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output. Use the following strategies for
the RM tests:

8.4.3.1 For integrated samples (e.g.,
Methods 6 and Method 4}, make a
sample traverse of at least 21 minutes,
sampling for an equal time at each
traverse point (see Section 8.1.3.2 for
discussion of traverse points.

8.4.3.2 For grab samples fe.g.,
Method 7), take one sample at each
traverse point, scheduling the grab
samples so that they are taken
simultanecusly {within a 3-minute
period) or at an equal interval of time
apart over the span of time the CEM
pollutant is measured. A test run for
grab samples must be made up of at
least three separate measurements.

Note: At times, CEMS RA tests are
conducted during new source performance
standards performance tests. In these cases.
RM results obtained during CEMS RA tests
may be used to dstermine compliance as long
as the sowrce and test conditions are
consistent with the applicable regulations.

8.4.4 Number of RM Tests. Conduct
a minimum of nine sets of all necessary
RM test runs.

Note: More than nine sets of RM tests may
be performed. If this option is chosen, a
maximum of three sets of the test results may
be rejected so long as the total number of test
results used to determine the RA is greater
than or equal to nine. However, all data must
be reported, including the rejected data.

8.4.5 Correlation of RM and CEMS
Data. Correlate the CEMS and the RM

test data as to the time and duration by
first determining from the CEMS final

Concentratlon[ dy) =

output (the one used for reporting) the
integrated average pollutant
concentration or emission rate for sach
pollutant RM test period. Cansider
system response time, if important, and
confirm that the pair of results areona
consistent moisture, temperature, and
diluent concentration basis, Then,
compare each integrated CEMS value
against the correspanding average RM
value. Use the following guidelines to
make these comparisons.

8.4.5.1 If the RM has an integrated
sampling technique, make a direct
comparison of the RM results and CEMS
integrated average value.

8.4.5.2 If the RM has a grab sampling
technique, first average the results from
all grab samples taken during the test
run, and then compare this average
value against the integrated value
obtained from the CEMS chart recording
or output during the run. If the pollutant
caoncentration is varying with time over
the run, the arithmetic average of the
CEMS value recorded at the time of each
grab sample may be used.

8.4.6 Calculate the mean difference
between the RM and CEMS values in
the units of the emission standard, the
standard deviation, the confidence
coefficient, and the relative accuracy
according to the procedures in Section
12.0.

8.5 Reporting. Ata minimum (check
with the appropriate regional office,
State, or Local agency for additional
requirements, if any), summarize in
tabular form the results of the CD tests

Concentration,,
(l - Bws)

and the RA tests or alternative RA
procedurs, as appropriate. Include all
data sheets, calculations, charts (records
of CEMS responses), cylinder gas
concentration certifications, and
calibration cell response certifications
(if applicable) necessary to confirm that
the performance of the CEMS met the
performance specifications.

9.0 Quuolity Control [Reserved]

10.0 Calibration and Standardization
[Reserved]

11.0 Analyticel Procedure

Sample collection and analysis are
concurrent for this Performance
Specification (see Section 8.0). Refer to
the RM for specific analytical
procedures.

12.0 Calculations and Data Analysis

Summarize the results on a data sheet
similar ta that shown in Figure 2-2 {in
Section 18.9).

12.1 All data from the RM and
CEMS must be on a consistent dry basis
and, as applicable, on a consistent
diluent basis and in the units of the
emission standard. Correct the RM and
CEMS data for moisture and diluent as
follows:

12.1.1 Moisture Correction (as .
applicable}. Correct each wet RM run for
moisture with the corresponding
Method 4 data; correct each wet CEMS
run using the corresponding CEMS
moisture monitor date using Equation
2-1.

Eq. 2-1

12.1.2 Correcticn ta Units of Standard (as applicable). Correct each dry RM run to the units of the emission
standard with the corresponding Method 3B data; correct each dry CEMS run using the corresponding CEMS diluent

monitor data as follows:

12.1.2.1 Correct to Diluent Basis. The following is an example of concentration (ppm) correction to 7% oxygen.

PPMycomy = ppm(um:nrr) 0.9 %

209-70
Os(ay)

Eq

.2-2

The following is an example of mass/grass calorific value (Ibs/million Btu} correction.
Ibs/MMBtu = Concry, (F-factor) (20.9/20.9-%0;)
12.2  Arithmetic Mean. Calculate the arithmetic mean of the difference, d, of a data set as follows:

Eq. 2-3

2=

Where:
n = Number of data points.

Algebraic summation of the individual differences d;.
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12.3 Standard Deviation. Calculate
the standard deviation, 8., as follows:

!
i n
=] i=l
Sd —

1
N —

Eq. 2-4
n-—1 4

12.4 Confidence Coefficient.
Calculate the 2.5 percent error
confidence coefficient (one-tailed), CC,
as follows:

s
CC=tgg7s T?n Eq. 2-5

Where:
tos7s = t-value (see Table 2—1).

12,5 Relative Accuracy. Calculate
the RA of a set of data as follows:

ealdlsiec]
=t q. 2-6
RM

Where:

|d| = Absolute value of the mean
differences (from Equation 2-3).

|CC| = Absolute value of the confidence
coefficient (from Equation 2-3).

RM = Average RM value. In cases where
the average emissions for the test
are less than 50 percent of the
applicable standard, substitute the
emission standard value in the
denaminator of Eq. 2-6 in place of
RM. In all other cases, use RM.

13.0 Method Performance

13.1 Calibration Drift Performance
Specification, The CEMS calibration
must not drift or deviate from the
reference value of the gas cylinder, gas
cell, or optical filter by more than 2.5
percent of the span value. If the CEMS
includes pollutant and diluent
monitors, the CD must be determined
separately for each in terms of
concentrations {See Performance
Specification 3 for the diluent
specifications), and none of the CDs
may exceed the specification.

13.2 Relative Accuracy Performance
Specification, The RA of the CEMS must
be no greater than 20 percent when RM
is used in the denominator of Eq. 2-6
(average emissions during test are
greater than 50 percent of the emission

iz

standard) or 10 percent when the
applicable emission standard is used in
the denominator of Eq. 2-6 {average
emissions during test are less than 50
percent of the emission standard).

13.3 For instruments that use
common components to measure more
than one effluent gas constituent, all
channels must simultaneously pass the
RA requirement, unless it can be
demonstrated that any adjustments
made to one channel did not affect the
others.

14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]
16.0 Alternative Procedures

Paragraphs 60.13(j}(1) and (2) of 40
CFR part 60 contain criteria for which
the reference method procedure for
determining relative accuracy (see
Section 8.4 of this Performance
Specification) may be waived and the
followin%procedure substituted.

16.1 Conduct a complete CEMS
status check following the
manufacturer’s written instructions. The
check should include operation of the
light source, signal receiver, timing
mechanism functions, data acquisition
and data reduction functions, data
recorders, mechanically operated
functions (mirror movements, zero pipe
operation, calibration gas valve
operations, etc.), sample filters, sample
line heaters, moisture traps, and other
related functions of the CEMS, as
applicable. All parts of the CEMS shall
be functioning properly before
proceeding to the alternative RA
procedure.

16.2 Alternative RA Procedure.

16.2.1 Challenge each monitor (both
pollutant and diluent, if applicable)
with cylinder gases of known
concentrations or calibration cells that
produce known responses at two
measurement points within the ranges
shown in Table 2-2 (Section 18).

