Summary
6/25/14, 2:40:44 PM -06'00'

Differences exist between documents.

New Document: Old Document:

m-201a w%ab%mmmmm
75 pages (695 KB) o

6/25/14, 3:40:17 PM  (ConstantSampting Rate Procedurey

-06'00" 68 pages (1.50 MB)
Used to display 6/25/14, 3:40:14 PM -06'00'
results.

Get started: first change is on page 1.

No pages were deleted

How to read this report

BIGRNERE indicates a change.
Peleted indicates deleted content.

[ indicates pages were changed.
indicates pages were moved.

file://INoURLProvided[6/25/14, 2:40:50 PM]



(VETHOD 201A"="DETERM'NATION OF PM, AND PM, . EM SSI ONS FROM
STATI ONARY SOURCES (Constant Sanpling Rate Procedure)

1.0 Scope and Applicability

1.1 Scope. The U S. Environnental Protection Agency
(U.S. EPA or “we”) devel oped this nethod to describe the
procedures that the stack tester (“you”) nust follow to

nmeasure filterable particulate matter (PM em ssions equal
to or less than a nom nal aerodynam c di aneter of 10

mcroneters (PM,) and 2.5 micronmeters (PM, ). This nethod

can be used to neasure coarse particles (i.e., the

di fference between the neasured Pl\/!LO concentration and the

measured PM, . concentration).

a2 _ Thi s nmet hod addresses the

equi pnent, preparation, and anal ysis necessary to neasure
filterable PM You can use this nethod to neasure
filterable PMfrom stationary sources only. Filterable PM
is collected in stack with this nmethod (i.e., the method
neasures materials that are solid or liquid at stack
conditions). |If the gas filtration tenperature exceeds
—then you may use the procedures in this nethod
to neasure only filterable PM (material that does not pass
through a filter or a cyclone/filter conbination). |If the
gas filtration tenperature exceeds — and you
nmust neasure both the filterable and condensable (materi al

t hat condenses after passing through a filter) conponents
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of* total primary (direct) PMem ssions to the atnosphere,
t hen you nust comnbi ne the procedures in this nmethod with
the procedures in Method 202 of appendix Mto this part for
nmeasuri ng condensable PM However, if the gas filtration

t enperature never exceeds B0PC(859F)" t hen use of Met hod
202 of appendix Mto this part is not required to neasure
total primary PM

1.3 Responsibility. You are responsible for
obt ai ni ng the equi prrent and supplies you will need to use
this nmethod. You nust al so devel op your own procedures for
followi ng this nethod and any additional procedures to
ensure accurate sanpling and anal yti cal neasurenents.

1.4 Additional Methods. To obtain results, you nust
have a thorough know edge of the follow ng test nethods
found in appendices A-1 through A-3 of 40 CFR part 60:

(a) Method 1/~ Sanple and velocity traverses for
stationary sources.

(b) Method 2 & Determinati'on of stack gas velocity
and volunetric flowrate (Type S pitot tube).

(c) Method 3 &7Gas analysis for the determ nation of
dry nol ecul ar wei ght.

(d) Method 4 &'Determination of noisture content in
st ack gases.

(e) Method 5 @'Deternmination of particulate nmatter
em ssions from stationary sources.

1.5 Limtations. You cannot use this nmethod to
measure em ssions in which water droplets are present
because the size separation of the water droplets may not
be representative of the dry particle size released into
the air. To neasure filterable PM, and PM, . in emni ssions

where water droplets are known to exist, we reconmend that
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you use Method 5 of appendix A-3 to part 60. Because of
the tenperature limt of the (Orings used in this sanpling
train, you nust follow the procedures in Section 8.6.1 to
test emnissions fromstack gas tenperatures exceedi ng 205°9C
(4000F) .

1.6 Conditions. You can use this nethod to obtain
particle sizing at 10 mcronmeters and or 2.5 microneters if
you sanple within 80 and 120 percent of isokinetic flow
You can al so use this nmethod to obtain total filterable
particulate if you sanple within 90 to 110 percent of
i sokinetic flow, the nunber of sanpling points is the sane
as required by Method 5 of appendix A-3 to part 60 or
Met hod 17 of appendix A-6 to part 60, and the filter
tenperature is within an acceptable range for these
met hods. For Method 5, the acceptable range for the filter

tenperature is generally (@209C(2489F)" unl ess a hi gher or

| ower tenperature is specified. The acceptable range

vari es dependi ng on the source, control technol ogy and
applicable rule or permit condition. To satisfy Method 5
criteria, you may need to renove the in-stack filter and
use an out-of-stack filter and recover the PMin the probe
between the PM, . particle sizer and the filter. In

addition, to satisfy Method 5 and Method 17 criteria, pou
may) need to sanple fromnore than 12 traverse points. Be
aware that this nethod determnes in-stack PM, and (PM, .

fi'l'tterabl'e em ssions by sanpling froma recommended nmaxi num
of 12 sanple points, at a constant flow rate through the
train (the constant flowis necessary to nmaintain the size
cuts of the cyclones), and with a filter that is at the
stack tenperature. In contrast, Method 5 or Method 17
trains are operated isokinetically with varying flow rates
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t hrough the train. Method 5 and Method 17 require sanpling
fromas many as 24 sanple points. Method 5 uses an out-of -
stack filter that is maintained at a constant tenperature
of 120°C (248°F). Further, to use this nethod in place of
Met hod 5 or Method 17, you nust extend the sanpling tine so
that you collect the m nimum mass necessary for wei ghing
each portion of this sanpling train. Also, if you are
using this method as an alternative to a test mnethod
specified in a regulatory requirenment (e.g., a requirenent
to conduct a conpliance or performance test), then you nust
receive approval fromthe authority that established the
regul atory requirenent before you conduct the test.

2.0 Summary of Method

2.1 Summary. To neasure PM, and PM, ., extract a

sanple of gas at a predeterm ned constant flow rate through
an in-stack sizing device. The particle-sizing device
separates particles with nom nal aerodynam c di aneters of
10 mcroneters and 2.5 mcronmeters. To mnimze variations
in the isokinetic sanpling conditions, you nust establish
well -defined Iimts. After a sanple is obtained, renove
unconbi ned water fromthe particul ate, then use gravinetric
anal ysis to determne the particul ate mass for each size
fraction. The original nmethod, as pronulgated in 1990, has
been changed by adding a PM, . cycl one downstream of the (PMg

cyclone., Both cycl ones were devel oped and eval uated as
part of a conventional five-stage cascade cycl one train.
The addition of a PM, . cyclone between the PM, cycl one and

the stack tenperature filter in the sanpling train
suppl ements the neasurenment of PM, with the neasurenent of |

PM,..) Wthout the addition of the PM, . cyclone, the

filterable particulate portion of the sanpling train may be
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used to neasure total and PM, em ssions. Likew se, with
the exclusion of the PM, cyclone, the filterable

particulate portion of the sanpling train rmay be used to
measure total and PM, . emi ssions. Figure 1 of Section 17

presents the schematic of the sanpling train configured
Wi th this change.
3.0 Definitions

3.1 Condensable particulate nmatter (CPM neans

material that is vapor phase at stack conditions, but
condenses and/ or reacts upon cooling and dilution in the
anbient air to formsolid or liquid PMinmredi ately after
di scharge fromthe stack. Note that all CPMis assuned to
be in the PM, . size fraction.

3.2 Constant weight neans a difference of no nore

than 0.5 ng or one percent of total weight less tare
wei ght, whichever is greater, between two consecutive
wei ghings, with no | ess than six hours of desiccation tine
bet ween wei ghi ngs.
3.3 Filterable particulate matter ((PM neans

particles that are emtted directly by a source as a solid
or liquid at stack or release conditions and captured on
the filter of a stack test train.

3.4 Primary particulate matter (PM (also known as

direct PM neans particles that enter the atnosphere as a
direct em ssion froma stack or an open source. Primary PM
has two components: filterable PM and condensabl e PM
These two PM conponents have no upper particle size limt.
3.5 Primary PM, . (also known as direct PM, ., total

PM s PM, ., or conbined filterable PM, . and condensable PM

means PM w th an aerodynam c di aneter |ess than or equal to
2.5 mcroneters. These solid particles are emtted
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directly froman air em ssions source or activity, or are
t he gaseous or vaporous em ssions froman air em ssions
source or activity that condense to form PM at anbi ent
tenperatures. Direct (PM, ;. emissions include el enental

carbon, directly emtted organic carbon, directly emtted
sulfate, directly emitted nitrate, and other inorganic
particles (including but not limted to crustal material,
netals, and sea salt).

3.6 ELLHELX_EL_O (al so known as direct PM,,, t ot al
PM, PM, or the conbination of filterable PM, and

condensable PM neans PMw th an aerodynam c di aneter equa
to or less than 10 m croneters.
4.0 Interferences

You cannot use this nethod to neasure em ssions where
wat er droplets are present because the size separation of
the water droplets may not be representative of the dry
particle size released into the air. Stacks with entrained
noi sture droplets may have water droplets |larger than the
cut sizes for the cyclones. These water droplets normally
contain particles and dissolved solids that beconme PMg and.

PM;o foll owi ng evaporation of the water.

5.0 Safety
5.1 Disclainer. Because the performance of this

nmet hod may require the use of hazardous materials,
operations, and equi pnment, you should devel op a health and
safety plan to ensure the safety of your enployees who are
on site conducting the particulate em ssion test. Your

pl an should conformw th all applicable Cccupational Safety
and Health Adm nistration, Mne Safety and Health

Adm ni stration, and Departnment of Transportation regul atory
requirements. Because of the unique situations at sone
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facilities and because sone facilities nmay have nore
stringent requirenments than is required by State or federa
| aws, you may have to devel op procedures to conformto the
pl ant health and safety requirenents.

6.0 Equi pnent and [Suppli es

Figure 2 of Section 17 shows details of the conbi ned
cycl one heads used in this nmethod. The sanpling train is
the same as Method 17 of appendix A-6 to part 60 with the
exception of the PM, and PM, . sizing devices. The

foll owi ng sections describe the sanpling train’s prinmary
design features in detail.

6.1 Filterable Particulate Sanpling Train Conponents.

6.1.1 Nozzle. You nust use stainless steel (316 or
equi val ent) or fluoropol yner-coated stainless steel nozzles
with a sharp tapered | eading edge. We recomend one of the
12 nozzles listed in Figure 3 of Section 17 because they
meet design specifications when PV, cyclones are used as

part of the sanpling train. W also reconmend that you
have a | arge nunber of nozzles in small dianeter increnments
avail able to increase the |ikelihood of using a single
nozzle for the entire traverse. W recommend one of the
nozzles listed in Figure 4A or 4B of Section 17 because
they neet design specifications when PM, . cyclones are used

wi thout PM, cyclones as part of the sanpling train.

6.1.2 PM, and PM, . Sizing Device

6.1.2.1. Use stainless steel (316 or equivalent) or
fl uoropol yner-coated PM, and PM, . sizing devices. You may

use sizing devices constructed of high-tenperature
specialty metals such as Inconel, Hastelloy, or Haynes 230.
(See al so Section 8.6.1.) The sizing devices nust be

cycl ones that nmeet the design specifications shown in
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Figures 3, 4A, 4B, 5, and 6 of Section 17. Use a cali per
to verify that the dinmensions of the PM, and PM, . sizing

devices are within £0.02 cm of the design specifications.
Exanpl e suppliers of PM, and PM, . sizing devices include

t he foll ow ng:

(a) Environnental Supply Conpany, Inc., 2142 E. Ceer
Street, Durham North Carolina 27704. Tel ephone No.

(919) 956-9688; Fax: (919) 682-0333.

(b) Apex Instrunents, 204 Technol ogy Park Lane,
Fuquay-Varina, North Carolina 27526. Tel ephone No.: (919)
557-7300 (phone); Fax: (919) 557-7110.

6.1.2.2. You may use alternative particle sizing
devices if they neet the requirenents in Devel opnment and
Laboratory Eval uation of a Five-Stage Cycl one System (EPA-
600/ 7- 78- 008 (http://cfpub. epa.gov/ols).

6.1.3 Filter Holder. Use a filter holder that is
stainl ess steel (316 or equivalent). A heated glass filter
hol der may be substituted for the steel filter hol der when
filtration is performed out-of-stack. Comercial-size
filter holders are avail abl e dependi ng upon proj ect
requi renments, including conmercial stainless steel filter
hol ders to support 25-, 47-, 63-, 76-, 90-, 101-, and 110-
mm di aneter filters. Commercial size filter holders
contain a fluoropolynmer Oring, a stainless steel screen
that supports the particulate filter, and a fina
fl uoropolymer Oring. Screw the assenbly together and
attach to the outlet of cyclone IV. The filter nust not be
conpressed between the fluoropolymer Oring and the filter
housi ng.

6.1.4 Pitot Tube. You nust use a pitot tube made of
heat resistant tubing. Attach the pitot tube to the probe
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with stainless steel fittings. Follow the specifications
for the pitot tube and its orientation to the inlet nozzle
given in Section 6.1.1.3 of Method 5 of appendix A-3 to
part 60.

6.1.5 Probe Extension and Liner. The probe extension
nmust be (glass- or fluoropolyner-lined. Followthe
specifications in Section 6.1.1.2 of Method 5 of appendi x
A-3 to part 60. |If the gas filtration tenperature never

exceeds (B09CT(859F) " t hen the probe nmay be constructed of
stainless steel without a probe liner and the extension is
not recovered as part of the PM

6.1.6 Differential Pressure Gauge, Condensers,
Metering Systens, Baroneter, and Gas Density Determ nation
Equi pnrent. Follow the requirenents in Sections 6.1.1.4
through 6.1.3 of Method 5 of appendix A-3 to part 60, as
appl i cabl e.

6.2 Sanple Recovery Equi pnent.

6.2.1 Filterable Particulate Recovery. Use the
foll owi ng equi pnent to quantitatively determ ne the anount
of filterable PMrecovered fromthe sanpling train

(a) Cyclone and filter hol der brushes.

(b) Wash bottles. Two wash bottles are recomended.
Any container material is acceptable, but wash bottles used
for sanple and bl ank recovery nust not contribute nore than
0.1 ng of residual mass to the CPM neasurenents.

(c) Leak-proof sanple containers. Containers used
for sanple and bl ank recovery nust not contribute nore than
0.05 ng of residual mass to the CPM neasurenents.

(d) Petri dishes. For filter sanples; glass or
pol yet hyl ene, unl ess ot herw se specified by the
Adm ni strator.
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(e) Gaduated cylinders. To neasure condensed water
towithin1lm or 0.5 g. Gaduated cylinders nust have
subdi vi si ons not greater than 2 m.

(f) Plastic storage containers. Air-tight containers
to store silica gel

6.2.2 Analysis Equipnent.

(a) Funnel. dass or polyethylene, to aid in sanple
recovery.

(b) Rubber policeman. To aid in transfer of silica
gel to container; not necessary if silica gel is weighed in
the field.

(c) Analytical balance. Analytical balance capable
of weighing at least 0.0001 g (0.1 nm).

(d) Balance. To determ ne the weight of the npisture
in the sanpling train conponents, use an anal ytical bal ance
accurate to =+ 0.5 g.

(e) Fluoropolynmer beaker |iners.

7.0 Reagents, Standards, and Sanpling Medi a

7.1 Sanple Collection. To collect a sanple, you wll
need a filter and silica gel. You nust also have water and
crushed ice. These itens nust neet the foll ow ng
speci fications.

7.1.1 Filter. 4 Use a nonreactive, nondisintegrating
gl ass fiber, quartz, or polyner filter that does not a have
an organic binder. The filter nust also have an efficiency
of at least 99.95 percent (less than 0.05 percent
penetration) on 0.3 mcroneter dioctyl phthalate particles.
You may use test data fromthe supplier’s quality contro
programto docunment the PMfilter efficiency.

7.1.2 Silica Gl. Use an indicating-type silica gel
of 6 to 16 nmesh. You nust obtain approval fromthe
regulatory authority that established the requirenent to
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use this test nethod to use other types of desiccants
(equivalent or better) before you use them Allowthe

silica gel to dry for two hours at [A759C(850°9F)" if it is
bei ng reused. You do not have to dry new silica gel if the
i'ndi‘cat'or’ shows the silica is active for noisture

col I ection.

7.1.3 Crushed Ice. Obtain fromthe best readily
avai | abl e source.

7.1.4 Water. Use deionized, ultra-filtered water
that contains 1.0 part per mllion by weight (1
mlligramliter) residual mass or less to recover and
extract sanpl es.

7.2 Sanple Recovery and Anal ytical Reagents. You
w Il need acetone and anhydrous calciumsulfate for the
sanpl e recovery and anal ysis. Unless otherw se indicated,
all reagents nmust conformto the specifications established
by the Commttee on Anal ytical Reagents of the American
Chem cal Society. |If such specifications are not
avai l abl e, then use the best avail able grade. Additional
i nformati on on each of these itens is in the follow ng
par agr aphs.

7.2.1 Acetone. Use acetone that is stored in a glass
bottle. Do not use acetone froma netal container because
it will likely produce a high residue in the | aboratory and
field reagent blanks. You nust use acetone with bl ank
values less than 1 part per mllion by weight residue.

Anal yze acetone bl anks prior to field use to confirm| ow
bl ank values. 1In no case shall a blank value of greater
than 0.0001 percent (1 part per mllion by weight) of the
wei ght of acetone used in sanple recovery be subtracted
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fromthe sanple weight (i.e., the maxi num bl ank correction

is 0.1 ng per 100 Ml of acetone used to recover sanples).
7.2.2 Particulate Sanple Desiccant. Use findicating-

type anhydrous calcium sulfate to desiccate sanples prior

t o wei ghi ng.

8.0 Sanple Collection, Preservation, Storage, and Transport

8.1 Qualifications. This is a conplex test nethod.
To obtain reliable results, you should be trained and
experienced with in-stack filtration systens (such as
cycl ones, inpactors, and thinbles) and inpinger and
noi sture train systens.

8.2 Preparations. Follow the pretest preparation
instructions in Section 8. 1 of Method 5 of appendix A-3 to
part 60.

8.3 Site Setup. You nust conplete the following to
properly set up for this test:

(a) Determne the sanmpling site |ocation and traverse
poi nt s.

(b) Calcul ate probe/cycl one bl ockage.

(c) Verify the absence of cyclonic flow

(d) Conplete a prelimnary velocity profile and
sel ect a nozzle(s) and sanpling rate.

8.3.1 Sanpling Site Location and Traverse Point
Determ nation. Follow the standard procedures in Method 1
of appendix A-1 to part 60 to select the appropriate
sanpling site. Choose a location that maxim zes the
di stance from upstream and downstream fl ow di st ur bances.

(a) Traverse points. The required maxi num nunber of
total traverse points at any location is 12, as shown in
Figure 7 of Section 17. You nust prevent the disturbance
and capture of any solids accunmul ated on the inner wall
surfaces by maintaining a 1-inch distance fromthe stack
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wall (0.5 inch for sanpling | ocations | ess than 36.4 inches
in dianeter with the pitot tube and 32.4 inches w thout the
pitot tube). During sanpling, when the PM, . cyclone is

used wi thout the PM, traverse points closest to the stack
wal I's may not be reached because the inlet to a PM, ¢

cyclone is | ocated approximately 2.75 inches fromthe end
of the cyclone. For these cases, you may coll ect sanples
using the procedures in Section 11.3.2.2 of Method 1 of
appendi x A-3 to part 60. You nust use the traverse point
cl osest to the unreachabl e sanpling points as replacenent
for the unreachable points. You nust extend the sanpling
time at the replacenent sanpling point to include the
duration of the unreachable traverse points.

(b) Round or rectangul ar duct or stack. |If a duct or

stack is round with two ports |ocated 900 apart, use six
sanpling points on each dianeter. Use a 3x4 sanpling point
| ayout for rectangul ar ducts or stacks. Consult with the
Adm ni strator to receive approval for other l|ayouts before
you use them

(c) Sanpling ports. You mnmust determne if the
sanpling ports can accommobdate the in-stack cycl ones used
in this nethod. You may need | arger dianmeter sanpling
ports than those used by Method 5 of appendix A-3 to part
60 or Method 17 of appendix A-6 to part 60 for total
filterable particul ate sanpling. Wen you use nozzles
smal l er than 0.16 inch in dianmeter and either a PM, or a

conbi ned PM, and PM, . sanpling apparatus, the sanpling port

di aneter may need to be six inches in diameter to
accommopdate the entire apparatus because the conventional
4-inchdi aneter port may be too small due to the conbined

di nensi on of the PM, cyclone and the nozzle extending from
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the cyclone, which will likely exceed the internal dianeter
of the port. A 4-inch port should be adequate for the
single PM, . sanpling apparatus. However, do not use the

conventional 4-inch dianmeter port in any circunstances in
whi ch the conbi ned di nension of the cyclone and the nozzle
extending fromthe cycl one exceeds the internal dianeter of
the port. (Note: |If the port nipple is short, you may be
able to “hook” the sanpling head through a smaller port
into the duct or stack.)
8.3.2 Probe/Cycl one Bl ockage Cal cul ati ons. Fol | ow
the procedures in the next two sections, as appropriate.
8.3.2.1 Ducts with dianmeters greater than 36.4
i nches. Based on conmmercially avail abl e cyclone assenblies

for this procedure, ducts with dianmeters greater than 36.4
i nches have bl ockage effects | ess than three percent, as
illustrated in Figure 8 of Section 17. You nmust mnim ze
t he bl ockage effects of the conbination of the i'n=stack
nozzl e/ cyclones, pitot tube, and filter assenbly that you
use by keeping the cross-sectional area of the assenbly at
three percent or |less of the cross-sectional area of the
duct .

8.3.2.2 Ducts with dianeters between 25.7 and 36.4
inches. Ducts with diameters between 25.7 and 36.4 inches

have bl ockage effects ranging fromthree to six percent, as
illustrated in Figure 8 of Section 17. Therefore, when you
conduct tests on these small ducts, you nust adjust the
observed velocity pressures for the estimted bl ockage
factor whenever the conbi ned sanpling apparatus bl ocks nore
than three percent of the stack or duct (see Sections
8.7.2.2 and 8.7.2.3 on the probe bl ockage factor and the
final adjusted velocity pressure, respectively). (Note:
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Valid sanpling with the conmbined PM, ./PM, cyclones cannot

be performed with this nethod if the average stack bl ockage
fromthe sanpling assenbly is greater than six percent,
i.e., the stack dianmeter is less than 26.5 inches.)

8.3.3 Cyclonic Flow Do not use the conbined cycl one
sanpling head at sanpling | ocations subject to cyclonic
flow Also, you nust follow procedures in Method 1 of
appendi x A-1 to part 60 to determ ne the presence or
absence of cyclonic flow and then performthe foll ow ng

cal cul ati ons:

(a) As per Section 11.4 of Method 1 of appendix A-1l to
part 60, find and record the angle that has a null velocity
pressure for each traverse point using an S-type pitot
t ube.

(b) Average the absolute values of the angles that
have a null velocity pressure. Do not use the sanpling

location if the average absol ute val ue exceeds 200. (Note:
You can mnimze the effects of cyclonic flow conditions by
novi ng the sanpling |ocation, placing gas flow
strai ghteners upstream of the sanpling |ocation, or
appl ying a nodified sanpling approach as described in EPA
Qui del i ne Docunent GD- 008, Particul ate Em ssions Sanpling
in Cyclonic Flow. You may need to obtain an alternate
met hod approval fromthe regulatory authority that
established the requirenment to use this test nethod prior
to using a nodified sanpling approach.)

