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218. In Part 60, Appendix B is anmended by addi ng
Performance Specification 15 as foll ows:

APPENDIX B - PERFORMANCE SPECIFICATIONS

* * k * %

PERFORMANCE SPECIFICATION 15 -
PERFORMANCE SPECIFICATION FOR EXTRACTIVE FTIR CONTINUOUS
EMISSIONS MONITOR SYSTEMS IN STATIONARY SOURCES
1.0 Scope and Application.

1.1 Analytes. This performance specification is
applicable for nmeasuring all hazardous air pollutants (HAPs)
whi ch absorb in the infrared region and can be quantified
using Fourier Transform Infrared Spectroscopy(FTIR), as |ong
as the performance criteria of this performance
specification are met. This specification is to be used for
eval uating FTIR continuous en ssion nonitoring systens for
measuring HAPs regul ated under Title Ill of the 1990 C ean
Air Act Anmendnents. This specification also applies to the
use of FTIR CEMs for neasuring other volatile organic or
i norgani ¢ speci es.

1.2 Applicability. A source which can denonstrate
that the extractive FTIR systemneets the criteria of this
performance specification for each regul ated pollutant may
use the FTIR systemto continuously nonitor for the

regul at ed pol | utants.

2.0 Summary of Performance Specification.
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For conpound-specific sanpling requirenents refer to
FTIR sanpling nmethods (e.g., reference 1). For data
reduction procedures and requirenents refer to the EPA FTIR
Protocol (reference 2), hereafter referred to as the "FTIR
Protocol." This specification describes sanpling and
anal yti cal procedures for quality assurance. The infrared
spectrum of any absorbi ng conpound provides a distinct
signature. The infrared spectrumof a m xture contains the
superi nposed spectra of each m xture conponent. Thus, an
FTIR CEM provi des the capability to continuously neasure
mul ti pl e conponents in a sanple using a single anal yzer.
The nunmber of conpounds that can be speciated in a single
spectrum depends, in practice, on the specific conpounds
present and the test conditions.

3.0 Definitions.

For a list of definitions related to FTIR spectroscopy
refer to Appendix A of the FTIR Protocol. Unless otherw se
speci fied, spectroscopic terns, synbols and equations in
this performance specification are taken fromthe FTIR
Protocol or from docunents cited in the Protocol
Addi tional definitions are given bel ow

3.1 FTI R Conti nuous Em ssion Mnitoring System (FTIR

CEM) .
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3.1.1 FTIR System Instrunent to nmeasure spectra in
the md-infrared spectral region (500 to 4000 cm?). It
contains an infrared source, interferoneter, sanple gas
containnent cell, infrared detector, and conputer. The
interferonmeter consists of a beamsplitter that divides the
beaminto two paths, one path a fixed di stance and the ot her
a variable distance. The conputer is equipped with software
to run the interferoneter and store the raw digitized signa
fromthe detector (interferogram. The software perforns
t he mat hemati cal conversion (the Fourier transform of the
interferograminto a spectrum show ng the frequency
dependent sanpl e absorbance. All spectral data can be
stored on conputer nedia.

3.1.2 Gas Cell. A gas containment cell that can be
evacuated. It contains the sanple as the infrared beam
passes fromthe interferoneter, through the sanple, and to
the detector. The gas cell may have nmulti-pass mrrors
depending on the required detection limt(s) for the
appl i cation.

3.1.3 Sanpling System Equi pnment used to extract
sanple fromthe test |ocation and transport the gas to the
FTIR anal yzer. Sanpling system conponents include probe,
heated |ine, heated non-reactive punp, gas distribution
mani fol d and val ves, fl ow neasurenent devices and any sanpl e

condi tioni ng systens.
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3.2 Reference CEM An FTIR CEM w th sanpling
system that can be used for conparison neasurenents.

3.3 I nfrared Band (al so Absorbance Band or Band).
Collection of lines arising fromrotational transitions
superinposed on a vibrational transition. An infrared
absor bance band is anal yzed to determ ne the anal yte
concentration.

3.4 Sample Analysis. Interpreting infrared band
shapes, frequencies, and intensities to obtain sanple
conponent concentrations. This is usually perfornmed by a
software routine using a classical |east squares (cls),
partial |east squares (pls), or K- or P- matrix nethod.

3.5 (Target) Analyte. A conpound whose neasurenent
is required, usually to sone established limt of detection
and anal ytical uncertainty.

