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Method 6 - Determination of Sulfur Dioxide Emissions
from Stationary Sources

1. PRINCIPLE AND APPLICABILITY

1.1 Principle. A gas sanple is extracted fromthe sanpling point in the stack.
The sulfuric acid m st (including sulfur trioxide) and the sulfur dioxide (SO)
are separ at ed. The SO, fraction is measured by the bariumthorin titration
met hod.

1.2 Applicability.

1.2.1 This nethod is applicable for the determ nation of SO em ssions from
stationary sources. The mininum detectable limt of the method has been
determned to be 3.4 ng of SO,/ n? (2.12 x 107 Ib/ft%. Although no upper linmt
has been established, tests have shown that concentrations as high as
80, 000 ng/ n? of S0, can be collected efficiently in two mdget inpingers, each
containing 15 mM of 3 percent hydrogen peroxide, at a rate of 1.0 liter/min for
20 minutes. Based on theoretical calculations, the upper concentration limt in
a 20-liter sanple is about 93,300 ng/nt.

1.2.2 Possible interferants are free ammonia, water-soluble cations, and
fluorides. The cations and fluorides are removed by glass wool filters and an
i sopropanol bubbl er, and hence do not affect the S0, anal ysis. \When sanples are
being taken from a gas stream with high concentrations of very fine netallic
funes (such as found in inlets to control devices), a high-efficiency glass fiber
filter must be used in place of the glass wool plug (i.e., the one in the probe)
to renove the cation interferants.

1.2.3 Free amonia interferes by reacting with S0, to formparticulate sulfite
and by reacting with the indicator. |If free amonia is present (this can be
det erm ned by know edge of the process and noticing white particulate matter in
the probe and isopropanol bubbler), alternative methods, subject to the approva
of the Admi nistrator, U S. Environmental Protection Agency, are required.

2. APPARATUS
2.1 Sampling.

2.1.1 The sanmpling train is shown in Figure 6-1, and conponent parts are
di scussed below. The tester has the option of substituting sanpling equi prent
described in Method 8 in place of the m dget inpinger equipnment of Method 6
However, the Method 8 train nust be nodified to include a heated filter between
the probe and isopropanol inpinger, and the operation of the sanmpling train and
sanple analysis nust be at the flow rates and solution volunes defined in
Met hod 8.
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Figure 6-1. SO2 Sampling Train
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2.1.2 The tester also has the option of determning SO, simultaneously with
particulate matter and noi sture determ nations by (1) replacing the water in a
Met hod 5 inpinger systemwith 3 percent peroxide solution, or (2) by replacing
the Method 5 water inpinger systemw th a Method 8 isopropanol -filter-peroxide
system The analysis for S0, must be consistent with the procedure of Method 8.

2.1.1 Probe. Borosilicate glass, or stainless steel (other materials of
construction may be used, subject to the approval of the Admnistrator),
approximately 6-nm inside dianeter, with a heating system to prevent water
condensation and a filter (either in-stack or heated out-stack) to renove
particulate matter, including sulfuric acid mst. A plug of glass wool is a
satisfactory filter.

2.1.2 Bubbler and Impingers. One nidget bubbler, w th nedium coarse glass frit
and borosilicate or quartz gl ass wool packed in top (see Figure 6-1) to prevent
sul furic acid m st carryover, and three 30-m mdget inpingers. The bubbler and
m dget inpingers nust be connected in series with |eak-free glass connectors.
Silicone grease may be used, if necessary, to prevent |eakage.

2.1.2.1 At the option of the tester, a mdget inpinger may be used in place of
t he nmi dget bubbl er.

2.1.2.2 Oher collection absorbers and flow rates nmay be used, subject to the
approval of the Administrator, but the collection efficiency nust be shown to be
at least 99 percent for each test run and nust be docunmented in the report. |If
the efficiency is found to be acceptable after a series of three tests, further
docunentation is not required. To conduct the efficiency test, an extra absorber
must be added and anal yzed separately. This extra absorber must not contain nore
than 1 percent of the total S0,.

