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

NOTE: This method does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanpling) essential to its performance. Sone
material is incorporated by reference fromother nethods in
this part. Therefore, to obtain reliable results, persons
using this nmethod should have a thorough know edge of at
| east the follow ng additional test nethods: Method 1

and 3.
1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No. Sensitivity
Oxygen (0O) 7782-44-7 2,000 ppnv
Car bon Di oxi de (CO) 124-38-9 2,000 ppnv
Car bon Monoxi de (CO 630- 08-0 N A

1.2 Applicability. This nethod is applicable for the
determ nation of O, CO, and CO concentrations in the
effluent fromfossil-fuel conbustion processes for use in
excess air or em ssion rate correction factor cal cul ati ons.
Wher e conpounds other than CO,, O, CO and nitrogen (N, are
present in concentrations sufficient to affect the results,
t he cal cul ati on procedures presented in this method nust be

nodi fi ed, subject to the approval of the Adm nistrator.
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1.3 OQher nmethods, as well as nodifications to the
procedure described herein, are also applicable for all of
t he above determ nations. Exanples of specific nmethods and
nmodi fications include: (1) a multi-point sanpling nethod
using an Orsat analyzer to analyze individual grab sanples
obt ai ned at each point, and (2) a nethod using CO, or O and
stoichionetric calculations to determ ne excess air. These
met hods and nodifications may be used, but are subject to
t he approval of the Adm nistrator.

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

2.0 Summary of Method.

2.1 A gas sanple is extracted froma stack by one of
the followi ng nethods: (1) single-point, grab sanpling; (2)
single-point, integrated sanpling; or (3) nulti-point,
integrated sanpling. The gas sanple is anal yzed for percent
CO,, percent O, and, if necessary, percent CO using an
Orsat conbustion gas anal yzer.

3.0 Definitions. [Reserved]
4.0 Interferences.

4.1 Several conmpounds can interfere, to varying

degrees, with the results of Orsat anal yses. Conpounds that

interfere with CO, concentrati on neasurenent include acid
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gases (e.g., sulfur dioxide, hydrogen chloride); conpounds
that interfere with O, concentrati on neasurenent include
unsat urated hydrocarbons (e.g., acetone, acetylene), nitrous
oxi de, and ammonia. Ammonia reacts chemcally with the G
absorbi ng sol ution, and when present in the effluent gas
stream nust be renoved before anal ysis.
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnent. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
met hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.

5.2 Corrosive Reagents. A typical Osat analyzer
requi res four reagents: a gas-confining solution, CG
absorbent, O, absorbent, and CO absorbent. These reagents
may contai n potassi um hydroxi de, sodi um hydroxi de, cuprous
chloride, cuprous sulfate, alkaline pyrogallic acid, and/or
chromous chloride. Follow manufacturer's operating
instructions and observe all warning | abels for reagent use.
6.0 Equipment and Supplies.

NOTE: As an alternative to the sanpling apparatus and

systens descri bed herein, other sanpling systens (e.g-,
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l'iquid displacenent) may be used, provided such systens are
capabl e of obtaining a representative sanple and nai ntai ni ng
a constant sanpling rate, and are, otherw se, capable of
yi el ding acceptable results. Use of such systens is subject
to the approval of the Adm nistrator.

6.1 Gab Sanpling and Integrated Sanpling. Sanme as
in Sections 6.1 and 6.2, respectively for Method 3.

6.2 Analysis. An Osat analyzer only. For |ow CGO
(less than 4.0 percent) or high O, (greater than 15.0
percent) concentrations, the nmeasuring burette of the O sat
must have at | east 0.1 percent subdivisions. For Osat
mai nt enance and operation procedures, followthe
i nstructions recomended by the manufacturer, unless
ot herwi se specified herein.

7.0 Reagents and Standards.

7.1 Reagents. Sane as in Method 3, Section 7.1.

7.2 Standards. Sanme as in Method 3, Section 7. 2.

8.0 Sample Collection, Preservation, Storage, and
Transport.

NOTE: Each of the three procedures bel ow shall be
used only when specified in an applicable subpart of the
standards. The use of these procedures for other purposes
must have specific prior approval of the Adm nistrator. A

Fyrite-type conbustion gas anal yzer is not acceptable for
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excess air or em ssion rate correction factor
determ nati ons, unless approved by the Adm nistrator. |If
both percent CO, and percent O, are neasured, the anal ytical
results of any of the three procedures given bel ow may al so
be used for calculating the dry nol ecul ar wei ght (see
Met hod 3).