3.6 Interferant. A conpound in the sanple matrix
whose infrared spectrum overl aps at | east part of an anal yte
spectrum conplicating the anal yte neasurenent. The
interferant may not prevent the anal yte neasurenent, but
could increase the anal ytical uncertainty in the neasured
concentration. Reference spectra of interferants are used
to distinguish the interferant bands fromthe anal yte bands.
An interferant for one analyte may not be an interferant for

ot her anal ytes.
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3.7 Reference Spectrum Infrared spectra of an
anal yte, or interferant, prepared under controll ed,
docunent ed, and reproduci ble | aboratory conditions (see
Section 4.6 of the FTIR Protocol). A suitable library of
reference spectra can be used to neasure target analytes in
gas sanpl es.

3.8 Calibration Spectrum Infrared spectrumof a
conmpound suitable for characterizing the FTIR instrunent
configuration (Section 4.5 in the FTIR Protocol).

3.9 One hundred percent line. A double beam
transm ttance spectrum obtai ned be conbi ning two successive
background single beam spectra. ldeally, this line is equa
to 100 percent transmttance (or zero absorbance) at every
point in the spectrum The zero absorbance line is used to
measure the RVS noise of the system

3.10 Background Devi ation. Any deviation (from 100
percent) in the one hundred percent line (or fromzero
absorbance). Deviations greater than + 5 percent in any
anal ytical region are unacceptable. Such deviations
indicate a change in the instrument throughput relative to
t he si ngl e- beam backgr ound.

3.11 Batch Sanpling. A gas cell is alternately
filled and evacuated. A Spectrum of each filled cell (one

di screet sanple) is collected and saved.
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3.12 Continuous Sanpling. Sanple is continuously
flow ng through a gas cell. Spectra of the flow ng sanple
are collected at regular intervals.

3.13 Continuous Operation. In continuous operation
an FTIR CEM system w thout user intervention, sanples flue
gas, records spectra of sanples, saves the spectra to a
di sk, analyzes the spectra for the target anal ytes, and
prints concentrations of target analytes to a conputer file.
User intervention is permtted for initial set-up of
sanpling system initial calibrations, and periodic
mai nt enance.

3.14 Sanpling Tinme. |In batch sanpling - the tine
required to fill the cell wth flue gas. 1In continuous
sanpling - the tinme required to collect the infrared
spectrum of the sanpl e gas.

3.15 PPM Meters. Sanple concentration expressed as
the concentration-path | ength product, ppm (nolar)
concentration nultiplied by the path length of the FTIR gas
cell. Expressing concentration in these units provides a
way to directly conpare neasurenents made using systens with
different optical configurations. Another useful expression
is (ppmneters)/K where Kis the absolute tenperature of
the sanple in the gas cell.

3.16 CEM Measurenent Tinme Constant. The Tine

Constant (TC, mnutes for one cell volunme to flow through
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the cell) determnes the mninmuminterval for conplete
removal of an analyte fromthe FTIR cell. It depends on the
sanpling rate (R, in Lpn), the FTIR cell volume (V,, in L)

and the chem cal and physical properties of an anal yte.

Vv

cell

R

S

TC =

Eq. 1

For exanple, if the sanple flowrate (through the FTIR cell)
is 5 Lpmand the cell volunme is 7 liters, then TC is equal
to 1.4 mnutes (0.71 cell volunes per mnute). Thi s
per formance specification defines 5 * TC as the m ni mum
i nterval between independent sanpl es.

3.17 I ndependent Measurenent. Two independent
measurenents are spectra of two independent sanples. Two
i ndependent sanples are separated by, at |east 5 cel
volunmes. The interval between independent neasurenents
depends on the cell volunme and the sanple flow rate (through
the cell). There is no mxing of gas between two
i ndependent sanples. Alternatively, estimate the anal yte
residence tinme enpirically: (1) fill cell to ambient
pressure with a (known anal yte concentration) gas standard,
(2) neasure the spectrum of the gas standard, (3) purge the
cell with zero gas at the sanpling rate and collect a
spectrumevery mnute until the analyte standard is no

| onger detected spectroscopically. [|f the neasured tine
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corresponds to less than 5 cell volunes, use 5 * TC as the
m ni mum i nterval between independent neasurenments. |f the
measured tinme is greater than 5 * TC, then use this tine as
the m ninmuminterval between independent neasurenents.

3.18 Test Condition. A period of sanpling where al
process, and sanpling conditions, and em ssions remain
constant and during which a single sanpling technique and a
singl e anal ytical programare used. One Run may incl ude
results for nore than one test condition. Constant
em ssions neans that the conposition of the em ssions
remai ns approximately stable so that a single analytical
programis suitable for analyzing all of the sanple spectra.
A greater than two-fold change in analyte or interferant
concentrations or the appearance of additional conpounds in
the em ssions, may constitute a new test condition and may
require nodification of the analytical program

3.19 Run. A single Run consists of spectra (one
spectrum each) of at |east 10 i ndependent sanples over a
m ni mum of one hour. The concentration results fromthe
spectra can be averaged together to give a run average for
each anal yte neasured in the test run
4.0 Interferences.