16.2.2 Use a separate cylinder gas
{for point CEMS only) or calibration cell
{for path CEMS or where compressed
gas cylinders can not be used) for
measurement points 1 and 2. Challenge
the CEMS and record the responses
three times at each measurement point.
The Administrator may allow dilution
of cylinder gas using the performance
criteria in Test Methad 205, 40 CFR Part
51, Appendix M. Use the average of the
three responses in determining relative
accuracy.

€ 15 percent

16.2.3 Operate each monitor in its
normal sampling mode as nearly as
possible. When using cylinder gases,
pass the cylinder gas through all filters,
scrubbers, canditioners, and other
monitor components used during
normal sampling and as much of the
sampling probe as practical. When using
calibration cells, the CEMS components
used in the normal sampling mode
should not be by-passed during the RA
determination. These include Hght
sources, lenses, detectors, and reference
cells. The CEMS should be challenged
at each measurement point for a
sufficient period of time to assure
adsorption-desorption reactions on the
CEMS surfaces have stabilized.

16.2.4 Use cylinder gases that have
been certified by comparison to
National Institute of Standards and
Technology (NIST} gaseous standard
reference material (SRM) or NIST/EPA
approved gas manufacturer’s certified
reference material (CRM) (See Reference
2 in Section 17.0) following EPA
Traceability Protocol Number 1 (See
Reference 3 in Section 17.0). Asan
alternative to Protocol Number 1 gases,
CRM's may be used directly as
alternative RA cylinder gases. A list of
gas manufacturers that have prepared
approved CRM's is available from EPA
at the address shown in Reference 2.
Procedures for preparation of CRM's are
described in Reference 2.

16.2.5 Use calibration cells certified
by the manufacturer to produce a
known response in the CEMS. The cell
certification procedure shall include
determination of CEMS response
preduced by the calibration cell in
direct comparison with measurement of
gases of known concentration. This can
be accomplished using SRM or CRM
gases in a laboratory source simulator or
through extended tests using reference
methods'at the CEMS location in the
exhaust stack. These procedures are
discussed in Reference 4 in Section
17.0. The calibration cell certification
procedure is subject to approval of the
Administrator.

16.3 The differences between the
known concentrations of the cylinder
gases and the concentrations indicated
by the CEMS are used to assess the
accuracy of the CEMS. The calculations
and limits of acceptable relative
accuracy are as follows:

16.3.1 For pollutant CEMS:

Eq. 2-7
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Where:

d = Average difference between
respanses and the concentration/
respanses (see Section 16.2.2).

AC = The known concentration/

respanse of the cylinder gas or
calibration cell.

16.3.2 For diluent CEMS:

RA =[d| = O.7 percent Oz or COz, as
applicable.

Note: Waiver of the relative accuracy test
in favor of the alternative RA procedure does
not preclude the requirements to complete
the CD tests nor any other requirements
specified in an applicable subpart for

reporting CEMS data and performing CEMS
drift checks or audits.

17.0 References

1. Department of Commerce. Experimental
Statistics. Handbook 91. Washington, D.C. p.
3-31, paragraphs 3-3.1.4,

2. “A Procedure for Establishing
Traceability of Gas Mixtures to Certain
National Bureau of Standards Standard
Reference Materials.” Joint publication by
NBS and EPA. EPA 600/7-81-010. Available
from U.S. Environmental Protection Agency,
Quality Assurance Division (MD-77},
Research Triangle Park, North Carolina
27711,

3. “Traceability Protocol for Establishing
True Concentrations of Gases Used for

TABLE 2-1.—~—T-VALUES

Calibration and Audits of Continuous Seurce
Emission Moniltors. (Protocol Number 1)."
June 1978. Protocol Number 1 is included in
the Quality Assurance Handbook for Air
Pollution Measurement Systems, Volume III,
Stationary Source Specific Methods. EPA-
§00/4-77-027b. August 1977.

4, "Gaseous Continuous Emission
Meonitoring Systems—Performance
Specification Guidelines for SOz, NOy, CO-,
0,, and TRS.” EPA-450/3-82-026, Available
from the U.5. EPA, Emission Measurement
Center, Emission Monitoring and Data
Analysis Division (MD-19), Research
Triangte Park, North Carolina 27711.

18.0 Tables, Diagrams, Flowcharts,
and Validation Data

na togrs na togrs ne to.o7s
2 e cvrertrerre e s e as st rer s s A ey vem e R e eT eI RRReE e e ERa S Hbeeseeas s tePaRTTS 12,706 7 2.447 12 2.201
B ettt ir s et itmtname e v nsenns seSmbm Rt s s Rem b am e AL AL LR A b SRS 11 enames 1 as ran 4,303 8 2.365 13 2179
B et et as e s bt et en e nae e et sesraan samam s naen o mesenen hoed e A e £SO AP S PL e BORS 10 A 3.182 9 2.306 14 2.160
D ittt et e e b s b e et emn e e R s A n sen smRaRs sae R s ansnt saasres 2.776 10 2.262 15 2.145
B i tr e rasene s s e s nene e 2.571 11 2.228 16 2131

aThe values in this table are already corrected for n-1 degress of freedom. Use n equal 1o the number of individual vaiues,

TABLE 2-2.—MEASUREMENT RANGE

Measurement point

Diluent monitor for

Pollutant monitor

CO; O

T ettt ae s s aseares bananns 20-30% of span value ......... 5-8% by volume .......... | 6% by volume.
2 s 50-60% of span value ............ 10-14% by volume ...... 8-12% by volume.
. ' Difference | Fércent of span value
Day Date and time Calibration valus {C) | Monitor value (M) (C-M) (C—M)ls!iu% value x
Low-level ....ecieccirerranernne
High-lavel ........cccieivereniarnas

Figure 2-1. Calibration Drift Determination
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Performance Specification 3—
Specifications and Test Procedures for
0; and CO; Continuous Emission
Monitoring Systems in Stationary
Sources

1.0 Scope and Application

1.1 Analytes.
Analytes CAS No.,
Carben Dioxide (CO2) .......... 124-38-9
Oxygen (O2) v 7782-44-7

1.2 Applicability.

1.2,1 This specification is for
evaluating acceptability of O, and CO;
continuous emission monitoring
systems (CEMS]) at the time of
installation or soon after and whenever
specified in an applicable subpart of the
regulations. This specification applies to
02 or CO; monitors that are not
included under Performance
Specification 2 (PS 2).

1.2.2 This specification is not
designed to evaluate the installed CEMS
performance over an extended period of
time, nor does it identify specific
calibration techniques and ather
auxiliary procedures to assess the CEMS
performance. The source ewner or
operator, is responsible to calibrate,
maintain, and operate the CEMS
properly. The Administrator may
require, under Section 114 of the Act,
the operator to conduct CEMS
performance evaluations at other times
besides the initial test to evaluate the
CEMS performance. See 40 CFR part 60,
Section 60.13(c).

1.2.3 The definitions, installation
and measurement location
specifications, calculations and data
analysis, and references are the same as
in PS 2, Sections 3, 8.1, 12, and 17,
respectively, and also apply to Oz and
€Oz CEMS under this specification. The
performance and equipment
specifications and the relative accuracy
(RA) test procedures for O, and CO;
CEMS do not differ from those for SO;
and NQ, CEMS (see PS 2), except as
noted below.