2.1.3 Glass Wool. Borosilicate or quartz.

2.1.4 Stopcock Grease. Acetone-insoluble, heat-stable silicone grease may be
used, if necessary.

2.1.5 Temperature Gauge. Dial thernmonmeter, or equivalent, to neasure
tenmperature of gas |leaving inpinger train to within 1°C (2°F).

2.1.6 Drying Tube. Tube packed with 6- to 16-nesh indicating-type silica gel
or equivalent, to dry the gas sanple and to protect the nmeter and punp. See also
the note in Method 5, Section 3.1.2.

2.1.7 Valve. Needle valve, to regulate sanple gas flow rate.

2.1.8 Pump. Leak-free diaphragm punp, or equivalent, to pull gas through the
train. Install a small surge tank between the punp and rate nmeter to elimnate
the pul sation effect of the di aphragm punp on the rotaneter.

2.1.9 Rate Meter. Rotaneter, or equival ent, capable of nmeasuring flowrate to
within 2 percent of the selected flow rate of about 1000 cc/m n.

2.1.10 Volume Meter. Dry gas meter (D@V), sufficiently accurate to neasure the
sanple volune to within 2 percent, calibrated at the selected flow rate and
conditions actually encountered during sanpling, and equi pped with a tenperature
gauge (dial thernoneter, or equivalent) capable of neasuring tenperature
accurately to within 3°C (5.4°F).
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2.1.11 Barometer. Mercury, aneroid, or other baronmeter capabl e of measuring
at nospheric pressure to within 2.5 mm (0.1 in.) Hg. See the note in Method 5,
Section 2.1.9.

2.1.12 Vacuum Gauge and Rotameter. At |east 760-mm (30-in.) Hg gauge and 0—to
40-cc/mn rotaneter, to be used for |eak-check of the sanpling train.

2.2 Sample Recovery.
2.2.1 Wash Bottles. Polyethylene or glass, 500-n, two.

2.2.2 Storage Bottles. Polyethylene, 100-n, to store inpinger sanples (one per
sanpl e) .

2.3 Analysis.

2.3.1 Pipettes. Volunetric type, 5-m, 20-m (one per sanple), and 25-m si zes.
2.3.2 Volumetric Flasks. 100-nm size (one per sanple) and 1000-n size.
2.3.3 Burettes. 5- and 50-m sizes.

2.3.4 Erlenmeyer Flasks. 250-m size (one for each sanple, blank, and
st andard) .

2.3.5 Dropping Bottle. 125-m size, to add indicator

2.3.6 Graduated Cylinder. 100-m si ze.

2.3.7 Spectrophotometer. To neasure absorbance at 352 nanoneters.

3. REAGENTS

Unl ess otherwi se indicated, all reagents nust conform to the specifications
established by the Committee on Analytical Reagents of the Anerican Chenica
Soci ety. \Were such specifications are not available, use the best avail able
gr ade.

3.1 Sampling.

3.1.1 Water. Deionized distilled to conformto ASTM Specification D 1193-747,
Type 3. At the option of the analyst, the Kvh0, test for oxidizable organic

matter nmay be onmitted when high concentrations of organic matter are not expected
to be present.

3.1.2 Isopropanol, 80 Percent. Mx 80 m of isopropanol with 20 m of water.

3.1.2.1 Check each lot of isopropanol for peroxide inpurities as follows: Shake
10 mi of isopropanol with 10 m of freshly prepared 10 percent potassium i odi de
solution. Prepare a blank by simlarly treating 10 m of water. After 1 mnute,
read the absorbance at 352 nanoneters on a spectrophotoneter, using a 1-cm path
length. |f absorbance exceeds 0.1, reject alcohol for use.

3.1.2.2 Peroxides may be renoved fromisopropanol by redistilling or by passage
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t hrough a colum of activated alum na; however, reagent grade isopropanol with
suitably | ow peroxide |l evels may be obtained fromcomercial sources. Rejection
of contaminated lots may, therefore, be a nore efficient procedure.

3.1.3 Hydrogen Peroxide, 3 Percent. Dilute 30 percent hydrogen peroxide
1:9 (v/v) with water (30 ml is needed per sanple). Prepare fresh daily.