8.3.4 Prelimnary Velocity Profile. Conduct a
prelimnary velocity traverse by follow ng Method 2 of
appendi x A-1 to part 60 velocity traverse procedures. The
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purpose of the prelimnary velocity profile is to determ ne
all of the follow ng:

(a) The gas sanpling rate for the conbi ned
probe/ cycl one sanpling head in order to neet the required
particle size cut.

(b) The appropriate nozzle to maintain the required
gas sanpling rate for the velocity pressure range and
i sokinetic range. |If the isokinetic range cannot be net
(e.g., batch processes, extreme process flow or tenperature
variation), void the sanple or use nethods subject to the
approval of the Administrator to correct the data. The
acceptabl e variation fromisokinetic sanpling is 80 to 120
percent and no nore than 100 + 29 percent (two out of 12 or
five out of 24) sanpling points outside of this criteria.

(c) The necessary sanpling duration to obtain
sufficient particul ate catch wei ghts.

8.3.4.1 Prelimnary traverse. You nust use an S-type

pitot tube with a conventional thernocouple to conduct the
traverse. Conduct the prelimnary traverse as cl ose as
possible to the anticipated testing tinme on sources that
are subject to hour-by-hour gas flow rate variations of
approxi mtely + 20 percent and/or gas tenperature

vari ati ons of approximately = @0OC (+ (S09F)"» (Note: You
shoul d be aware that these variations can cause errors in
the cyclone cut dianeters and the isokinetic sanpling
vel ocities.)

8.3.4.2 Velocity pressure range. Insert the S-type

pitot tube at each traverse point and record the range of
vel ocity pressures neasured on data formin Method 2 of
appendi x A-1 to part 60. You will use this later to sel ect

t he appropriate nozzle.
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8.3.4.3 Initial gas streamviscosity and nol ecul ar

wei ght. Determ ne the average gas tenperature, average gas
oxygen content, average carbon di oxi de content, and
estimated noisture content. You will use this information
to calculate the initial gas streamviscosity (Equation 3)
and nol ecul ar wei ght (Equations 1 and 2). (Note: You nust
follow the instructions outlined in Method 4 of appendi x A=
3 to part 60 or Alternative Misture Measurenent Method

M dget | npingers (ALT-008) to estinmate the noisture
content. You may use a wet bul b-dry bul b neasurenent or
hand- hel d hygrometer nmeasurenent to estimate the noisture

content of sources with gas tenperatures |ess than 710C
(1600F) .)

8.3.4.4 Approxinate PM concentration in the gas

stream Determ ne the approxi mate PM concentration for the,
PMj and the PM, . to PM, conponents of the gas stream

t hrough qualitative nmeasurenents or estinates from precious
stack particulate em ssions tests. Having an idea of the
particul ate concentration in the gas streamis not

essential but will help you determ ne the appropriate
sanpling tinme to acquire sufficient PMweight for better
accuracy at the source em ssion |level. The collectable PM
wei ght requirenments depend primarily on the types of filter
medi a and wei ghing capabilities that are avail able and
needed to characterize the em ssions. Estimate the

col |l ectable PM concentrations in the greater than 10

m croneter, less than or equal to 10 microneters and
greater than 2.5 mcroneters, and |l ess than or equal to 2.5
m croneter size ranges. Typical PM concentrations are
listed in Table 1 of Section 17. Additionally, relevant
sections of AP-42, Conpilation of Air Pollutant Em ssion


Compare: Insert�
text
"Page17of75"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "A-3"
[New text]: "A3"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "71°C(160°F).)"
[New text]: "71oC(160oF).)"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"PM2.5"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"PM2.5"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size


Page 18 of 75

Factors, may contain particle size distributions for
processes characterized in those sections, and appendi x B2
of AP=42 contains generalized particle size distributions
for nine industrial process categories (e.g., stationary

i nternal conbustion engines firing gasoline or diesel fuel,
cal cining of aggregate or unprocessed ores). The
generalized particle size distributions can be used if
source-specific particle size distributions are
unavai | able. Appendi x B2 of AP-42 al so contains typica
collection efficiencies of various particulate contro

devi ces and exanpl e cal cul ati ons showi ng how to estimte
uncontrol led total particul ate em ssions, uncontrolled

si ze-specific em ssions, and controlled size-specific

particul ate em ssions. (http://ww.epa.gov/ttnchiel/ ap42.)

8.4 Pre-test Calculations. You nmust performpre-test
calculations to help select the appropriate gas sanpling
rate through cyclone I (PM,) and cyclone IV {(PM ;).

Choosi ng t he appropriate sanpling rate will allow you to
mai ntain the appropriate particle cut dianeters based upon
prelimnary gas stream neasurenents, as specified in Table
2 of Section 17.

8.4.1 Gas Sanpling Rate. The gas sanpling rate is
defined by the performance curves for both cycl ones, as
illustrated in Figure 10 of Section 17. You nust use the
calculations in Section 8.5 to achieve the appropriate cut
size specification for each cyclone. The optinmum gas
sanpling rate is the overlap zone defined as the range
bel ow the cyclone IV 2.25 microneter curve down to the
cyclone I 11.0 microneter curve (area between the two dark
solid lines in Figure 10 of Section 17).
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8.4.2 Choosing the Appropriate Sanpling Rate. You
nmust select a gas sanpling rate in the mddle of the
overl ap zone (discussed in Section 8.4.1), as illustrated
in Figure 10 of Section 17, to maxim ze the acceptable
tol erance for slight variations in flow characteristics at
the sanpling location. The overlap zone is also a weak
function of the gas conposition. (Note: The acceptable
range is limted, especially for gas streans with

tenperatures | ess than approxi mately @O0OF® At | ower
tenperatures, it may be necessary to performthe PM, and.i
PM, o separately in order to neet the necessary particle
size criteria shown in Table 2 of Section 17.)

8.5 Test Calculations. You nust performall of the
calculations in Table 3 of Section 17 and the cal cul ations
described in Sections 8.5.1 through 8.5.5.

8.5.1 Assuned Reynol ds Nunber. You nust select an
assumed Reynol ds nunber (N usi ng Equation 10 and an

estimated sanpling rate or fromprior experience under the
stack conditions determ ned using Methods 1 through 4 to
part 60. You will performinitial test calcul ations based
on an assuned N_ for the test to be perfornmed. You nust

verify the assunmed Nyeg by substituting the sanpling rate
(Q) calculated in Equation 7 into Equation 10. Then use
Table 5 of Section 17 to determine if the N_ used in

Equation 5 was correct.
8.5.2 Final Sanpling Rate. Recalculate the final Q

i'ff the assumed N used in your initial calculation is not
correct. Use Equation 7 to recalculate the optimum Q.

8.5.3 Meter Box AH. Use Equation 11 to calculate the

meter box orifice pressure drop (AH) after you calculate
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the optinum sanpling rate and confirmthe N (Note: The

stack gas tenperature may vary during the test, which could
affect the sanpling rate. |If the stack gas tenperature
varies, you nust nmake slight adjustnents in the neter box
AH to maintain the correct constant cut diameters.

Therefore, use Equation 11 to recalculate the AH values for

509F above and bel ow the stack tenperature neasured during
the prelimnary traverse (see Section 8.3.4.1), and
docunment this information in Table 4 of Section 17.)

8.5.4 Choosing a Sanpling Nozzle. Select one or nore
nozzle sizes to provide for near isokinetic sanpling rate
(see Section 1.6). This will also mnimze an isokinetic
sanpling error for the particles at each point. First
cal cul ate the nmean stack gas velocity (Vg using Equation

13. See Section 8.7.2 for information on correcting for
bl ockage and use of different pitot tube coefficients.
Then use Equation 14 to calculate the dianmeter (D) of a

nozzl e that provides for isokinetic sanpling at the nean wyg
at flow (@ Fromthe available nozzles one size smaller and

one size larger than this dianeter, D, select the nost
appropriate nozzle. Performthe follow ng steps for the
sel ected nozzl e.

8.5.4.1 M ni mum maxi nrum nozzl e/ stack velocity ratio.

Use Equation 15 to determine the velocity of gas in the
nozzle. Use Equation 16 to cal culate the m ni mum
nozzl e/ stack velocity ratio (R. ). Use Equation 17 to

cal cul ate the maxi mum nozzl e/ stack velocity ratio (R_)-

8.5.4.2 Mninmumgas velocity. Use Equation 18 to

cal culate the m nimumgas velocity (v ) if R. is an

i magi nary nunber (negative val ue under the square root
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function) or if R. is less than 0.5. Use Equation 19 to
calculate v if R. is 205

8.5.4.3 Mxinmum stack velocity. Use Equation 20 to

cal cul ate the maxi mum stack velocity (v )0 if R TS | ess
than 1.5. Use Equation 21 to calculate the stack velocity
if R_is 21.5.

8.5.4.4 Conversion of gas velocities to velocity

pressure. Use Equation 22 to convert v to mninmm

velocity pressure, Ap.

.- Use Equation 23 to convert wutio

maximum velocity pressure, (AP ...

8.5.4.5 Conparison to observed velocity pressures.

Compare m ni mum and nmaxi num vel ocity pressures with the
observed velocity pressures at all traverse points during
the prelimnary test (see Section 8.3.4.2).

8.5.5 Optinmum Sanpling Nozzle. The nozzle you
selected is appropriate if all the observed velocity
pressures during the prelimnary test fall within the range
of the Ap. . and ([Ap_. Make sure the follow ng requirenments

are nmet then follow the procedures in Sections 8.5.5.1 and
8.5.5.2.

(a) Choose an optimm nozzle that provides for
i sokinetic sanpling conditions as close to 100 percent as
possible. This is prudent because even if there are slight
variations in the gas flow rate, gas tenperature, or gas
conposition during the actual test, you have the maxi mum
assurance of satisfying the isokinetic criteria.
Cenerally, one of the two candi date nozzles selected wll
be closer to optimum (see Section 8.5.4).

(b) Wien testing is for PM, . only, you are allowed a

16 percent failure rate, rounded to the nearest whole
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nunber, of sanpling points that are outside the range of
the Ap,, and AP |f the coarse fraction for PM,
determ nation is included, you are allowed only an ei ght
percent failure rate of the sanpling points, rounded to the
nearest whole number, outside the Ap_ and [Ap ..

8.5.5.1 Precheck. Visually check the sel ected nozzle

for dents before use.
8.5.5.2 Attach the pre-selected nozzle. Screw the

pre-sel ected nozzle onto the main body of cyclone | using
fl uoropol ymer tape. Use a union and cascade adaptor to
connect the cyclone IVinlet to the outlet of cyclone |
(see Figure 2 of Section 17).

8.6 Sanpling Train Preparation. A schematic of the
sanpling train used in this nethod is shown in Figure 1 of
Section 17. First, assenble the train and conplete the
| eak check on the conbined cycl one sanpling head and pitot
tube. Use the follow ng procedures to prepare the sanpling
train. (Note: Do not contam nate the sanpling train
during preparation and assenbly. Keep all openings, where
contam nation can occur, covered until just prior to
assenbly or until sanpling is about to begin.)

8.6.1 Sanpling Head and Pitot Tube. Assenble the
conbi ned cyclone train. The Orings used in the train have

a tenperature linmt of approxinately (2059C(4009F) Use
cyclones with stainless steel sealing rings for stack

t enper at ures above (2059C(400°F)" up t o 260°C('500°F)" You
nmust al so keep the nozzle covered to protect it from nicks
and scratches. This nmethod may not be suitable for sources

with stack gas tenperatures exceedi ng (2609C('500°F)" because
the threads of the cyclone conmponents may gall or seize,
t hus preventing the recovery of the collected PM and
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rendering the cycl one unusabl e for subsequent use. You may
use stainless steel cyclone assenblies constructed with
bol t-together rather than screwtogether assenblies at

tenperatures up to (5389CT("17000°F)™ You nust use “break-
away” or expendable stainless steel bolts that can be ovens
torqued and broken if necessary to rel ease cycl one

cl osures, thus, allow ng you to recover PM w t hout damagi ng
the cyclone flanges or contam nating the sanples. You may
need to use specialty netals to achieve reliable

particul ate mass neasurenents above (5389CT('1;000°F)™ The

nmet hod can be used at tenperatures up to [@}371°9C('2,'500°F)
usi ng specially constructed high-tenperature stainless
steel alloys (Hastelloy or Haynes 230) with bolt-together
cl osures using break-away bolts.

8.6.2 Filterable Particulate Filter Holder and Pitot
Tube. Attach the pre-selected filter holder to the end of
t he combi ned cycl one sanpling head (see Figure 2 of Section
17). Attach the S-type pitot tube to the conbi ned cycl ones
after the sanpling head is fully attached to the end of the
probe. (Note: The pitot tube tip nust be nounted slightly
beyond the conbi ned head cycl one sanpling assenbly and at
| east one inch off the gas flow path into the cycl one
nozzle. This is simlar to the pitot tube placenment in
Met hod 17 of appendix A-6 to part 60.) Securely fasten the
sensing lines to the outside of the probe to ensure proper
alignment of the pitot tube. Provide unions on the sensing
lines so that you can connect and di sconnect the S-type
pitot tube tips fromthe conbi ned cycl one sanpling head
before and after each run. Calibrate the pitot tube on the
sanpling head according to the nost current ASTM
Internati onal D3796 because the cyclone body is a potenti al
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source flow di sturbance and will change the pitot

coefficient value fromthe baseline (isolated tube) val ue.
8.6.3 Filter. L You nust nunber and tare the filters

before use. To tare the filters, desiccate each filter at

20 + BU6OC (68 + MO9F)" and anbi ent pressure for at |east 24
hours and weigh at intervals of at least six hours to a
constant weight. (See Section 3.0 for a definition of
constant weight.) Record results to the nearest 0.| nyg.
Duri ng each weighing, the filter nust not be exposed to the
| aborat ory atnosphere for |onger than two mnutes and a
relative humdity above 50 percent. Alternatively, the

filters may be oven-dried at #/049C (2209F)) for two to three
hours, desiccated for two hours, and wei ghed. Use tweezers
or clean disposable surgical gloves to place a | abel ed
(identified) and pre-weighed filter in the filter hol der.
You nust center the filter and properly place the gasket so
that the sanple gas streamw |l not circunvent the filter
The filter must not be conpressed between the gasket and
the filter housing. Check the filter for tears after the
assenbly is conpleted. Then screw or clanp the filter
housi ng together to prevent the seal from | eaking.

8.6.4 Misture Trap. |If you are neasuring only
filterable particulate (or you are sure that the gas
filtration tenperature will be maintained bel ow 800C
(859F)) " then an enpty nodified G eenburg Smith inpinger
foll owed by an inpinger containing silica gel is required.
Al ternatives described in Method 5 of appendix A-3 to part
60 may al so be used to collect noisture that passes through
the anbient filter. |[|f you are neasuring condensable PMin
conbi nation with this nethod, then follow the procedures in
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Met hod 202 of appendix Mof this part for noisture
col I ection.

8.6.5 Leak Check. Use the procedures outlined in
Section 8.4 of Method 5 of appendix A-3 to part 60 to |eak
check the entire sanpling system Specifically performthe
foll owi ng procedures:

8.6.5.1 Sanpling train. You nust pretest the entire

sanpling train for leaks. The pretest |eak check nust have
a leak rate of not nore than 0.02 actual cubic feet per
m nute or four percent of the average sanple flow during
the test run, whichever is less. Additionally, you nust
conduct the | eak check at a vacuum equal to or greater than
t he vacuum antici pated during the test run. Enter the |eak
check results on the analytical data sheet (see Section
11.1) for the specific test. (Note: Do not conduct a |eak
check during port changes.)

8.6.5.2 Pitot tube assenbly. After you | eak check

the sanple train, performa |eak check of the pitot tube
assenbly. Follow the procedures outlined in Section 8.4.1
of Method 5 of appendix A-3 to part 60.

8.6.6 Sanpling Head. You nust preheat the conbi ned
sanpling head to the stack tenperature of the gas stream at

the test location (+ @0°9C" + BO9F)™ This will heat the
sanpling head and prevent noisture from condensing fromthe
sanpl e gas stream

8.6.6.1 MWMarnup. You nust conplete a passive warnup
(of 30-40 mn) within the stack before the run begins to
avoi d i nternal condensation

8.6.6.2 Shortened warnup. You can shorten the warnup

time by thernostated heating outside the stack (such as by
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a heat gun). Then place the heated sanpling head inside
the stack and allow the tenperature to equilibrate.

8.7 Sanpling Train Operation. Operate the sanpling
train the same as described in Section 4.1.5 of Method 5 of
appendi x A-3 to part 60, but use the procedures in this
section for isokinetic sanpling and flow rate adjustnent.
Maintain the flow rate calculated in Section 8.4.1
t hroughout the run, provided the stack tenperature is

wi t hi n 280C(509F)) of the temperature used to calculate AH.

If stack tenperatures vary by nore than 289C(50°9F)}" use
the appropriate AH value calculated in Section 8.5.3.
Determ ne the m ni mum nunber of traverse points as in
Figure 7 of Section 17. Determne the m ni mumtotal
projected sanpling time based on achieving the data quality
objectives or emssion limt of the affected facility. W
reconmend that you round the nunber of m nutes sanpl ed at
each point to the nearest 15 seconds. Performthe
foll owi ng procedures:

8.7.1 Sanple Point Dnmell Tine. You nmust calculate
the flow rate-weighted dwell tinme (that is, sanpling tine)
for each sanpling point to ensure that the overall run
provides a vel ocity-wei ghted average that is representative
of the entire gas stream Vary the dwell tinme at each
traverse point proportionately with the point velocity.
Calculate the dwell tine at each of the traverse points
usi ng Equation 24. You nust use the data fromthe
prelimnary traverse to determ ne the average velocity
pressure (Apm@). You nust use the velocity pressure

nmeasured during the sanpling run to determne the velocity
pressure at each point (Apb Her e, & equal s the total
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nunber of traverse points. Each traverse point nust have a
dwel |l time of at |east two m nutes.

8.7.2 Adjusted Velocity Pressure. Wen selecting
your sanpling points using your prelimnary velocity
traverse data, your prelimnary velocity pressures nust be
adjusted to take into account the increase in velocity due
to bl ockage. Al so, you nmust adjust your prelimnary
velocity data for differences in pitot tube coefficients.
Use the following instructions to adjust the prelimnary
vel ocity pressure.

8.7.2.1 Different pitot tube coefficient. You nust

use Equation 25 to correct the recorded prelimnary
vel ocity pressures if the pitot tube nounted on the
conbi ned cycl one sanpling head has a different pitot tube
coefficient than the pitot tube used during the prelimnary
vel ocity traverse (see Section 8.3.4).

8.7.2.2 Probe bl ockage factor. You nust use Equation

26 to cal cul ate an average probe bl ockage correction factor
(b)) if the diameter of your stack or duct is between 25.7

and 36.4 inches for the conbined PM, ./PM, sanpling head and
pitot and between 18.8 and 26.5 inches for the PM, . cyclone

and pitot. A probe blockage factor is cal cul ated because
of the fl ow bl ockage caused by the relatively | arge emoss=
sectional® area of the cyclone sanpling head, as discussed
in Section 8.3.2.2 and illustrated in Figures 8 and 9 of
Section 17. You nust determ ne the cross-sectional area of
the cycl one head you use and determne its stack bl ockage
factor. (Note: Commercially-available sanpling heads
(including the PM, cyclone, PM, . cyclone, pitot and filter

hol der) have a projected area of approximtely 31.2 square
i nches when oriented into the gas stream As the probe is
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noved fromthe nost outer to the nost inner point, the
amount of bl ockage that actually occurs ranges from
approxi mately 13 square inches to the full 31.2 inches plus
t he bl ockage caused by the probe extension. The average
cross-sectional area blocked is 22 square inches.)

8.7.2.3 Final adjusted velocity pressure. Calculate

the final adjusted velocity pressure (Apg2) USing Equation

27. (Note: Figures 8 and 9 of Section 17 illustrate that
the bl ockage effect of the conbined PM, PM, . cyclone

sanpling head, and pitot tube increases rapidly bel ow stack
diameters of 26.5 inches. Therefore, the conbined PMg,

PM, o filter sanpling head and pitot tube is not applicable

for stacks with a dianeter |less than 26.5 inches because
the bl ockage is greater than six percent. For stacks with
a dianeter less than 26.5 inches, PM, . particulate

measurenents may be possible using only a PM, . cyclone,

pitot tube, and in-stack filter. |If the bl ockage exceeds
three percent but is I ess than six percent, you nust follow
the procedures outlined in Method 1A of appendix A-1 to
part 60 to conduct tests. You nust conduct the velocity
traverse downstream of the sanpling |ocation or imediately
before the test run.

8.7.3 Sanple Collection. Collect sanples the sane as
described in Section 4.1.5 of Method 5 of appendix A-3 to
part 60, except use the procedures in this section for
i sokinetic sanpling and flow rate adjustnment. Miintain the
flowrate calculated in Section 8.5 throughout the run,

provi ded the stack tenperature is within 289C (50°F)" of the

temperature used to calculate AH. If stack temperatures

vary by nore than (280C(509F),) use the appropriate AH value
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calculated in Section 8.5.3. Calculate the dwell tine at
each traverse point as in Equation 24. In addition to
t hese procedures, you nmust al so use running starts and
stops if the static pressure at the sanpling location is
| ess than mnus 5 inches water colum. This prevents back
pressure fromrupturing the sanple filter. |If you use a
running start, adjust the flowrate to the cal cul ated val ue
after you performthe | eak check (see Section 8.4).

8.7.3.1 Level and zero nanoneters. Periodically

check the I evel and zero point of the manoneters during the
traverse. Vibrations and tenperature changes may cause
themto drift.

8.7.3.2 Portholes. Clean the portholes prior to the
test run. This will mnimze the chance of collecting
deposited material in the nozzle.

8.7.3.3 Sanpling procedures. Verify that the

conbi ned cycl one sanpling head tenperature is at stack
tenperature. You nmust maintain the tenperature of the

cycl one sanpling head within * @09C (+ [@89F) of the stack
tenperature. (Note: For many stacks, portions of the
cyclones and filter will be external to the stack during
part of the sanpling traverse. Therefore, you nust heat
and/ or insulate portions of the cyclones and filter that
are not within the stack in order to maintain the sanpling
head tenperature at the stack tenperature. Maintaining the
tenperature will ensure proper particle sizing and prevent
condensation on the walls of the cyclones.) To begin
sanpling, renove the protective cover fromthe nozzle.
Position the probe at the first sanpling point with the
nozzl e pointing directly into the gas stream |Imediately
start the punp and adjust the flow to cal cul ated isokinetic
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conditions. Ensure the probe/pitot tube assenbly is

| evel ed. (Note: When the probe is in position, block off

t he openi ngs around the probe and porthole to prevent
unrepresentative dilution of the gas stream Take care to
m nimze contam nation frommterial used to block the flow
or insulate the sanpling head during collection at the
first sanpling point.)

(a) Traverse the stack cross-section, as required by
Method 1 of appendix A-1 to part 60, with the exception
that you are only required to performa 12-point traverse.
Do not bunmp the cyclone nozzle into the stack walls when
sanpling near the walls or when renoving or inserting the
probe through the portholes. This will mnimze the chance
of extracting deposited nmaterial s.