Several conpounds, including water, carbon nonoxi de,

and carbon di oxide, are known interferences in the infrared
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region in which the FTIR instrunent operates. Follow the
procedures in the FTIR protocol for subtracting or otherw se
dealing with these and other interferences.
5.0 Safety.

The procedures required under this perfornance
specification may invol ve hazardous materials, operations,
and equi pnent. This performance specification may not
address all of the safety problens associated with these
procedures. It is the responsibility of the user to
establish appropriate safety and health practices and
determ ne the applicable regulatory limtations prior to
perform ng these procedures. The CEMS users manual and
materi als recomended by this performance specification
shoul d be consulted for specific precautions to be taken.
6.0 Equipment and Supplies.

6.1 Installation of sanpling equipnment should follow
requi renents of FTIR test Methods such as references 1 and 3
and the EPA FTIR Protocol (reference 2). Select test points
where the gas stream conposition is representative of the
process em ssions. |f conparing to a reference nethod, the
probe tips for the FTIR CEM and the RM shoul d be positioned
cl ose together using the sane sanple port if possible.

6.2 FTIR Specifications. The FTIR CEM nust be

equi pped with reference spectra bracketing the range of path
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| engt h-concentrations (absorbance intensities) to be
nmeasured for each analyte. The effective concentration
range of the anal yzer can be adjusted by changing the path
| ength of the gas cell or by diluting the sanple. The
optical configuration of the FTIR system nust be such that
maxi mum absor bance of any target analyte is no greater than
1.0 and the m ni mum absor bance of any target analyte is at
|l east 10 tinmes the RVSD noise in the analytical region. For
exanple, if the nmeasured RVMSD in an analytical region is
equal to 103 then the peak anal yte absorbance is required
to be at least 0.01. Adequate neasurenent of all of the
target anal ytes may require changing path lengths during a
run, conducting separate runs for different anal ytes,
diluting the sanple, or using nore than one gas cell.

6.3 Data Storage Requirenents. The system nust have
sufficient capacity to store all data collected in one week
of routine sanpling. Data nust be stored to a wite-
prot ected nedi um such as wite-once-read-many (WWORM
optical storage nediumor to a password protected renote
storage location. A back-up copy of all data can be
tenporarily saved to the conputer hard drive. The follow ng
itenms must be stored during testing.

. At | east one sanple interferogram per sanpling Run or

one interferogram per hour, whichever is greater.
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This assunmes that no sanpling or analytical conditions

have changed during the run.

. Al l sanpl e absorbance spectra (about 12 per hr, 288
per day).
. Al'l background spectra and interferograns (vari abl e,

but about 5 per day).
. All CTS spectra and interferograns (at |east 2 each 24

hour peri od).
. Docunent ati on showi ng a record of resolution, path

| engt h, apodi zation, sanpling tinme, sanpling

conditions, and test conditions for all sanple, CTS,

cal i bration, and background spectra.

Using a resolution of 0.5 cm?! wth analytical range
of 3500 cm?, assum ng about 65 Kbytes per spectrum and 130
Kb per interferogram the storage requirenent is about 164
Mo for one week of continuous sanpling. Lower spectral
resolution requires |less storage capacity. Al of the above
data nust be stored for at least two weeks. After two
weeks, storage requirenents include: (1) all analytical
results (cal culated concentrations), (2) at least 1 sanple
spectrum wi th correspondi ng background and sanpl e
interferograns for each test condition, (3) CTS and
calibration spectra with at |east one interferogramfor CTS
and all interferograns for calibrations, (4) a record of

anal ytical input used to produce results, and (5) all other



1621
docunentati on. These data nust be stored according to the
requi renments of the applicable regulation.
7.0 Reagents and Standards. [ Reserved]
8.0 Sample Collection, Preservation, Storage, and
Transport. [ Reserved]
9.0 Quality Control.

These procedures shall be used for periodic quarterly
or sem annual QA QC checks on the operation of the FTIR CEM
Sonme procedures test only the anal ytical program and are not
intended as a test of the sanpling system

9.1 Audit Sanple. This can serve as a check on both
the sanpling system and the anal ytical program

9.1.1 Sample Requirenents. The audit sanple can be a
m xture or a single conponent. It nust contain target
anal yte(s) at approximately the expected flue gas
concentration(s). |If possible, each m xture conponent
concentration should be NI ST traceable (£ 2 percent
accuracy). If a cylinder m xture standard(s) cannot be
obt ai ned, then, alternatively, a gas phase standard can be
generated froma condensed phase anal yte sanple. Audit
sanpl e contents and concentrations are not revealed to the
FTIR CEM operator until after successful conpletion of

procedures in 5.3.2.
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9.1.2 Test Procedure. An audit sanple is obtained
fromthe Admnistrator. Spike the audit sanple using the
anal yte spi ke procedure in Section 11. The audit sanple is
measured directly by the FTIR system (undiluted) and then
spi ked into the effluent at a known dilution ratio. Measure
a series of spiked and unspi ked sanpl es using the sane
procedures as those used to analyze the stack gas. Analyze
the results using Sections 12.1 and 12.2. The neasured
concentration of each analyte nust be within + 5 percent of
t he expected concentration (plus the uncertainty), i.e., the
cal cul ated correction factor nmust be within 0.93 and 1.07
for an audit with an analyte uncertainty of £ 2 percent.