3.1.4 Potassium lodide Solution, 10 Percent. Dissolve 10.0 g of KI in water,
and dilute to 100 m . Prepare when needed.

3.2 Sample Recovery.

3.2.1 Water. Sane as in Section 3.1.1.

3.2.2 Isopropanol, 80 Percent. Sanme as in Section 3.1.2.
3.3 Analysis.

3.3.1 Water. Sane as in Section 3.1.1.

3.3.2 Isopropanol, 100 Percent.

3.3.3 Thorin Indicator. 1-(o-arsonophenyl azo)-2-naphthol -3, 6-di sul fonic acid,
di sodium salt, or equivalent. Dissolve 0.20 g in 100 m of water

3.3.4 Barium Standard Solution, 0.0100 N. Dissolve 1.95 g of barium perchlorate
trihydrate [Ba(Cl0,),23H0] in 200 m water, and dilute to 1 liter wth
i sopropanol. Alternatively, 1.22 g of bariumchloride di hydrate [Bad ,»2H,0] may
be used instead of the perchlorate. Standardize as in Section 5.5.

3.3.5 Sulfuric Acid Standard, 0.0100 N. Purchase or standardize to =0.0002 N
agai nst 0.0100 N NaOH whi ch has previously been standardi zed agai nst potassi um
acid phthalate (primary standard grade).

3.3.6 Quality Assurance Audit Samples. Sulfate sanples in glass vials prepared
by EPA' s Atnospheric Research and Exposure Assessnent Laboratory, Quality
Assurance Division, Source Branch, Miil Drop 77A, Research Triangle Park, North
Carolina 27711. Each set will consist of two vials having solutions of unknown
concentrations. Only when making conpliance determinations, obtain an audit

sanple set fromthe Quality Assurance Managenent O fice at each EPA regiona
office or the responsible enforcenment agency. (Note: The tester should notify
the quality assurance office or the responsible enforcement agency at |east
30 days prior to the test date to allow sufficient tinme for sanple delivery.)

4. PROCEDURE

4.1 Sampling.

4.1.1 Preparation of Collection Train. Measure 15 ml of 80 percent isopropano
into the mdget bubbler and 15 m of 3 percent hydrogen peroxide into each of the
first two nidget inpingers. Leave the final mnidget inpinger dry. Assenble the
train as shown in Figure 6-1. Adjust probe heater to a tenperature sufficient
to prevent water condensation. Place crushed ice and water around the inpingers.

4.1.2 Leak-Check Procedure. A |eak-check prior to the sanpling run is optional;
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however, a |eak-check after the sanpling run is nandatory. The | eak-check
procedure is as foll ows:

4.1.2.1 Tenporarily attach a suitable (e.g., 0- to 40-cc/nmin) rotaneter to the
outlet of the DGM and place a vacuum gauge at or near the probe inlet. Plug the
probe inlet, pull a vacuumof at |east 250 nmm (10 in.) Hg, and note the flow rate
as indicated by the rotameter. A |eakage rate not in excess of 2 percent of the
average sanpling rate is acceptable. Note: Carefully release the probe inlet
pl ug before turning off the punp.

4.1.2.2 It is suggested (not mandatory) that the punp be |eak-checked
separately, either prior to or after the sanpling run. [If done prior to the
sampling run, the punp | eak-check shall precede the |eak-check of the sanpling
train described i medi ately above; if done after the sanpling run, the punp | eak-
check shall follow the train |eak-check. To |eak-check the punp, proceed as
foll ows: Disconnect the drying tube fromthe probe-inpinger assenbly. Place a
vacuum gauge at the inlet to either the drying tube or the punp, pull a vacuum
of 250 mm (10 in.) Hg, plug or pinch off the outlet of the flow nmeter, and then
turn off the punp. The vacuum should renmain stable for at |east 30 seconds.

4.1.2.3 Oher |eak-check procedures may be used, subject to the approval of the
Admi ni strator, U. S. Environmental Protection Agency.