(b) Record the data required on the field test data
sheet for each run. Record the initial dry gas neter
reading. Then take dry gas neter readings at the foll ow ng
times: the beginning and end of each sanple tine
i ncrenment; when changes in flow rates are nmade; and when
sanpling is halted. Conpare the velocity pressure
nmeasurenments (Equations 22 and 23) with the velocity
pressure neasured during the prelimnary traverse. Keep
the meter box AH at the value calculated in Section 8.5.3
for the stack tenperature that is observed during the test.
Record al | (poi nt-by-point data and ot her source test
paraneters on the field test data sheet. Do not |eak check
t he sanpling system during port changes.

(c) Maintain flow until the sanpling head is
conpletely removed fromthe sanpling port. You nust
restart the sanpling flow prior to inserting the sanpling
head into the sanpling port during port changes.
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(d) Maintain the flow through the sanpling system at
the last sanpling point. At the conclusion of the test,
renove the pitot tube and conbi ned cycl one sanpling head
fromthe stack while the train is still operating (running
stop). Make sure that you do not scrape the pitot tube or
t he conbi ned cycl one sanpling head agai nst the port or
stack walls. Then stop the punp and record the final dry
gas neter reading and other test parameters on the field
test data sheet. (Note: After you stop the punp, meke
sure you keep the conbined cyclone head | evel to avoid
ti pping dust fromthe cyclone cups into the filter and/or
down- coner lines.)

8.7.4 Process Data. You nust docunent data and
information on the process unit tested, the particul ate
control systemused to control em ssions, any non=
particulate control systemthat may affect particul ate
em ssions, the sanpling train conditions, and weat her
conditions. Record the site baronetric pressure and stack
pressure on the field test data sheet. Discontinue the
test if the operating conditions may cause non-
representative particul ate em ssions.

8.7.4.1 Particulate control systemdata. Use the

process and control system data to determ ne whet her
representati ve operating conditions were naintained
t hroughout the testing period.

8.7.4.2 Sanpling train data. Use the sanpling train

data to confirmthat the neasured particul ate em ssions are
accurate and conpl ete.

8.7.5 Sanple Recovery. First renpove the sanpling
head (conbi ned cyclone/filter assenbly) fromthe train
probe. After the sanple head is renoved, perform a jpost=
test» | eak check of the probe and sanple train. Then
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recover the conponents fromthe cyclone/filter. Refer to
the follow ng sections for nore detailed infornmation.
8.7.5.1 Renopve sanpling head. After cooling and when

t he probe can be safely handl ed, w pe off all externa
surfaces near the cyclone nozzle and cap the inlet to the
cyclone to prevent PMfromentering the assenbly. Renobve
t he conmbi ned cyclone/filter sanpling head fromthe probe.
Cap the outlet of the filter housing to prevent PMfrom
entering the assenbly.

8.7.5.2 Leak check probe/sanple train assenbly (post-

test). Leak check the remai nder of the probe and sanple
train assenbly (including neter box) after renoving the
conbi ned cyclone head/filter. You nust conduct the |eak
rate at a vacuumequal to or greater than the maxi mum
vacuum achi eved during the test run. Enter the results of
the | eak check onto the field test data sheet. |If the |eak
rate of the sanpling train (w thout the conbined cycl one
sanpling head) exceeds 0.02 actual cubic feet per mnute or
four percent of the average sanpling rate during the test
run (whichever is less), the run is invalid and nust be
repeat ed.

8.7.5.3 Weigh or neasure the volune of the liquid

collected in the water collection inpingers and silica

trap. Measure the liquid in the first inpingers to within

1 mM using a clean graduated cylinder or by weighing it to

within 0.5 g using a balance. Record the volune of the

[iquid or weight of the liquid present to be used to

cal cul ate the noisture content of the effluent gas.
8.7.5.4 Weigh the silica inpinger. |If a balance is

available in the field, weigh the silica inpinger to within
0.5 g. Note the color of the indicating silica gel in the
| ast inpinger to determ ne whether it has been conpletely
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spent and nmake a notation of its condition. |If you are
measuring CPMin conbination with this nethod, the weight
of the silica gel can be determ ned before or after the
post-test nitrogen purge is conplete (See Section 8.5.3 of
Met hod 202 of appendix Mto this part).

8.7.5.5 Recovery of PM Recovery involves the

guantitative transfer of particles in the foll ow ng size
range: greater than 10 mcroneters; less than or equal to
10 microneters but greater than 2.5 microneters; and |ess
than or equal to 2.5 mcroneters. You nust use a nylon or
fl uoropol ymer brush and an acetone rinse to recover
particles fromthe combi ned cyclone/filter sanpling head.
Use the foll ow ng procedures for each contai ner

(a) Container #1, Less than or equal to PM

m crometer filterable particulate. Use tweezers and/or

cl ean di sposabl e surgical gloves to renpve the filter from
the filter holder. Place the filter in the Petri dish that
you |l abeled with the test identification and Contai ner #1.
Using a dry brush and/or a sharp-edged bl ade, carefully
transfer any PMand/or filter fibers that adhere to the
filter hol der gasket or filter support screen to the Petri
dish. Seal the container. This container holds particles
| ess than or equal to 2.5 mcroneters that are caught on
the in-stack filter. (Note: |If the test is conducted for
PM, only, then Container #1 would be for less than or equal

to PM, . microneter filterable particulate.)

(b) Container #2, Greater than PM  micromneter

filterable particulate. Quantitatively recover the PMfrom

the cyclone | cup and brush cl eaning and acetone rinses of
t he cyclone cup, internal surface of the nozzle, and
cyclone | internal surfaces, including the outside surface
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of® t he downconer line. Seal the container and mark the
liquid level on the outside of the container you | abel ed
with test identification and Contai ner #2. You nust keep
any dust found on the outside of cyclone |I and cycl one
nozzl e external surfaces out of the sanple. This container
hol ds PM greater than 10 m croneters.

(c) Container #3, Filterable particulate | ess than or

equal to 10 mcroneter and greater than 2.5 m croneters.

Pl ace the solids fromcyclone cup IV and the acetone (and
brush cleaning) rinses of the cyclone | turnaround cup
(above inner downcomer line), inside of the downconer I|ine,
and interior surfaces of cyclone IV into Container #3.
Seal the container and mark the liquid | evel on the outside
of the container you |labeled with test identification and
Cont ai ner #3. This container holds PMI|ess than or equa
to 10 microneters but greater than 2.5 mcroneters.

(d) Container #4, Less than or equal to PM

m croneters acetone rinses of the exit tube of cyclone 1V

and front half of the filter hol der. Pl ace the acetone

rinses (and brush cleaning) of the exit tube of cyclone IV
and the front half of the filter holder in container #4.
Seal the container and mark the liquid | evel on the outside
of the container you |labeled with test identification and
Cont ai ner #4. This container holds PMthat is | ess than or
equal to 2.5 mcroneters.

(e) Container #5, Cold inpinger water. |If the water

fromthe cold inpinger used for noisture collection has
been weighed in the field, it can be discarded. Qherw se,
quantitatively transfer liquid fromthe cold inpinger that
follows the anbient filter into a clean sanple bottle
(glass or plastic). Mark the liquid | evel on the bottle
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you |l abeled with test identification and Contai ner #5.
This contai ner holds the remainder of the liquid water from
the em ssion gases. |f you collected condensabl e PM using
Met hod 202 of appendix Mto this part in conjunction with
using this method, you nmust follow the procedures in Mthod
202 of appendix Mto this part to recover inpingers and
silica used to collect noisture.

(f) Container #6, Silica gel absorbent. Transfer the

silica gel to its original container |abeled with test
identification and Contai ner #6 and seal. A funnel may
make it easier to pour the silica gel without spilling. A
rubber policeman may be used as an aid in renoving the
silica gel fromthe inpinger. It is not necessary to
renove the small anount of silica gel dust particles that
may adhere to the inpinger wall and are difficult to
renove. Since the gain in weight is to be used for
noi sture cal cul ati ons, do not use any water or other
liquids to transfer the silica gel. |If the silica gel has
been weighed in the field to measure water content, it can
be discarded. Oherw se, the contents of Container #6 are
wei ghed during sanple anal ysis.

(g) Container #7, Acetone field reagent blank. Take

approxi mtely 200 m of the acetone directly fromthe wash
bottle you used and place it in Container #7 | abel ed
“Acet one Field Reagent Bl ank.”

8.7.6 Transport Procedures. Containers nmust remain
in an upright position at all tinmes during shipping. You
do not have to ship the containers under dry or blue ice.
9.0 Quality Control

9.1 Daily Quality Checks. You nust performdaily

quality checks of field | og books and data entries and
cal cul ations using data quality indicators fromthis nethod
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and your site-specific test plan. You nust review and
eval uate recorded and transferred raw data, cal cul ati ons,
and docunentation of testing procedures. You nust initial
or sign | og book pages and data entry fornms that were

revi ened.

9.2 Calculation Verification. Verify the
cal cul ati ons by independent, manual checks. You nust flag
any suspect data and identify the nature of the problem and
potential effect on data quality. After you conplete the
test, prepare a data summary and conpile all the
cal cul ati ons and raw data sheets.

9.3 Conditions. You nust docunent data and
information on the process unit tested, the particul ate
control systemused to control em ssions, any non=
particulate control systemthat may affect particul ate
em ssions, the sanpling train conditions, and weat her
conditions. Discontinue the test if the operating
condi ti ons may cause (non-representative particul ate
em ssi ons.

9.4 Field Analytical Balance Calibration Check.
Perform calibration check procedures on field analytical
bal ances each day that they are used. You nust use
National Institute of Standards and Technol ogy (NI ST)-
traceabl e weights at a mass approximately equal to the
wei ght of the sanple plus container you will weigh.

10.0 Calibration and Standardization

Maintain a log of all filterable particulate sanpling
and anal ysis calibrations. Include copies of the rel evant
portions of the calibration and field logs in the final
test report.

10.1 Gas Flow Velocities. You nmust use an S-type
pitot tube that neets the required EPA specifications (EPA
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Publ i cati on 600/ 4-77-0217b) during these velocity
neasurenents. (Note: |If, as specified in Section 8.7.2.3,
testing is perforned in stacks |less than 26.5 inches in

di anmeter, testers may use a standard pitot tube according
to the requirenments in Method 4A or 5 of appendix A-3 to
part 60.) You mnmust al so conplete the foll ow ng:

(a) Visually inspect the S-type pitot tube before
sanpl i ng.

(b) Leak check both | egs of the pitot tube before and
after sanpling.

(c) Maintain proper orientation of the S-type pitot
t ube whil e maki ng nmeasurenents.

10.1.1 S-type Pitot Tube Orientation. The S-type
pitot tube is properly oriented when the yaw and the pitch
axis are 90 degrees to the air flow

10.1.2 Average Velocity Pressure Record. Instead of
recording either high or |ow values, record the average
velocity pressure at each point during flow neasurenents.

10.1.3 Pitot Tube Coefficient. Determ ne the pitot
tube coefficient based on physical neasurenent techni ques
described in Method 2 of appendix A-1 to part 60. (Note:
You nust calibrate the pitot tube on the sanpling head
because of potential interferences fromthe cycl one body.
Refer to Section 8.7.2 for additional information.)

10.2 Thernocouple Calibration. You nust calibrate
t he thernocoupl es using the procedures described in Section
10.3.1 of Method 2 of appendix A-1 to part 60 or
Al ternative Method 2 Thernocouple Calibration (ALT-011).
Calibrate each tenperature sensor at a mninum of three
poi nts over the anticipated range of use agai nst a NI'ST-
traceabl'e thernonmeter. Alternatively, a reference
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t her nocoupl e and potentioneter calibrated against N ST
st andards can be used.

10.3 Nozzles. You may use stainless steel (316 or
equi val ent), high-tenperature steel alloy, or
fl uoropol ynmer - coated nozzles for isokinetic sanpling. Mke
sure that all nozzles are thoroughly cl eaned, visually
i nspected, and calibrated according to the procedure
outlined in Section 10.1 of Method 5 of appendix A-3 to
part 60.

10.4 Dry Gas Meter Calibration. Calibrate your dry
gas neter followi ng the calibration procedures in Section
16.1 of Method 5 of appendix A-3 to part 60. Also, nake
sure you fully calibrate the dry gas neter to determ ne the
vol unme correction factor prior to field use. Post-test
calibration checks nust be performed as soon as possible
after the equi pnent has been returned to the shop. Your
pre-test and post-test calibrations nust agree within = 5
percent .

10.5 dassware. Use class A volunetric glassware for
titrations, or calibrate your equi pnment agai nst INIST-
traceabl'e gl assware.

11.0 Analytical Procedures.i
11.1 Analytical Data Sheet. Record all data on the

anal ytical data sheet. Obtain the data sheet from Figure
5-6 of Method 5 of appendix A-3 to part 60. Alternatively,
data may be recorded el ectronically using software
appl i cations such as the El ectronic Reporting Tool | ocated
at http://ww. epa.gov/ttn/chief/ert/ert tool.htn .

11.2 Dry Wight of PM Determne the dry wei ght of
particul ate foll owi ng procedures outlined in this section.
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11.2.1 Container #1, Less than or Equal to (PM, .

M'crometer Filterable Particulate. Transfer the filter and
any | oose particulate fromthe sanple container to a tared
wei ghing dish or pan that is inert to solvent or mneral
acids. Desiccate for 24 hours in a dessicator containing
anhydrous calciumsulfate. Wigh to a constant wei ght and
report the results to the nearest 0.1 ng. (See Section 3.0
for a definition of Constant weight.) [If constant wei ght
requi rements cannot be met, the filter nust be treated as
described in Section 11.2.1 of Method 202 of appendix Mto
this part. Extracts resulting fromthe use of this
procedure nust be filtered to renove filter fragments
before the filter is processed and wei ghed.

11.2.2 Contai ner #2, G eater than PM, M croneter

Filterable Particul ate Acetone Rinse. Separately treat
this container |ike Container #4.

11.2.3 Container #3, Filterable Particulate Less than
or Equal to 10 Mcroneter and G eater than 2.5 Mcroneters
Acetone Rinse. Separately treat this container |ike
Cont ai ner #4.

11.2.4 Container #4, Less than or Equal to (PM, .

M'crometers Acetone Rinse of the Exit Tube of Cyclone IV
and Front Half of the Filter Holder. Note the |evel of
l[iquid in the container and confirmon the anal ysis sheet
whet her | eakage occurred during transport. |If a noticeable
amount of | eakage has occurred, either void the sanple or
use net hods (subject to the approval of the Adm nistrator)
to correct the final results. Quantitatively transfer the
contents to a tared 250 nl beaker or tared fl uoropol yner
beaker liner, and evaporate to dryness at room tenperature
and pressure in a | aboratory hood. Desiccate for 24 hours
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and weigh to a constant weight. Report the results to the
nearest 0.1 ng.

11.2.5 Contai ner #5, Cold Inpinger Water. |If the
amount of water has not been determined in the field, note
the level of liquid in the container and confirmon the
anal ysi s sheet whet her | eakage occurred during transport.

If a noticeabl e anbunt of | eakage has occurred, either void
t he sanple or use nmethods (subject to the approval of the
Adm nistrator) to correct the final results. Measure the
l[iquid in this container either volunetrically to £ 1 m or
gravinetrically to £ 0.5 g.

11.2.6 Container #6, Silica Gel Absorbent. Wigh the
spent silica gel (or silica gel plus inpinger) to the
nearest 0.5 g using a balance. This step may be conducted
in the field.

11.2.7 Contai ner #7, Acetone Fi el d Reagent Bl ank.

Use 150 ml of acetone fromthe blank container used for
this analysis. Transfer 150 ml of the acetone to a clean
250-m beaker or tared fluoropol ymer beaker liner.
Evaporate the acetone to dryness at roomtenperature and
pressure in a |aboratory hood. Follow ng evaporation,

desi ccate the residue for 24 hours in a desiccator
cont ai ni ng anhydrous cal cium sul fate. Wi gh and report the
results to the nearest 0.1 ny.

12.0 Cal cul ations and Data Anal ysis

12.1 Nonenclature. Report results in International
System of Units (SI units) unless the regulatory authority
that established the requirenment to use this test nethod
specifies reporting in English units. The follow ng

nomencl ature i s used.
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Area of stack or duct at sanpling
| ocati on, square inches.

Area of nozzle, square feet.

Aver age bl ockage factor calculated in
Equati on 26, di nmensi onl ess.

Moi sture content of gas stream fraction
(e.g., 10 percent HOis B_ = 0.10).

Cunni ngham correction factor for particle
di aneter, Qr and cal cul ated usingithe

actual stack gas tenperature,
di nensi onl ess.

Carbon Di oxi de content of gas stream
percent by vol une.

Acet one bl ank concentration, ng/ng.
Conc. of filterable PMgy gr/ DSCF.
Conc. of filterable PM, oy gr/ DSCF.

Pitot coefficient for the conbined cyclone
pitot, dinensionless.

Coefficient for the pitot used in the
prelimnary traverse, dinensionless.

Re-esti mat ed Cunni ngham correction factor

for particle diameter equivalent to the
actual cut size dianeter and cal cul at ed
usi ng the actual stack gas tenperature,
di mensi onl ess.

Conc. of total filterable PM gr/ DSCF.
-150. 3162 (m cropoi se)

18. 0614 (i cropoise/K )

13. 4622 (nicropoise/ﬁLﬂ

1.19183 x 10R (nlcrop0|se/K3
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3. 86153 x 10R (nlcrop0|se/R3
0. 591123 (m cropoi se)

91.9723 (m cropoise)
4.91705 x @0 (nicropoise/KS

1.51761 x (@0 (nicropoise/R6

I nner diameter of sanpling nozzle nounted
on Cyclone I, inches.

Physical particle size, mcroneters.
Particle cut dianmeter, mcroneters.

Re-cal cul ated particle cut dianeters based
on re-estimated (G, mcroneters.

Cut dianeter for cyclone | correspondi ng

to the 2.25 microneter cut di aneter if or
cyclone 1V, mcroneters.

D, val ue for cyclone IV cal cul ated during

the Nth iterative step, mcroneters.

D,, value for cyclone IV calculated during

the N+1 iterative step, mcroneters.

Cyclone | cut dianmeter corresponding to

the mddle of the overlap zone showniin
Figure 10 of Section 17, mcroneters.

Percent isokinetic sanpling,
di mensi onl ess.

85.49, ((ft/sec)/(pounds/nole FOR

Mass of residue of acetone after
evaporation, ng.

Mol ecul ar wei ght of dry gas, pounds/pound
nol e.

MIIigram
MIligramper liter.

Mol ecul ar wei ght of wet gas, pounds/pound
nol e.
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MIlligrams of PMcollected on the filter,
| ess than or equal to 2.5 microneters.

MIligrans of PMrecovered from Contai ner
#2 (acetone bl ank corrected), Ereater t han
10 m croneters.

MIligrams of PMrecovered from Contai ner

#3 (acetone bl ank corrected), |essithan or
equal to 10 and greater than 2.5
m croneters.

MIligrams of PMrecovered from Contai ner

#4 (acetone bl ank corrected), |essithan or
equal to 2.5 mcroneters.

ANunmber of iterative steps or total
traverse points.

Reynol ds nunber, di mensi onl ess.

Oxygen content of gas stream % by vol une
of wet gas.

The oxygen percentage used in Equation 3 is on a

wet gas basi s.

That ;neans that since oxygen is typically

measured on a dry gas basis, the nmeasured percent O, nust be

mul tiplied by the quantity (1 B to convert to the

act ual

Theref ore, %O

2, wet

vol une fraction.

=(1F B * (YO, dry)

Baronetric pressure, inches Hg.
Absol ute stack gas pressure, inches Hg.

Sanpling rate for cyclone | to achieve
specified D,

Dry gas sanpling rate through the sanpling
assenbly, DSCFM

Sanpling rate for cyclone | to achieve
specified D,
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Nozzl e/ stack velocity ratio paraneter
di mensi onl ess.

Nozzl e/ stack velocity ratio paraneter
di mensi onl ess.

Meter box and orifice gas tenperature, ©OR
Sanpling tinme at point n, mn.
Total projected run tinme, mn.

Absol ute stack gas tenperature, ©OR
Sanpling tinme at point 1, mn.

Maxi mum gas vel ocity cal cul ated from
Equations 18 or 19, ft/sec.

M ni num gas vel ocity cal cul ated from
Equations 16 or 17, ft/sec.

Sanpl e gas velocity in the nozzle, ft/sec.
Vel ocity of stack gas, ft/sec.
Vol une of acetone blank, nl.

Vol une of acetone used in sanple recovery
wash, m.

Quantity of water captured in inpingers
and silica gel, nm.

Dry gas neter vol unme sanpl ed, ACF

Dry gas neter volunme sanpled, corrected to
standard conditi ons, DSCF.

Vol une of water vapor, SCF.

Vol unme of aliquot taken for |C analysis,
m .

Vol une of inpinger contents sanple, m.

Wei ght of blank residue in acetone used to
recover sanples, ng.
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W, = Wei ght of PMrecovered from Contai ners #2,
#3, and #4, ng.

z = Rati o between estimated cyclone |V Dgg
val ues, di nensionl ess.

AH = Meter box orifice pressure drop, inches
W C.

AHg = Pressure drop across orifice at flowrate
of 0.75 SCFM at standard conditions, |
inches WC. (Note: Specific to each
orifice and nmeter box.)

0.5 .

[ (Ap) ]avg = Aver age of square roots of the velocity
pressures neasured during thejprelimnary
traverse, inches WC

AP = (bserved vel ocity pressure using S-type
pitot tube in prelimnary traverse, jnches
W C.

APayg = Average velocity pressure, inches WC

AP o = Maxi mum vel ocity pressure, inches WC

AP 4 = M ni num vel ocity pressure, inches WC.

Ap,, = Vel ocity pressure neasured at point n
during the test run, inches WC

Apg, = Vel ocity pressure cal culated in Equation
25, inches WC.

AP, = Vel ocity pressure adjusted for conbined
cycl one pitot tube, inches WC

AP, = Vel ocity pressure corrected for bl ockage,
i nches WC.

AP, = Vel ocity pressure neasured at point 1,

i nches WC,
% = Dry gas meter gamma value, dimensionless.
M = Gas viscosity, mcropoise.
= Total run time, min.
Pa = Density of acetone, ng/nm (see | abel on

bottle).
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12.0 = Constant cal cul ated as 60 percent of 20.5
square inch cross-sectional area of i
conbi ned cycl one head, square inches.

12.2 Calculations. Performall of the cal cul ations
found in Table 6 of Section 17. Table 6 of Section 17 al so
provides instructions and references for the cal cul ati ons.

12.3 Analyses. Analyze D,, of cyclone IV and the

concentrations of the PMin the various size ranges.

12.3. 1.1 D

ko Of Cyclone I'V. To determ ne the actual Dgg

for cyclone 1V, recal cul ate the Cunni ngham correction
factor and the Reynol ds nunber for the best estinmate of
cyclone 1V (B, The follow ng sections describe additiona

i'nflormati'on on how to recal cul ate the Cunni ngham correction
factor and determ ne whi ch Reynol ds nunber to use.
12.3.1.1 Cunningham correction factor. Recalculate

the initial estimate of the Cunni ngham correction factor
using the actual test data. Insert the actual test run
data and D,, of 2.5 microneters into Equation 4. This will

gi ve you a new Cunni ngham correction factor based on actual
dat a.
12.3.1.2 |Initial D, for cyclone IV. Determnine the

initial estimate for cyclone IV D,, using the test condition
Reynol ds nunber cal culated with Equation 10 as indicated in
Table 3 of Section 17. Refer to the follow ng
i nstructions.