2.0 Summary of Performance
Specification

The RA and calibration drift (CD) tests
are conducted to determine
conformance of the CEMS to the
specification,

3.0 Definitions

Same as in Section 3.0 of PS 2.

4.0 Interferences [Reserved]
5.0 Safety

This performance specification may
involve hazardous materials, operations,
and equipment. This performance
specification may not address all of the
safety problems associated with its use,
It is the responsibility of the user to
establish appropriate safety and health
practices and determine the applicable
regulatory [imitations prior to
performing this performance
specification. The CEMS users manual
should be consulted for specific
precautions to be taken with regard to
the analytical procedures.

6.0 Eguipment and Supplies
Same as Section 6.0 of PS52.

7.0 Reagents and Standards
Same as Section 7.0 of PS2.

8.0 Sample Collection, Preservation,
Storage, and Transport

8.1 Relative Accuracy Test
Procedure. Sampling Strategy for
reference method (RM]) Tests,
Correlation of RM and CEMS Data, and
Number of RM Tests. Same as PS 2,
Sections 8.4.3, 8.4.5, and 8.4.4,
respectively.

8.2 Reference Method. Unless
otherwise specified in an applicable
subpart of the regulations, Method 3B or
other approved alternative is the RM for
Oz or CO:

8.0 Quality Control [Reserved]

10.0 Calibration and Standardization
[Reserved]

11.0 Analytical Procedure

Sample coilection and analyses are
concurrent for this performance
specification (see Section 8). Refer to the
RM for specific analytical procedures.

12.0 Calculations and Data Analysis

Summarize the results on a data sheet
similar to that shown in Figure 2.2 of
PS2. Calculate the arithmetic difference
between the RM and the CEMS output
for each run. The average difference of
the nine (or more) data sets constitute
the RA.

13.0 Method Performance

13.1 (Calibration Drift Performance
Specification. The CEMS calibration
must not drift by more than 0.5 percent
O; ar CO; from the reference value of
the gas, gas cell, or optical filter.

13.2 CEMS Relative Accuracy
Performance Specification. The RA of
the CEMS must be no greater than 1.0
percent Oz or CO,.

14.0 Poliution Prevention {Reserved]
15.0 Waste Management {Reserved]
16.0 References

Same as in Section 17.0 of PS 2,

17.0 Tables, Diagrams, Flowcharts, and
Validation Data [Reserved]

Performance Specification 4—
Specifications and Test Procedures for
Carbon Monoxide Continuous Emission
Monitoring Systems in Stationary
Sources

1.0 Scope and Application

1.1 Analytes.
Analyte CAS No.
Carbon Monoxide {CO} ....... 630-08-0

1.2 Applicability.

1.2.1 This specification is for
evaluating the acceptability of carbon
monoxide (CO) continuous emission
monitering systems (CEMS] at the time
of installation or soon after and
whenever specified in an applicable
subpart of the regulations. This
specification was developed primarily
for CEMS having span values of 1,000
ppmv CO.

1.2.2 This specification is not
designed to evaluate the installed CEMS
performance-aver an extended period of
time nor does it identify specific
calibration techniques and other
auxiliary procedures to assess CEMS
performance. The source owner or
operator, is responsible to calibrate,
maintain, and operate the CEMS. The
Administrator may require, under
Section 114 of the Act, the source cwner
or operator to conduct CEMS
performance evaluations at other times
besides the initial test to evaluate the
CEMS performance. See 40 CFR part 60,
Section 60.13(c).

1.2.3 The definitions, performance
specification test procedures,
calculations, and data analysis
procedures for determining calibration
drift {CD) and relative accuracy (RA) of
Performance Specification 2 (PS 2),
Sections 3, 8.0, and 12, respectively,
apply to this specification.

2.0 Summary of Performance
Specification

The CD and RA tests are conducted to
determine conformance of the CEMS to
the specification.
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3.0 Definitions

Same as in Section 3.0 of PS 2.
4.0 Interferences [Reserved]
5.0 Safety

This performance specification may
involve hazardous materials, operations,
and equipment. This performance
specification may not address all of the
safety problems associated with its use.
It is the responsibility of the user to
establish appropriate safety and health
practices and determine the applicable
regulatory limitations prior to
performing this performance
specification. The CEMS users manual
should be consulted for specific
precautions to be taken with regard to
the analytical procedures.

6.0 Egquipment and Supplies
Same as Section 6.0 of PS 2.

7.0 Reagents and Standards
Same as Section 7.0 of PS 2.

8.0 Sample Collection, Preservation,
Storage, and Transport

8.1 Relative Accuracy Test
Procedure. Sampling Strategy for
reference method (RM) Tests, Number of
RM Tests, and Correlation of RM and
CEMS Data are the same as PS 2,
Sections 8.4.3, 8.4.4, and 8.4.5,
respectively.

8.2 Reference Methods. Unless
otherwise specified in an applicable
subpart of the regulation, Method 10,
10A, 10B or cther approved alternative
are the RM for this PS, When evaluating
nondispersive infrared CEMS using
Method 10 as the RM, the alternative
interference trap specified in Section
16.0 of Method 10 shall be used.

9.0 Quality Control {Reserved]

10.0 Calibration and Standardization
{Reserved]

11.0 Analytical Procedure

Sample collection and analysis are
concurrent for this performance
specification (see Section 8.0). Refer to
the RM for specific analytical
procedures.

12.0 Calculations and Data Analysis
Same as Section 12.0 of PS 2.

13.0 Method Performance

13.1 Calibration Drift. The CEMS
calibration must not drift or deviate
from the reference value of the
calibration gas, gas cell, or optical filter
by more than 5 percent of the
estabiished span value for 6 out of 7 test
days [e.g., the established span value is
1000 ppm for Subpart J affected
facilities).

13.2 Relative Accuracy. The RA of
the CEMS must be no greater than 10
percent when tha average RM value is
used to calculate RA or 5 percent when
the applicable emission standard is used
to calculate RA.

14.0 Pollution Prevention {Reserved]
15.0 Waste Management fReserved]
16.0 Alternative Procedures [Reserved]
17.0 References

1. Ferguson, B.B., R.E. Lester, and W.].
Mitchell. Field Evaluation of Carbon
Monoxide and Hydrogen Sulfide Continuous
Emission Monitors at an Oil Refinery. U.S.
Environmental Protection Agency. Research
Triangle Park, N.C. Publication No. EPA-
600/4-82-054. August 1982. 100 p.

2. “Gaseous Continuous Emission
Monitoring Systems—Psrformance
Specification Guidelines for SOz, NO,, CO,,
Oz, and TRS." EPA—450/3—-82-026. U.5.
Environmental Protection Agency, Technical
Support Division (MD-19), Research Triangle
Park, NC 27711.

3. Repp, M. Evaluation of Continuous
Monitors for Carbon Monoxide in Stationary
Sources. U.S. Environmental Protection
Agency. Research Triangle Park, N.C.
Publication No. EPA~600/2-77-063. March
1977. 155 p.