4.1.3 Sample Collection.

4.1.3.1 Record the initial DGM reading and baronmetric pressure. To begin
sanpling, position the tip of the probe at the sanpling point, connect the probe
to the bubbler, and start the punp. Adjust the sanple flow to a constant rate
of approximately 1.0 liter/mn as indicated by the rotameter. Maintain

this constant rate (+10 percent) during the entire sanpling run. Take readings
(DGM tenperatures at DGM and at inpinger outlet, and rate neter) at |east every
5 mnutes. Add nore ice during the run to keep the tenperature of the gases
| eaving the last inpinger at 20°C (68°F) or less. At the conclusion of each run,
turn off the punp, renove probe fromthe stack, and record the final readings.
Conduct a | eak-check as in Section 4.1.2. (This |eak-check is mandatory.) |If
a leak is found, void the test run or use procedures acceptable to the
Adm nistrator to adjust the sanple volunme for the | eakage. Drain the ice bath,
and purge the remaining part of the train by draw ng clean anbient air through
the systemfor 15 minutes at the sanpling rate.

4.1.3.2 Clean anbient air can be provided by passing air through a charcoa
filter or through an extra mdget inpinger with 15 m of 3 percent H,0,. The
tester may opt to use sinply anbient air w thout purification

4.2 Sample Recovery. Disconnect the inpingers after purging. Di scard the
contents of the mdget bubbler. Pour the contents of the nidget inpingers into
a |l eak-free polyethylene bottle for shipment. Rinse the three mdget inpingers
and the connecting tubes with water, and add the washings to the sane storage
container. Mark the fluid level. Seal and identify the sanple container

4.3 Sample Analysis.

4.3.1 Note level of liquid in container, and confirmwhether any sanple was | ost
during shipment; note this on analytical data sheet. |f a noticeable anpbunt of
| eakage has occurred, either void the sanmple or use nethods, subject to the
approval of the Admi nistrator, to correct the final results.
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4.3.2 Transfer the contents of the storage container to a 100-m volunetric
flask, and dilute to exactly 100 M with water. Pipette a 20-m aliquot of this
solution into a 250-m Erl enneyer flask, add 80 ml of 100 percent isopropanol and
two to four drops of thorin indicator, and titrate to a pink endpoint using
0.0100 N barium standard sol ution. Repeat, and average the titration vol unes.
Run a blank with each series of sanples. Replicate titrations nmust agree within
1 percent or 0.2 m, whichever is |arger

4.3.3 Note: Protect the 0.0100 N barium standard solution from evaporation at
all tinmes.

4.4 Audit Sample Analysis.

4.4.1 Concurrently analyze the two audit sanples and a set of conpliance sanpl es
(Section 4.3) in the sane manner to evaluate the technique of the analyst and the
st andards preparation. (Note: It is recoomended that known quality contro
sanpl es be anal yzed prior to the conpliance and audit sanple analysis to optim ze
the system accuracy and precision. One source of these sanples is the Source
Branch listed in Section 3.3.6.) The sane anal ysts, analytical reagents, and
anal ytical system shall be used both for conpliance sanples and the EPA audit
sanples; if this condition is nmet, auditing of subsequent conpliance anal yses for
the same enforcement agency within 30 days is not required. An audit sanple set
may not be used to validate different sets of conpliance sanples under the
jurisdiction of different enforcement agencies, unless prior arrangements are
made wi th both enforcenment agenci es.

4.4.2 Calculate the concentrations in ng/dscmusing the specified sanple vol une
in the audit instructions. (Not e: I ndi cation of acceptable results may be
obt ai ned i nrediately by reporting the audit results in nmg/dscm and conpliance
results in total nmg SOJ/sanple by tel ephone to the responsible enforcenent
agency.) Include the results of both audit sanples, their identification
nunbers, and the analyst's nane with the results of the conpliance determn nation
sanples in appropriate reports to the EPA regional office or the appropriate
enforcement agency. Include this information with subsequent conpliance anal yses
for the same enforcement agency during the 30-day period.

4.4.3 The concentrations of the audit sanples obtained by the anal yst shal
agree within 5 percent of the actual concentrations. If the 5-percent
specification is not met, reanal yze the conpliance sanples and audit sanples, and
include initial and reanalysis values in the test report (see Note in first
par agraph of this section).