(a) If the Reynolds nunber is less than 3,162,

calculate the D, for cyclone IV with Equation 34, using

actual test data.
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(b) I'f the Reynolds nunber is greater than or equal to
3,162, calculate the D,, for cyclone IV with Equation 35

usi ng actual test data.

(c) Insert the “new D, value cal cul ated by either

Equation 34 or 35 into Equation 36 to re-establish the
CQunni ngham Correction Factor ((C).) (Note: Use the test
condi tion cal cul ated Reynol ds nunber to determ ne the nost
appropriate equation (Equation 34 or 35).)

12.3.1.3 Re-establish cyclone IV D,,. Use the re-

est abl i shed Cunni ngham correction factor (calculated in the
previous step) and the cal cul ated Reynol ds nunber to

determne D, ,.

(a) Use Equation 37 to calculate the re-established

cyclone 1V D, , if the Reynolds nunber is |less than 3, 162.

1
(b) Use Equation 38 to calculate the re-established

cyclone 1V D, if the Reynolds nunber is greater than or

1
equal to 3,162.
12.3.1.4 Establish “Z” values. The “Z"” value is the

result of an analysis that you nust performto determne if

the © is acceptable. Conpare the calculated cyclone IV Dgg

(either Equation 34 or 35) to the re-established cyclone Vi
Do (either Equation 36 or 37) val ues based upon the test

condi tion cal cul ated Reynol ds nunber (Equation 39). Foll ow
t hese procedures.
(a) Use Equation 39 to calculate the “Z” values. |If

the “Z" value is between 0.99 and 1.01, the D, value is

the best estimate of the cyclone IV Dgg cut dianmeter for
your test run.
(b) If the “Z" value is greater than 1.01 or less than

0.99, re-establish a (€ "based on the D,, , val ue determni ned
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in either Equations 36 or 37, dependi ng upon the test
condi ti on Reynol ds nunber.
(c) Use the second revised € to re-calculate the

cyclone 1V D,

(d) Repeat this iterative process as nmany tinmes as
necessary using the prescribed equations until you achieve
the criteria docunented in Equation 40.

12.3.2 Particulate Concentration. Use the
particul ate catch weights in the conbi ned cycl one sanpling
train to cal culate the concentration of PMin the various
size ranges. You nust correct the concentrations for the
acet one bl ank.

12.3.2.1 Acetone blank concentration. Use Equation

42 to calculate the acetone blank concentration (C).

12.3.2.2 Acetone blank residue weight. Use Equation

44 to cal cul ate the acetone bl ank wei ght (ng 34Q.

Subtract the weight of the acetone blank fromthe
particul ate weight catch in each size fraction.
12.3.2.3 Particulate weight catch per size fraction.

Correct each of the PM weights per size fraction by
subtracting the acetone bl ank weight (i.e., h¢'&4-vg).

(Note: Do not subtract a blank value of greater than 0.1
nmg per 100 mM of the acetone used fromthe sanple
recovery.) Use the foll ow ng procedures.

(a) Use Equation 45 to calculate the PMrecovered from
Cont ai ners #1, #2, #3, and #4. This is the total
col l ectabl e PM(C)-

(b) Use Equation 46 to determ ne the quantitative
recovery of PM, (Cipm, from Containers #1, #3, and #4.
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(c) Use Equation 47 to determne the quantitative
recovery of PM, . (Cipn, ) recovered from Containers #1 and

#4.
12.4 Reporting. You nust prepare a test report
foll owi ng the gui dance in EPA Gui dance Docunent 043,
Preparati on and Review of Test Reports (Decenber 1998).
12.5 Equations. Use the follow ng equations to
conplete the calculations required in this test nethod.
Mol ecul ar Weight of Dry Gas. Calcul ate the nol ecul ar

wei ght of the dry gas using Equation 1.

Mqa=0.44(%C0,) +0.32(%0,) +0.28(100- %0, - % CO) (Egq. 1)

Mol ecul ar Wei ght of Wt Gas. Cal cul ate the nol ecul ar
wei ght of the stack gas on a wet basis using Equation 2.

Gas Stream Viscosity. Calculate the gas stream

viscosity using Equation 3. This equation uses constants

for gas tenperatures in OR®

=Gt ConfTs + Co T + Ca(%0sm ) - Cs Bus + Cs Bus TS (Eg. 3)

Cunni ngham Correcti on Factor. The Cunni ngham

correction factor is calculated for a 2.25 nmicroneter
di aneter particle.

05
c=1+00057103|. * ||.Te (Eq. 4)
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Lower Linmit Cut Dianeter for Cyclone | for N _FLess

than 3,162. The Cunni ngham correction factor is cal cul ated

for a 2.25 mcroneter dianeter particle.

-——H Eq.
- (Eq

Cut Dianeter for Cyclone | for the Mddle of the
Overl ap Zone.

oor = 214 0) =

Sanpling Rate Using Both PM, and PM, . Cycl ones.

a-q-oomsem| T 11T (Ea

Sanpling Rate Using Only PM, . Cycl one.

For Ny e Less than 3, 162:

R L

For Ny e greater than or equal to 3,162:

qumomoresy {54 0T (04T

Reynol ds Nunber .

Eq.
—%ﬁ (Eq

5)

6)

7)

8)

9)

10)
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Meter Box Orifice Pressure Drop.

o o

Lower Linmit Cut Dianeter for Cyclone | for N _“Greater

than or Equal to 3,162. The Cunni ngham correction factor

is calculated for a 2.25 mcroneter dianeter particle.

= Eq. 12
-——Eg (Eg. 12)

Vel ocity of Stack Gas. Correct the mean prelimnary

vel ocity pressure for Cp and bl ockage using Equations 25,

26, and 27.
& (Eq. 13)
PsMw

Cal cul ated Nozzle Di anmeter for Acceptable Sanpling

Rat e.
05
G Vs B

Vel ocity of Gas in Nozzle.

(Eg. 14)

S (Eg. 15)
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M ni mrum Nozzl e/ Stack Vel ocity Rati o Paraneter.
(Eq. 16)
- ‘ . Vi “
Maxi mum Nozzl e/ Stack Vel ocity Rati o Paraneter.
Rumax (Eq. 17)
6 . Vi “
M nimum Gas Velocity for R._Less than O.5.
Viin =V (05) (Eq. 18)
M ninum Gas Velocity for R. Geater than or Equal to
0.5
Vinin = Vn Rnin (Eq. 19)
Maxi num Gas Vel ocity for R_ “Less than 1.5.
Vmx = Vn Rmx (Eq. 20)
Maxi num Gas Vel ocity for R_“Gieat'er than or Equal to
1.5
Ve = Va(19) (Ea. 21)
M ni mum Vel ocity Pressure.
2
I-_-'H (Eq. 22)
Ts G


Compare: Insert�
text
"Page52of75"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"0.50.50.2603()(Qs)"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"0.2457+0.3072-R=min1.5vn"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"0.50.50.2603()(Qs)"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"0.4457+0.5690+=Rmax1.5vn"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"vmin=vn(0.5)"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"vmin=vnRmin"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "Rmax Less"
[New text]: "RLess"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"maxvmax=vnRmax"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "RmaxGreater"
[New text]: "RGreater"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"max"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"v=v(1.5)"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"maxn"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"2PsMvminpp=min1.3686-4x10w"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"TsC"


Maxi mum Vel ocity Pressure.

2
'-_mm (Eq. 23)

Sanpling Dwell Tinme at Each Point. Fthe t ot al

nunber of traverse points. You nust use the prelimnary

vel ocity traverse data.

t & (Eq. 24)

Adj usted Vel ocity Pressure.

2
-I.E (Eq. 25)

Aver age Probe Bl ockage Factor.

— (Eq. 26)

Vel ocity Pressure.

- 2
Ih=th (Egq. 27)

Dry Gas Vol une Sanpled at Standard Conditi ons.
AH

528
Voo = P Eq. 28
H T (5 )
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Sanpl e Fl ow Rate at Standard Conditions.

i
Qsr = 7 (Eq. 29)

Vol une of Water Vapor.

Vus = 0. 04707 Ve (Eq. 30)

Moi sture Content of Gas Stream

Sanpl i ng Rate.

S JWE N

(Note: The viscosity and Reynol ds Nunber nust be

(Eg. 32)

recal cul ated using the actual stack tenperature, noisture,

and oxygen content.)

Actual Particle Cut Dianeter for Cyclone |I. This is

based on actual tenperatures and pressures neasured during

the test run.

0.2091 0.7091
—H E‘ (Eq. 33)
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Particle Cut Di aneter for I_ Less than 3, 162 for

Cyclone IV. C nust be recal culated using the actual test
run data and a D, for 2.5 mcronmeter dianmeter particle

OFTTED ____ gus 0. 6790
-=—=3 g E (Eq. 34)

Particle Cut Dianeter for N_Geater than or Equal to

si ze.

3,162 for Cyclone IV. C nust be recal cul ated using the

actual test run data and a D50 for 2.5 mcroneter dianeter

particle size.
0.8058 - _ o5 0. 3058
-=—=3 g H‘ (Eg. 35)

Re- esti mat ed Cunni ngham Correction Factor. You mnust
use the actual test run Reynol ds Nunber -val ue and

select the appropriate D, from Equation 33 or 34 (or

Equation 37 or 38 if reiterating).

0.5
(I —EE (Eq. 36)

Re-cal cul ated Particle Cut D aneter for I_ Less than

_—g g H (Eq. 37)

3, 162.
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Re-cal cul ated Particle Cut D aneter for N G eater

than or Equal to 3,162.

LG

Ratio (Z) Between D, and D, , Val ues.

(e (&

Acceptance Criteria for Z Values. The nunber of

iterative steps is represented by N

—.6H.— (g

Percent |sokinetic Sanpling.

.ELI— ’ (Eq.

Acet one Bl ank Concentrati on.

M
G = — (Eq.

Acet one Bl ank Correction Wi ght.

Acet one Bl ank Wi ght.

W =G VawPa (Ea.

38)

39)

40)

41)

42)

43)

44)
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Concentration of Total Filterable PM

7000
- Eq. 45
-wz (Eq. 45)

Concentration of Filterable PMO.

7000
= Eqg. 46
—mg (Eq. 46)

Concentration of Filterable PM, ..

7000
= Eq. 47
—mg (Eq. 47)

13.0 Method Performance
13.1 Field evaluation of PMO and total PM showed t hat

t he precision of constant sanpling rate nethod was the sane
magni tude as Method 17 of appendix A-6 to part 60
(approximately five percent). Precisionin PM, and total

PM between nultiple trains showed standard devi ati ons of
four to five percent and total mass conpared to 4.7 percent
observed for Method 17 in sinultaneous test runs at a
Portl and cenment clinker cool er exhaust. The accuracy of
the constant sanpling rate PM, nethod for total nass,
referenced to Method 17, was -2 = 4.4 percent (Farthing,
1988a) .

13.2 Laboratory eval uation and guidance for PMg

_Were designed to limt error due to spatial
variations to 10 percent. The maxi num al |l owabl e error due

to an isokinetic sanpling was |imted to = 20 percent for
10 microneter particles in |aboratory tests (Farthing,
1988Db) .
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13.3 A field evaluation of the revised Method 201A by
EPA showed that the detection limt was 2.54 ng for total
filterable PM 1.44 ng for filterable PM, and 1.35 ng for .
PMjz: The precision resulting from10 quadruplicate tests
(40 test runs) conducted for the field evaluation was 6.7
percent relative standard deviation. The field evaluation
al so showed that the blank expected from Met hod 201A was
less than 0.9 ng (EPA, 2010).
14.0 Alternative Procedures

Al ternative nethods for estimating the noisture
content (ALT-008) and thernocouple calibration (ALT-011)
can be found at http://ww. epa.gov/ttn/enc/approalt.htnl.
15.0 WAste Managenent

[ Reserved]

16.0 References
(1) Dawes, S.S., and WE. Farthing. 1990.
"Application Guide for Measurenent of PM, . at Stationary

Sources,"” U S. Environnental Protection Agency, Atnospheric
Research and Exposure Assessnent Laboratory, Research
Triangl e Park, NC, 27511, EPA-600/3-90/057 (NTIS No.: PB
90- 247198) .

(2) Farthing, et al. 1988a. “PM, Source Measurenent
Met hodol ogy: Field Studies,” EPA 600/ 3-88/055, NTIS PB89-
194278/ AS, U.S. Environmental Protection Agency, Research
Triangl e Park, NC 27711.

(3) Farthing, WE., and S.S. Dawes. 1988b
“Application Guide for Source PM, Measurenent wi th Constant

Sanmpling Rate,” EPA/600/3-88-057, U S. Environnental

Protecti on Agency, Research Triangle Park, NC 27711.
(4) R chards, J.R 1996. "Test protocol: PCA

PM,/ PM, . Em ssion Factor Chenical Characterization
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Testing," PCA R& Serial No. 2081, Portland Cenent
Associ ati on.

(5) U S. Environnmental Protection Agency, Federal
Ref erence Methods 1 through 5 and Method 17, 40 CFR part
60, Appendi x A-1 through A-3 and A-6.

(6) U.S. Environmental Protection Agency. 2010.
“Field Evaluation of an Inproved Method for Sanpling and
Anal ysis of Filterable and Condensable Particulate Matter.”
Ofice of Alr Quality Planning and Standards, Sector Policy
and Program Di vision Mnitoring Policy Goup. Research
Triangl e Park, NC 27711.

17.0 Tables, Diagrans, Flowharts, and Validation Data

You nust use the follow ng tables, diagrans,
flowmcharts, and data to conplete this test nethod
successful ly.

Table 1. Typical PM Concentrations

Concentration and.i
Particle Size Range % by Vi ght

Total collectable particulate |0.015 gr/ DSCF

Less than or equal to 10 and) |40% of total collectable PM

greater than 2.5 mcroneters

< 2.5 microneters 20% of total collectable PM
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Table 2. Required Cyclone Cut Dianmeters (Dsgq)

Mn. cut Max. Cut i
Di aneter Di aret er

Cycl one (Mcroneter) (Mcroneter)

PM, Cycl one L) 11

(Cyclone | fromfive,stage

cycl one)

PM, . Cycl one 2.25 2.75

(Cyclone IV fromfive,stage

cycl one)

Table 3. Test Calculationsi

If you are using... |To calculate... Then use. .. |

Prelimnary data

Dry gas nol ecul ar wei ght,

ML

oy g miselar v i ol eION | ion 2

wei ght (M) and
prelimnary

nmoi sture content of

t he;gaslst ream

St ack -

tenperature, and
oxygen and inoi sture
content of the gas

stream,

gas ViseOsI 1y,

s Vi soosT 1y,

Cunni ngham correction

factor”, €
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Prelimnary lower limt
cut ,di aneter for cycl one

I ! D50LL

Cut dianeter for cyclone
| for imddle of the

overlap zone, D

DBior from Equation 6

Final sanpling rate for

cycl one I, -

D;, ECENEVD
G¥eloe and N

| ess than 3, 162L

Final sanpling rate for i

Equation @

Ba for PV

Fi nal sanpling rate for

cyclone 1V, @y

equal to 3,162
_ Verify the assuned . Equati on @0
Equati on 7 (REYGINGS) nunber, N,

@ Use Method 4 to deternine the noisture content of the stack gas.

Use

a wet -bul b measurenent device or hand-held hygroneter to
estimate noisture content of sources with gas tenperature |ess than

b For the lower cut dianeter of cyclone 1V, 2.25 mcroneter.

C Verify the assumed Reynol ds nunber, using the procedure in Section

8.5.1, before proceeding to Equation 11.
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Table 4. AH Values Based on Preliminary Traverse Data

Stack Tenperature

T, - 500 T, T, + 500

AH, (inches W.C.)

a a a

& These values are to be filled in by the stack tester.

Tabl e 5.
Verification of the
Assunmed Reynol ds
Nunmber

If the N_is4i Then . ..

And ...

Less than 3,162 | Calculate AH for the —

et er

box i correct

Greater than or Recal cul at e - Substitute the “new J

cqual 103,162 | gsung equetion 12 | OED MEEIENENIES

to recal cul ate D50T

Tabl e 6. Cal cul ati ons

for Recovery of PM, and PM, .

Cal cul ati ons

I nstructions and References

Average dry gas neter

tenperature

See field test data sheet.

Average orifice
pressure drop

See field test data sheet.
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5y ges volure (V).

Use Equation 28 to correct the
sanpl e vol unme neasured by the dry
gas neter ;to standard conditions

-760 mm Hg or (68PFS 29. 92
i nches I—Ig).l

Dry gas sanpling mate

Must be cal cul at ed using Equati on
29.

Vol une of wWatiem

Use Equation 30 to determ ne the
wat er condensed in the inpingers
and sili cigel conbi nati on.

Determ ne the total noisture catch
by nmeasuring the changeiin vol unme
or weight in the inpingers and

wei ghing the silica geI.L

Mbi sture content of -

LSt ream-

Cal cul ate this using Equation 31.

Saml 19 (EEENRD)

Cal cul ate this using Equation 32.

Test condition -

Use Equation 10 to calculate the

nunber % actual Reynol ds nunber during test
lconditions. |
Actual D Cal cul ate this using Equation 33.

50

This calculation is based on the
averag(it enperatures and pressures

nmeasured during the test run.

St ack gas velocity -

Cal cul ate this using Equation 13.



Compare: Insert�
text
"Page63of75Table6.CalculationsforRecoveryofPM10andPM2.5CalculationsInstructionsandReferences"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"volume(V)"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"ms"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"volume"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "(20°C,"
[New text]: "(20oC,"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "68°F,"
[New text]: "68oF,"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"(Vms)"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"rate"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
")"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "rate(QsST)"
[New text]: "(QsST"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"water"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"condensed(V)"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"ws"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"water"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"condensed"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"(Vws)"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"gas"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"gas"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "(Bws)"
[New text]: "(B)ws"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"rate(Q)"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "rate(Qs)"
[New text]: "s"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"Reynolds"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"numbera"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"Reynolds"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"numbera"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"ofcycloneI"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"of cyclone I"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "(vs)"
[New text]: "(v)"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"s"


Percent isokinetic mate | Cal cul ate this using Equation 41.
(%)

@ Cal cul ate the Reynol ds number at the cyclone IV inlet during the test
based on: (1) the sanpling rate for the conbi ned cycl one head, (2)
the actual gas viscosity for the test, and (3) the dry and wet gas

stream nol ecul ar wei ghts.


Compare: Insert�
text
"Page64of75Table6.CalculationsforRecoveryofPM10andPM2.5CalculationsInstructionsandReferences"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"rate"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"rate"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size


Figure 1. In-stack PM, and PM, . Sanpling Train



Compare: Insert�
text
"Page65of75TemperatureSensorPM-10SizerImpingersFilterHolderHeatedProbe"

Compare: Insert�
text
"Ice"

Compare: Insert�
text
"PM-2.5Sizer"

Compare: Insert�
text
"Water"

Compare: Insert�
text
"Nozzle"

Compare: Insert�
text
"Bath"

Compare: Insert�
text
"Vacuum"

Compare: Insert�
text
"TypeSPitotTube"

Compare: Insert�
text
"Manometer"

Compare: Insert�
text
"DistilledWater"

Compare: Insert�
text
"Empty"

Compare: Insert�
text
"SilicaGel"

Compare: Insert�
text
"LineVacuum"

Compare: Insert�
text
"GasExit"

Compare: Insert�
text
"Orifice"

Compare: Insert�
text
"Gauge"

Compare: Insert�
text
"Fine"

Compare: Insert�
text
"Coarse"

Compare: Insert�
text
"Manometer"

Compare: Insert�
text
"DryGasMeter"

Compare: Insert�
text
"Air-TightPump"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size


Page 66 of 75

ﬂ;
W\

@%ﬂ

Figure 2. Conbined Cycl one Sanpling Head



Compare: Insert�
text
"Page66of75"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size




Compare: Insert�
text
"Page67of75"

Compare: Insert�
text
"Nozzle"

Compare: Insert�
text
"Cone"

Compare: Insert�
text
"Angle,"

Compare: Insert�
text
"Outside"

Compare: Insert�
text
"StraightInlet"

Compare: Insert�
text
"TotalLength,L"

Compare: Insert�
text
"Diameter,d(inches)"

Compare: Insert�
text
"θ(degrees)"

Compare: Insert�
text
"Taper,Φ(degrees)"

Compare: Insert�
text
"Length,l(inches)"

Compare: Insert�
text
"(inches)"

Compare: Insert�
text
"0.125"

Compare: Insert�
text
"4"

Compare: Insert�
text
"15"

Compare: Insert�
text
"<0.05"

Compare: Insert�
text
"2.710±0.05"

Compare: Insert�
text
"0.136"

Compare: Insert�
text
"4"

Compare: Insert�
text
"15"

Compare: Insert�
text
"<0.05"

Compare: Insert�
text
"2.653±0.05"

Compare: Insert�
text
"0.150"

Compare: Insert�
text
"4"

Compare: Insert�
text
"15"

Compare: Insert�
text
"<0.05"

Compare: Insert�
text
"2.553±0.05"

Compare: Insert�
text
"0.164"

Compare: Insert�
text
"5"

Compare: Insert�
text
"15"

Compare: Insert�
text
"<0.05"

Compare: Insert�
text
"1.970±0.05"

Compare: Insert�
text
"0.180"

Compare: Insert�
text
"6"

Compare: Insert�
text
"15"

Compare: Insert�
text
"<0.05"

Compare: Insert�
text
"1.572±0.05"

Compare: Insert�
text
"0.197"

Compare: Insert�
text
"6"

Compare: Insert�
text
"15"

Compare: Insert�
text
"<0.05"

Compare: Insert�
text
"1.491±0.05"

Compare: Insert�
text
"0.215"

Compare: Insert�
text
"6"

Compare: Insert�
text
"15"

Compare: Insert�
text
"<0.05"

Compare: Insert�
text
"1.450±0.05"

Compare: Insert�
text
"0.233"

Compare: Insert�
text
"6"

Compare: Insert�
text
"15"

Compare: Insert�
text
"<0.05"

Compare: Insert�
text
"1.450±0.05"

Compare: Insert�
text
"0.264"

Compare: Insert�
text
"5"

Compare: Insert�
text
"15"

Compare: Insert�
text
"<0.05"

Compare: Insert�
text
"1.450±0.05"

Compare: Insert�
text
"0.300"

Compare: Insert�
text
"4"

Compare: Insert�
text
"15"

Compare: Insert�
text
"<0.05"

Compare: Insert�
text
"1.480±0.05"

Compare: Insert�
text
"0.342"

Compare: Insert�
text
"4"

Compare: Insert�
text
"15"

Compare: Insert�
text
"<0.05"

Compare: Insert�
text
"1.450±0.05"

Compare: Insert�
text
"0.390"

Compare: Insert�
text
"3"

Compare: Insert�
text
"15"

Compare: Insert�
text
"<0.05"

Compare: Insert�
text
"1.450±0.05"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size


30°
Chamfer

A — =0
: M
A ’| ! |*

|“—_ 0.75iIn —————¥

77

S
.\\\\
SR

Figure 4A. Nozzle Design for PM, . Cyclone (H gher Stack Flow)


Compare: Insert�
text
"Page68of75"

Compare: Insert�
text
"Nozzle"

