbination shall conformto the
PS's and calibrate the cyclone to determ ne the relationship between fl ow
rate, gas viscosity, and gas density. Use the procedures in Section 5.2 to
conduct PS tests and the procedures in Section 5.3 to calibrate the cyclone.
The purpose of the PS tests are to confirmthat the cycl one and nozzle

conbi nati on has the desired sharpness of cut. Conduct the PS tests in a w nd
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tunnel described in Section 5.2.1 and particle generation system described in
Section 5.2.2. Use five particle sizes and three wind velocities as listed in
Table 2. A minimumof three replicate nmeasurements of collection efficiency
shall be performed for each of the 15 conditions listed, for a m ni mum of 45
measur ement s.

5.2.1 Wnd Tunnel. Performthe calibration and PS tests in a w nd
tunnel (or equival ent test apparatus) capable of establishing and nmaintaining
the required gas streamvelocities within 10 percent.

5.2.2 Particle Generation System The particle generation system shal
be capabl e of producing solid nonodi spersed dye particles with the nass nedi an
aerodynamnmi c di aneters specified in Table 2. Performthe particle size
distribution verification on an integrated sanpl e obtained during the sanpling
peri od of each test. An acceptable alternative is to verify the size
di stribution of sanples obtained before and after each test, with both sanples
required to nmeet the diameter and nonodi spersity requirenments for an
acceptable test run.

5.2.2.1 Establish the size of the solid dye particles delivered to the
test section of the wind tunnel by using the operating paraneters of the
particle generation system and verify themduring the tests by nicroscopic
exam nati on of sanples of the particles collected on a nenbrane filter. The
particle size, as established by the operating paraneters of the generation
system shall be within the tolerance specified in Table 2. The precision of
the particle size verification technique shall be at |east +0.5 pm and
particle size determ ned by the verification technique shall not differ by
nore than 10 percent fromthat established by the operating paraneters of the
particle generation system

5.2.2.2. Certify the nonodi spersity of the particles for each test
ei ther by mcroscopic inspection of collected particles on filters or by other

sui tabl e nonitoring techniques such as an optical particle counter foll owed by
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a nmul tichannel pul se height analyzer. |f the proportion of nmultiplets and
satellites in an aerosol; exceeds 10 percent by nass, the particle generation
systemis unacceptable for the purpose of this test. Miltiplets are particles
that are aggl onerated, and satellites are particles that are smaller than the
speci fied size range.

5.2.3 Schematic Drawi ngs. Schematic drawi ngs of the wi nd tunnel and
bl ower system and other informati on showi ng conpl ete procedural details of the
test atnmosphere generation, verification, and delivery techniques shall be
furnished with calibration data to the revi ewi ng agency.

5.2.4 Flow Measurenents. Measure the cyclone air flowrates with a dry
gas neter and a stopwatch, or a calibrated orifice system capabl e of measuring
flowrates to within 2 percent.

5.2.5 Performance Specification Procedure. Establish test particle
generator operation and verify particle size mcroscopically. If
nonodi spersity is to be verified by neasurenents at the begi nning and the end
of the run rather than by an integrated sanple, these neasurements nmay be made
at this tine.

5.2.5.1 The cyclone cut size, or D,, of a cyclone is defined here as
the particle size having a 50 percent probability of penetration. Determ ne
the cyclone flowrate at which D, is 10 um A suggested procedure is to vary
the cyclone flow rate while keeping a constant particle size of 10 pum
Measure the PMcollected in the cyclone (m), the exit tube (m), and the

filter (m). Calculate cyclone efficiency (E) for each flowrate as foll ows:

Mc
E = X 100
(mc * mc * mf)

5.2.5.2 Do three replicates and cal cul ate the average cycl one

efficiency [Eagl as follows:
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Eqag = (E, + E, + E))/3

where E,, E,, and E; are replicate nmeasurenments of E.
5.2.5.3 Calculate the standard deviation (F) for the replicate

measurenents of E. as fol |l ows:

172
(E1+E2+E§2

(Ey B, Eg)——

O =

2

If F exceeds 0.10, repeat the replicated runs.