9.2 Audit Spectra. Audit spectra can be used to test
t he anal ytical programof the FTIR CEM but provide no test
of the sanpling system

9.2.1 Definition and Requirenments. Audit spectra are
absor bance spectra that; (1) have been well characteri zed,
and (2) contain absorbance bands of target analyte(s) and
potential interferants at intensities equivalent to what is
expected in the source effluent. Audit spectra are provided
by the adm nistrator w thout identifying information.
Met hods of preparing Audit spectra include; (1)
mat hemati cal |l y addi ng sanpl e spectra or adding reference and
interferant spectra, (2) obtaining sanple spectra of

m xtures prepared in the | aboratory, or (3) they nay be
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sanpl e spectra collected previously at a simlar source. 1In
the last case it nust be denonstrated that the anal ytica
results are correct and reproducible. A record associ ated
with each Audit spectrum docunents its nethod of
preparation. The docunentation nust be sufficient to enable
an i ndependent anal yst to reproduce the Audit spectra.

9.2.2 Test Procedure. Audit spectra concentrations
are neasured using the FTIR CEM anal ytical program
Anal ytical results nmust be within £ 5 percent of the
certified audit concentration for each analyte (plus the
uncertainty in the audit concentration). |If the condition
is not net, denonstrate how the audit spectra are
unrepresentative of the sanple spectra. |If the audit
spectra are representative, nodify the FTIR CEM anal yti ca
programuntil the test requirenent is net. Use the new
anal ytical programin subsequent FTIR CEM anal yses of
ef fl uent sanpl es.

9.3 Submt Spectra For |ndependent Analysis. This
procedure tests only the anal ytical program and not the FTIR
CEM sanpling system The analyst can submt FTIR CEM
spectra for independent analysis by EPA. Requirenents for
subm ssion include; (1) three representative absorbance
spectra (and stored interferograns) for each test period to
be reviewed, (2) corresponding CTS spectra, (3)

correspondi ng background spectra and interferograns, (4)
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spectra of associ ated spi ked sanples if applicable, and (5)
anal ytical results for these sanple spectra. The anal yst
w Il also submt docunentation of process tinmes and
condi tions, sanpling conditions associated with each
spectrum file nanes and sanpling tinmes, nethod of analysis
and reference spectra used, optical configuration of FTIR
CEM including cell path Iength and tenperature, spectra
resol ution and apodi zati on used for every spectrum
| ndependent anal ysis can al so be perforned on site in
conjunction with the FTIR CEM sanpling and anal ysis. Sanple
spectra are stored on the independent analytical system as
they are collected by the FTIR CEM system The FTIR CEM and
t he i ndependent anal yses are then perfornmed separately. The
two anal yses will agree to within + 20 percent for each
anal yte using the procedure in Section 12.3. This assunes
both anal ytical routines have properly accounted for
differences in optical path length, resolution, and
t enperature between the sanple spectra and the reference
spectr a.
10.0 Calibration and Standardization.

10.1 Calibration Transfer Standards. For CTS
requi renents see Section 4.5 of the FTIR Protocol. A well
characteri zed absorbance band in the CTS gas is used to

measure the path length and |ine resolution of the
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instrunment. The CTS neasurenents nmade at the begi nning of
every 24 hour period nust agree to within £ 5 percent after
correction for differences in pressure.
Verify that the frequency response of the instrunment and CTS
absorbance intensity are correct by conparing to other CTS
spectra or by referring to the literature.

10.2 Analyte Calibration. |If EPA |library reference
spectra are not avail able, use calibration standards to
prepare reference spectra according to Section 6 of the FTIR
Protocol. A suitable set of analyte reference data includes
spectra of at |east 2 independent sanples at each of at
|l east 2 different concentrations. The concentrations
bracket a range that includes the expected anal yte
absorbance intensities. The linear fit of the reference
anal yte band areas nust have a fractional calibration
uncertainty (FCU in Appendix F of the FTIR Protocol) of no
greater than 10 percent. For requirenents of analyte
standards refer to Section 4.6 of the FTIR Protocol.