4. Smith, F., D.E. Wagoner, and R.P.
Donovan. Guidelines for Development of a
Quality Assurance Program: Volume VIIE—
Determination of CO Emissions from
Stationary Sources by NDIR Spectrometry.
U.S. Environmental Protection Agency.
Research Triangle Park, N.C. Publication No.
EPA-650/4-74~005-h. February 1975. 96 p.

18.0 Tables, Diagrams, Flowcharts,
and Validation Data

Same as Section 18.0 of PS 2.
Perfarmance Specification 4A—
Specifications and Test Procedures for
Carbon Monoxide Continuous Emission
Monitoring Systems in Stationary
Sources
1.0 Scope and Application

1.1 Analytes,

Analyte CAS No.

Carbon Monoxide (CO} 630-80-0

1.2 Applicability.

1.2.1 is specification is for
evaluating the acceptability of carbon
monoxide (CO) continuous emission
monitoring systems {CEMS]) at the time
of installation or soon after and
whenever specified in an applicable
subpart of the regulations. This
specification was developed primarily
for CEMS that comply with low
emission standards (less than 200
ppmv). ‘

1.2.2 This specification is not
designed to evaluate the installed CEMS

performance over an extended period of
time nor does it identify specific
calibration techniques and other
auxiliary procedures to assess CEMS
performance. The source owner ar
operator is responsible to calibrate,
maintain, and operate the CEMS. The
Administrator may require, under
Section 114 of the Act, the source owner
or operator to conduct CEMS
performance evaluations at other times
besides the initial test to evaluate CEMS
performance. See 40 CFR Part 60,
Section 80.13(c).

1.2.3 The definitions, performance
specification, test procedures,
calculations and data analysis
procedures for determining calibration
drifts (CD) and relative accuracy (RA), of
Performance Specification 2 (PS 2),
Sections 3, 8.0, and 12, respectively,
apply to this specification.

2.0 Summary of Performance
Specification

The CD and RA tests are conducted to
determine conformance of the CEMS to
the specification.

3.0 Definitions

Same as in Section 3.0 of PS 2.
4.0 Interferences. [Reserved]
5.0 Safety

This performance specification may
involve hazardous materials, operations,
and equipment. This performance
specification may not address all of the
safety problems associated with its use.
It is the responsibility of the user te
establish appropriate safety and health
practices and determine the applicable
regulatory limitations prior to
performing this performance
specification, The CEMS users manual
should be consulted for specific
precautions to be taken with regard to
the analytical procedures.

6.0 Equipment and Supplies

Same as Section 6.0 of FS 2 with the
following additions.

6.1 Data Recorder Scale.

6.1.1 This specification is the same as
Section 6.1 of PS 2. The CEMS shall be
capable of measuring emission levels

- under normal conditions and under

periods of short-duration peaks of high
concentrations. This dual-range
capability may be met using two
separate analyzers (one for each range)
or by using dual-range units which have
the capability of measuring both levels
with a single unit. In the latter case,
when the reading goes above the full-
scale measurement value of the lower
range, the higher-range operation shall
be started automatically. The CEMS
recorder range must include zero and a
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high-level value. Under applications of
consistent low emissions, a single-range
analyzer is allowed provided normal
and spike emissions can be quantified.
In this case, set an appropriate high-
level value to include all emissions.

6.1.2 For the low-range scale of
dual-range units, the high-level value
shall be between 1.5 times the pollutant
concentration corresponding to the
emission standard level and the span
value. For the high-range scale, the
high-level value shall be set at 2000
ppin, as a minimum, and the range shall
include the level of the span value.
There shall be no concentration gap
between the low-and high-range scales.

7.0 Reoagents and Standards
Same as Section 7.0 of PS 2.

8.0 Sample Collection, Preservation,
Storage, and Transport

8.1 Relative Accuracy Test
Procedure. Sampling Strategy for
reference method (RM) Tests, Number of
RM Tests, and Correlation of RM and
CEMS Data are the same as PS 2,
Sections 8.4.3, 8.4.4, and 8.4.5,
respectively.

8.2 Reference Methods. Unless
otherwise specified in an applicable
subpart of the regulation, Methods 10,
10A, 10B, or other approved alternative
is the RM for this PS. When evaluating
noadispersive infrared CEMS using
Methad 10 as the RM, the alternative
interference trap specified in Section
16.0 of Method 10 shall be used.

8.3 Response Time Test Procedure.
The response time test applies to all
types of CEMS, but will generally have
significance only for extractive systems.

8.3.1 Introduce zero gas into the
analyzer. When the system output has
stabilized {no change greater than 1
percent of full scale for 30 sec),
introduce an upscale calibration gas and
wait for a stable value. Record the time
{upscale response time) required to
reach 95 percent of the final stable
value. Next, reintraduce the zero gas
and wait for a stable reading before
recording the response time (downscale
response time), Repeat the entire
procedure three times and determine
the mean upscale and downscale
response times. The slower or longer of
the two means is the system response
time.

8.4 Interference Check. The CEMS
must be shown to be free from the
effects of any interferences.

9.0 Quality Control. {Reserved)

10.0 Calibration and Standardization.
{Reserved]

11.0 Analytical Procedure

Sample collection and analysis are
concurrent for this performance
specification (see Section 8.0). Refer to
the RM for specific analytical
procedures.

12.0 Calculations and Data Analysis.
Same as Section 12.0 of PS 2

13.0 Method Performance

13.1 Calibration Drift. The CEMS
calibration must not drift or deviate
from the reference value of the
calibration gas, gas cell, or optical filter
by more than 5 percent of the
established span value for 6 out of 7 test
days.

13.2 Relative Accuracy. The RA of
the CEMS must be na greater than 10
percent when the average RM value is
used to calculate RA, 5 percent when
the applicable emission standard is used
to calculate RA, or within 5 ppmv when
the RA is calculated as the absolute
average difference between the RM and
CEMS plus the 2.5 percent confidence
coefficient.

13.3 Response Time. The CEMS
response time shall not exceed 1.5 min
to achieve 95 percent of the final stable
value.

14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]
18.0 Alternative Procedures

18.1 Under conditions where the
average CO emissions are less than 10
percent of the standard and this is
verified by Method 10, a cylinder gas
audit may be performed in place of the
RA test to determine compliance with
these limits. In this case, the cylinder
gas shall contain CO in 12 percent
carbon dioxide as an interference check.
1f this option is exercised, Method 10
rmust be used to verify that emission
levels are less than 10 percent of the
standard,

17.0 Heferences
Same as Section 17 of PS 4.

18.0 Tables, Diagrams, Flowcharts,
and Validation Data

Same as Section 18.0 of BS 2.

Performance Specification 5—
Specifications and Test Procedures for
TRS Continuous Emission Monitoring
Systems in Stationary Sources

1.0 Scope and Application
1.1 Analytes.

CAS No.
NA

Analyte
Total Reduced Suliur (TRS)

1.2 Applicability. This specification
is for evaluating the applicability of TRS
continuous emission monitoring
systems (CEMS] at the time of
installation or soon after and whenever
specified in an applicable subpart of the
regulations. The CEMS may include
oxygen menitors which are subject to
Performance Specification 3 {PS 3).

1.3 The definitions, performance
specification, test procedures,
calculations and data analysis
procedures for determining calibration
drifts (CD) and relative accuracy (RA) of
PS 2. Sections 3.0, 8.0, and 12.0,
respectively, apply to this specification.