4.4.4 Failure to neet the 5-percent specification may require retests until the
audit problems are resolved. However, if the audit results do not affect the
conpl i ance or nonconpliance status of the affected facility, the Adm nistrator
may wai ve the reanalysis requirenent, further audits, or retests and accept the
results of the conpliance test. Wile steps are being taken to resolve audit
anal ysis problems, the Administrator nay al so choose to use the data to determ ne
t he conpliance or nonconpliance status of the affected facility.

5. CALIBRATION
5.1 Metering System.

5.1.1 Initial Calibration.
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5.1.1.1 Before its initial use in the field, first |eak-check the netering
system (drying tube, needl e val ve, punp, rotaneter, and DGV as follows: Place
a vacuum gauge at the inlet to the drying tube, and pull a vacuum of 250 mm
(10 in.) Hg; plug or pinch off the outlet of the flow neter, and then turn off
the pump. The vacuum shall remamin stable for at |east 30 seconds. Carefully
rel ease the vacuum gauge before releasing the flow nmeter end.

5.1.1.2 Next, renove the drying tube, and calibrate the nmetering system (at the
sanpling flow rate specified by the nethod) as follows: Connect an appropriately
sized wet test nmeter (e.g., 1 liter per revolution) to the inlet of the drying
tube. Make three independent calibrations runs, using at |east five revol utions

of the DGM per run. Calculate the calibration factor, Y (wet test neter
calibration volume divided by the DGM vol une, both vol unes adjusted to the sane
reference tenperature and pressure), for each run, and average the results. |If

any Y-val ue deviates by nore than 2 percent fromthe average, the netering system
i s unacceptable for use. Oherw se, use the average as the calibration factor
for subsequent test runs.

5.1.2 Post-Test Calibration Check. After each field test series, conduct a
calibration check as in Section 5.1.1 above, except for the follow ng variations:
(a) the leak-check is not to be conducted, (b) three, or nore revolutions of the
DGM may be used, and (c) only two independent runs need be made. If the
calibration factor does not deviate by nore than 5 percent from the initia
calibration factor (determined in Section 5.1.1), then the DGM vol unes obt ai ned
during the test series are acceptable. |If the calibration factor deviates by
nore than 5 percent, recalibrate the netering systemas in Section 5.1.1, and for
the calculations, use the calibration factor (initial or recalibration) that
yi el ds the | ower gas volunme for each test run.

5.2 Thermometers. Calibrate against nercury-in-glass thernoneters.

5.3 Rotameter. The rotaneter need not be calibrated, but should be cl eaned and
mai nt ai ned according to the manufacturer's instruction

5.4 Barometer. Calibrate against a mercury baroneter.

5.5 Barium Standard Solution. Standardize the barium perchlorate or chloride
sol ution against 25 m of standard sulfuric acid to which 100 m of 100 percent
i sopropanol has been added. Run duplicate analyses. Calculate the normality
using the average of a pair of duplicate analyses where the titrations agree
within 1 percent or O 2 nl, whichever is |arger

6. CALCULATIONS

Carry out calculations, retaining at | east one extra decimal figure beyond that
of the acquired data. Round off figures after final cal culation

6.1 Nomenclature.

Cse = Concentration of SQ, dry basis corrected to standard conditions,
mg/ dsn? (1 b/ dscf).
N = Normality of bariumstandard titrant, neq./m.

P, = Baronetric pressure at the exit orifice of the DGM mmHg (in. Hg).
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P4y = Standard absol ute pressure, 760 mMm Hg (29.92 in. Hg).
T, = Average DGM absol ute tenperature, °K (°R).

Tqg = Standard absol ute tenperature, 293°K (528°R).
V, = Vol unme of sanple aliquot titrated, m.
V, = Dry gas volunme as neasured by the DGV dcm (dcf).

Vistqy = Dry gas volune nmeasured by the DGV corrected to standard
conditions, dscm (dscf).

Veon = Total volume of solution in which the,SO sanple is contained,
100 m .

V, = Vol ume of barium standard titrant used for the sanple (average of
replicate titrations), nm.

V,, = Vol unme of barium standard titrant used for the blank, nl.
Y = DGM calibration factor
32.03 = Equival ent wei ght of SO

6.2 Dry Sample Gas Volume, Corrected to Standard Conditions.

T P P
_ std bar _ bar
Vagstay = Va¥ | = 5 = KY V= Eq. 6-1

m std m

Wher e:

0.3858 °K/mm Hg for netric units,

P
I

17.64 °R/in. Hg for English units.