Compare: Insert�
text
"Internal"

Compare: Insert�
text
"Outside"

Compare: Insert�
text
"Straight"

Compare: Insert�
text
"Total"

Compare: Insert�
text
"Diameter,"

Compare: Insert�
text
"Cone"

Compare: Insert�
text
"Taper,Φ"

Compare: Insert�
text
"InletLength,"

Compare: Insert�
text
"Length,L"

Compare: Insert�
text
"d"

Compare: Insert�
text
"Angle,θ"

Compare: Insert�
text
"(degrees)"

Compare: Insert�
text
"l(inches)"

Compare: Insert�
text
"(inches)"

Compare: Insert�
text
"(inches)"

Compare: Insert�
text
"(degrees)"

Compare: Insert�
text
"0.125"

Compare: Insert�
text
"3"

Compare: Insert�
text
"15"

Compare: Insert�
text
"≤0.05"

Compare: Insert�
text
"1.45±0.05"

Compare: Insert�
text
"0.138"

Compare: Insert�
text
"2"

Compare: Insert�
text
"15"

Compare: Insert�
text
"≤0.05"

Compare: Insert�
text
"1.45±0.05"

Compare: Insert�
text
"0.156"

Compare: Insert�
text
"1"

Compare: Insert�
text
"15"

Compare: Insert�
text
"≤0.05"

Compare: Insert�
text
"1.45±0.05"

Compare: Insert�
text
"0.172"

Compare: Insert�
text
"1"

Compare: Insert�
text
"15"

Compare: Insert�
text
"≤0.05"

Compare: Insert�
text
"1.45±0.05"

Compare: Insert�
text
"0.188"

Compare: Insert�
text
"1"

Compare: Insert�
text
"15"

Compare: Insert�
text
"≤0.05"

Compare: Insert�
text
"1.45±0.05"

Compare: Insert�
text
"0.200"

Compare: Insert�
text
"0"

Compare: Insert�
text
"15"

Compare: Insert�
text
"≤0.05"

Compare: Insert�
text
"1.45±0.05"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size


Page 69 of 75

D!D Thamfer

0.20inch ID e e ‘

N
SN

< 075in >

Nozzl e Cone Qut si de I nternal Taper

diameter, d| angle, © taper, o | ength, |
(i nches) (degr ees) (degr ees) (inches)

0. 216 5 15 0. 093

0. 234 5 15 0.194

0. 253 5 15 0. 304

0. 274 5 15 0. 422

0. 296 5 15 0. 549

0. 320 5 15 0. 688

Figure 4B. Nozzle Design for PM, . Cyclone (Lower Stack

FI ow)



Compare: Insert�
text
"Page69of75"

Compare: Insert�
text
"Nozzle"

Compare: Insert�
text
"Cone"

Compare: Insert�
text
"Outside"

Compare: Insert�
text
"InternalTaper"

Compare: Insert�
text
"diameter,d(inches)"

Compare: Insert�
text
"Angle,θ(degrees)"

Compare: Insert�
text
"taper,Φ(degrees)"

Compare: Insert�
text
"length,l(inches)"

Compare: Insert�
text
"0.216"

Compare: Insert�
text
"5"

Compare: Insert�
text
"15"

Compare: Insert�
text
"0.093"

Compare: Insert�
text
"0.234"

Compare: Insert�
text
"5"

Compare: Insert�
text
"15"

Compare: Insert�
text
"0.194"

Compare: Insert�
text
"0.253"

Compare: Insert�
text
"5"

Compare: Insert�
text
"15"

Compare: Insert�
text
"0.304"

Compare: Insert�
text
"0.274"

Compare: Insert�
text
"5"

Compare: Insert�
text
"15"

Compare: Insert�
text
"0.422"

Compare: Insert�
text
"0.296"

Compare: Insert�
text
"5"

Compare: Insert�
text
"15"

Compare: Insert�
text
"0.549"

Compare: Insert�
text
"0.320"

Compare: Insert�
text
"5"

Compare: Insert�
text
"15"

Compare: Insert�
text
"0.688"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "Flow"
[New text]: "Flow)"
The following text attributes were changed: 
   font, fill color, size


Page 70 of 75

L.
r

N
i’. 1
3 H

&
éj

— o« [ \
A
H
Z
y y
T
| | =
chp
> D'
«— Doy —
Cyclone | |Cyclone Interior Dinmensions (cmz 0.02 cm
(10 DnP [De B |H | (2 S |Heup[PcuplPe' [Do

M cr onet er)
1.27(4. 47(1. 50|1. 88|6. 95(2. 24|4. 71|1. 57|2. 25|4. 45]1. 02|]1. 24

Figure 5. Design Specifications for Cyclone |



Compare: Insert�
text
"Page70of75CycloneICycloneInteriorDimensions(cm±0.02cm)(10DinDDeBHhZSHcupDcupDe’DoMicrometer)1.274.471.501.886.952.244.711.572.254.451.021.24"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size


(10 Mcroneter)

Din
oL L. ]
_Lh
—t
H
Z
Juupm—

Figure 6. Design Specifications for Cyclone IV (2.5
M croneter) Sizing Device


Compare: Insert�
text
"Page71of75"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"CycloneCycloneInteriorDimensions(cm±0.02cm)IVDinDDeBHhZSHcupDcup(2.5Micrometer)0.512.540.591.092.681.031.650.582.222.62"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size


2.0 25
|
T [DISTURBANCE
"
| MEASUREMENT
NG SITE

Figure 7. M nimum Nunber of Traverse Points for
Prelimnary Method 4 Traverse



Compare: Insert�
text
"Page72of75MINIMUMNUMBEROFTRAVERSEPOINTSDUCTDIAMETERSUPSTREAMFROMFLOWDISTURBANCE(DISTANCEA)0.51.01.52.02.550DISTURBANCE*HIGHERNUMBERISFORRECTANGULARSTACKSA40ORDUCTSMEASUREMENTSITEB30DISTURBANCE2012points108or9*points02345678910DUCTDIAMETERSDOWNSTREAMFROMFLOWDISTURBANCE(DISTANCEB)"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size


Stack Blockage with Pitot
= [
:’ |
- |
o\
@ \ \ PMup+PMas
: WA
" \ \
- \ o\
PM2s \ \
\ AN
o \ N\
s \\ \\
6% Blockage |
v N\ N\ Criteria
e N\ AN
. AN N 3% Blockage
N Criteria
L]
2
@
. T
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
Duct or Stack Diameter, Inches.
Figure 8. Gas Flow Bl ockage by the Sanpling Heads with the

Pi t ot Tube


Compare: Insert�
text
"Blockage,%Page73of75StackBlockagewithPitot2120191817PM10+PM2.51615141312PM2.51110986%Blockage7Criteria653%Blockage4Criteria32100.010.020.030.040.050.060.070.0DuctorStackDiameter,Inches"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size


Figure 9.

‘Stack Blockage without Pitot

| \

| \

\ \

L\

\ \ PMuo + PMzs

\ \

\ \

\ \

\ \
PMas\ \

\ \
\ \
\ \\
6% Blockage |
A\ AN Criteria
\\\ \\\\
3% Blockage
N S~ Criteria
10.0 20.0 30.0 40.0 50.0 60.0
Duct or Stack Diameter, Inches

Gas Fl ow Bl ockage by the Sanpling Heads w t hout
the Pitot Tube


Compare: Insert�
text
"Blockage,%Page74of75StackBlockagewithoutPitot2120191817PM10+PM2.51615141312PM2.51110986%Blockage7Criteria653%Blockage4Criteria32100.010.020.030.040.050.060.070.0DuctorStackDiameter,Inches"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size


Accept abl e Sanpling Rate for Conbined Cycl one

Fi gure 10.

Heads


Compare: Insert�
text
"Page75of75SamplingRate,ACFM1.31.2SamplingRateMustbeBetween1.1CycloneIV2.25MicrometerCutSizeLineandtheCycloneI11.0MicrometerCutSizeLine1"

Compare: Insert�
text
"(Twosolidlines)"

Compare: Insert�
text
"0.9"

Compare: Insert�
text
"0.8"

Compare: Insert�
text
"CycloneI=9.0"

Compare: Insert�
text
"CycloneIV=2.25"

Compare: Insert�
text
"0.7"

Compare: Insert�
text
"0.6"

Compare: Insert�
text
"CycloneI=11.0"

Compare: Insert�
text
"0.5"

Compare: Insert�
text
"0.4"

Compare: Insert�
text
"0.20.3"

Compare: Insert�
text
"CycloneI=11.0"

Compare: Insert�
text
"CycloneIV=2.75"

Compare: Insert�
text
"Basedon20%O2,0%CO2,and2%H20"

Compare: Insert�
text
"0.1"

Compare: Insert�
text
"0"

Compare: Insert�
text
"50"

Compare: Insert�
text
"100"

Compare: Insert�
text
"160"

Compare: Insert�
text
"200"

Compare: Insert�
text
"280"

Compare: Insert�
text
"360"

Compare: Insert�
text
"440"

Compare: Insert�
text
"500"

Compare: Insert�
text
"600"

Compare: Insert�
text
"700GasTemperature,F"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size


	Acr833270977885626357.tmp
	Local Disk
	file://NoURLProvided




1.0 Scope and Applicability

DETERMINATION OF PM,, AND PM, ; EMISSIONS FROM
STATIONARY SOURCES (Constant Sampling Rate Procedure)

1.1 Scope.

The U.S. Environmental Protection Agency (U.S. EPA or “we”) developed this
method to describe the procedures that the stack tester (“you”) must follow to
measure filterable particulate matter (PM) emissions equal to or less than a
nominal aerodynamic diameter of 10 micrometers (PM;,) and 2.5 micrometers

(PM, 5). This method can be used to measure coarse particles (i.e., the difference

between the measured PM,, concentration and the measured PM, ; concentration).

This method addresses the equipment, preparation, and analysis necessary to
measure filterable PM. You can use this method to measure filterable PM from
stationary sources only. Filterable PM is collected in stack with this method (i.e., the
method measures materials that are solid or liquid at stack conditions). If the gas
filtration temperature exceeds(30°C (85°F), then you may use the procedures in this
method to measure only filterable PM (material that does not pass through a filter
or a cyclone/filter combination). If the gas filtration temperature exceeds/30°C
(85°F), and you must measure both the filterable and condensable (material that
condenses after passing through a filter) components of total primary (direct) PM
emissions to the atmosphere, then you must combine the procedures in this method
with the procedures in Method 202 of appendix M to this part for measuring
condensable PM. However, if the gas filtration temperature never exceeds30°C
(85°F), then use of Method 202 of appendix M to this part is not required to
measure total primary PM.

1.3 Responsibility.

You are responsible for obtaining the equipment and supplies you will need to use
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this method. You must also develop your own procedures for following this method
and any additional procedures to ensure accurate sampling and analytical
measurements.

1.4 Additional Methods.

To obtain results, you must have a thorough knowledge of the following test
methods found in appendices A-1 through A-3 of 40 CFR part 60:

(a) Method 1/- Sample and velocity traverses for stationary sources.

(b) Method 2= Determination of stack gas velocity and volumetric flow rate (Type S
pitot tube).

(c) Method 3=Gas analysis for the determination of dry molecular weight.

(d) Method 4 = Determination of moisture content in stack gases.

(e) Method 5= Determination of particulate matter emissions from stationary
sources.

1.5 Limitations.

You cannot use this method to measure emissions in which water droplets are
present because the size separation of the water droplets may not be representative
of the dry particle size released into the air. To measure filterable PM;, and PM, 5

in emissions where water droplets are known to exist, we recommend that you use
Method 5 of appendix A-3 to part 60. Because of the temperature limit of the O=
rings used in this sampling train, you must follow the procedures in Section 8.6.1 to
test emissions from stack gas temperatures exceeding(205°C (400°F).

1.6 Conditions.

You can use this method to obtain particle sizing at 10 micrometers and or 2.5
micrometers if you sample within 80 and 120 percent of isokinetic flow. You can
also use this method to obtain total filterable particulate if you sample within 9o to
110 percent of isokinetic flow, the number of sampling points is the same as
required by Method 5 of appendix A-3 to part 60 or Method 17 of appendix A-6 to
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part 60, and the filter temperature is within an acceptable range for these methods.
For Method 5, the acceptable range for the filter temperature is generally120°C
(248°F) unless a higher or lower temperature is specified. The acceptable range
varies depending on the source, control technology and applicable rule or permit
condition. To satisfy Method 5 criteria, you may need to remove the in-stack filter
and use an out-of-stack filter and recover the PM in the probe between the PM,

particle sizer and the filter. In addition, to satisfy Method 5 and Method 17 criteria,
youmay need to sample from more than 12 traverse points. Be aware that this
method determines in-stack PM,, and (PMj gfilterable emissions by sampling from

a recommended maximum of 12 sample points, at a constant flow rate through the
train (the constant flow is necessary to maintain the size cuts of the cyclones), and
with a filter that is at the stack temperature. In contrast, Method 5 or Method 17
trains are operated isokinetically with varying flow rates through the train. Method
5 and Method 17 require sampling from as many as 24 sample points. Method 5
uses an out-ofstack filter that is maintained at a constant temperature of 120°C
(248°F). Further, to use this method in place of Method 5 or Method 17, you must
extend the sampling time so that you collect the minimum mass necessary for
weighing each portion of this sampling train. Also, if you are using this method as
an alternative to a test method specified in a regulatory requirement (e.g., a
requirement to conduct a compliance or performance test), then you must receive
approval from the authority that established the regulatory requirement before you
conduct the test.

2.0 Summary of Method

2.1 Summary.

To measure PM, o and PM, ¢, extract a sample of gas at a predetermined constant

flow rate through an in-stack sizing device. The particle-sizing device separates
particles with nominal aerodynamic diameters of 10 micrometers and 2.5
micrometers. To minimize variations in the isokinetic sampling conditions, you

must establish well-defined limits. After a sample is obtained, remove uncombined
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water from the particulate, then use gravimetric analysis to determine the
particulate mass for each size fraction. The original method, as promulgated in
1990, has been changed by adding a PM, ¢ cyclone downstream of the PM;qcyclone.

Both cyclones were developed and evaluated as part of a conventional five-stage
cascade cyclone train. The addition of a PM, ; cyclone between the PM;, cyclone

and the stack temperature filter in the sampling train supplements the
measurement of PM;, with the measurement of PM5 ¢ Without the addition of the

PM, ;s cyclone, the filterable particulate portion of the sampling train may be used
to measure total and PM;, emissions. Likewise, with the exclusion of the PM;,

cyclone, the filterable particulate portion of the sampling train may be used to
measure total and PM, 5 emissions. Figure 1 of Section 17 presents the schematic of

the sampling train configured with this change.

3.0 Definitions

3.1 Condensable particulate matter (CPM)

means material that is vapor phase at stack conditions, but condenses and/or reacts
upon cooling and dilution in the ambient air to form solid or liquid PM immediately
after discharge from the stack. Note that all CPM is assumed to be in the PM, ; size

fraction.
3.2 Constant weight

means a difference of no more than 0.5 mg or one percent of total weight less tare
weight, whichever is greater, between two consecutive weighings, with no less than
six hours of desiccation time between weighings.

3.3 Filterable particulate matter((PM),

means particles that are emitted directly by a source as a solid or liquid at stack or
release conditions and captured on the filter of a stack test train.
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3.4 Primary particulate matter (PM)

(also known as direct PM) means particles that enter the atmosphere as a direct
emission from a stack or an open source. Primary PM has two components:
filterable PM and condensable PM. These two PM components have no upper
particle size limit.

3.5 Primary PM,, -

(also known as direct PM, g, total PMs 5, PM, ¢, or combined filterable PM, r and

condensable PM) means PM with an aerodynamic diameter less than or equal to 2.5
micrometers. These solid particles are emitted directly from an air emissions source
or activity, or are the gaseous or vaporous emissions from an air emissions source
or activity that condense to form PM at ambient temperatures. Direct

PM, semissions include elemental carbon, directly emitted organic carbon, directly

emitted sulfate, directly emitted nitrate, and other inorganic particles (including but
not limited to crustal material, metals, and sea salt).

3.6 Primary PM,,

(also known as direct PM,, total PM;,, PM;,, or the combination of filterable PM;

and condensable PM) means PM with an aerodynamic diameter equal to or less

than 10 micrometers.

4.0 Interferences

You cannot use this method to measure emissions where water droplets are present
because the size separation of the water droplets may not be representative of the
dry particle size released into the air. Stacks with entrained moisture droplets may
have water droplets larger than the cut sizes for the cyclones. These water droplets
normally contain particles and dissolved solids that becomePM 35 and PM5 &

following evaporation of the water.
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5.0 Safety

5.1 Disclaimer.

Because the performance of this method may require the use of hazardous
materials, operations, and equipment, you should develop a health and safety plan
to ensure the safety of your employees who are on site conducting the particulate
emission test. Your plan should conform with all applicable Occupational Safety
and Health Administration, Mine Safety and Health Administration, and
Department of Transportation regulatory requirements. Because of the unique
situations at some facilities and because some facilities may have more stringent
requirements than is required by State or federal laws, you may have to develop
procedures to conform to the plant health and safety requirements.

6.0 Equipment and(Supplies.

Figure 2 of Section 17 shows details of the combined cyclone heads used in this
method. The sampling train is the same as Method 17 of appendix A-6 to part 60
with the exception of the PM;, and PM, ( sizing devices. The following sections

describe the sampling train’s primary design features in detail.
6.1 Filterable Particulate Sampling Train Components.
6.1.1 Nozzle.

You must use stainless steel (316 or equivalent) or fluoropolymer-coated stainless
steel nozzles with a sharp tapered leading edge. We recommend one of the 12
nozzles listed in Figure 3 of Section 17 because they meet design specifications when
PM;, cyclones are used as part of the sampling train. We also recommend that you

have a large number of nozzles in small diameter increments available to increase
the likelihood of using a single nozzle for the entire traverse. We recommend one of
the nozzles listed in Figure 4A or 4B of Section 17 because they meet design
specifications when PM, ; cyclones are used without PM;,, cyclones as part of the
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sampling train.

6.1.2 PM,, and PM,, . Sizing Device.

6.1.2.1. Use stainless steel (316 or equivalent) or fluoropolymer-coated PM,, and
PM,, s sizing devices. You may use sizing devices constructed of high-temperature

specialty metals such as Inconel, Hastelloy, or Haynes 230. (See also Section 8.6.1.)
The sizing devices must be cyclones that meet the design specifications shown in
Figures 3, 4A, 4B, 5, and 6 of Section 17. Use a caliper to verify that the dimensions
of the PM;, and PM, ; sizing devices are within +£0.02 c¢m of the design

specifications. Example suppliers of PM;, and PM, ( sizing devices include the

following:

(a) Environmental Supply Company, Inc., 2142 E. Geer Street, Durham, North
Carolina 27704. Telephone No.: (919) 956-9688; Fax: (919) 682-0333.

(b) Apex Instruments, 204 Technology Park Lane, Fuquay-Varina, North Carolina
27526. Telephone No.: (919) 557-7300 (phone); Fax: (919) 557-7110.

6.1.2.2. You may use alternative particle sizing devices if they meet the
requirements in Development and Laboratory Evaluation of a Five-Stage Cyclone
System, EPA-600/7-78-008 (http://cfpub.epa.gov/ols).

6.1.3 Filter Holder.

Use a filter holder that is stainless steel (316 or equivalent). A heated glass filter
holder may be substituted for the steel filter holder when filtration is performed
out-of-stack. Commercial-size filter holders are available depending upon project
requirements, including commercial stainless steel filter holders to support 25-, 47-,
63-, 76-, 90-, 101-, and 110-mm diameter filters. Commercial size filter holders
contain a fluoropolymer O-ring, a stainless steel screen that supports the particulate
filter, and a final fluoropolymer O-ring. Screw the assembly together and attach to
the outlet of cyclone IV. The filter must not be compressed between the
fluoropolymer O-ring and the filter housing.
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6.1.4 Pitot Tube.

You must use a pitot tube made of heat resistant tubing. Attach the pitot tube to the
probe with stainless steel fittings. Follow the specifications for the pitot tube and its
orientation to the inlet nozzle given in Section 6.1.1.3 of Method 5 of appendix A-3
to part 60.

6.1.5 Probe Extension and Liner.

The probe extension must be(glass- or fluoropolymer-lined. Follow the
specifications in Section 6.1.1.2 of Method 5 of appendix A-3 to part 60. If the gas
filtration temperature never exceeds(30°C (85°F), then the probe may be
constructed of stainless steel without a probe liner and the extension is not
recovered as part of the PM.

6.1.6 Differential Pressure Gauge, Condensers, Metering Systems,
Barometer, and Gas Density Determination Equipment.

Follow the requirements in Sections 6.1.1.4 through 6.1.3 of Method 5 of appendix
A-3 to part 60, as applicable.

6.2 Sample Recovery Equipment.
6.2.1 Filterable Particulate Recovery.

Use the following equipment to quantitatively determine the amount of filterable
PM recovered from the sampling train.

(a) Cyclone and filter holder brushes.

(b) Wash bottles. Two wash bottles are recommended. Any container material is
acceptable, but wash bottles used for sample and blank recovery must not
contribute more than 0.1 mg of residual mass to the CPM measurements.

(c) Leak-proof sample containers. Containers used for sample and blank recovery
must not contribute more than 0.05 mg of residual mass to the CPM

measurements.
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(d) Petri dishes. For filter samples; glass or polyethylene, unless otherwise specified
by the Administrator.

(e) Graduated cylinders. To measure condensed water to within 1 ml or 0.5 g.
Graduated cylinders must have subdivisions not greater than 2 ml.

(f) Plastic storage containers. Air-tight containers to store silica gel.

6.2.2 Analysis Equipment.

(a) Funnel. Glass or polyethylene, to aid in sample recovery.

(b) Rubber policeman. To aid in transfer of silica gel to container; not necessary if
silica gel is weighed in the field.

(c) Analytical balance. Analytical balance capable of weighing at least 0.0001 g (0.1
mg).

(d) Balance. To determine the weight of the moisture in the sampling train
components, use an analytical balance accurate to + 0.5 g.

(e) Fluoropolymer beaker liners.

7.0 Reagents, Standards, and Sampling Media
7.1 Sample Collection.

To collect a sample, you will need a filter and silica gel. You must also have water
and crushed ice. These items must meet the following specifications.

~.1.1 Filter.
Let Clean Air Help you with tared media!

We-can-provide you-with-tared-filters-and provide post-test-analysis- Contaetus
today! Yes,; we are NELAC accredited!

Use a nonreactive, nondisintegrating glass fiber, quartz, or polymer filter that does
not a have an organic binder. The filter must also have an efficiency of at least 99.95
percent (less than 0.05 percent penetration) on 0.3 micrometer dioctyl phthalate
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particles. You may use test data from the supplier’s quality control program to
document the PM filter efficiency.

~.1.2 Silica Gel.

Use an indicating-type silica gel of 6 to 16 mesh. You must obtain approval from the
regulatory authority that established the requirement to use this test method to use

other types of desiccants (equivalent or better) before you use them. Allow the silica
gel to dry for two hours at{175°C (350°F) if it is being reused. You do not have to dry
new silica gel if theindicator shows the silica is active for moisture collection.

~.1.3 Crushed Ice.
Obtain from the best readily available source.
-7.1.4 Water.

Use deionized, ultra-filtered water that contains 1.0 part per million by weight (1
milligram/liter) residual mass or less to recover and extract samples.