2.0 Summary of Performance
Specification

The CD and RA tests are conducted to
determine conformance of the CEMS to
the specification.

3.0 Definitions
Same as in Section 3.0 of PS 2.
4.0 Interferences [Reserved]

5.0 Safety

This performance specification may
involve hazardous materials, operations,
and equipment. This performance
specification may not address all of the
safety problems associated with its use.
It is the responsibility of the user to
establish appropriate safety and health
practices and determine the applicable
regulatory limitations prior to
performing this performance
specification. The CEMS users manual
should be censulted for specific
precautions to be taken with regard to
the analytical procedures.

6.0 Equipment and Supplies
Same as Section 6.0 of PS 2.

7.0 Reagents and Standards
Same as Section 7.0 of PS 2.

8.0 Sample Collection, Preservation,
Storage, and Transport

8.1 Relative Accuracy Test
Procedure. Sampling Strategy for
reference method (RM) Tests, Number of
RM Tests, and Correlation of RM and
CEMS Data are the same as PS 2,
Sections 8.4.3, 8.4.4, and 8.4.5,
respectively.

Note: For Method 16, a sample is made up
of at least three separate injects equally space
over time. For Method 16A, a sample is
collected for at least 1 hour.

8.2 Reference Methods. Unless
otherwise specified in the applicable
subpart of the regulations, Method 16,
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Method 16A, 16B or other approved
alternative is the RM for TRS.

9.0 Quality Control {Reserved]

10.0 Calibration and Standardization
{Reserved]

11.0  Analytical Procedure

Sample collection and analysis are
concurrent for this performance
specification (see Section 8.0). Refer to
the reference method for specific
analytical procedures.

12.0 Calculations and Data Analysis
Same as Section 12.0 of PS 2,
13.0 Method Performance

13.1 Calibration Drift. The CEMS
detector calibration must not drift or
deviate from the reference value of the
calibration gas by more than 5 percent
of the established span value for 6 out
of 7 test days, This corresponds to 1.5
ppm drift for Subpart BB sources where
the span value is 30 ppm. If the CEMS
includes pollutant and diluent
monitors, the CD must be determined
separately for each in terms of
concentrations (see PS 3 for the diluent
specifications).

13.2 Relative Accuracy. The RA of
the CEMS must be no greater than 20
percent when the average RM value is
used to calculate RA or 10 percent when
the applicable emission standard is used
to calculate RA. '

14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]
16.0 Alternative Procedures [Reserved]
17.0 References

1. Department of Commerce. Experimental
Statistics, National Bureau of Standards,
Handbook 91. 1963. Paragraphs 3-3.1.4, p. 3
31.

2. A Guide to the Design, Maintenance and
Qperation of TRS Monitoring Systems.
National Council for Air and Stream
Improvement Technical Bulletin No. 89.
September 1977,

3. Observation of Field Performance of TRS
Monitors on a Kraft Recovery Furnace.
National Council for Air and Stream .
Improvement Technical Bullatin No. 91.
January 1978.

18.0 Tables, Diagrams, Flowcharts,
and Validation Data

Same as Section 18.0 of PS 2.

Performance Specification 6—
Specifications and Test Procedures for
Continuous Emission Rate Monitoring
Systems in Stationary Sources

1.0 Scope and Application

1.1 Applicability. This specification
is used for evaluating the acceptability

of continuous emission rate monitoring
systems (CERMSs).

1.2 The instaliation and
measurement location specifications,
performance specification test
procedure, calculations, and data
analysis procedures, of Performance
Specifications (PS 2), Sections 8.0 and
12, respectively, apply to this
specification.

2.0 Summary of Performance
Specification

The calibration drift (CD) and relative
accuracy (RA) tests are conducted to
determine conformance of the CERMS
to the specification.

3.0 Definitions

The definitions are the same as in
Section 3 of PS 2, except this
specification refers to the continuous
emission rate monitoring system rather
than the continuous emission
monitoring system. The following
definitions are added:

3.1 Continuous Emission Hate
Monitoring System (CERMS). The total
equipment required for the determining
and recording the pollutant mass
emission rate {in terms of mass per unit
of time]).

3.2 Flow Rate Sensor. That portion
of the CERMS that senses the volumetric
flow rate and generates an output
proportional to that flow rate. The fow
rate sensor shall have provisions to
check the CD for each flow rate
parameter that it measures individually
(e.g.. velocity, pressure).

4.0 Interferences [Reserved]
5.0 Safety

This performance specification may
involve hazardous materials, operations,
and equipment. This performance
specification may not address all of the
safety problems associated with its use.
It is the responsibility of the user to
establish appropriate safety and health
practices and determine the applicable
regulatory limitations prior to
performing this performance
specification. The CERMS users manual
should be consulted for specific
precautions to be taken with regard to
the analytical procedures.

6.0 Equipment and Supplies
Same as Section 6.0 of PS 2.

7.0 Reagents and Standards

Same as Section 7.0 of PS 2.
8.0 Sample Collection, Preservation,
Storage, and Transport

8.1 Calibration Drift Test Procedure.
B8.1.1 The CD measurements are to
verify the ability of the CERMS to

conform to the established CERMS
calibrations used for determining the
emission rate. Therefore, if periodic
automatic or manual adjustments are
made to the CERMS zero and calibration
settings, conduct the CD tests
immediately before these adjustments,
or conduct them in such a way that CD
can be determined.

8.1.2 Conduct the CD tests for
pollutant concentration at the two
values specified in Section 6.1.2 of PS
2. For other parameters that are
selectively measured by the CERMS
(e.g.. velocity, pressure, flow rate), use
two analogous values (e.g., Law: 0-20%
of full scale, High: 50-100% of full
scale). Introduce to the CERMS the
reference signals (these need not be
certified). Record the CERMS response
to each and subtract this value from the
respective reference value (see example
data sheet in Figure 6-1).

8.2 Relative Accuracy Test
Procedure.

8.2,1 Sampling Strategy for reference
method (RM) Tests, Correfation of RM
and CERMS Data, and Number of RM
Tests are the same as PS 2, Sections
8.4.3, 8.4.5, and 8.4.4, respectivaly.
Summariza the results on a data sheet.
An example is shown in Figure 6-1. The
RA test may be conducted during the
CD test period.

8.2.2 Reference Methods. Unless
otherwise specified in the applicable
subpart of the regulations, the RM for
the pollutant gas is the Appendix A
method that is cited for compliance test
purposes, or its approved alternatives.
Methods 2, 2A, 2B, 2C, or 2D, as
applicable, are the RMs for the
determination of volumetric flow rate.

9.0 Quality Control [Reserved]

10.6 Calibration and Standardization
[Reserved]

11.0 Analytical Procedure
Same as Section 11.0 of PS 2.

12.0 Caleulations and Data Analysis
Same as Section 12.0 of PS 2.

13.0 Method Performance

13.1 Calibration Drift. Since the
CERMS includes analyzers for several
measurements, the CD shall be
determined separately for each analyzer
in terms of its specific measurement.
The calibration for each analyzer
associated with the measurement of
flow rate shall not drift or deviate from
each reference value of flow rate by
more than 3 percent of the respective
high-level value. The CD specification
for each analyzer for which other PSs
have been established {e.g., PS 2 for SOz
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and NOx), shall be the same as in the
applicable PS,

13.2 CERMS Relative Accuracy. The
RA of the CERMS shall be no greater
than 20 percent of the mean value of the
RM's test data in terms of the units of
the emission standard, or 10 percent of
the applicable standard, whichever is
greater,

14.0 Pollution Prevention [Reserved]
15.0 Waste Management {Reserved]
16.0 Alternative Procedures

Same as in Section 16.0 of PS 2.
17.0 References

1. Brooks, E.F., E.C. Beder, C.A. Flegal, D.J.
Luciani, and R. Williams. Continuous

Measurement of Total Gas Flow Rate from
Stationary Sources. U.5. Environmental
Protection Agency. Research Triangle Park,
North Carolina. Publication No. EPA-650/2—
75--020. February 1975. 248 p.