5.2.5.4 Measure the overall efficiency of the cyclone and nozzle, E,
at the particle sizes and noninal gas velocities in Table 2 using the
foll owi ng procedure.

5.2.5.5 Set the air velocity and particle size fromone of the
conditions in Table 2. Establish isokinetic sanmpling conditions and the
correct flowrate in the cyclone (obtained by procedures in this section) such
that the D, is 10 um Sanple | ong enough to obtain 5 percent precision on
total collected mass as determ ned by the precision and the sensitivity of
measuring technique. Deternine separately the nozzle catch (m), cyclone
catch (m), cyclone exit tube (M), and collection filter catch (m) for each
particle size and nomi nal gas velocity in Table 2. Calculate overal

efficiency (E) as follows:

(m, + m)

° (m, + m, + mem)

E X 100
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5.2.5.6 Do three replicates for each conmbi nation of gas velocity and

particle size in Table 2. Use the equation below to cal cul ate the average

overal | efficiency [Ey,q] for each combination followi ng the procedures

described in this section for determ ning efficiency.

E =(E, + E, + E)/3

o(avg)

where E,, E,, and E; are replicate nmeasurenments of E,.

5.2.5.7 Use the formula in Section 5.2.5.3 to calculate F for the
replicate neasurements. |f F exceeds 0.10 or if the particle sizes and
nom nal gas velocities are not within the linits specified in Table 2, repeat
the replicate runs.

5.2.6 Criteria for Acceptance. For each of the three gas stream
velocities, plot the E,,, as a function of particle size on Figure 8. Draw
snmoot h curves through all particle sizes. Ey,, shall be within the banded
region for all sizes, and the E.,, shall be 50 * 0.5 percent at 10 um

5.3 Cyclone Calibration Procedure. The purpose of this procedure is to
devel op the rel ationship between flow rate, gas viscosity, gas density, and
Dso.

5.3.1 Calculate Cyclone Flow Rate. Deternmine flow rates and Dy, s for
three different particle sizes between 5 pmand 15 pym one of which shall be
10 um  All sizes nust be determined within 0.5 pm For each size, use a
different tenperature within 60°C (108°F) of the tenperature at which the
cyclone is to be used and conduct triplicate runs. A suggested procedure is
to keep the particle size constant and vary the flow rate.

5.3.1.1 On log-log graph paper, plot the Reynolds number (Re) on the
absci ssa, and the square root of the Stokes 50 nunber [(Stks)” on the
ordinate for each tenperature. Use the follow ng equations to conmpute both

val ues:
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4pQqy.

dCyc T Mg

Re =

J/StKgy =

wher e:

Qe Cyclone flow rate, cnf/sec.
D = Gas density, g/cnt.

d,. = Dianeter of cyclone inlet, cm

Hee = Viscosity of gas through the cyclone, mcropoise.
D, = Aerodynam c di aneter of a particle having a 50 percent
probability of penetration, cm
5.3.1.2 Use a linear regression analysis to deternine the slope (m and

the Y-intercept (b). Use the following fornula to determine Q the cyclone

flowrate required for a cut size of 10 um

Ty T m m-1.5
Qs _ S [(3000)(K1)—b] -(0.5-m) S m-0.5 d m-0.5
4 M, P,
wher e:

m = Sl ope of the calibration |ine.

b = y-intercept of the calibration line.

Q = Cyclone flowrate for a cut size of 10 pm cn¥/ sec.

d = Dianeter of nozzle, cm

T, = Stack gas tenmperature, °R

P, = Absol ute stack pressure, in. Hg.
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M
Ky

Mol ecul ar wei ght of the stack gas, |b/lb-nole.

4.077 x 103

5.3.1.3 Refer to the Method 201A operators manual, entitled Application
Guide for Source PM,, Measurement with Constant Sampling Rate, for directions
in the use of this equation for Qin the setup cal cul ations.