7.2 Sample Recovery and Analytical Reagents.

You will need acetone and anhydrous calcium sulfate for the sample recovery and
analysis. Unless otherwise indicated, all reagents must conform to the specifications
established by the Committee on Analytical Reagents of the American Chemical
Society. If such specifications are not available, then use the best available grade.
Additional information on each of these items is in the following paragraphs.

~7.2.1 Acetone.

Use acetone that is stored in a glass bottle. Do not use acetone from a metal
container because it will likely produce a high residue in the laboratory and field
reagent blanks. You must use acetone with blank values less than 1 part per million
by weight residue. Analyze acetone blanks prior to field use to confirm low blank
values. In no case shall a blank value of greater than 0.0001 percent (1 part per
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million by weight) of the weight of acetone used in sample recovery be subtracted
from the sample weight (i.e., the maximum blank correction is 0.1 mg per 100 ml of
acetone used to recover samples).

7.2.2 Particulate Sample Desiccant.

Use(indicatingtype anhydrous calcium sulfate to desiccate samples prior to
weighing.

8.0 Sample Collection, Preservation, Storage, and
Transport

8.1 Qualifications.

This is a complex test method. To obtain reliable results, you should be trained and
experienced with in-stack filtration systems (such as cyclones, impactors, and
thimbles) and impinger and moisture train systems.

8.2 Preparations.

Follow the pretest preparation instructions in Section 8.1 of Method 5 of appendix
A-3 to part 60.

8.3 Site Setup.

You must complete the following to properly set up for this test:

(a) Determine the sampling site location and traverse points.

(b) Calculate probe/cyclone blockage.

(c) Verify the absence of cyclonic flow.

(d) Complete a preliminary velocity profile and select a nozzle(s) and sampling rate.

8.3.1 Sampling Site Location and Traverse Point Determination.

Follow the standard procedures in Method 1 of appendix A-1 to part 60 to select the
appropriate sampling site. Choose a location that maximizes the distance from
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upstream and downstream flow disturbances.

(a) Traverse points. The required maximum number of total traverse points at any
location is 12, as shown in Figure 7 of Section 17. You must prevent the disturbance
and capture of any solids accumulated on the inner wall surfaces by maintaining a
1-inch distance from the stack wall (0.5 inch for sampling locations less than 36.4
inches in diameter with the pitot tube and 32.4 inches without the pitot tube).
During sampling, when the PM, ; cyclone is used without the PM,, traverse points

closest to the stack walls may not be reached because the inlet to a(lPMs scyclone is

located approximately 2.75 inches from the end of the cyclone. For these cases, you
may collect samples using the procedures in Section 11.3.2.2 of Method 1 of
appendix A-3 to part 60. You must use the traverse point closest to the unreachable
sampling points as replacement for the unreachable points. You must extend the
sampling time at the replacement sampling point to include the duration of the
unreachable traverse points.

(b) Round or rectangular duct or stack. If a duct or stack is round with two ports
located 900 apart, use six sampling points on each diameter. Use a 3x4 sampling
point layout for rectangular ducts or stacks. Consult with the Administrator to
receive approval for other layouts before you use them.

(c) Sampling ports. You must determine if the sampling ports can accommodate the
in-stack cyclones used in this method. You may need larger diameter sampling
ports than those used by Method 5 of appendix A-3 to part 60 or Method 17 of
appendix A-6 to part 60 for total filterable particulate sampling. When you use
nozzles smaller than 0.16 inch in diameter and either a PM,, or a combined PM;,

and PM, ; sampling apparatus, the sampling port diameter may need to be six

inches in diameter to accommodate the entire apparatus because the conventional
4-inchdiameter port may be too small due to the combined dimension of the PM;,

cyclone and the nozzle extending from the cyclone, which will likely exceed the
internal diameter of the port. A 4-inch port should be adequate for the single PM,

sampling apparatus. However, do not use the conventional 4-inch diameter port in
any circumstances in which the combined dimension of the cyclone and the nozzle
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extending from the cyclone exceeds the internal diameter of the port. (Note: If the
port nipple is short, you may be able to “hook” the sampling head through a smaller
port into the duct or stack.)

8.3.2 Probe/Cyclone Blockage Calculations.
Follow the procedures in the next two sections, as appropriate.

8.3.2.1 Ducts with diameters greater than 36.4 inches. Based on commercially
available cyclone assemblies for this procedure, ducts with diameters greater than
36.4 inches have blockage effects less than three percent, as illustrated in Figure 8
of Section 17. You must minimize the blockage effects of the combination of the in-=
stack nozzle/cyclones, pitot tube, and filter assembly that you use by keeping the
cross-sectional area of the assembly at three percent or less of the cross-sectional
area of the duct.

8.3.2.2 Ducts with diameters between 25.7 and 36.4 inches. Ducts with diameters
between 25.7 and 36.4 inches have blockage effects ranging from three to six
percent, as illustrated in Figure 8 of Section 17. Therefore, when you conduct tests
on these small ducts, you must adjust the observed velocity pressures for the
estimated blockage factor whenever the combined sampling apparatus blocks more
than three percent of the stack or duct (see Sections 8.7.2.2 and 8.7.2.3 on the probe
blockage factor and the final adjusted velocity pressure, respectively). (Note: Valid
sampling with the combined PM, 5/PM; cyclones cannot be performed with this

method if the average stack blockage from the sampling assembly is greater than six
percent, i.e., the stack diameter is less than 26.5 inches.)

8.3.3 Cyclonic Flow.

Do not use the combined cyclone sampling head at sampling locations subject to
cyclonic flow. Also, you must follow procedures in Method 1 of appendix A-1 to part
60 to determine the presence or absence of cyclonic flow and then perform the
following calculations:



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "in-stack"
[New text]: "in-stack"
The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Insert�

text

"Page15of75"



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size





(a) As per Section 11.4 of Method 1 of appendix A-1 to part 60, find and record the
angle that has a null velocity pressure for each traverse point using an S-type pitot
tube.

(b) Average the absolute values of the angles that have a null velocity pressure. Do
not use the sampling location if the average absolute value exceeds 200. (Note: You
can minimize the effects of cyclonic flow conditions by moving the sampling
location, placing gas flow straighteners upstream of the sampling location, or
applying a modified sampling approach as described in EPA Guideline Document
GD-008, Particulate Emissions Sampling in Cyclonic Flow. You may need to obtain
an alternate method approval from the regulatory authority that established the
requirement to use this test method prior to using a modified sampling approach.)

8.3.4 Preliminary Velocity Profile.

Conduct a preliminary velocity traverse by following Method 2 of appendix A-1 to
part 60 velocity traverse procedures. The purpose of the preliminary velocity profile
is to determine all of the following:

(a) The gas sampling rate for the combined probe/cyclone sampling head in order
to meet the required particle size cut.

(b) The appropriate nozzle to maintain the required gas sampling rate for the
velocity pressure range and isokinetic range. If the isokinetic range cannot be met
(e.g., batch processes, extreme process flow or temperature variation), void the
sample or use methods subject to the approval of the Administrator to correct the
data. The acceptable variation from isokinetic sampling is 80 to 120 percent and no
more than 100 + 29 percent (two out of 12 or five out of 24) sampling points outside
of this criteria.

(c) The necessary sampling duration to obtain sufficient particulate catch weights.

8.3.4.1 Preliminary traverse.

You must use an S-type pitot tube with a conventional thermocouple to conduct the
traverse. Conduct the preliminary traverse as close as possible to the anticipated
testing time on sources that are subject to hour-by-hour gas flow rate variations of
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approximately + 20 percent and/or gas temperature variations of approximately +
10°C (+(50°F). (Note: You should be aware that these variations can cause errors in
the cyclone cut diameters and the isokinetic sampling velocities.)

8.3.4.2 Velocity pressure range.

Insert the S-type pitot tube at each traverse point and record the range of velocity
pressures measured on data form in Method 2 of appendix A-1 to part 60. You will
use this later to select the appropriate nozzle.

8.3.4.3 Initial gas stream viscosity and molecular weight.

Determine the average gas temperature, average gas oxygen content, average
carbon dioxide content, and estimated moisture content. You will use this
information to calculate the initial gas stream viscosity (Equation 3) and molecular
weight (Equations 1 and 2). (Note: You must follow the instructions outlined in
Method 4 of appendix‘A=3 to part 60 or Alternative Moisture Measurement Method
Midget Impingers (ALT-008) to estimate the moisture content. You may use a wet
bulb-dry bulb measurement or hand-held hygrometer measurement to estimate the
moisture content of sources with gas temperatures less than(71°C (160°F).)

8.3.4.4 Approximate PM concentration in the gas stream.

Determine the approximate PM concentration for the PMs 5 and the PM,  to PM;

components of the gas stream through qualitative measurements or estimates from
precious stack particulate emissions tests. Having an idea of the particulate
concentration in the gas stream is not essential but will help you determine the
appropriate sampling time to acquire sufficient PM weight for better accuracy at the
source emission level. The collectable PM weight requirements depend primarily on
the types of filter media and weighing capabilities that are available and needed to
characterize the emissions. Estimate the collectable PM concentrations in the
greater than 10 micrometer, less than or equal to 10 micrometers and greater than
2.5 micrometers, and less than or equal to 2.5 micrometer size ranges. Typical PM
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concentrations are listed in Table 1 of Section 17. Additionally, relevant sections of
AP-42, Compilation of Air Pollutant Emission Factors, may contain particle size
distributions for processes characterized in those sections, and appendix B2 of AP=
42 contains generalized particle size distributions for nine industrial process
categories (e.g., stationary internal combustion engines firing gasoline or diesel
fuel, calcining of aggregate or unprocessed ores). The generalized particle size
distributions can be used if source-specific particle size distributions are
unavailable. Appendix B2 of AP-42 also contains typical collection efficiencies of
various particulate control devices and example calculations showing how to
estimate uncontrolled total particulate emissions, uncontrolled size-specific
emissions, and controlled size-specific particulate emissions.

(http://www.epa.gov/ttnchie1/ap42.)
8.4 Pre-test Calculations.

You must perform pre-test calculations to help select the appropriate gas sampling
rate through cyclone I (PM;,) and cyclone IV{(PM, 5 .(Choosing the appropriate

sampling rate will allow you to maintain the appropriate particle cut diameters
based upon preliminary gas stream measurements, as specified in Table 2 of
Section 17.

8.4.1 Gas Sampling Rate.

The gas sampling rate is defined by the performance curves for both cyclones, as
illustrated in Figure 10 of Section 17. You must use the calculations in Section 8.5 to
achieve the appropriate cut size specification for each cyclone. The optimum gas
sampling rate is the overlap zone defined as the range below the cyclone IV 2.25
micrometer curve down to the cyclone I 11.0 micrometer curve (area between the

two dark, solid lines in Figure 10 of Section 17).
8.4.2 Choosing the Appropriate Sampling Rate.

You must select a gas sampling rate in the middle of the overlap zone (discussed in
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Section 8.4.1), as illustrated in Figure 10 of Section 17, to maximize the acceptable
tolerance for slight variations in flow characteristics at the sampling location. The
overlap zone is also a weak function of the gas composition. (Note: The acceptable
range is limited, especially for gas streams with temperatures less than
approximately 100°F. At lower temperatures, it may be necessary to perform the
PM,, and PMs5 ¢ separately in order to meet the necessary particle size criteria

shown in Table 2 of Section 17.)
8.5 Test Calculations.

You must perform all of the calculations in Table 3 of Section 17 and the
calculations described in Sections 8.5.1 through 8.5.5.

8.5.1 Assumed Reynolds Number.

You must select an assumed Reynolds number{(Nye) using Equation 10 and an

estimated sampling rate or from prior experience under the stack conditions
determined using Methods 1 through 4 to part 60. You will perform initial test
calculations based on an assumed(Npe for the test to be performed. You must verify

the assumed Nre by substituting the sampling rate{(Qg) calculated in Equation 7
into Equation 10. Then use Table 5 of Section 17 to determine if theNye used in

Equation 5 was correct.
8.5.2 Final Sampling Rate.

Recalculate the final (Qgif the assumed Npe used in your initial calculation is not

correct. Use Equation 7 to recalculate the optimum/(Qg .

8.5.3 Meter Box AH.

Use Equation 11 to calculate the meter box orifice pressure drop (AH) after you
calculate the optimum sampling rate and confirm theNye. (Note: The stack gas

temperature may vary during the test, which could affect the sampling rate. If the
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stack gas temperature varies, you must make slight adjustments in the meter box
AH to maintain the correct constant cut diameters. Therefore, use Equation 11 to
recalculate the AH values for 50°F above and below the stack temperature
measured during the preliminary traverse (see Section 8.3.4.1), and document this
information in Table 4 of Section 17.)

8.5.4 Choosing a Sampling Nozzle.

Select one or more nozzle sizes to provide for near isokinetic sampling rate (see
Section 1.6). This will also minimize an isokinetic sampling error for the particles at
each point. First calculate the mean stack gas velocity((Vs) using Equation 13. See

Section 8.7.2 for information on correcting for blockage and use of different pitot
tube coefficients. Then use Equation 14 to calculate the diameter (D) of a nozzle that
provides for isokinetic sampling at the mean wg at flow(Qs. From the available

nozzles one size smaller and one size larger than this diameter, D, select the most
appropriate nozzle. Perform the following steps for the selected nozzle.

8.5.4.1 Minimum/maximum nozzle/stack velocity ratio.

Use Equation 15 to determine the velocity of gas in the nozzle. Use Equation 16 to
calculate the minimum nozzle/stack velocity ratio (Ry,i,). Use Equation 17 to

calculate the maximum nozzle/stack velocity ratio(Ryax)-

8.5.4.2 Minimum gas velocity.

Use Equation 18 to calculate the minimum gas velocity (vipin) if Ry iS an
imaginary number (negative value under the square root function) or if Ryj, is less

than 0.5. Use Equation 19 to calculate vyyiy, if Ripip 1s'<0.5.

8.5.4.3 Maximum stack velocity.

Use Equation 20 to calculate the maximum stack velocity (Vmax) if Rmax 1S less than
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1.5. Use Equation 21 to calculate the stack velocityif Rypax'is <'1.5.

8.5.4.4 Conversion of gas velocities to velocity pressure.

Use Equation 22 to convert vy,j, to minimum velocity pressure, Apmin. Use

Equation 23 to convert #max t0 maximum velocity pressure, APmax-

8.5.4.5 Comparison to observed velocity pressures.

Compare minimum and maximum velocity pressures with the observed velocity
pressures at all traverse points during the preliminary test (see Section 8.3.4.2).

8.5.5 Optimum Sampling Nozzle.

The nozzle you selected is appropriate if all the observed velocity pressures during
the preliminary test fall within the range of the Apy,i, and/Apmax- Make sure the

following requirements are met then follow the procedures in Sections 8.5.5.1 and
8.5.5.2.

(a) Choose an optimum nozzle that provides for isokinetic sampling conditions as
close to 100 percent as possible. This is prudent because even if there are slight
variations in the gas flow rate, gas temperature, or gas composition during the
actual test, you have the maximum assurance of satisfying the isokinetic criteria.
Generally, one of the two candidate nozzles selected will be closer to optimum (see
Section 8.5.4).

(b) When testing is for PM, ; only, you are allowed a 16 percent failure rate,

rounded to the nearest whole number, of sampling points that are outside the range
of the Appin and(Apmax- If the coarse fraction for PM; determination is included,

you are allowed only an eight percent failure rate of the sampling points, rounded to
the nearest whole number, outside the Ap,in andApmax-

8.5.5.1 Precheck.

Visually check the selected nozzle for dents before use.
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8.5.5.2 Attach the pre-selected nozzle.

Screw the pre-selected nozzle onto the main body of cyclone I using fluoropolymer
tape. Use a union and cascade adaptor to connect the cyclone IV inlet to the outlet
of cyclone I (see Figure 2 of Section 17).

8.6 Sampling Train Preparation.

A schematic of the sampling train used in this method is shown in Figure 1 of
Section 17. First, assemble the train and complete the leak check on the combined
cyclone sampling head and pitot tube. Use the following procedures to prepare the
sampling train. (Note: Do not contaminate the sampling train during preparation
and assembly. Keep all openings, where contamination can occur, covered until just
prior to assembly or until sampling is about to begin.)

8.6.1 Sampling Head and Pitot Tube.

Assemble the combined cyclone train. The O-rings used in the train have a
temperature limit of approximately(205°C (400°F). Use cyclones with stainless steel
sealing rings for stack temperatures above(205°C (400°F) up t0(260°C (500°F). You
must also keep the nozzle covered to protect it from nicks and scratches. This
method may not be suitable for sources with stack gas temperatures exceeding
260°C (500°F) because the threads of the cyclone components may gall or seize,
thus preventing the recovery of the collected PM and rendering the cyclone
unusable for subsequent use. You may use stainless steel cyclone assemblies
constructed with bolt-together rather than screw-together assemblies at
temperatures up to(538°C (1,000°F). You must use “breakaway” or expendable
stainless steel bolts that can be(overtorqued and broken if necessary to release
cyclone closures, thus, allowing you to recover PM without damaging the cyclone
flanges or contaminating the samples. You may need to use specialty metals to
achieve reliable particulate mass measurements above(538°C (1,000°F). The
method can be used at temperatures up to(1,371°C (2,500°F) using specially
constructed high-temperature stainless steel alloys (Hastelloy or Haynes 230) with
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bolt-together closures using break-away bolts.
8.6.2 Filterable Particulate Filter Holder and Pitot Tube.

Attach the pre-selected filter holder to the end of the combined cyclone sampling
head (see Figure 2 of Section 17). Attach the S-type pitot tube to the combined
cyclones after the sampling head is fully attached to the end of the probe. (Note:
The pitot tube tip must be mounted slightly beyond the combined head cyclone
sampling assembly and at least one inch off the gas flow path into the cyclone
nozzle. This is similar to the pitot tube placement in Method 17 of appendix A-6 to
part 60.) Securely fasten the sensing lines to the outside of the probe to ensure
proper alignment of the pitot tube. Provide unions on the sensing lines so that you
can connect and disconnect the S-type pitot tube tips from the combined cyclone
sampling head before and after each run. Calibrate the pitot tube on the sampling
head according to the most current ASTM International D3796 because the cyclone
body is a potential source flow disturbance and will change the pitot coefficient
value from the baseline (isolated tube) value.

8.6.3 Filter.
Let Clean Air Help you with tared media!

We-can provide you with tared filters-and provide post-test analysis! Contactus
today!Yes; we-are NELAC-aceredited!

You must number and tare the filters before use. To tare the filters, desiccate each
filter at 20 +5.6°C (68 +{10°F) and ambient pressure for at least 24 hours and weigh
at intervals of at least six hours to a constant weight. (See Section 3.0 for a
definition of constant weight.) Record results to the nearest 0.1 mg. During each
weighing, the filter must not be exposed to the laboratory atmosphere for longer
than two minutes and a relative humidity above 50 percent. Alternatively, the filters
may be oven-dried at104°C (220°F) for two to three hours, desiccated for two
hours, and weighed. Use tweezers or clean disposable surgical gloves to place a



http://www.cleanair.com/Services/AnalyticalServices/about.htm

http://www.cleanair.com/Home/quality/index.htm
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labeled (identified) and pre-weighed filter in the filter holder. You must center the
filter and properly place the gasket so that the sample gas stream will not
circumvent the filter. The filter must not be compressed between the gasket and the
filter housing. Check the filter for tears after the assembly is completed. Then screw
or clamp the filter housing together to prevent the seal from leaking.

8.6.4 Moisture Trap.

If you are measuring only filterable particulate (or you are sure that the gas
filtration temperature will be maintained below(30°C (85°F)), then an empty
modified Greenburg Smith impinger followed by an impinger containing silica gel is
required. Alternatives described in Method 5 of appendix A-3 to part 60 may also be
used to collect moisture that passes through the ambient filter. If you are measuring
condensable PM in combination with this method, then follow the procedures in
Method 202 of appendix M of this part for moisture collection.

8.6.5 Leak Check.

Use the procedures outlined in Section 8.4 of Method 5 of appendix A-3 to part 60
to leak check the entire sampling system. Specifically perform the following
procedures:

8.6.5.1 Sampling train.

You must pretest the entire sampling train for leaks. The pretest leak check must
have a leak rate of not more than 0.02 actual cubic feet per minute or four percent
of the average sample flow during the test run, whichever is less. Additionally, you
must conduct the leak check at a vacuum equal to or greater than the vacuum
anticipated during the test run. Enter the leak check results on the analytical data
sheet (see Section 11.1) for the specific test. (Note: Do not conduct a leak check
during port changes.)

8.6.5.2 Pitot tube assembly.
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After you leak check the sample train, perform a leak check of the pitot tube
assembly. Follow the procedures outlined in Section 8.4.1 of Method 5 of appendix
A-3 to part 60.

8.6.6 Sampling Head.

You must preheat the combined sampling head to the stack temperature of the gas
stream at the test location (+10°C, +(50°F). This will heat the sampling head and

prevent moisture from condensing from the sample gas stream.
8.6.6.1 Warmup.

You must complete a passive warmup (of 30-40 min) within the stack before the

run begins to avoid internal condensation.
8.6.6.2 Shortened warmup.

You can shorten the warmup time by thermostated heating outside the stack (such
as by a heat gun). Then place the heated sampling head inside the stack and allow
the temperature to equilibrate.

8.7 Sampling Train Operation.

Operate the sampling train the same as described in Section 4.1.5 of Method 5 of
appendix A-3 to part 60, but use the procedures in this section for isokinetic
sampling and flow rate adjustment. Maintain the flow rate calculated in Section
8.4.1 throughout the run, provided the stack temperature is within(28°C (50°F) of
the temperature used to calculate AH. If stack temperatures vary by more than28°C
(50°F), use the appropriate AH value calculated in Section 8.5.3. Determine the
minimum number of traverse points as in Figure 7 of Section 17. Determine the
minimum total projected sampling time based on achieving the data quality
objectives or emission limit of the affected facility. We recommend that you round
the number of minutes sampled at each point to the nearest 15 seconds. Perform the
following procedures:
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8.7.1 Sample Point Dwell Time.

You must calculate the flow rate-weighted dwell time (that is, sampling time) for
each sampling point to ensure that the overall run provides a velocity-weighted
average that is representative of the entire gas stream. Vary the dwell time at each
traverse point proportionately with the point velocity. Calculate the dwell time at
each of the traverse points using Equation 24. You must use the data from the
preliminary traverse to determine the average velocity pressure (Apayg). You must

use the velocity pressure measured during the sampling run to determine the
velocity pressure at each point{(Apy). Here, Ny eéqualsithe total number of traverse

points. Each traverse point must have a dwell time of at least two minutes.
8.7.2 Adjusted Velocity Pressure.

When selecting your sampling points using your preliminary velocity traverse data,
your preliminary velocity pressures must be adjusted to take into account the
increase in velocity due to blockage. Also, you must adjust your preliminary velocity
data for differences in pitot tube coefficients. Use the following instructions to
adjust the preliminary velocity pressure.

8.7.2.1 Different pitot tube coefficient.

You must use Equation 25 to correct the recorded preliminary velocity pressures if
the pitot tube mounted on the combined cyclone sampling head has a different pitot
tube coefficient than the pitot tube used during the preliminary velocity traverse
(see Section 8.3.4).