10.3 System Calibration. The calibration standard is
i ntroduced at a point on the sanpling probe. The sanpling
systemis purged with the calibration standard to verify
t hat the absorbance neasured in this way is equal to the
absorbance in the analyte calibration. Note that the system

calibration gives no indication of the ability of the
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sanpling systemto transport the target anal yte(s) under the
test conditions.

10.4 Analyte Spike. The target analyte(s) is spiked
at the outlet of the sanpling probe, upstream of the
particulate filter, and conbined with effluent at a ratio of
about 1 part spike to 9 parts effluent. The neasured
absorbance of the spike is conpared to the expected
absorbance of the spike plus the anal yte concentration
already in the effluent. This measures sanpling system
bias, if any, as distinguished fromanalyzer bias. It is
i nportant that spiked sanple pass through all of the
sanpling system conponents before anal ysis.

10.5 Signal-to-Noise Ratio (S/N). The neasure of S/N
in this performance specification is the root-nmean-square
(RVMB5) noise level as given in Appendix C of the FTIR
Protocol. The RMS noise |level of a contiguous segnment of a
spectrumis defined as the RVS di fference (RVSD) between the
n contiguous absorbance values (A) which formthe segnment

and the nean value (A,) of that segnent.

A decrease in the SN may indicate a loss in optical

t hroughput, or detector or interferometer nalfunction.
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10. 6 Background Devi ation. The 100 percent baseline
nmust be between 95 and 105 percent transmttance (absorbance
of 0.02 to -0.02) in every analytical region. Wen
background devi ati on exceeds this range, a new background
spectrum nmust be coll ected using nitrogen or other zero gas.

10.7 Detector Linearity. Measure the background and
CTS at three instrunent aperture settings; one at the
aperture setting to be used in the testing, and one each at
settings one half and twi ce the test aperture setting.
Conpare the three CTS spectra. CTS band areas shoul d agree
to wthin the uncertainty of the cylinder standard. |If test
aperture is the maxi mum aperture, collect CTS spectrum at
maxi mum aperture, then close the aperture to reduce the IR
t hrough-put by half. Collect a second background and CTS at
the smaller aperture setting and conpare the spectra as
above. Instead of changing the aperture neutral density
filters can be used to attenuate the infrared beam Set up
the FTIR systemas it will be used in the test measurenents.
Coll ect a CTS spectrum Use a neutral density filter to
attenuate the infrared beam (either immedi ately after the
source or the interferoneter) to approximately %its
original intensity. Collect a second CTS spectrum Use
another filter to attenuate the infrared beamto
approximately 1/4 its original intensity. Collect a third

background and CTS spectrum Conpare the CTS spectra as
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above. Another check on linearity is to observe the single
beam background in frequency regi ons where the optical
configuration is known to have a zero response. Verify that
the detector response is "flat" and equal to zero in these
regions. |f detector response is not |inear, decrease
aperture, or attenuate the infrared beam Repeat the
linearity check until system passes the requirenent.
11.0 Analytical Procedure.

11.1 Initial Certification. First, performthe
eval uation procedures in Section 6.0 of the FTIR Protocol.
The performance of an FTIR CEM can be certified upon
installation using EPA Met hod 301 type validation (40 CFR
Part 63, Appendix A), or by conparison to a reference Method
if one exists for the target analyte(s). Details of each
procedure are given below. Validation testing is used for
initial certification upon installation of a new system
Subsequent performance checks can be perforned with nore
[imted anal yte spiking. Performance of the anal ytical
programis checked initially, and periodically as required
by EPA, by analyzing audit spectra or audit gases.

11.1.1 Validation. Use EPA Method 301 type sanpling
(reference 4, Section 5.3 of Method 301) to validate the
FTIR CEM for nmeasuring the target analytes. The analyte

spi ke procedure is as follows; (1) a known concentration of



1629
analyte is mxed with a known concentration of a non-
reactive tracer gas, (2) the undiluted spike gas is sent
directly to the FTIR cell and a spectrumof this sanple is
collected, (3) pre-heat the spiked gas to at |east the
sanple line tenperature, (4) introduce spi ke gas at the back
of the sanple probe upstreamof the particulate filter, (5)
spi ked effluent is carried through all sanpling conponents
downstream of the probe, (6) spike at a ratio of roughly 1
part spike to 9 parts flue gas (or nore dilute), (7) the
spi ke-to-flue gas ratio is estinmated by conparing the spike
flowto the total sanple flow, and (8) the spike ratio is
verified by conparing the tracer concentration in spiked
flue gas to the tracer concentration in undiluted spi ke gas.
The anal yte flue gas concentration is uninportant as |ong as
t he spi ked conponent can be neasured and the sanple matrix
(itncluding interferences) is simlar to its conposition
under test conditions. Validation can be performed using a
single FTIR CEM anal yzi ng sanpl e spectra coll ected
sequentially. Since flue gas anal yte (unspi ked)
concentrations can vary, it is recormmended that two separate
sanpling lines (and punps) are used; one line to carry
unspi ked flue gas and the other line to carry spiked flue
gas. Even wth two sanpling lines the variation in unspiked
concentration may be fast conpared to the interval between