5.4 Cascade |npactor. The purpose of calibrating a cascade inpactor is
to determne the enpirical constant (Stks), which is specific to the inpactor
and which permits the accurate deternination of the cut sizes of the inpactor
stages at field conditions. It is not necessary to calibrate each individua
i mpactor. Once an inpactor has been calibrated, the calibration data can be
applied to other inpactors of identical design.

5.4.1 Wnd Tunnel. Sane as in Section 5.2.1.

5.4.2 Particle Generation System Sane as in Section 5.2.2.

5.4.3 Hardware Configuration for Calibrations. An inpaction stage
constrains an aerosol to formcircular or rectangular jets, which are directed
toward a suitable substrate where the | arger aerosol particles are collected.
For calibration purposes, three stages of the cascade inpactor shall be
di scussed and designated calibration stages 1, 2, and 3. The first
calibration stage consists of the collection substrate of an inpaction stage
and all upstream surfaces up to and including the nozzle. This may include
ot her preceding inpactor stages. The second and third calibration stages
consi st of each respective collection substrate and all upstream surfaces up
to but excluding the collection substrate of the preceding calibration stage.
This may include intervening inpactor stages which are not designated as
calibration stages. The cut size, or Dy, of the adjacent calibration stages
shall differ by a factor of not less than 1.5 and not nore than 2.0. For
exanple, if the first calibration stage has a D, of 12 um then the D,, of the

downstream st age shall be between 6 and 8 pm
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5.4.3.1 It is expected, but not necessary, that the conpl ete hardware
assenbly will be used in each of the sanmpling runs of the calibration and
performance determinations. Only the first calibration stage nust be tested
under isokinetic sanmpling conditions. The second and third calibration stages
nmust be calibrated with the collection substrate of the preceding calibration
stage in place, so that gas flow patterns existing in field operation will be
si mul at ed.

5.4.3.2 Each of the PM, stages should be calibrated with the type of
coll ection substrate, viscid material (such as grease) or glass fiber, used in
PM, neasurenments. Note that nobst materials used as substrates at el evated
tenmperatures are not viscid at normal |aboratory conditions. The substrate
material used for calibrations should mnimze particle bounce, yet be viscous
enough to withstand erosion or deformation by the inpactor jets and not
interfere with the procedure for measuring the collected PM

5.4.4 Calibration Procedure. Establish test particle generator
operation and verify particle size mcroscopically. |f nonodispersity is to
be verified by neasurenents at the begi nning and the end of the run rather
than by an integrated sanple, these nmeasurenents shall be nade at this tinme.
Measure in triplicate the PMcollected by the calibration stage (n) and the PM
on all surfaces downstream of the respective calibration stage (m) for all of
the flow rates and particle size conbinations shown in Table 2. Techni ques of
mass neasurement may include the use of a dye and spectrophotoneter.
Particles on the upstreamside of a jet plate shall be included with the
substrate downstream except agglomerates of particles, which shall be
i ncluded with the preceding or upstream substrate. Use the follow ng fornula
to calculate the collection efficiency (E) for each stage.

5.4.4.1 Use the formula in Section 5.2.5.3 to cal culate the standard
deviation (F) for the replicate nmeasurenents. |f F exceeds 0.10, repeat the

replicate runs.
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5.4.4.2 Use the following fornmula to calculate the average collection
efficiency (E,,) for each set of replicate neasurenents.
Eavg: (E1+E2+E3)/3

where E,, E,, and E; are replicate neasurenents of E

5.4.4.3 Use the following formula to calculate Stk for each E,,.

2
STK - P~ Q
9uAdj

D = Aerodynam c di aneter of the test particle, cm(g/cnf)*
Q= Gas flowrate through the calibration stage at inlet conditions,
cnt/ sec.
p = Gas viscosity, mcropoise
A = Total cross-sectional area of the jets of the calibration stage,

cnt.

d, Di ameter of one jet of the calibration stage, cm

5.4.4.4 Determine Stkyg for each calibration stage by plotting E,,
versus Stk on log-1og paper. Stkg is the Stk nunber at 50 percent
efficiency. Note that particle bounce can cause efficiency to decrease at
hi gh val ues of Stk. Thus, 50 percent efficiency can occur at nultiple val ues
of Stk. The calibration data should clearly indicate the value of Stkg for
m ni mum particle bounce. Inpactor efficiency versus Stk with mnimal particle
bounce is characterized by a nonotonically increasing function with constant
or increasing slope with increasing Stk.