8.7.2.2 Probe blockage factor.

You must use Equation 26 to calculate an average probe blockage correction factor
(b¢) if the diameter of your stack or duct is between 25.7 and 36.4 inches for the

combined PM, /PM,, sampling head and pitot and between 18.8 and 26.5 inches
for the PM, 5 cyclone and pitot. A probe blockage factor is calculated because of the
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flow blockage caused by the relatively large ‘crosssectional area of the cyclone
sampling head, as discussed in Section 8.3.2.2 and illustrated in Figures 8 and 9 of
Section 17. You must determine the cross-sectional area of the cyclone head you use
and determine its stack blockage factor. (Note: Commercially-available sampling
heads (including the PM,, cyclone, PM, ; cyclone, pitot and filter holder) have a

projected area of approximately 31.2 square inches when oriented into the gas
stream. As the probe is moved from the most outer to the most inner point, the
amount of blockage that actually occurs ranges from approximately 13 square
inches to the full 31.2 inches plus the blockage caused by the probe extension. The
average cross-sectional area blocked is 22 square inches.)

8.7.2.3 Final adjusted velocity pressure.

Calculate the final adjusted velocity pressure (Aps2) using Equation 27. (Note:
Figures 8 and 9 of Section 17 illustrate that the blockage effect of the combined
PM; 0, PM, 5 cyclone sampling head, and pitot tube increases rapidly below stack

diameters of 26.5 inches. Therefore, the combined (PM;q ,PM5 g filter sampling

head and pitot tube is not applicable for stacks with a diameter less than 26.5 inches
because the blockage is greater than six percent. For stacks with a diameter less
than 26.5 inches, PM, 5 particulate measurements may be possible using only a

PM, ;s cyclone, pitot tube, and in-stack filter. If the blockage exceeds three percent

but is less than six percent, you must follow the procedures outlined in Method 1A
of appendix A-1 to part 60 to conduct tests. You must conduct the velocity traverse
downstream of the sampling location or immediately before the test run.

8.7.3 Sample Collection.

Collect samples the same as described in Section 4.1.5 of Method 5 of appendix A-3
to part 60, except use the procedures in this section for isokinetic sampling and flow
rate adjustment. Maintain the flow rate calculated in Section 8.5 throughout the
run, provided the stack temperature is within(28°C (50°F) of the temperature used
to calculate AH. If stack temperatures vary by more than(28°C (50°F), use the
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appropriate AH value calculated in Section 8.5.3. Calculate the dwell time at each
traverse point as in Equation 24. In addition to these procedures, you must also use
running starts and stops if the static pressure at the sampling location is less than
minus 5 inches water column. This prevents back pressure from rupturing the
sample filter. If you use a running start, adjust the flow rate to the calculated value
after you perform the leak check (see Section 8.4).

8.7.3.1 Level and zero manometers.

Periodically check the level and zero point of the manometers during the traverse.
Vibrations and temperature changes may cause them to drift.

8.7.3.2 Portholes.

Clean the portholes prior to the test run. This will minimize the chance of collecting
deposited material in the nozzle.

8.7.3.3 Sampling procedures.

Verify that the combined cyclone sampling head temperature is at stack
temperature. You must maintain the temperature of the cyclone sampling head
within +10°C (+(18°F) of the stack temperature. (Note: For many stacks, portions
of the cyclones and filter will be external to the stack during part of the sampling
traverse. Therefore, you must heat and/or insulate portions of the cyclones and
filter that are not within the stack in order to maintain the sampling head
temperature at the stack temperature. Maintaining the temperature will ensure
proper particle sizing and prevent condensation on the walls of the cyclones.) To
begin sampling, remove the protective cover from the nozzle. Position the probe at
the first sampling point with the nozzle pointing directly into the gas stream.
Immediately start the pump and adjust the flow to calculated isokinetic conditions.
Ensure the probe/pitot tube assembly is leveled. (Note: When the probe is in
position, block off the openings around the probe and porthole to prevent

unrepresentative dilution of the gas stream. Take care to minimize contamination
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from material used to block the flow or insulate the sampling head during collection
at the first sampling point.)

(a) Traverse the stack cross-section, as required by Method 1 of appendix A-1 to part
60, with the exception that you are only required to perform a 12-point traverse. Do
not bump the cyclone nozzle into the stack walls when sampling near the walls or
when removing or inserting the probe through the portholes. This will minimize the
chance of extracting deposited materials.

(b) Record the data required on the field test data sheet for each run. Record the
initial dry gas meter reading. Then take dry gas meter readings at the following
times: the beginning and end of each sample time increment; when changes in flow
rates are made; and when sampling is halted. Compare the velocity pressure
measurements (Equations 22 and 23) with the velocity pressure measured during
the preliminary traverse. Keep the meter box AH at the value calculated in Section
8.5.3 for the stack temperature that is observed during the test. Record allpoint-by-
point data and other source test parameters on the field test data sheet. Do not leak
check the sampling system during port changes.

(c) Maintain flow until the sampling head is completely removed from the sampling
port. You must restart the sampling flow prior to inserting the sampling head into
the sampling port during port changes.

(d) Maintain the flow through the sampling system at the last sampling point. At
the conclusion of the test, remove the pitot tube and combined cyclone sampling
head from the stack while the train is still operating (running stop). Make sure that
you do not scrape the pitot tube or the combined cyclone sampling head against the
port or stack walls. Then stop the pump and record the final dry gas meter reading
and other test parameters on the field test data sheet. (Note: After you stop the
pump, make sure you keep the combined cyclone head level to avoid tipping dust
from the cyclone cups into the filter and/or down-comer lines.)

8.7.4 Process Data.

You must document data and information on the process unit tested, the particulate
control system used to control emissions, anynonparticulate control system that
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may affect particulate emissions, the sampling train conditions, and weather
conditions. Record the site barometric pressure and stack pressure on the field test
data sheet. Discontinue the test if the operating conditions may cause
nonrepresentative particulate emissions.

8.7.4.1 Particulate control system data.

Use the process and control system data to determine whether representative
operating conditions were maintained throughout the testing period.

8.7.4.2 Sampling train data.

Use the sampling train data to confirm that the measured particulate emissions are
accurate and complete.

8.7.5 Sample Recovery.

First remove the sampling head (combined cyclone/filter assembly) from the train
probe. After the sample head is removed, perform aposttest leak check of the probe
and sample train. Then recover the components from the cyclone/filter. Refer to the

following sections for more detailed information.
8.7.5.1 Remove sampling head.

After cooling and when the probe can be safely handled, wipe off all external
surfaces near the cyclone nozzle and cap the inlet to the cyclone to prevent PM from
entering the assembly. Remove the combined cyclone/filter sampling head from the
probe. Cap the outlet of the filter housing to prevent PM from entering the
assembly.

8.7.5.2 Leak check probe/sample train assembly (posttest).

Leak check the remainder of the probe and sample train assembly (including meter
box) after removing the combined cyclone head/filter. You must conduct the leak
rate at a vacuum equal to or greater than the maximum vacuum achieved during the
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test run. Enter the results of the leak check onto the field test data sheet. If the leak
rate of the sampling train (without the combined cyclone sampling head) exceeds
0.02 actual cubic feet per minute or four percent of the average sampling rate
during the test run (whichever is less), the run is invalid and must be repeated.

8.7.5.3 Weigh or measure the volume of the liquid collected in the water

collection impingers and silica trap.

Measure the liquid in the first impingers to within 1 ml using a clean graduated
cylinder or by weighing it to within 0.5 g using a balance. Record the volume of the
liquid or weight of the liquid present to be used to calculate the moisture content of
the effluent gas.

8.7.5.4 Weigh the silica impinger.

If a balance is available in the field, weigh the silica impinger to within 0.5 g. Note
the color of the indicating silica gel in the last impinger to determine whether it has
been completely spent and make a notation of its condition. If you are measuring
CPM in combination with this method, the weight of the silica gel can be
determined before or after the post-test nitrogen purge is complete (See Section
8.5.3 of Method 202 of appendix M to this part).

8.7.5.5 Recovery of PM.

Recovery involves the quantitative transfer of particles in the following size range:
greater than 10 micrometers; less than or equal to 10 micrometers but greater than
2.5 micrometers; and less than or equal to 2.5 micrometers. You must use a nylon
or fluoropolymer brush and an acetone rinse to recover particles from the combined
cyclone/filter sampling head. Use the following procedures for each container:

(a) Container #1, Less than or equal to(PM, smicrometer filterable particulate. Use

tweezers and/or clean disposable surgical gloves to remove the filter from the filter
holder. Place the filter in the Petri dish that you labeled with the test identification
and Container #1. Using a dry brush and/or a sharp-edged blade, carefully transfer
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any PM and/or filter fibers that adhere to the filter holder gasket or filter support
screen to the Petri dish. Seal the container. This container holds particles less than
or equal to 2.5 micrometers that are caught on the in-stack filter. (Note: If the test is
conducted for PM;, only, then Container #1 would be for less than or equal to

PM, ; micrometer filterable particulate.)
(b) Container #2, Greater than PM;, micrometer filterable particulate.

Quantitatively recover the PM from the cyclone I cup and brush cleaning and
acetone rinses of the cyclone cup, internal surface of the nozzle, and cyclone I
internal surfaces, including the outside surface of the downcomer line. Seal the
container and mark the liquid level on the outside of the container you labeled with
test identification and Container #2. You must keep any dust found on the outside
of cyclone I and cyclone nozzle external surfaces out of the sample. This container
holds PM greater than 10 micrometers.

(c) Container #3, Filterable particulate less than or equal to 10 micrometer and
greater than 2.5 micrometers. Place the solids from cyclone cup IV and the acetone
(and brush cleaning) rinses of the cyclone I turnaround cup (above inner
downcomer line), inside of the downcomer line, and interior surfaces of cyclone IV
into Container #3. Seal the container and mark the liquid level on the outside of the
container you labeled with test identification and Container #3. This container
holds PM less than or equal to 10 micrometers but greater than 2.5 micrometers.
(d) Container #4, Less than or equal to(PM, smicrometers acetone rinses of the exit

tube of cyclone IV and front half of the filter holder. Place the acetone rinses (and
brush cleaning) of the exit tube of cyclone IV and the front half of the filter holder in
container #4. Seal the container and mark the liquid level on the outside of the
container you labeled with test identification and Container #4. This container
holds PM that is less than or equal to 2.5 micrometers.

(e) Container #5, Cold impinger water. If the water from the cold impinger used for
moisture collection has been weighed in the field, it can be discarded. Otherwise,
quantitatively transfer liquid from the cold impinger that follows the ambient filter
into a clean sample bottle (glass or plastic). Mark the liquid level on the bottle you
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labeled with test identification and Container #5. This container holds the
remainder of the liquid water from the emission gases. If you collected condensable
PM using Method 202 of appendix M to this part in conjunction with using this
method, you must follow the procedures in Method 202 of appendix M to this part
to recover impingers and silica used to collect moisture.

(f) Container #6, Silica gel absorbent. Transfer the silica gel to its original container
labeled with test identification and Container #6 and seal. A funnel may make it
easier to pour the silica gel without spilling. A rubber policeman may be used as an
aid in removing the silica gel from the impinger. It is not necessary to remove the
small amount of silica gel dust particles that may adhere to the impinger 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 the
silica gel has been weighed in the field to measure water content, it can be
discarded. Otherwise, the contents of Container #6 are weighed during sample
analysis.

(g) Container #7, Acetone field reagent blank. Take approximately 200 ml of the
acetone directly from the wash bottle you used and place it in Container #7 labeled
“Acetone Field Reagent Blank.”

8.7.6 Transport Procedures.

Containers must remain in an upright position at all times during shipping. You do
not have to ship the containers under dry or blue ice.

9.0 Quality Control
9.1 Daily Quality Checks.

You must perform daily quality checks of field log books and data entries and
calculations using data quality indicators from this method and your site-specific
test plan. You must review and evaluate recorded and transferred raw data,
calculations, and documentation of testing procedures. You must initial or sign log
book pages and data entry forms that were reviewed.
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9.2 Calculation Verification.

Verify the calculations by independent, manual checks. You must flag any suspect
data and identify the nature of the problem and potential effect on data quality.
After you complete the test, prepare a data summary and compile all the
calculations and raw data sheets.

9.3 Conditions.

You must document data and information on the process unit tested, the particulate
control system used to control emissions, anynonparticulate control system that
may affect particulate emissions, the sampling train conditions, and weather
conditions. Discontinue the test if the operating conditions may cause non=
representative particulate emissions.

9.4 Field Analytical Balance Calibration Check.

Perform calibration check procedures on field analytical balances each day that they
are used. You must use National Institute of Standards and Technology (NIST)-
traceable weights at a mass approximately equal to the weight of the sample plus
container you will weigh.

10.0 Calibration and Standardization

Maintain a log of all filterable particulate sampling and analysis calibrations.
Include copies of the relevant portions of the calibration and field logs in the final
test report.

10.1 Gas Flow Velocities.

You must use an S-type pitot tube that meets the required EPA specifications (EPA
Publication 600/4-77-0217b) during these velocity measurements. (Note: If, as
specified in Section 8.7.2.3, testing is performed in stacks less than 26.5 inches in
diameter, testers may use a standard pitot tube according to the requirements in
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Method 4A or 5 of appendix A-3 to part 60.) You must also complete the following:
(a) Visually inspect the S-type pitot tube before sampling.

(b) Leak check both legs of the pitot tube before and after sampling.

(c) Maintain proper orientation of the S-type pitot tube while making
measurements.

10.1.1 S-type Pitot Tube Orientation.

The S-type pitot tube is properly oriented when the yaw and the pitch axis are 9o
degrees to the air flow.

10.1.2 Average Velocity Pressure Record.

Instead of recording either high or low values, record the average velocity pressure
at each point during flow measurements.

10.1.3 Pitot Tube Coefficient.

Determine the pitot tube coefficient based on physical measurement techniques
described in Method 2 of appendix A-1 to part 60. (Note: You must calibrate the
pitot tube on the sampling head because of potential interferences from the cyclone
body. Refer to Section 8.7.2 for additional information.)

10.2 Thermocouple Calibration.

You must calibrate the thermocouples using the procedures described in Section
10.3.1 of Method 2 of appendix A-1 to part 60 or Alternative Method 2
Thermocouple Calibration (ALT-011). Calibrate each temperature sensor at a
minimum of three points over the anticipated range of use against a NISTtraceable
thermometer. Alternatively, a reference thermocouple and potentiometer calibrated
against NIST standards can be used.

10.3 Nozzles.

You may use stainless steel (316 or equivalent), high-temperature steel alloy, or
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fluoropolymer-coated nozzles for isokinetic sampling. Make sure that all nozzles are
thoroughly cleaned, visually inspected, and calibrated according to the procedure
outlined in Section 10.1 of Method 5 of appendix A-3 to part 60.

10.4 Dry Gas Meter Calibration.

Calibrate your dry gas meter following the calibration procedures in Section 16.1 of
Method 5 of appendix A-3 to part 60. Also, make sure you fully calibrate the dry gas
meter to determine the volume correction factor prior to field use. Post-test
calibration checks must be performed as soon as possible after the equipment has
been returned to the shop. Your pre-test and post-test calibrations must agree
within + 5 percent.

10.5 Glassware.

Use class A volumetric glassware for titrations, or calibrate your equipment against
NISTtraceable glassware.

11.0 Analytical Procedures

Let Clean-Air help you with-the Analysis!

Learn-about-eur gravimetrie particulate-analysis-capabilities-or-more-about
Method-20tA-analysis;orecontactour Laberatery Team-to-send-us-your
samples-today!

11.1 Analytical Data Sheet.

Record all data on the analytical data sheet. Obtain the data sheet from Figure 5-6
of Method 5 of appendix A-3 to part 60. Alternatively, data may be recorded
electronically using software applications such as the Electronic Reporting Tool
located at http://www.epa.gov/ttn/chief/ert/ert_tool.html.

11.2 Dry Weight of PM.



http://www.cleanair.com/Services/AnalyticalServices/instrument/grav.htm

http://www.cleanair.com/Services/AnalyticalServices/method/method201a.htm

http://www.cleanair.com/Services/AnalyticalServices/about.htm
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Determine the dry weight of particulate following procedures outlined in this

section.
11.2.1 Container #1

Less than or Equal to(PMs [Micrometer Filterable Particulate. Transfer the filter

and any loose particulate from the sample container to a tared weighing dish or pan
that is inert to solvent or mineral acids. Desiccate for 24 hours in a dessicator
containing anhydrous calcium sulfate. Weigh to a constant weight and report the
results to the nearest 0.1 mg. (See Section 3.0 for a definition of Constant weight.) If
constant weight requirements cannot be met, the filter must be treated as described
in Section 11.2.1 of Method 202 of appendix M to this part. Extracts resulting from
the use of this procedure must be filtered to remove filter fragments before the filter
is processed and weighed.

11.2.2 Container #2

Greater than PM, , Micrometer Filterable Particulate Acetone Rinse. Separately

treat this container like Container #4.
11.2.3 Container #3

Filterable Particulate Less than or Equal to 10 Micrometer and Greater than 2.5
Micrometers Acetone Rinse. Separately treat this container like Container #4.

11.2.4 Container #4

Less than or Equal to(PMs sMicrometers Acetone Rinse of the Exit Tube of Cyclone

IV and Front Half of the Filter Holder. Note the level of liquid in the container and
confirm on the analysis sheet whether leakage occurred during 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 results.
Quantitatively transfer the contents to a tared 250 ml beaker or tared fluoropolymer
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beaker liner, and evaporate to dryness at room temperature and pressure in a
laboratory hood. Desiccate for 24 hours and weigh to a constant weight. Report the
results to the nearest 0.1 mg.

11.2.5 Container #5

Cold Impinger Water. If the amount of water has not been determined in the field,
note the level of liquid in the container and confirm on the analysis sheet whether
leakage occurred during 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 results. Measure the liquid in this container
either volumetrically to + 1 ml or gravimetrically to + 0.5 g.

11.2.6 Container #6

Silica Gel Absorbent. Weigh the spent silica gel (or silica gel plus impinger) to the
nearest 0.5 g using a balance. This step may be conducted in the field.

11.2.7 Container #7

Acetone Field Reagent Blank. Use 150 ml of acetone from the blank container used
for this analysis. Transfer 150 ml of the acetone to a clean 250-ml beaker or tared
fluoropolymer beaker liner. Evaporate the acetone to dryness at room temperature
and pressure in a laboratory hood. Following evaporation, desiccate the residue for
24 hours in a desiccator containing anhydrous calcium sulfate. Weigh and report
the results to the nearest 0.1 mg.

12.0 Calculations and Data Analysis

12.1 Nomenclature.

Report results in International System of Units (SI units) unless the regulatory
authority that established the requirement to use this test method specifies
reporting in English units. The following nomenclature is used.
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A = Area of stack or duct at sampling location, square inches.

A, = Area of nozzle, square feet.
b = Average blockage factor calculated in Equation 26, dimensionless.
Bus = Moisture content of gas stream, fraction (e.g., 10 percentH,0 isByg = 0.10).
c _ Cunningham correction factor for particle diameter,Dp, and calculated using
~ the actual stack gas temperature, dimensionless.
%CO, = Carbon Dioxide content of gas stream, percent by volume.
C, = Acetone blank concentration, mg/mg.
CepMio = Conc. of filterable PM;,, gr/DSCF.
CipMa.s5 = Conc. of filterable[PM, g, gr/DSCF.
Cp = Pitot coefficient for the combined cyclone pitot, dimensionless.
Cp' = Coefficient for the pitot used in the preliminary traverse, dimensionless.
Re-estimated Cunningham correction factor for particle diameter equivalent
C; = to the actual cut size diameter and calculated using the actual stack gas
temperature, dimensionless.
Cer = Conc. of total filterable PM, gr/DSCEF.
C, = -150.3162 (micropoise)
Cy = 18.0614/(micropoise/K°-2)
= 13.4622(micropoise/R°:9)
Cq = 1.19183 x 10° (micropoise/K2)
= 3.86153 X 10° (micropoise/R2)
Cy = 0.591123 (micropoise)
Cs = 91.9723 (micropoise)
Ce = 4.91705 % 10 (micropoise/K?)

= 1.51761 x 1072 (micropoise/R?)

D = Inner diameter of sampling nozzle mounted on Cyclone I, inches.

D, = Physical particle size, micrometers.

Dz5 = Particle cut diameter, micrometers.

Dgo-4 = Re-calculated particle cut diameters based on re-estimated(C;,, micrometers.

D _ Cut diameter for cyclone I corresponding to the 2.25 micrometer cut diameter
50LL for cyclone IV, micrometers.

Dzon = Dz, value for cyclone IV calculated during the Nth iterative step, micrometers.

Dson+1) = Dso value for cyclone IV calculated during the N+1 iterative step, micrometers.

| Cyclone I cut diameter corresponding to the middle of the overlap zone shown

b =7 . . .
50T in Figure 10 of Section 17, micrometers.

I = Percent isokinetic sampling, dimensionless.
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(0)
/002,wet

= 85.49, ((ft/sec)/(pounds/mole-°R)).

= Mass of residue of acetone after evaporation, mg.

= Molecular weight of dry gas, pounds/pound mole.

= Milligram.

= Milligram per liter.

= Molecular weight of wet gas, pounds/pound mole.

= Milligrams of PM collected on the filter, less than or equal to 2.5 micrometers.

_ Milligrams of PM recovered from Container #2 (acetone blank corrected),
~ greater than 10 micrometers.

_ Milligrams of PM recovered from Container #3 (acetone blank corrected), less
~ than or equal to 10 and greater than 2.5 micrometers.

_ Milligrams of PM recovered from Container #4 (acetone blank corrected), less
~ than or equal to 2.5 micrometers.

= Number of iterative steps or total traverse points.
= Reynolds number, dimensionless.

Oxygen content of gas stream, % by volume of wet gas.
(Note: The oxygen percentage used in Equation 3 is on a wet gas basis. That

— means that since oxygen is typically measured on a dry gas basis, the
measured percent O, must be multiplied by the quantity (1(= Bys) to convert to

the actual volume fraction. Therefore, %0, yet = (1= Bys) ¥(%05 dry)
= Barometric pressure, inches Hg.
= Absolute stack gas pressure, inches Hg.
= Sampling rate for cyclone I to achieve specified Dg,.
= Dry gas sampling rate through the sampling assembly, DSCFM.
= Sampling rate for cyclone I to achieve specified Dg.
= Nozzle/stack velocity ratio parameter, dimensionless.
= Nozzle/stack velocity ratio parameter, dimensionless.
= Meter box and orifice gas temperature, °R.
= Sampling time at point n, min.
= Total projected run time, min.
= Absolute stack gas temperature, °R.
= Sampling time at point 1, min.
= Maximum gas velocity calculated from Equations 18 or 19, ft/sec.
= Minimum gas velocity calculated from Equations 16 or 17, ft/sec.
= Sample gas velocity in the nozzle, ft/sec.

= Velocity of stack gas, ft/sec.
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V. = Volume of acetone blank, ml.

Vaw = Volume of acetone used in sample recovery wash, ml.

V. = Quantity of water captured in impingers and silica gel, ml.

Vi = Dry gas meter volume sampled, ACF.

Wi = Dry gas meter volume sampled, corrected to standard conditions, DSCF.
Vs = Volume of water vapor, SCF.

Vi = Volume of aliquot taken for IC analysis, ml.

Vic = Volume of impinger contents sample, ml.

W, = Weight of blank residue in acetone used to recover samples, mg.