18.0 Tables, Diagrams, Flowcharts,
and Validaetion Data

Run No. Date and time

Emission rate (kg/hr)«

CERMS RMs

Ditference
(RMs-CERMS)

k.

Dl i~ WM

aThe RMs and CERMS data as corrected to a consistent basis (i.e., moisture, temperature, and pressure conditions).

Performance Specification 7—
Specifications and Test Procedures for
Hydrogen Sulfide Continuous Emission
Monitoring Systems in Stationary
Sources

1.0 Scope and Application
1.1 Analytes.

Analyte CAS No.

Hydrogen Sulfide 7783-06-4

1.2 Applicability.

1.2.1 This specification is to be used
for evaluating the acceptability of
hydrogen sulfide (H,S) continuous
emission monitoring systems (CEMS) at
the time of or soon after installation and
whenever specified in an applicable
subpart of the regulaticns.

1.2.2 This specification is not
designed to evaluate the installed CEMS
performance over an extended period of
time nor does it identify specific
calibration techniques and other
auxiliary pracedures to assess CEMS
performance. The source cwner or
operator, however, is responsible to
calibrate, maintain, and operate the
CEMS. To evaluate CEMS performance,
the Administrator may require, under
Section 114 of the Act, the source owner
ar operator to conduct CEMS
performance evaluations at other times

Figure 6—1.—Emission Rate Determinations

besides the initial test. See Section
60.13(c).

2.0 Summary

Calibration drift (CD) and relative
accuracy (RA) tests are conducted to
determine that the CEMS conforms to
the specification.

2.0 Definitions

Same as Section 3.0 of PS 2.
4.0 Interferences. {Heserved]
5.0 Safety

The procedures required under this
performance specification may involve
hazardous materials, operations, and
equipment. This performance
specification may not address all of the
safety problems associated with these
procedures, It is the responsibility of the
user to establish appropriate safety
problems associated with these
procedures. It is the responsibility of the
user to establish appropriate safety and
health practices and determine the
application regulatory limitations prior
to performing these procedures, The
CEMS user’s manual and materials
recommended by the reference method
should be consulted for specific
precautions to be taken.

6.0 Equipment and Supplies

8.1 Instrument Zero and Span. This
specification is the same as Section 6.1
of PS 2.

6.2 Calibration Drift. The CEMS
calibration must not drift or deviate
from the reference value of the
calibration gas or reference source by
more than 5 percent of the established
span value for 6 out of 7 test days (e.g.,
the established span value is 300 ppm
for Subpart j fuel gas combustion
devices).

6.3 Relative Accuracy. The RA of the
CEMS must be no greater than 20
percent when the average reference
method (RM) value is used to calculate
RA or 10 percent when the applicable
emission standard is used to calculate
RA.

7.0 Reagents and Standards
Same as Section 7.0 of PS 2.

8.0 Sample Collection, Preservation,
Storage, and Transport.

8.1 Installation and Measurement
Loecation Specification. Same as Section
8.1 0fPS 2.

8.2 Pretest Preparation. Same as
Section 8.2 of PS 2.

8.3 Calibration Drift Test Procedure.
Same as Section 8.3 of PS 2.

8.4 Relative Accuracy Test
Procedure.
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8.4.1 Sampling Strategy for RM
Tests, Correlation of RM and CEMS
Data, and Number of RM Tests. These
are the same as that in PS 2, Sections
8.4.3, 8.4.5, and 8.4.4, respectively.

8.4.2 Reference Methods. Unless
otherwise specified in an applicable
subpart of the regulation, Method 11 is
the RM for this PS.

8.5 Reporting. Same as Section 8.5
of PS 2,

9.0 Quality Control. [Reserved]

10.0 Calibration and Standardizations.

{Reserved]

11.0  Analytical Procedures

Sample Collection and analysis are
concurrent for this PS (see Section 8.0).
Refer to the RM for specific analytical
procedures.

12.0 Data Analysis and Calculations
Same as Section 12.0 of PS 2.

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

1. U.S. Environmental Protection Agency.
Standards of Performance for New Stationary
Sources: Appendix B; Performance
Specifications 2 and 3 for $0,, NOx, COs,
and O Continuous Emission Monitoring
Systems; Final Rule. 48 CFR 23608.
Washington, D.C. U.S. Government Printing
Office. May 25, 1983.

2. U.8. Government Printing Office.
Gaseous Continuous Emission Monitoring
Systems—Performance Specification
Guidelines for $0;, NOx, CO,, Oz, and TRS.
U.5. Environmental Protection Agency.
Washington, D.C. EPA-450/3-82-026.
Octaber 1982. 26 p.

3. Maines, G.D., W.C. Kelly (Scott
Environmental Technology, Inc.), and J.B.
Homolya, Evaluation of Monitors for
Measuring H»S in Refinery Gas. Prepared for
the U1.S. Environmental Protection Agency.
Research Triangle Park, N.C. Contract Ne.
68-02-2707. 1978. 60 p.

4. Ferguson, B.B., R.E. Lester (Harmon
Engineering and Testing), and W.J. Mitchell.
Field Evaluation of Carbon Monoxide and
Hydrogen Sulfide Continuous Emission
Monitors at an Oil Refinery. Prepared for the
U.S. Environmental Protection Agsncy.
Research Triangle Park, N.C. Publication No.
EPA-600/4-82-054. August 1982. 100 p.

17.0 Tables, Diagrams, Flowcharts,
and Validation Data

Same as Section 18.0 of PS 2.

Performance Specification 8
Performance Specifications for Volatile
Organic Compound Continuous
Emission Monitoring Systems in
Stationary Sources

1.0 Scope and Application

1.1 Analytes. Volatile Organic
Compounds (VOCs).

1.2 A%licabilitp

1.2.1 is specilication is to be used
for evaluating a continuous emission
monitoring system {CEMS) that
measures a mixture of VOC's and
generates a single combined response
value. The VOC detection principle may
be flame ionization (FI), photoionization
(P1), non-dispersive infrared absorption
(NDIR), or any other detection principle
that is appropriate for the VOC species
present in the emission gases and that
meets this performance specification.
The performance specification includes
procedures to evaluate the acceptability
of the CEMS at the time of or soon after
its installation and whenever specified
in emission regulations or permits. This
specification is not designed to evaluate
the installed CEMS performance over an
extended period of time, nor does it
identify specific calibration techniques
and other auxiliary procedures to assess
the CEMS performance. The source
owner or operator, however, is
responsible to calibrate, maintain, and
operate the CEMS properly. To evaluate
the CEMS performance, the
Administrator may require, under
Section 114 of the Act, the operator to
conduct CEMS performance evaluations
in addition to the initial test. See
Section 60.13(c).