5.4.4.5 The Stkg, of the first calibration stage can potentially
decrease with decreasi ng nozzle size. Therefore, calibrations should be
performed with enough nozzle sizes to provide a nmeasured value within

25 percent of any nozzle size used in PM, neasurenents.
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5.4.5 Criteria For Acceptance. Plot E,, for the first calibration
stage versus the square root of the ratio of Stk to Stkyg, on Figure 9. Draw a
snmoot h curve through all of the points. The curve shall be within the banded
regi on.
6. Calculations
6.1 Nonencl ature.
B, = Mdisture fraction of stack, by volume, dinensionless.
C, = Viscosity constant, 51.12 micropoise for °K (51.05 m cropoi se
for °R).
C, = Viscosity constant, 0.372 micropoise/°K (0.207 micropoise/ °R).
C, = Viscosity constant, 1.05 x 10* micropoi se/ °K?
(3.24 x 10°° micropoisel/ °R?).
C, = Viscosity constant, 53.147 m cropoise/fraction Q.
C, = Viscosity constant, 74.143 m cropoise/fraction HO.
D,, = Dianeter of particles having a 50 percent probability of
penetration, pum
fo = Stack gas fraction O, by volune, dry basis.
K, = 0.3858 °K/mm Hg (17.64 °R/in. Hg).
M = Wet nol ecul ar wei ght of mixed gas through the PM, cycl one,
g/ g-nole (Ib/lb-nole).
M, = Dry nol ecul ar wei ght of stack gas, g/g-nmole (lb/lb-nole).
P, = Baronetric pressure at sanpling site, mmHg (in. Hg).
P, = Absol ute stack pressure, mmHg (in. Hg).
Q = Total cyclone flowrate at wet cyclone conditions, n¥/mn
(ft3 mn).
Q(stqy = Total cyclone flow rate at standard conditions, dscm mn
(dscf/mn).
T, = Average absolute tenperature of dry nmeter, °K (°R).

T, = Average absolute stack gas tenperature, °K (°R).



E VYV V..V V.V .YV V... V. V...V Y.V V. V.V V.V V. V.V V.V V.V V. ..V .V.V.V.V.V V..V
EMTI C TM 201A EMTI C TEST METHOD
VYV Y.V V.YV V...V V.YV ..V V. VYV ..V V. V... V.V V.V V. ..V .V.V.V.V.V.V.V.V
Vystay = Volume of water vapor in gas sanple (standard conditions),
scm (scf).
2 = Total sanpling tine, mn.

Hee = Viscosity of mixed cyclone gas, micropoise.

Meg = Viscosity of standard air, 180.1 m cropoise.

6.2 Analysis of Cascade Inpactor Data. Use the nmanufacturer's
recommended procedures to anal yze data from cascade i npactors.

6.3 Analysis of Cyclone Data. Use the follow ng procedures to analyze
data from a single stage cycl one.

6.3.1 PM, Weight. Determine the PMcatch in the PM, range fromthe
sum of the weights obtained from Container Numbers 1 and 3 | ess the acetone
bl ank.

6.3.2 Total PM Wight (optional). Deternine the PMcatch for greater
than PM, fromthe wei ght obtained from Contai ner Nunber 2 | ess the acetone
bl ank, and add it to the PM, weight.

6.3.3 PM, Fraction. Deternmine the PM, fraction of the total
particul ate wei ght by dividing the PM, particul ate wei ght by the total
particul ate wei ght.