consecutive neasurenents. Alternatively, two FTIR CEMs can
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be operated side-by-side, one neasuring spiked sanple, the
ot her unspi ked sanple. In this arrangenent spi ked and
unspi ked neasurenents can be synchronized to mnimze the
affect of tenporal variation in the unspiked anal yte
concentration. In either sanpling arrangenent, the interval
bet ween neasured concentrations used in the statistical
anal ysis should be, at least, 5 cell volunes (5 * TC in
equation 1). A validation run consists of, at |east, 24
i ndependent anal ytical results, 12 spiked and 12 unspi ked
sanples. See Section 3.17 for definition of an
"i ndependent" analytical result. The results are anal yzed
using Sections 12.1 and 12.2 to determne if the
measur enents passed the validation requirenents. Several
anal ytes can be spi ked and neasured in the sane sanpling
run, but a separate statistical analysis is perfornmed for
each analyte. In lieu of 24 independent neasurenents,
averaged results can be used in the statistical analysis.
In this procedure, a series of consecutive spiked
measurenents are conbi ned over a sanpling period to give a
single average result. The rel ated unspi ked neasurenents
are averaged in the sane way. The mninmum 12 spi ked and 12
unspi ked result averages are obtained by averagi ng
measur enents over subsequent sanpling periods of equal
duration. The averaged results are grouped together and

statistically anal yzed using Section 12.2.
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11.1.1.1 Validation with a Single Analyzer and
Sanpling Line. |If one sanpling line is used, connect the
sanpling system conponents and purge the entire sanpling
systemand cell with at |east 10 cell volunmes of sanple gas.
Begin sanpling by collecting spectra of 2 independent
unspi ked sanples. Introduce the spike gas into the back of
t he probe, upstreamof the particulate filter. Allow 10
cell volunmes of spiked flue gas to purge the cell and
sanpling system Collect spectra of 2 independent spiked
sanples. Turn off the spike flow and allow 10 cell vol unes
of unspiked flue gas to purge the FTIR cell and sanpling
system Repeat this procedure 6 tines until the 24 sanples
are collected. Spiked and unspi ked sanpl es can al so be
measured in groups of 4 instead of in pairs. Analyze the
results using Sections 12.1 and 12.2. If the statistical
anal ysis passes the validation criteria, then the validation
is conpleted. |If the results do not pass the validation
the cause may be that tenporal variations in the anal yte
sanpl e gas concentration are fast relative to the interva
bet ween neasurenents. The difficulty may be avoided by: (1)
aver agi ng the neasurenents over |ong sanpling periods and
using the averaged results in the statistical analysis, (2)
nmodi fyi ng the sanpling systemto reduce TC by, for exanple,
using a smaller volunme cell or increasing the sanple flow

rate, (3) using two sanple lines (4) use two analyzers to
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perform synchroni zed neasurenents. This perfornmance
specification permts nodifications in the sanpling system
to mnimze TCif the other requirenents of the validation
sanpling procedure are net.

11.1.1.2 Validation Wth a Single Anal yzer and Two
Sanpling Lines. An alternative sanpling procedure uses two
separate sanple lines, one carrying spiked flue gas, the
ot her carrying unspi ked gas. A valve in the gas
distribution manifold allows the operator to choose either
sanple. A short heated |line connects the FTIR cell to the
3-way valve in the manifold. Both sanpling lines are
continuously purged. Each sanple |line has a rotaneter and a
bypass vent line after the rotaneter, imediately upstream
of the valve, so that the spike and unspi ked sanple fl ows
can each be continuously nonitored. Begin sanpling by
collecting spectra of 2 independent unspi ked sanples. Turn

the sanpling valve to close off the unspi ked gas fl ow and

all ow the spiked flue gas to enter the FTIR cell. Isolate
and evacuate the cell and fill with the spiked sanple to
anbi ent pressure. (Wile the evacuated cell is filling,

prevent air |leaks into the cell by meking sure that the
spi ke sanple rotaneter always indicates that a portion of
the flowis directed out the by-pass vent.) Open the cell
outlet valve to allow spi ked sanple to continuously fl ow

through the cell. Measure spectra of 2 independent spiked
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sanples. Repeat this procedure until at |east 24 sanples
are coll ect ed.