1.2.2 In most emission
circumstances, most VOC monitors can
provide only a relative measure of the
total mass or volume concentration of a
mixture of organic gases, rather than an
accurate quantification. This problem is
removed when an emission standard is
based on a total VOC measurement as
obtained with a particular detection
principle. In those situations whers a
true mass or volume VOC concentration
is needed, the problem can be mitigated
by using the VOC CEMS as a relative
indicator of total VOC concentration if
statistical analysis indicates that a
sufficient margin of compliance exists
for this approach to be acceptable.
Otherwise, consideration can be given
to calibrating the CEMS with a mixture
of the same VOC's in the same
proportions as they actually occur in the
measured source. In those
circumstances where only one crganic
species is present in the source, or
where equal incremental amounts of
each of the organic species present
generats equal CEMS responses, the
latter choice can be more easily
achieved.

2.0 Summary of Performance
Specification

2.1 Calibration drift and relative
accuracy tests are conducted to
determine adherence of the CEMS with
specifications given for those items. The
performance specifications include

‘criteria for installation and

measurement location, equipment and
performance, and procedures for testing
and data reduction.

3.0 Definitions.
Same as Section 3.0 of PS 2.

4.0 Interferences. [Reserved]
5.0 Safety

The procedures required under this
performance specification may involve
hazardous materials, operaticns, and
equipment. This performance
specification may not address all of the
safety problems associated with these
procedures. It is the responsibility of the
user to establish appropriate safety
problems associated with these
procedures. It is the responsibility of the
user to establish appropriate safety and
health practices and determine the
application regulatory limitations prior
to performing these procedures. The
CEMS user’'s manual and materials
recemmended by the reference method
shoutd be consulted for specific
precautions to be taken.

6.0 Equipment and Supplies

6.1 VOC CEMS Selection. When
possible, select a VOC CEMS with the
detection principle of the reference
method specified in the regulation or
permit (usually either FI, NDIR, or PIJ.
Otherwise, use knowledge of the source
process chemistry, previous emission
studies, or gas chromatographic analysis
of the source gas to select an appropriate
VOC CEMS. Exercise extreme caution in
choosing and installing any CEMS in an
area with explosive hazard potential.

6.2 Data Recorder Scale. Same as
Section 6.1 of PS 2.

7.0 Reagents and Standards.
[Reserved]

8.0 Sample Collection, Preservation,
Storage, and Transport

8.1 Installation and Measurement
Location Specifications. Same as
Section 8.1 of PS 2.

8.2 Pretest Preparation. Same as
Section 8.2 of PS 2.

8.3 Reference Method (RM). Use the
methaod specified in the applicable
regulation or permit, or any approved
alternative, as the RM.

8.4 Sampling Strategy for RM Tests,
Correlation of RM and CEMS Data, and
Number of RM Tests. Follow PS 2,
Sections 8.4.3, 8.4.5, and 8.4.4,
respectively.

8.5 Reporting. Same as Section 8.5
of PS 2.
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8.0 Quality Control. [Reserved]

10.0 Culibration and Standardization.
[Reserved]

11.0 Analytical Procedure

Sample collection and analysis are
concurrent for this PS (see Section 8.0).
Refer to the RM for specific analytical
procedures.

12.0 Calculations and Data Analysis
Same as Section 12.0 of PS 2.
13.0 Method Performance

13.1 Calibration Drift. The CEMS
calibration must not drift by more than
2.5 percent of the span value.

13.2 CEMS Relative Accuracy.
Unless stated otherwise in the
regulation or permit, the RA of the
CEMS must not be greater than 20
percent of the mean value of the RM test
data in terms of the units of the
emission standard, or 10 percent of the
applicable standard, whichever is
greater.

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

Same as Section 17.0 of PS 2.

17.0 Tables, Diagrams, Flowcharts,
and Validation Data. {Reserved]

Performance Specification 9—
Specifications and Test Procedures for
Gas Chromatographic Continuous
Emission Monitoring Systems in
Stationary Sources

1.0 Scope and Application

1.1 Applicability. These
requirements apply to continuous
emission monitoring systems (CEMSs)
that use gas chromatography (GC) to
measure gaseous organic compound
emissions. The requirements include
procedures intended to evaluate the
acceptability of the CEMS at the time of
its installation and whenever specified
in regulations or permits. Quality
assurance procedures for calibrating,
maintaining, and operating the CEMS
properly at all times are also given in
this procedure.

2.0 Summary of Performance
Specification

2.1 Calibration precision, calibration
error, and performance audit tests are
conducted to determine conformance of
the CEMS with these specifications.
Daily calibration and maintenance
requirements are also specified.

3.0 Definitions

3.1 Gas Chromatograph (GC). That
portion of the system that separates and

detects organic analytes and generates
an output proportional to the gas
concentration, The GC must be
temperature controlled.

Note: The term temperature controlled
refers to the ability to maintain a certain
temperature around the column.
Temperature-programmable GC is not
required for this performance specification,
as long as all other requirements for
precision, linearity and accuracy listed in
this performance specification are met. It
should be noted that temperature
programming a GC will speed up peak
elution, thus allowing increased sampling
frequency.

3.1.1 Column. Analytical column
capable of separating the analytes of
interest.

3.1.2 Detector. A detection system
capable of detecting and quantifying all
analytes of interest.

3.1.3 Integrator. That portion of the
system that quantifies the area under a
particular sample peak generated by the
GC.

3.1.4 Data Recorder. A strip chart
recorder, computer, or digital recorder
capable of recording all readings within
the instrument’s calibration rangs.

3.2 Calibration Precision. The error
between triplicate injections of each
calibration standard.

4.0 Interferences [Reserved]

5.0 Safety

The procedures required under this
performance specification may involve
hazardous materials, operations, and
equipment. This performance
specification does not purport to
address all of the safety problems
associated with these procedures. Itis
the responsibility of the user to establish
appropriate safety problems associated
with these procedures. It is the
responsibility of the user to establish
appropriate safety and health practices
and determine the application
regulatory limitations prior to
performing these procedures. The CEMS
user’s manual and materials
recommended by the reference method
should be consulted for specific
precautions to be taken.

6.0 Egquipment and Supplies

6.1 Presurvey Sample Analysis and
GC Selection. Determine the pollutants
to be monitored from the applicable
regulation or permit and determine the
approximate concentration of each
pollutant (this information can be based
on past compliance test results). Select
an appropriate GC configuration to
measure the organic compounds. The
GC components should include a heated
sample injection loop {or other sample
introduction systems), separatory

celumn, temperature-controlled oven,
and detector. If the source chooses dual
column and/or dual detector
configurations, each column/detector is
considered a separate instrument for the
purpose of this performance
specification and thus the procedures in
this performance specification shall be
carried out on each system. If this
method is applied in highly explosive
areas, caution should be exercised in
selecting the equipment and method of
installation.

6.2 Sampling System. The sampling
system shall be heat traced and
maintained at a minimum of 120 °C
with no cold spots. All system
components shall be heated, including
the prabe, calibration valve, sample
lines, sampling loop (or sample
introduction system), GC oven, and the
detector block (when appropriate for the
type of detector being utilized, e.g.,
flame ionization detector).