6.3 SO0, Concentration.

N Vsol n
t tb) vV

C _ a
52 2 Vﬁstm

(v-v
Eq. 6- 2

K, 32.03 nmg/meq. for metric units,
= 7.061 x 10° I b/meq. for English units.

6.4 Relative Error (RE) for QA Audit Samples, Percent.
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Cé C%
RE = — (100) Eq. 6- 3

a

C, = Deternmined audit sanple concentration, ng/dscm

C, = Actual audit sanple concentration, ng/dscm

7. ALTERNATIVE PROCEDURES

7.1 DGM as a Calibration Standard. A DGM may be used as a calibration standard
for volume neasurenents in place of the wet test neter specified in Section 5.1,
provided that it is calibrated initially and recalibrated periodically according
to the sane procedures outlined in Method 5, Section 7.1, with the follow ng

exceptions: (1) the DGMis calibrated against a wet test meter having a capacity
of 1 liter/rev or 3 liters/rev and having the capability of neasuring volume to
within 1 percent; (2) the DGMis calibrated at 1 liter/mn (2 cfh); and (3) the
meter box of the Method 6 sanpling train is calibrated at the same flow rate.

7.2 Critical Orifices for Volume and Rate Measurements. A critical orifice may
be used in place of the DGM specified in Section 2.1.10, provided that it is
sel ected, calibrated, and used as follows:

7.2.1 Preparation of Collection Train. Prepare the sanpling train as shown in
Figure 6-2. The rotameter and surge tank are optional but are reconmended in
order to detect changes in the flowrate. (Note: The critical orifices can be
adapted to a Method 6 type sanpling train as follows: Insert sleeve type, serum
bottl e stoppers into two reduci ng unions. |Insert the needle into the stoppers
as shown in Figure 6-3.)

7.2.2 Selection of Critical Orifices.

7.2.2.1 The procedure that follows describes the use of hypoderm c needl es and
stainless steel needle tubings, which have been found suitable for use as
critical orifices. Oher materials and critical orifice designs my be used
provided the orifices act as true critical orifices, i.e., a critical vacuum can
be obtained, as described in this section. Select a critical orifice that is
sized to operate at the desired flow rate. The needle sizes and tubing | engths
shown bel ow give the follow ng approximate fl ow rates.

Gauge/ cm Fl ow rat e, Gauge/ cm Fl ow rat e,
cc/mn cc/mn
21/7.6 1100 23/ 3.8 500
22/ 2.9 1000 23/5.1 450
22/3.8 900 24/3.2 400

7.2.2.2 Determine the suitability and the appropriate operating vacuum of the
critical orifice as follows: |If applicable, tenporarily attach a rotanmeter and
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surge tank to the outlet of the sanpling train. Turn on the punp, and adjust the
valve to give an outlet vacuum reading corresponding to about half of the
at nrospheric pressure. Gbserve the rotaneter reading. Slowy increase the vacuum
until a stable reading is obtained on the rotaneter. Record the critical vacuum

which is the outlet vacuum when the rotaneter first reaches a stable value

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

7.2.3 Field Procedure.

7.2.3.1 Leak-Check Procedure. A | eak-check before the sanpling run is
recormended, but is optional. The | eak-check procedure is as follows:
Tenmporarily attach a suitable (e.g., 0-40 cc/mn) rotameter and surge tank, or
a soap bubble nmeter and surge tank to the outlet of the punp. Plug the probe
inlet, pull an outlet vacuumof at least 254 mmHg (10 in. Hg), and note the fl ow
rate as indicated by the rotaneter or bubble neter. A |eakage rate not in excess
of 2 percent of the average sampling rate (Qqaq IS acceptable. Careful ly
rel ease the probe inlet plug before turning off the punp.