6.3.4 Aerodynanmic Cut Size. Calculate the stack gas viscosity as
fol |l ows:

Hoye = Cp + CTg + CsT52 + Cfp, — G B

ws

6.3.4.1 The PM, flow rate, at actual cyclone conditions, is calculated

as follows:
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T \%

Q:_SQ 4 _=d)
K, P [T 0

6.3.4.2 Calculate the nolecular weight on a wet basis of the stack gas as

foll ows:

M, = M1 - B, + 18.0(B,)

w

6.3.4.3 Calculate the actual Dy, of the cyclone for the given

conditions as follows:

0.2091, 0.7091
T g

where B, = 0.027754 for metric units (0.15625 for English units).

6.3.5 Acceptable Results. The results are acceptable if two conditions
are net. The first is that 9.0 um< D,, < 11.0 uym The second is that no
sampling points are outside )p., and )p.. Or that 80 percent < | < 120
percent and no nore than one sanpling point is outside )p,, and )p. |f Dy
is less than 9.0 um reject the results and repeat the test.
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Barometric pressure, P, in. Hg
Stack static pressure, P, in. HO
Aver age stack tenperature, tg,

Meter tenmperature, t, °F
n

Oifice )Hy in. HO

o
T
I nin

Gas anal ysi s:
%O,
%0,
wN, + %O
Fraction noisture content, By

Mol ecul ar wei ght of stack gas, dry basis:
M, =0.44 (%CO) + 0.32 (%O,) + 0.28 (%\, + %CO = [ b/1b nole

Mol ecul ar wei ght of stack gas, wet basis:

M, =M (1-B,) + 18 (B,) = [ b/1b nole

Absol ute stack pressure:

P-P_ +—-9 - in. H
s b 136 g

Vi scosity of stack gas:

W, = 152.418 + 0.2552 t, + 3.2355x10 ° tZ + 0.53147 (%0,) - 74.143B,

= __ m cropoi se

Cyclone flow rate:
(ts+460) 0.2949
M P

W s

Q, = 0.002837 = __ ft3min,

Figure 4. Exanple Wrksheet 1 (Page 1 of 2), Cyclone Flow Rate and )H.
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Oifice pressure head ()H) needed for cyclone flow rate:

1-B,)P.\2(t_+460) M_(1.083) AHO
A - [ QBuP) (1, +460) M((1.083) AHO in. H,0
t.+460 P

bar

Cal cul ate )H for three tenperatures:

ts, °F

JH, in. HO

Figure 4. Exanple Wrksheet 1 (Page 2 of 2), Cyclone Flow Rate and )H.
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Stack viscosity, W, mcropoise

Absol ute stack pressure, P, in. Hg

Average stack tenperature, t,, °F

Meter tenmperature, t, °F

Met hod 201A pitot coefficient, G,

Cyclone flowrate, ft3mn, Q

Met hod 2 pitot coefficient, C;

Mol ecul ar wei ght of stack gas, wet basis, M,
Nozzl e dianmeter, D, in.

ns

Nozzl e velocity

3.056 Q

v, = ft/sec

D,?
Maxi mum and ni ni nrum vel ocities:

Cal cul ate R;,.

0.2603
R = 02457 + |0.3072- %@“S -

Vi

If Ry, is less than 0.5, or if an imagi nary nunmber occurs when cal cul ating
Ri. use Equation 1 to calculate v,,. Oherw se, use Equation 2.

Eq. 1 Viin

v, (0.5) = ft/sec
Eq. 2 Viin ,

Cal cul ate Rg,.

0.2603
R = 04457 + [0.5690 + E\g@“s =

Vi

Figure 5. Exanple Wrksheet 2 (Page 1 of 2), Nozzle Selection.
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If Rac IS greater than 1.5, use Equation 3 to calculate v,. Oherw se, use
Equation 4.

Eq. 3
Eq. 4

VI’THX

v, (1.5) = ft/sec
V, Ry = __ ft/sec

VI’THX

Maxi mum and m ni mum vel ocity head val ues:

PM, (V)2
Ap,;, 1.3686 x10™4 2 oMo in.H,O

(t, + 460) C7

4 PeM,, (V) .
Ap,.. = 1.3686 x 104 — - in. H,0

(t, + 460)C;

Nozzl e No.