8.1 Single-Point, Gab Sanpling and Anal yti cal
Procedur e.

8.1.1 The sanpling point in the duct shall either be
at the centroid of the cross section or at a point no cl oser
to the walls than 1.0 m (3.3 ft), unless otherw se specified
by the Adm nistrator.

8.1.2 Set up the equi pnent as shown in Figure 3-1 of
Met hod 3, meking sure all connections ahead of the anal yzer
are tight. Leak-check the Orsat anal yzer according to the
procedure described in Section 11.5 of Method 3. This | eak-
check is mandatory.

8.1.3 Place the probe in the stack, with the tip of
the probe positioned at the sanpling point; purge the
sanpling line long enough to allow at |east five exchanges.
Draw a sanple into the analyzer. For em ssion rate
correction factor determ nations, imedi ately anal yze the
sanple for percent CO, or percent O, as outlined in Section

11.2. For excess air determ nation, imedi ately anal yze the
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sanple for percent CO, O, and CO as outlined in Section
11. 2, and calcul ate excess air as outlined in Section 12.2.

8.1.4 After the analysis is conpleted, |eak-check
(mandat ory) the Orsat anal yzer once again, as described in
Section 11.5 of Method 3. For the results of the analysis
to be valid, the Orsat anal yzer nust pass this | eak-test
before and after the analysis.

8.2 Single-Point, Integrated Sanpling and Anal yti cal
Pr ocedur e.

8.2.1 The sanpling point in the duct shall be |ocated
as specified in Section 8.1. 1.

8.2.2 Leak-check (mandatory) the flexible bag as in
Section 6.2.6 of Method 3. Set up the equipnment as shown in
Figure 3-2 of Method 3. Just before sanpling, |eak-check
(mandatory) the train by placing a vacuum gauge at the
condenser inlet, pulling a vacuum of at |east 250 mm Hg (10
in. Hg), plugging the outlet at the quick disconnect, and
then turning off the punp. The vacuum should remain stable
for at least 0.5 mnute. Evacuate the flexible bag.

Connect the probe, and place it in the stack, with the tip
of the probe positioned at the sanpling point; purge the
sanpling line. Next, connect the bag, and nake sure that
all connections are tight.

8.2.3 Sanple at a constant rate, or as specified by

the Adm nistrator. The sanpling run nust be sinultaneous
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with, and for the sane total length of tinme as, the
pollutant em ssion rate determ nation. Collect at |east 28
liters (1.0 ft3 of sanple gas. Smaller volunes may be
col l ected, subject to approval of the Adm nistrator.

8.2.4 (Ontain one integrated flue gas sanple during
each pollutant em ssion rate determ nation. For em ssion
rate correction factor determ nation, analyze the sanple
within 4 hours after it is taken for percent CO, or percent
O (as outlined in Section 11.2).

8.3 Milti-Point, Integrated Sanpling and Anal yti cal
Pr ocedur e.

8.3.1 Unless otherwi se specified in an applicable
regul ation, or by the Adm nistrator, a m ni num of eight
traverse points shall be used for circular stacks having
di aneters less than 0.61 m (24 in.), a mninmm of nine shal
be used for rectangul ar stacks having equival ent dianeters
less than 0.61 m (24 in.), and a mninmum of 12 traverse
points shall be used for all other cases. The traverse
points shall be |ocated according to Method 1

8.3.2 Follow the procedures outlined in Sections
8.2.2 through 8.2.4, except for the followi ng: Traverse al
sanpling points, and sanple at each point for an equal
length of tinme. Record sanpling data as shown in Figure 3-3

of Met hod 3.
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9.0 Quality Control.

9.1 Data Validation Using Fuel Factor. Although in
nost instances, only CO, or O neasurenent is required, it
is recomended that both CO, and O, be neasured to provide a
check on the quality of the data. The data validation
procedure of Section 12.3 i s suggested.