Ws34 = Weight of PM recovered from Containers #2, #3, and #4, mg.

Z = Ratio between estimated cyclone IV D, values, dimensionless.

AH = Meter box orifice pressure drop, inches W.C.

AHg _ Pressure drop across orifice at flow rate of 0.75 SCFM at standard conditions,

~ inches W.C. (Note: Specific to each orifice and meter box.)
. Average of square roots of the velocity pressures measured during the

HAP)™©lavg = preliminary traverse, inches W.C.
Ap A Qbserved velocity pressure using S-type pitot tube in preliminary traverse,
inches W.C.
ADPavg = Average velocity pressure, inches W.C.
APmax = Maximum velocity pressure, inches W.C.
APmin = Minimum velocity pressure, inches W.C.
Ap, = Velocity pressure measured at point n during the test run, inches W.C.
Apq = Velocity pressure calculated in Equation 25, inches W.C.
Apg, = Velocity pressure adjusted for combined cyclone pitot tube, inches W.C.
Apgs = Velocity pressure corrected for blockage, inches W.C.
Ap, = Velocity pressure measured at point 1, inches W.C.
= Dry gas meter gamma value, dimensionless.
u = Gas viscosity, micropoise.
) = Total run time, min.
Pa = Density of acetone, mg/ml (see label on bottle).
120 _ Constant calculated as 60 percent of 20.5 square inch cross-sectional area of

~ combined cyclone head, square inches.

12.2 Calculations.

Perform all of the calculations found in Table 6 of Section 17. Table 6 of Section 17
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also provides instructions and references for the calculations.
12.3 Analyses.

Analyze D5, of cyclone IV and the concentrations of the PM in the various size

ranges.

12.3.1 D56 of Cyclone IV.

To determine the actual Dggfor cyclone IV, recalculate the Cunningham correction
factor and the Reynolds number for the best estimate of cyclone IV(Dgg The

following sections describe additional (information on how to recalculate the
Cunningham correction factor and determine which Reynolds number to use.

12.3.1.1 Cunningham correction factor.

Recalculate the initial estimate of the Cunningham correction factor using the
actual test data. Insert the actual test run data and Dy, of 2.5 micrometers into

Equation 4. This will give you a new Cunningham correction factor based on actual
data.

12.3.1.2 Initial D5, for cyclone IV.

Determine the initial estimate for cyclone IV D, using the test condition Reynolds

number calculated with Equation 10 as indicated in Table 3 of Section 17. Refer to
the following instructions.
(a) If the Reynolds number is less than 3,162, calculate the D¢, for cyclone IV with

Equation 34, using actual test data.
(b) If the Reynolds number is greater than or equal to 3,162, calculate the D, for

cyclone IV with Equation 35 using actual test data.
(c) Insert the “new” Dy value calculated by either Equation 34 or 35 into Equation

36 to re-establish the Cunningham Correction Factor((C;). (Note: Use the test
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condition calculated Reynolds number to determine the most appropriate equation
(Equation 34 or 35).)

12.3.1.3 Re-establish cyclone IV D;.

Use the reestablished Cunningham correction factor (calculated in the previous
step) and the calculated Reynolds number to determine Dgq;.

(a) Use Equation 37 to calculate the re-established cyclone IV Dy, if the Reynolds

number is less than 3,162.
(b) Use Equation 38 to calculate the re-established cyclone IV D;_, if the Reynolds

number is greater than or equal to 3,162.
12.3.1.4 Establish “Z” values.

The “Z” value is the result of an analysis that you must perform to determine if the
Cris acceptable. Compare the calculated cyclone IV D, (either Equation 34 or 35)

to the re-established cyclone IV D5 (either Equation 36 or 37) values based upon

the test condition calculated Reynolds number (Equation 39). Follow these
procedures.

(a) Use Equation 39 to calculate the “Z” values. If the “Z” value is between 0.99 and
1.01, the D54 value is the best estimate of the cyclone IV D5 cut diameter for your

test run.
(b) If the “Z” value is greater than 1.01 or less than 0.99, re-establish a(C; based on

the D54 value determined in either Equations 36 or 37, depending upon the test

condition Reynolds number.
(c) Use the second revised (Cy/to re-calculate the cyclone IV Dy,

(d) Repeat this iterative process as many times as necessary using the prescribed
equations until you achieve the criteria documented in Equation 4o0.

12.3.2 Particulate Concentration.
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Use the particulate catch weights in the combined cyclone sampling train to
calculate the concentration of PM in the various size ranges. You must correct the
concentrations for the acetone blank.

12.3.2.1 Acetone blank concentration.

Use Equation 42 to calculate the acetone blank concentration((C;.)

12.3.2.2 Acetone blank residue weight.

Use Equation 44 to calculate the acetone blank weight{Wjg(a, 3 4).) Subtract the

weight of the acetone blank from the particulate weight catch in each size fraction.
12.3.2.3 Particulate weight catch per size fraction.

Correct each of the PM weights per size fraction by subtracting the acetone blank
weight (i.e.,Ma 3 4~Wa.)

(Note: Do not subtract a blank value of greater than 0.1 mg per 100 ml of the
acetone used from the sample recovery.) Use the following procedures.

(a) Use Equation 45 to calculate the PM recovered from Containers #1, #2, #3, and
#4. This is the total collectable PM((Cis.)

(b) Use Equation 46 to determine the quantitative recovery of PM;y (Ctpyio) from

Containers #1, #3, and #4.
(c) Use Equation 47 to determine the quantitative recovery of PM, 5 (Ctppa.5)

recovered from Containers #1 and #4.
12.4 Reporting.

You must prepare a test report following the guidance in EPA Guidance Document
043, Preparation and Review of Test Reports (December 1998).

12.5 Equations.

Use the following equations to complete the calculations required in this test
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method.
Molecular Weight of Dry Gas.

Calculate the molecular weight of the dry gas using Equation 1.

M ,=0.44(%CO,)+0.32(% 0,)+0.28(100—% O,—% CO,)
(Eq. 1)

Molecular Weight of Wet Gas.

Calculate the molecular weight of the stack gas on a wet basis using Equation 2.
M W: Md ( 1 T Bu-'.v

(Eq-2)

)+18(B,,,)

Gas Stream Viscosity.

Calculate the gas stream viscosity using Equation 3. This equation uses constants
for gas temperatures in°R.

u=C,+Cy\T +C;T,°+Cy(%0,,,)~C; B, +C( B, T,
(Eq. 3)
Cunningham Correction Factor.

The Cunningham correction factor is calculated for a 2.25 micrometer diameter
particle.

0.5

T

S

M W

U

C=1+0.0057193
P;Ds,

(Eq. 4)

Lower Limit Cut Diameter for Cyclone I forN;. Less than 3,162.
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The Cunningham correction factor is calculated for a 2.25 micrometer diameter
particle.

§

0.1993
M. P
D, ,=9.507 CU'3007[ ;’; s ]

(Eq. 5)

Cut Diameter for Cyclone I for the Middle of the Overlap Zone.

50T

11+ Dy,
2

(Eq. 6)
Sampling Rate Using Both PM,, and PM,, ; Cyclones.

(.2949 1.4102

§

My P,

0,=0,=0.07296(u)

D 50T
(Eq. 7)

Sampling Rate Using Only PM,, ; Cyclone.

For Nre Less than 3,162:

—0.5759 0.8481
0, =0.060639| 7z |~ [D_m]
(Eq. 8)
For Nre greater than or equal to 3,162:
—0.3795 1.241
_ H P.M, 1 [
Q,,=0.007657 | — T [D_so
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(Eq.9)

Reynolds Number.

P s M W Qs

U

N_=8.64X10°

§

(Eq. 10)

Meter Box Orifice Pressure Drop.

2

QS( 1 T B WS) PS
T

5

AH=

P

bar

1.0837,M ,A H@]

(Eq. 11)

Lower Limit Cut Diameter for Cyclone I forN;. Greater than or

Equal to 3,162.

The Cunningham correction factor is calculated for a 2.25 micrometer diameter
particle.

0.0600

M, P,
T

5

D, =10.0959 (04400

(Eq. 12)
Velocity of Stack Gas.

Correct the mean preliminary velocity pressure for C, and blockage using Equations
25, 26, and 27.

T
\/ P.M,

5

vS:KpCp[:\/(A p)l

avg
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(Eq. 13)

Calculated Nozzle Diameter for Acceptable Sampling Rate.

0.5

3.0560.

1%

§

(Eq. 14)

Velocity of Gas in Nozzle.

(Eq. 15)

Minimum Nozzle/Stack Velocity Ratio Parameter.

R . =0.2457+

min

0.3072+

1.5

n

0.2603 (u)/( QS)U_S )0.5

(Eq. 16)

Maximum Nozzle/Stack Velocity Ratio Parameter.

R, . =|0.4457+

min

0.5690+

1.5

n

0.2603 (1) (Qs)o__g )0.5

(Eq. 17)

Minimum Gas Velocity for R,,;,, Less than 0.5.
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vmin = vn ( 05 )
(Eq. 18)

Minimum Gas Velocity for R,,;,, Greater than or Equal to o.5.

vmz’n _vn Rmin

(Eq. 19)

Maximum Gas Velocity for R,,,x Less than 1.5.

vmax - vn Rmax

(Eq. 20)

Maximum Gas Velocity for R,,,x Greater than or Equal to 1.5.

vma.r = vn ( 1 5)
(Eq. 21)

Minimum Velocity Pressure.

Ap =13686x10| 2w || Vo |
pmin_ . Tg Cp
(Eq. 22)
Maximum Velocity Pressure.
Ap,=1.3686x10"| Pt [ vass [
pmax— . TS Cp

(Eq. 23)

Sampling Dwell Time at Each Point.
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Nip, is)the total number of traverse points. You must use the preliminary velocity

e

traverse data.

CNAp,

CIPNA p]}

lavg

[,=

(Eq. 24)

Adjusted Velocity Pressure.
C
Ap=A
pS pm C ’

2
_L]

(Eq. 25)
Average Probe Blockage Factor.

_ 220
A

(Eq. 26)

b,

Velocity Pressure.

2
1
Aps2:A psl (l_b )]
7

(Eq. 27)

Dry Gas Volume Sampled at Standard Conditions.

(p_+AH,
528 b 13.6

Vms:[m][}’ Vm]- =

(Eq. 28)

m
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Sample Flow Rate at Standard Conditions.

V

Q sST = 0” -

(Eq. 29)
Volume of Water Vapor.

V. _=0.04707V

(Eq. 30)

c

Moisture Content of Gas Stream.

ws§

V. +V

ms Wws§

(Eq. 31)

Ws§

Sampling Rate.

T

5

P

5

0= 7538 Y| TT=B,)

29.92 1
528 sST (

(Eq. 32)

(Note: The viscosity and Reynolds Number must be recalculated using the actual
stack temperature, moisture, and oxygen content.)

Actual Particle Cut Diameter for Cyclone 1.

This is based on actual temperatures and pressures measured during the test run.

0.2091 0.7091

5

M, P

D.,=0.15625

H
Q,

5
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(Eq. 33)

Particle Cut Diameter forN;e Less than 3,162 for Cyclone IV.

C must be recalculated using the actual test run data and a D, for 2.5 micrometer

1.1791 0.5
sl
ol

(Eq. 34)

diameter particle size.

0.6790

T

A

D,=0.0024302
? My P,

Particle Cut Diameter forN;e Greater than or Equal to 3,162 for

Cyclone IV.

C must be recalculated using the actual test run data and a D, for 2.5 micrometer

0.8058 0.5
HoL
ol e

(Eq. 35)

diameter particle size.

0.3058

T

A

D.,=0.019723
? My P,

Re-estimated Cunningham Correction Factor.

You must use the actual test run Reynolds Number((Nye) value and select the

appropriate Ds from Equation 33 or 34 (or Equation 37 or 38 if reiterating).

0.5

T

A

M,

u
Ps DS[)

(Eq. 36)

C =1+0.0057193

Re-calculated Particle Cut Diameter forNye Less than 3,162.
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1.1791 1 os[ o 0.6790
D, ,=0.0024302 5 [C ] v sP
) r l’" -
(Eq. 37)

0.3058

T

§

My P

Re-calculated Particle Cut Diameter for N Greater than or Equal to
H

3,162,
0.8058 1 0.5
0, H

(Eq. 38)

D., ,=0.019723

Ratio (Z) Between D¢, and D54, Values.
Z: DS()—I
DS()
(Eq. 39)

Acceptance Criteria for Z Values.

The number of iterative steps is represented by N.

SON

0.99<|Z= <1.01

D

SON+1
(Eq. 40)

Percent Isokinetic Sampling.

ms

60v 04 P (1—B_)528

1007V, 29.92 )

(Eq. 41)
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Acetone Blank Concentration.

C =
“V.p,
(Eq. 42)

Acetone Blank Correction Weight.
M 50=W 234~ W 034
(Eq. 43)
Acetone Blank Weight.
W,=C.V 0P,
(Eq. 44)

Concentration of Total Filterable PM.

C = 7000 \|M ,+M +M +M,
7 1453,592 V. .
(Eq. 45)
Concentration of Filterable PM,.
C [ 7000 ||M +M,+M,
JPMIOT 453,592 Z
(Eq. 46)
Concentration of Filterable PM,, ..
C _(_7000 M,+M,
JPM23 1 453,592 V. .
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(Eq. 47)
13.0 Method Performance

13.1 Field evaluation of PM,, and total PM showed that the precision of constant

sampling rate method was the same magnitude as Method 17 of appendix A-6 to
part 60 (approximately five percent). Precision in PM,, and total PM between

multiple trains showed standard deviations of four to five percent and total mass
compared to 4.7 percent observed for Method 17 in simultaneous test runs at a
Portland cement clinker cooler exhaust. The accuracy of the constant sampling rate
PM;, method for total mass, referenced to Method 17, was -2 + 4.4 percent

(Farthing, 1988a).

13.2 Laboratory evaluation and guidance for(PM;qcyclones were designed to limit

error due to spatial variations to 10 percent. The maximum allowable error due to
an isokinetic sampling was limited to + 20 percent for 10 micrometer particles in
laboratory tests (Farthing, 1988b).

13.3 A field evaluation of the revised Method 201A by EPA showed that the
detection limit was 2.54 mg for total filterable PM, 1.44 mg for filterable PM,,, and

1.35 mg for PM5z: The precision resulting from 10 quadruplicate tests (40 test

runs) conducted for the field evaluation was 6.7 percent relative standard deviation.
The field evaluation also showed that the blank expected from Method 201A was
less than 0.9 mg (EPA, 2010).

14.0 Alternative Procedure

Alternative methods for estimating the moisture content (ALT-008) and
thermocouple calibration (ALT-011) can be found at
http://www.epa.gov/ttn/emc/approalt.html.

15.0 Waste Management [ Reserved]



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Insert�

text

"Vms"



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "PM10cyclones"
[New text]: "PM10cyclones"
The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Insert�

text

"Page58of75"



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Delete�

text

"PM2.5."



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Insert�

text

"PM2.5."



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "Procedure"
[New text]: "Procedures"
The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size





16.0 References

(1) Dawes, S.S., and W.E. Farthing. 1990. "Application Guide for Measurement of
PM, ; at Stationary Sources," U.S. Environmental Protection Agency, Atmospheric

Research and Exposure Assessment Laboratory, Research Triangle Park, NC, 27511,
EPA-600/3-90/057 (NTIS No.: PB 90-247198).

(2) Farthing, et al. 1988a. “PM;, Source Measurement Methodology: Field Studies,”
EPA 600/3-88/055, NTIS(PB89-194278/AS, U.S. Environmental Protection
Agency, Research Triangle Park, NC 27711.

(3) Farthing, W.E., and S.S. Dawes. 1988b. “Application Guide for Source PM,

Measurement with Constant Sampling Rate,” EPA/600/3-88-057, U.S.
Environmental Protection Agency, Research Triangle Park, NC 27711.
(4) Richards, J.R. 1996. "Test protocol: PCA PM,,/PM, s Emission Factor Chemical

Characterization Testing," PCA R&D Serial No. 2081, Portland Cement Association.
(5) U.S. Environmental Protection Agency, Federal Reference Methods 1 through 5
and Method 17, 40 CFR part 60, Appendix A-1 through A-3 and A-6.

(6) U.S. Environmental Protection Agency. 2010. “Field Evaluation of an Improved
Method for Sampling and Analysis of Filterable and Condensable Particulate
Matter.” Office of Air Quality Planning and Standards, Sector Policy and Program
Division Monitoring Policy Group. Research Triangle Park, NC 27711.

17.0 Tables, Diagrams, Flowcharts, and Validation Data

You must use the following tables, diagrams, flowcharts, and data to complete this
test method successfully.

Table 1. Typical PM Concentrations

Concentration and % by
Weight
Total collectable particulate 0.015 gr/DSCF

Less than or equal to 10 and greater-than2:5
micrometers

Particle Size Range

40% of total collectable PM
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||s 2.5 micrometers

|20% of total collectable PM

Table 2. Required Cyclone Cut Diameters (D5)

Cvelone Min. cut Diameter Max. Cut Diameter
y (Micrometer) (Micrometer)

PM,, Cyclone (Cyclone I from five 9 “

stage cyclone)

PM, ; Cyclone (Cyclone IV from five —— -

stage cyclone)

Table 3. Test Calculations

If you are using... To calculate... Then
use...

Preliminary data Dry gas molecular weight, Mg ll'iquatlon

Dry gas molecular weight (M) and E .

. . . . quation
preliminary moisture content of the gas wet gas molecular weight, My 52
stream
Stack gas temperature, and oxygen and . . Equation
moisture content of the gas stream gas viscosity, # 3
Gas(viscosity, | Cunningham correction factorb, C 4quat10n

Preliminary lower limit cut Equation
C
Reynolds Number®(Nys); Nys less-than-3;162 diameter for cyclone I, Dgor 1 5
: Cut diameter for cyclone I for Equation
Dsorr. from Equation 5 middle of the overlap zone, Deor 16
. Final sampling rate for cyclone I, |[Equation
Dror from Equation 6 ’
R Q1 (Qy) 7
D4 for PM, ccyclone and N, less than 3,162 gll?fal sampling rate for eyelone TV, gquatlon
Dz; for PM,, scyclone and N, greater than or |Final sampling rate for cyclone IV, (Equation
equal to 3,162 Qrv 9
. Verify the assumed Reynolds Equation
Q1(Qg) from Equation 7 number, (N -

4 Use Method 4 to determine the moisture content of the stack gas. Use a wet (bulb-
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dry bulb measurement device or hand-held hygrometer to estimate moisture

content of sources with gas temperature less than 160°F.

b For the lower cut diameter of cyclone IV, 2.25 micrometer.

¢ Verify the assumed Reynolds number, using the procedure in Section 8.5.1, before

proceeding to Equation 11.

Table 4. AH Values Based on Preliminary Traverse Data

Stack Temperature (°R)|[Ts- 50°| T (Ts + 50°

AH, (inches W.C.) a a |a

a These values are to be filled in by the stack tester.

Table 5. Verification of the Assumed Reynolds Number

If the Nye is ... Then ... And ...

Less than 3,162 gfgfg%tngH for the Assume original Dy, 1 is correct

Greater than or RecalculateDgqp pusing Substitute the “new” Dgorr, into-Equation6
equal to 3,162 Equation 12 to recalculate Dyt

Table 6. Calculations for Recovery of PM,, and PM,

Calculations

Instructions and References

Average dry
gas meter
temperature

See field test data sheet.

Average
orifice
pressure
drop

See field test data sheet.

Dry gas
volume

Vins)

Use Equation 28 to correct the sample volume measured by the dry gas meter
to standard conditions{(20°C, 760 mm Hg or(68°F, 29.92 inches Hg).

Dry gas
sampling

rate (QgsT)

Must be calculated using Equation 29.
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Volume of . ||Use Equation 30 to determine the water condensed in the impingers and silica
water gel combination. Determine the total moisture catch by measuring the change
condensed |lin volume or weight in the impingers and weighing the silica gel.

Vis)

Moisture

content of . .

gas stream Calculate this using Equation 31.

(Bws)

Sampling Caleulate this usine Equati o

rate (Qy) alculate this using Equation 32.

Test

condition . ||[Use Equation 10 to calculate the actual Reynolds number during test
Reynolds  |conditions.

number?

Actual D5, | Calculate this using Equation 33. This calculation is based on the average
of eyelone I ([temperatures and pressures measured during the test run.

Stack gas . .

velocity (Gl Calculate this using Equation 13.

Percent

isokinetic . |[Calculate this using Equation 41.

rate (%I)

4 Calculate the Reynolds number at the cyclone IV inlet during the test based on: (1)
the sampling rate for the combined cyclone head, (2) the actual gas viscosity for the
test, and (3) the dry and wet gas stream molecular weights.
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Nozzle

ALLAALALL

PM-2.5 Sizer

Temperature

Sensor
PM-10 Sizer
Impingers
Filter Holder
Heated Probe
A e T B
Hi i i Wl = Water
T T T Bath
< S S Vacuum
Type S Pitot Tube < { } Line
Distiled  Empty Silica
Manometer Water Gel Vacuum
Gauge
Gas Exit Orifice
- | | I 1
Fine Coarse
Dry
Gas Air-Tight
Meter l|3ur:1gp
Manometer

Figure 1. In-stack PM,, and PM,, 5 Sampling Train
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LU ]

Figure 2. Combined Cyclone Sampling Head
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Nozzle
Diameter,
(inches)

d

Cone
Angle, ©
(degrees)

Outside
Taper, ¢
(degrees)

Straight
Inlet
Length, 1
inches)

Total
Length, L
(inches)

<0.05

<0.05
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0.20 inch ID

30°

Chamfer o

Nozzle Internal Outside Straight Total
Diameter, Cone Taper, ¢ | Inlet Length, Length, L
d Angle, © (degrees) 1 (inches) (inches)
(inches) (degrees)
0.125 3 15 < 0.05 1.45 = 0.05
0.138 2 15 < 0.05 1.45 = 0.05
0.156 1 15 < 0.05 1.45 = 0.05
0.172 1 15 < 0.05 1.45 = 0.05
0.188 1 15 < 0.05 1.45 £ 0.05
0.200 0 15 < 0.05 1.45 = 0.05

Figure 4A. Nozzle Design for PM,  Cyclone (Higher Stack Flow)
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Figure 4B. Nozzle Design for PM,  Cyclone (Lower Stack Flow
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Figure 5. Design Specifications for Cyclone I (10 Micrometer)
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Figure 6. Design Specifications for Cyclone IV (2.5 Micrometer) Sizing
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Figure 8. Gas Flow Blockage by the Sampling Heads with the Pitot Tube



Compare: Insert�

text

"Blockage,%Page73of75StackBlockagewithPitot2120191817PM10+PM2.51615141312PM2.51110986%Blockage7Criteria653%Blockage4Criteria32100.010.020.030.040.050.060.070.0DuctorStackDiameter,Inches"



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size





21
20
18
18
17
16
15
14
13
12
1

10

Blockage, %

[ N T DR e B S e

Stack Blockage without Pitot

| \

\ \

\ \
L\
\ \PM ., + PM

\ \
\ \
\ \
\ \
PM2s\ \
\
\ \
\ A\
\ \ 8% Blockage
\ \ Criteria
AN \
\ 3% Blockage
\\\ Criteria
\ \
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0

Duct or Stack Diameter, Inches

Figure 9. Gas Flow Blockage by the Sampling Heads without the Pitot
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