11.1.1.3 Synchroni zed Measurenents Wth Two
Anal yzers. Use two FTIR anal yzers, each with its own cell,
to perform synchroni zed spi ked and unspi ked neasurenents.
| f possible, use a simlar optical configuration for both
systens. The optical configurations are conpared by
measuring the sane CIS gas with both analyzers. Each FTIR
systemuses its own sanpling systemincluding a separate
sanpling probe and sanpling line. A comon gas distribution
mani fold can be used if the sanples are never m xed. One
sanpling system and anal yzer neasures spi ked effluent. The
ot her sanpling system and anal yzer neasures unspi ked fl ue
gas. The two systens are synchronized so that so that each
measures spectra at approximately the sane tinmes. The
sanple flow rates are al so synchroni zed so that both
sanpling rates are approximately the sanme (TC, ~ TG, in
equation 1). Start both systens at the sanme tine. Collect
spectra of at |east 12 independent sanples with each (spiked
and unspi ked) systemto obtain the m ni num 24 neasurenents.
Anal yze the anal ytical results using Sections 12.1 and 12. 2.
Run averages can be used in the statistical analysis instead
of individual neasurenents.

11.1.1.4 Conpare to a Reference Method (RM. Obtain

EPA approval that the nethod qualifies as an RMfor the
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anal yte(s) and the source to be tested. Followthe
publ i shed procedures for the RMin preparing and setting up
equi pnent and sanpling system perform ng neasurenents, and
reporting results. Since FTIR CEMS have mnul ti conponent
capability, it is possible to performnore than one RM
si mul taneously, one for each target anal yte. Conduct at
| east 9 runs where the FTIR CEM and the RM are sanpling
si mul taneously. Each Run is at |east 30 m nutes | ong and
consists of spectra of at |east 5 independent FTIR CEM
sanpl es and the correspondi ng RM neasurenents. |f nore than
9 runs are conducted, the analyst nay elimnate up to 3 runs
fromthe analysis if at least 9 runs are used.

11.1.1.4.1 RMs Using Integrated Sanpling. Perform
the RM and FTIR CEM sanpling sinmultaneously. The FTIR CEM
can neasure spectra as frequently as the anal yst chooses
(and shoul d obtai n neasurenents as frequently as possible)
provi ded that the neasurenents include spectra of at |east 5
i ndependent neasurenents every 30 mnutes. Concentration
results fromall of the FTIR CEM spectra within a run may be
averaged for use in the statistical conparison even if al
of the measurenents are not independent. Wen averaging the
FTIR CEM concentrations within a run, it is permtted to
excl ude sone neasurenments fromthe average provided the
m ni mum of 5 i ndependent neasurenents every 30 m nutes are

i ncluded: The Run average of the FTIR CEM neasurenents
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depends on both the sanple flow rate and the nmeasurenent
frequency (MF). The run average of the RMusing the
i ntegrated sanpling nethod depends primarily on its sanpling
rate. |If the target analyte concentration fluctuates
significantly, the contribution to the run average of a
| arge fluctuation depends on the sanpling rate and
measur enent frequency, and on the duration and magni tude of
the fluctuation. It is, therefore, inportant to carefully
select the sanpling rate for both the FTIR CEM and t he RM
and t he neasurenent frequency for the FTIR CEM The m ni mum
of 9 run averages can be conpared according to the relative
accuracy test procedure in Performance Specification 2 for
SO, and NQ, CEMs (40 CFR, Part 60, App. B).

11.1.1.4.2 RMs Using a Grab Sanpling Techni que.
Synchroni ze the RM and FTI R CEM neasurenents as closely as
possible. For a grab sanpling RMrecord the vol une
coll ected and the exact sanpling period for each sanple.
Synchroni ze the FTIR CEM so that the FTIR neasures a
spectrumof a simlar cell volune at the sane tinme as the RM
grab sanple was collected. Measure at | east 5 independent
sanples with both the FTIR CEM and the RM for each of the
m nimum 9 Runs. Conpare the Run concentrati on averages by
using the relative accuracy anal ysis procedure in 40 CFR

Part 60, App. B.
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11.1.1.4.3 Continuous Em ssion Mnitors (CEMs) as
Rv. If the RMis a CEM synchronize the sanpling fl ow
rates of the RMand the FTIR CEM Each run is at |east 1-
hour | ong and consists of at |east 10 FTI R CEM neasurenents
and the corresponding 10 RM neasurenents (or averages). For
the statistical conparison use the relative accuracy
anal ysis procedure in 40 CFR, Part 60, App. B. If the RM
time constant is < 1/2 the FTIR CEM tine constant, brief
fluctuations in anal yte concentrations which are not
adequately neasured with the slower FTIR CEMtinme constant
can be excluded fromthe run average along with the
correspondi ng RM neasurenents. However, the FTIR CEM run
average nust still include at |east 10 neasurenents over a
1- hr peri od.
12.0 Calculations and Data Analysis.