NOTE: Since this nethod for validating the CO and O
anal yses i s based on conbustion of organic and fossil fuels
and dilution of the gas streamw th air, this nmethod does
not apply to sources that (1) renove CO, or O through
processes ot her than conbustion, (2) add O (e.g., oxygen
enrichment) and N, in proportions different fromthat of
air, (3) add CO, (e.g., cenent or linme kilns), or (4) have
no fuel factor, F, values obtainable (e.g., extrenely
vari abl e waste m xtures). This nmethod validates the
measured proportions of CO, and O, for fuel type, but the
met hod does not detect sanple dilution resulting from | eaks
during or after sanple collection. The nethod is applicable
for sanples collected downstream of nost |inme or |inmestone
flue-gas desulfurization units as the CO, added or renoved
fromthe gas streamis not significant in relation to the
total CO, concentration. The CO, concentrations from ot her

types of scrubbers using only water or basic slurry can be
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significantly affected and woul d render the fuel factor
check mnimally useful.
10.0 Calibration and Standardization.

10.1 Analyzer. The analyzer and anal yzer operator
techni que should be audited periodically as follows: take a
sanple froma manifold containing a known m xture of CO, and
O,, and anal yze according to the procedure in Section 11.3.
Repeat this procedure until the measured concentration of
t hree consecutive sanples agrees with the stated val ue
+0.5 percent. |f necessary, take corrective action, as
specified in the anal yzer users nmanual .

10.2 Rotaneter. The rotaneter need not be
calibrated, but should be cleaned and mai ntai ned accordi ng
to the manufacturer's instruction.

11.0 Analytical Procedure.

11.1 Maintenance. The Orsat anal yzer shoul d be
mai nt ai ned according to the manufacturers specifications.

11.2 Gab Sanple Analysis. To ensure conplete
absorption of the CO, O, or if applicable, CO nmake
repeat ed passes through each absorbing solution until two
consecutive readings are the same. Several passes (three or
four) should be nmade between readings. (If constant
readi ngs cannot be obtained after three consecutive

readi ngs, replace the absorbing solution.) Although in nost
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cases, only CO, or O concentration is required, it is
recomrended that both CO, and O, be neasured, and that the
procedure in Section 12.3 be used to validate the anal ytical
dat a.

NOTE: Since this single-point, grab sanpling and
anal ytical procedure is normally conducted in conjunction
with a single-point, grab sanpling and anal ytical procedure
for a pollutant, only one analysis is ordinarily conducted.
Therefore, great care nust be taken to obtain a valid sanple
and anal ysi s.

11.3 Integrated Sanpl e Analysis. The Orsat anal yzer
must be | eak-checked (see Section 11.5 of Method 3) before
the analysis. |[|f excess air is desired, proceed as follows:
(1) within 4 hours after the sanple is taken, analyze it (as
in Sections 11.3.1 through 11.3.3) for percent CO, O, and
CO (2) determ ne the percentage of the gas that is N, by
subtracting the sum of the percent CO, percent O, and
percent CO from 100 percent; and (3) cal cul ate percent
excess air, as outlined in Section 12.2.

11.3.1 To ensure conpl ete absorption of the CO, O,
or if applicable, CO follow the procedure described in
Section 11. 2.

NOTE: Although in nost instances only CO, or O is

required, it is recomended that both CO and O, be
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measured, and that the procedures in Section 12.3 be used to
val i date the anal ytical data

11.3.2 Repeat the analysis until the follow ng
Criteria are met:

11.3.2.1 For percent CO, repeat the analyti cal
procedure until the results of any three anal yses differ by
no nore than (a) 0.3 percent by volunme when CO, i s greater
than 4.0 percent or (b) 0.2 percent by volunme when CO, is
| ess than or equal to 4.0 percent. Average three acceptable
val ues of percent CO, and report the results to the nearest
0.2 percent.

11.3.2.2 For percent O, repeat the analytical
procedure until the results of any three anal yses differ by
no nore than (a) 0.3 percent by volune when O, is |ess than
15.0 percent or (b) 0.2 percent by volume when O, is greater
than or equal to 15.0 percent. Average the three acceptable
val ues of percent O, and report the results to the nearest
0.1 percent.

11.3.2.3 For percent CO, repeat the anal ytical
procedure until the results of any three anal yses differ by
no nore than 0.3 percent. Average the three acceptable
val ues of percent CO and report the results to the nearest
0.1 percent.