D, in.

vV, ft/sec

V.. ft/sec

Vo ft/sec

) Puin i H20
) P 1 H20

Vel ocity traverse data:

c
Ap(Method 201A) = Ap(Method2) | —2

1
Cp
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Figure 5. Exanple Wrksheet 2 (Page 2 of 2), Nozzle Selection.
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Total run tinme, mnutes

Nunber of traverse points

' 1.
Ap* ’ (Tota run time)
Ap'avg (Number of points)

wher e:

ty

dp' .

dwell time at first traverse point, ninutes.

the velocity head at the first traverse point (froma previous
traverse), in. HO
J)p' .y = the square of the average square root of the )p's (froma

previous velocity traverse), in. HO

At subsequent traverse points, measure the velocity )p and

calculate the dwell time by using the follow ng equation:

t
t = —2 JAp,, nN=23,. . . tota number of sampling points
JAp

1

wher e:
t,
P;
P,

dwel|l time at traverse point n, mnutes.

nmeasured vel ocity head at point n, in. HO

nmeasured vel ocity head at point 1, in. HO

Figure 6. Exanple Wrksheet 3 (Page 1 of 2), Dwell Tinme.
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Port

Poi nt No. Jp t Jp t p t Jp t

1
2
3
4
5
6

Figure 6. Exanple Wrksheet 3 (Page 2 of 2), Dwell Time.



AA4444444444444484444444444444444444444444444444444444444444444444444444444444
EMII C TM 201A EMII C TEST METHOD
AA4A444444444444444444444444444448444484444444444444444444444444444444444444444444

Pl ant
Dat e
Run numnber
Filter number
Amount of liquid |ost during transport
Acet one bl ank volume, m
Acet one wash volume, m (4) (5)
Acet one bl ank conc., ng/ng (Equation 5-4, Method 5)
Acet one wash bl ank, nmg (Equation 5-5, Method 5)

Wei ght of PM, (nmg)

Cont ai ner No. Fi nal Tare Wei ght
Wi ght Wi ght Gai n
B S NN R R
2 e
__________ Total
__________ Less Acetone Blank | |\ |\ .
Wei ght of PM,

Figure 7. Method 201A anal ysi s sheet
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90 |—

> 70 |— —_—
O
Zz . _
i 60
¢ 50 |— —
e o4 | _
(1
17<V<27m/s

w3 S
|_
pd 9<V<17mls
w 20 —
(&}
(14
L V<9m/s
o 10 _

5 - -

I |
1 2 4 6 8 10 20 40

AERODYNAMIC DIAMETER (um)

FIGURE 8. EFFICIENCY ENVELOPE FOR THE PM-10 CYCLONE
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95 — _

90 I

80 — —_—

70 — —_—

60 — _

50 — —_—

40 I —_

17<v<27m/s
30 N

<v<
20 9<v<17m/s

v<9m/s
10 [

0.1 0.2 0.4 06 08 1.0 2.0 4.0

\/ STK/STK
50

Figure 9. Efficiency Envelope for First Calibration Stage.
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EMII C TM 201A

TABLE 1. PERFORMANCE SPECI FI CATI ONS FOR SOURCE PM, CYCLONES
AND NOZZLE COVBI NATI ONS
Par aret er Units Speci fication
1. Collection Per cent Such that collection
Ef fici ency efficiency falls within
envel ope specified by
Section 5.2.6 and
________________________________________________________________ Figures8.
2. Cyclone Cut Size pm 10+1 nm aer odynamni c
( Dso) di anet er.
TABLE 2. PARTI CLE SI ZES AND NOM NAL GAS VELOCI TI ES FOR EFFI Cl ENCY
Target Gas Velocities (nfsec)
Particle Size 7+1.0 15+1.5 25+2.5
(m) @
ss0s5
=S5
Jwos0.5
I O ] N N B
20+1.0

(a Mass nedi an aero

dynam ¢ di aneter.