7.2.3.2 Moisture Determination. At the sanpling |location, prior to testing,
determ ne the percent noisture of the ambient air using the wet and dry bulb
tenmperatures or, if appropriate, a relative-humdity neter

7.2.3.3 Critical Orifice Calibration. Prior to testing, at the sanpling
| ocation, calibrate the entire sanpling train using a 500-cc soap bubble neter
which is attached to the inlet of the probe and an outlet vacuum of 25 to
50 mMm Hg (1 to 2 in. Hg) above the critical vacuum Record the information
listed in Figure 6-4. Calculate the standard volunme of air neasured by the soap
bubbl e nmeter and the volumetric flow rate using the equations bel ow

T P
V -V std bar Eq. 6- 4
sb(std sb :
( ) Tan‘o I:)std
Q _ Vsb(std) Eqg. 6-5
td 2 ’
\Wer e:
P, = Baronetric pressure, mmHg (in. Hg).

P4 = Standard absol ute pressure, 760 mMm Hg (29.92 in. Hg).

Qiq = Volunetric flowrate through critical orifice, scmnmn (scf/mn).
T.w = Anbient absolute tenperature of air, °K (°R).

Tqg = Standard absol ute tenperature, 273°K (528°R).

V,, = Volunme of gas as neasured by the soap bubble neter, nf (ft3).
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Venstgy = Vol ume of gas as neasured by the soap bubble meter, corrected to
standard conditions, scm (scf).

2 =Time, mn.
7.2.3.4 Sampling.

7.2.3.4.1 C(Operate the sanpling train for sanple collection at the sane vacuum
used during the calibration run. Start the watch and punmp simul taneously. Take
readi ngs (tenperature, rate meter, inlet vacuum and outlet vacuum at | east
every 5 mnutes. At the end of the sanpling run, stop the watch and punp
si mul t aneousl y.

7.2.3.4.2 Conduct a post-test calibration run using the calibration procedure
outlined in Section 7.2.3.3. If the Q.4 obtained before and after the test
differ by nore than 5 percent, void the test run; if not, calculate the vol une
of the gas neasured with the critical orifice, V.4, using Equation 6-6 and the
average of Q.4 of both runs, as follows:

v = Q.42 (1-B) Poar *Por Eq. 6-6
m( st d) td “s wa -9
I:)barJrPc
\Wer e:
Vistey = Dry gas volume measured with the critical orifice, corrected to

standard conditions, dscm (dscf).

Qiaavg = Average flow rate of pretest and post-test calibration runs, scmmn

(scf/mn).

B, = Water vapor in anbient air, proportion by vol une.

2, = Sanpling time, mn.

P. = I nl et vacuum reading obtained during the calibration run, mm Hg
(in. Hg).

P, = Enletkggacuunw reading obtained during the sanpling run, mm Hg
in. .

7.2.3.4.3 If the percent difference between the nol ecul ar wei ght of the anbient
air at saturated conditions and the sanple gas is nore that 3 percent, then the
nol ecul ar wei ght of the gas sanple nust be considered in the cal cul ati ons using
the foll owi ng equation:

NL I:)bar +Psr Eq. 6-7

Vn(std) - Qtd 25 (1_BV\B) E Pb +P
ar c

Wher e:
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M, = Mol ecular weight of the anbient air saturated at inpinger
tenmperature, g/g-nole (Ib/lb-nole).
M = Molecular weight of +the sanple gas saturated at inpinger

tenmperature, g/g-nole (Ib/lb-nole).

7.2.3.4.4 Note: A post-test |eak-check is not necessary because the post-test
calibration run results will indicate whether there is any | eakage.

7.2.3.4.5 Drain the ice bath, and purge the sanpling train using the procedure
described in Section 4.1.3.
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sampling train using a critica

orifice.
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Figure 6-3. Critical orifice adaptation for Method 6 sanpling train.
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Dat e
Train ID

Critical orifice size
Critical vacuum

Pr et est Post -t est

Soap bubbl e neter vol une, V, cc

nt (ft3)
Time, 2 sec

m n
Barometric pressure, P, nm Hg (in. Hg)
Anmbi ent tenperature, t,, °C (°F)
Inlet vacuum P, nm Hg (in. Hg)
Qutl et vacuum nm Hg (in. Hg)
Vsp(sta) nt (ft3)
Flow rate, Q4 m? fts

mn [lﬁ n)

Figure 6-4. Critical Orifice Calibration Data Sheet.