11.3.3 After the analysis is conpleted, |eak-check

(mandat ory) the Orsat anal yzer once again, as described in
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Section 11.5 of Method 3. For the results of the analysis
to be valid, the Orsat anal yzer nust pass this | eak-test
before and after the anal ysis.

11.4 Standardi zation. A periodic check of the
reagents and of operator techni que should be conducted at
| east once every three series of test runs as indicated in
Section 10. 1.
12.0 Calculations and Data Analysis.

12.1 Nonmencl ature. Sanme as Section 12.1 of Method 3

with the addition of the follow ng:
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YEA

Percent excess air.

0. 264

Ratio of O, to N, in air, v/v.

12.2 Percent Excess Air. Determ ne the percentage of
the gas that is N, by subtracting the sum of the percent
CO,, percent CO and percent O, from 100 percent. Calculate
the percent excess air (if applicable) by substituting the
appropriate values of percent O, CO and N, into
Equati on 3B- 1.

%0, - 0. 5 %0
X
0.264 %\, - (%0, - 0. 5 %0

%EA =

100 Eq. 3B-1

NOTE: The equati on above assunmes that anbient air is
used as the source of O and that the fuel does not contain
appreci abl e anounts of N, (as do coke oven or blast furnace
gases). For those cases when appreciable anbunts of N, are
present (coal, oil, and natural gas do not contain
appreci abl e anounts of N,) or when oxygen enrichnment is
used, alternative nethods, subject to approval of the
Adm ni strator, are required.

12.3 Data Validation Wen Both CO, and O, Are
Measur ed.

12.3.1 Fuel Factor, F,. Calculate the fuel factor

(1 f applicable) using Equation 3B-2:



343

. 20.9 - %O, cq. 382
%CO,
wher e:
%0, = Percent O by volune, dry basis.
%O, = Percent CO, by volune, dry basis.
20.9 = Percent O by volume in anbient air.

If COis present in quantities neasurable by this
nmet hod, adjust the O, and CO, val ues usi ng Equati ons 3B-3

and 3B-4 before performng the calculation for Fg:

%CO,(adj ) = %CO, + %O Eq. 3B-3

%0,(adj) = %0, - 0.5 %0 Eq. 3B-4

wher e:

%O = Percent CO by volune, dry basis.

12.3.2 Conpare the calculated F, factor with the
expected F, values. Table 3B-1 in Section 17.0 may be used
in establishing acceptable ranges for the expected F, if the
fuel being burned is known. Wen fuels are burned in
conbi nations, calculate the conbined fuel F; and F, factors
(as defined in Method 19, Section 12.2) according to the
procedure in Method 19, Sections 12.2 and 12.3. Then

calculate the F, factor according to Equation 3B-5.
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Fo= ———¢ Eq. 3B-5

12.3.3 Calculated F, val ues, beyond the acceptable
ranges shown in this table, should be investigated before
accepting the test results. For exanple, the strength of
the solutions in the gas anal yzer and the anal yzi ng
t echni que shoul d be checked by sanpling and anal yzing a
known concentration, such as air; the fuel factor should be
reviewed and verified. An acceptability range of %12
percent is appropriate for the F, factor of m xed fuels with
vari able fuel ratios. The level of the em ssion rate
relative to the conpliance | evel should be considered in
determining if a retest is appropriate; 1.e., if the
measured em ssions are nuch | ower or nmuch greater than the
conpliance limt, repetition of the test would not
significantly change the conpliance status of the source and
woul d be unnecessarily tinme consum ng and costly.

13.0 Method Performance. [ Reserved]
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
16.0 References.

Sane as Method 3, Section 16.0.
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17.0 Tables, Diagrams, Flowcharts, and Validation Data.
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TABLE 3B-1. F, FACTORS FOR SELECTED FUELS

Fuel Type F, Range

Coal : Anthracite and lignite 1.016 - 1.130
Bitumnous . . . . . 1.083 - 1.230

Ol: Dstillate 1. 260 - 1.413
Resi dual 1.210 - 1.370

Gas: Nat ur al 1.600 - 1.836
Pr opane 1.434 - 1.586

But ane 1.405 - 1.553

Wod . . 1.000 - 1.120
Wbod bar k 1.003 - 1.130