12.1 Spike Dilution Ratio, Expected Concentration.

The Method 301 bias is calcul ated as fol |l ows.

B-S,-M -GCS Eqg. 3
wher e
B = Bias at the spike |leve
Sn, = Mean of the observed spi ked sanpl e concentrations

M, = Mean of the observed unspi ked sanpl e concentrations
CS

= Expected val ue of the spiked concentration.
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The CS is determ ned by conparing the SFg tracer
concentration in undiluted spike gas to the SFg tracer
concentrations in the spi ked sanpl es;

_ [ SFG] di rect

" TS Eq. 4

spi ked

The expected concentration (CS) is the neasured
concentration of the analyte in undiluted spi ke gas divided

by the dilution factor

- [anzL]mL Eq. 5

wher e:
[anal ] 4, = The anal yte concentration in undiluted spi ke gas
measured directly by filling the FTIR cell with

t he spi ke gas.
If the bias is statistically significant (Section 12.2),
Met hod 301 requires that a correction factor, CF, be
multiplied by the analytical results, and that 0.7 < CF <

1.3.

CS

12.2 Statistical Analysis of Validation Measurenents.
Arrange the independent neasurenents (or measurenent

averages) as in Table 1. Mre than 12 pairs of measurenents
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can be anal yzed. The statistical analysis follows EPA Mt hod
301, Section 6.3. Section 12.1 of this performance
specification shows the cal culations for the bias, expected
spi ke concentration, and correction factor. This Sections
shows the determ nation of the statistical significance of
the bias. Determne the statistical significance of the
bias at the 95 percent confidence |evel by calculating the
t-value for the set of nmeasurenents. First, calculate the
differences, d;, for each pair of spiked and each pair of
unspi ked nmeasurenents. Then cal cul ate the standard

devi ation of the spiked pairs of measurenents.

'zdf
SD, = o Eq. 7

d, = The differences between pairs of spi ked neasurenents.

Sd, = The standard deviation in the d; val ues.

n = The nunber of spiked pairs, 2n = 12 for the m ni num
of 12 spiked and 12 unspi ked neasurenents.

Cal cul ate the rel ative standard devi ati on, RSD, using SD,

and the nean of the spiked concentrations, S, The RSD nust

be < 50 %

RSD :[==J Eq. 8
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Repeat the calculations in equations 7 and 8 to determ ne
SD, and RSD, respectively, for the unspi ked sanpl es
Cal cul ate the standard devi ation of the nean using SD, and

SD, from equation 7.

SD = ,/SDZ + SD? Eq. 9

The t-statistic is calculated as follows to test the bias

for statistical significance;

_ 1 B]

SOV Eq. 10

where the bias, B, and the correction factor, CF, are given
in Section 12.1. For 11 degrees of freedom and a one-
tailed distribution, Method 301 requires that t < 2.201. |If
the t-statistic indicates the bias is statistically
significant, then anal ytical measurenents nust be multiplied
by the correction factor. There is no limtation on the
nunber of neasurenents, but there nust be at |east 12
i ndependent spi ked and 12 i ndependent unspi ked neasurenents.
Refer to the t-distribution (Table 2) at the 95 percent
confidence | evel and appropriate degrees of freedomfor the
critical t-value.
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17.0 Tables, Diagrams, Flowcharts, and Validation Data.
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TABLE 1. ARRANGEMENT OF VALIDATION MEASUREMENTS FOR
STATISTICAL ANALYSIS.

Measur enment Time | Spi ked | d; spiked | Unspi ked | d, unspi ked
(or average) (ppmM (PpmM
1 S, U
2 S, S - S U U - U
3 S; U
4 S, S, - S U, U, - U
5 Sy Us
6 S Ss - S5 Us U - Us
7 S, U,
8 Se S - S Us Uy - Y
9 S Uy
10 Sio S - S U Ugog- Uy
11 Sn U
12 S, S, - Sy U, U,- Uy

Aver age -> | Sm M,
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TABLE 2. t-VALUES. °

n-1* |t-value| n-12 |t-value| n-12 |t-value || n-12 | t-val ue
11 2.201 17 2.110 23 2. 069 29 2. 045
12 2.179 18 2.101 24 2. 064 30 2. 042
13 2.160 19 2.093 25 2. 060 40 2.021
14 2. 145 20 2. 086 26 2. 056 60 2. 000
15 2.131 21 2. 080 27 2. 052 120 | 1.980
16 2.120 22 2.074 28 2.048 0 1. 960

(a) - nis the nunber of independent pairs of neasurenents

(a pair consists of one spiked and its correspondi ng
unspi ked neasurenent). Either discreet (independent)
measurenents in a single run, or run averages can be used.

* * * * *