7.0 Reagents and Standards

7.1 Calibration Gases. Obtain three
concentrations of calibration gases
certified by the manufacturer to be
accurate to within 2 percent of the value
on the label. A gas dilution system may
be used to prepare the calibration gases
from a high concentration certified
standard if the gas dilution system
meets the requirements specified in Test
Method 208, 40 CFR Part 51, Appendix
M. The performance test specified in
Test Method 205 shall be repeated
quarterly, and the results of the Method
205 test shall be included in the report.
The calibration gas concentration of
each target analyte shall be as follows
(measured concentration is based on the
presurvey concentration determined in
Section 6.1}.

Note: If the low level calibration gas
concentration falls at or below the limit of
detection for the instrument for any target
pollutant, a calibration gas with a
concentration at 4 to 5 times the limit of
detection for the instrument may be
substituted for the low-level calibration gas
listed in Section 7.1.1.

7.1.1 Low-level. 40-60 percent of
measured concentration.

7.1.2 Mid-level. 90110 percent of
measured concentration.

7.1.3 High-level. 140-160 percent of
measured concentration, or select
highest expected concentration.

7.2 Performance Audit Gas. A
certified EPA audit gas shall be used,
when possible. A gas mixture
containing all the target compounds
within the calibration range and
certified by EPA’s Traceability Protocol
for Assay and Certification of Gaseous
Calibration Standards may be used
when EPA performance audit materials
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are rot available. The insttument
relative error shall be £ 10 percent of the
certified value of the audit gas.

8.0 Sumple Collection, Preservation,
Storage, and Transport

8.1 Installation and Measurement
Location Specifications. Install the
CEMs in a location where the
measurements are representative of the
source emissions. Consider other
factors, such as ease of access for
calibration and maintenance purposes.
The location should not be close to air
in-leakages. The sampling location
should be at least two equivalent duct
diameters downstream from the nearest
control device, point of pollutant
generation, or other point at which a
change in the pollutant concentration or
emission rate accurs. The location
should be at least 0.5 diameter upstream
from the exhaust or control device. To
calculate equivalent duct diameter, see
Section 12.2 of Method 1 (40 CFR Part
60, Appendix A). Sampling locations
not conforming to the requirements in
this section may be used if necessary
upon approval of the Administrator.

8.2 Pretest Preparation Period. Using
the procedures described in Method 18
{40 CFR Part 60, Appendix A), perform
initial tests to determine GC conditions
that provide good resolution and
minimum analysis time for compounds
of interest. Resolution interferences that
may occur can be eliminated by
apprapriate GC column and detector
choice or by shifting the retention times
through changes in the column flow rate
and the use of temperature
programming.

8.3 7-Day Calibration Error (CE) Test
Period. At the beginning of each 24-hour
period, set the initial instrament
setpoints by conducting a multi-point
calibration for each compound. The

Ifz—

multi-point calibration shall meet the
requirements in Section 13.3.
Throughout the 24-hour period, sample
and analyze the stack gas at the
sampling intervals prescribed in the
regulation or permit. At the end of the
24 hour peried, inject the three
calibration gases for each compound in
triplicate and determine the average
instrument response. Determine the CE
for each pollutant at each level using the
equation in Section 9-2.

Each CE shall be < 10 percent. Repeat
this procedure six more times for a total
of 7 consecutive days.

8.4 Performance Audit Test Periods.
Conduct the performance audit once
during the initial 7-day CE test and
quarterty thereafter, Sample and analyze
the EPA audit gas{es) (or the gas mixture
prepared by EPA’s traceability protocol
if an EPA audit gas is not available}
three times. Calculate the average
instrument response. Report the audit
results as part of the reporting
requirements in the appropriate
regulation or permit {if using a gas
mixture, report the certified cylinder
concentration of each pollutant).

8.5 Reporting. Follow the reporting
requirements of the applicable
regulation or permit. If the reporting
requiretnents include the results of this
performance specification, summarize
in tabular form the results of the CE
tests. Include all data sheets,
calculations, CEMS data records,
performance audit results, and
calibration gas concentrations and
certifications.

9.0 Quality Control {Reserved}
10.0 Calibration and Standardization

10.1 Initial Multi-Point Calibration.
After initial startup of the GC, after
routine maintenance or repair, or at
least once per month, conduct a multi-

nzxiYi“(zxi)(Z)’i)
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12.3 Calibration Error Determination. Determine the percent calibration error (CE) at each concentration for each

pollutant using the following equation.

% x 100  Egq. 9-2

12.4 Sampling System Time
Constant [T).

&

13.0 Method Performance

13.1 Calibration Error (CE). The
CEMS must allow the determination of
CE at all three calibration levels. The

average CEMS calibration response must

not differ by more than 10 percent of
calibration gas value at each level after
each 24-hour period of the initial test.
13.2 Calibration Precision and
Linearity. For each triplicate injection at
each concentration level for each target

point calibration of the GC for each
target analyte. The multi-point
calibration for each analyte shall meet
the requirements in Section 13.3.

10.2 Daily Calibration. Once every
24 hours, analyze the mid-level
calibration standard fer each analyte in
triplicate. Calculate the average
instrument response for each analyte.
The average instrument response shall
not vary more than 10 percent from the
certified concentration value of the
cylinder for each analyte. If the
difference between the analyzer
response and the cylinder concentration
for any target compound is greater than
10 percent, immediately inspect the
instrument making any necessary
adjustments, and conduct an initial
maulti-point calibration as described in
Section 10.1.

11.0 Analytical Procedure. Sample
Collection and Analysis Are Concurrent
for This Performance Specification (See
Section 8.0)

12.0 Calculations and Data Analysis

12.1 Nomenclature.

Cm = average instrument response, ppm.

C. = cylinder gas value, ppm.

F = Flow rate of stack gas through
sampling system, in Liters/min.

n = Number of measurement points.

2 = Coefficient of determination.

V = Sample system volume, in Liters,
which is the volume inside the
sample probe and tubing leading
from the stack to the sampling loop.

x = CEMS response.

y = Actual value of calibration standard,

12.2 Coefficient of Determination.

Calculate 12 using linear regression

analysis and the average concentrations

obtained at three calibration points as

shown in Equation 9-1.

Eq. 9-1

analyte, any one injection shall not
deviate more than 5 percent from the
average concentration measured at that
level. The linear regression curve for
each organic compound at all three
levels shall have an r2 20.995 (using
Equation 9-1}.

13.3 Measurement Frequency. The
sample ta be analyzed shall flow
continuously through the sampling
system. The sampling system time
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constant shall be <5 minutes or the
sampling frequency specified in the
applicable regulation, whichever is less.
Use Equation 9-3 to determine T. The
analytical system shall be capable of
measuring the effluent stream at the
frequency specified in the appropriate
regulation or permit.

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

17.0 Tables, Diagrams, Flowcharts,
and Validation Data [Reserved]

218. In Part 60, Appendix B is
amended by adding Performance
Specification 15 as follows:

Appendix B—Performance
Specifications

* * * * *

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 measuring
all hazardous air pollutants (HAPs)
which absorb in the infrared region and
can be quantified using Fourier :
Transform Infrared Spectroscopy (FTIR},
as long as the performance criteria of
. this performance specification are met.
This specification is to be used for
evaluating FTIR continucus emission
monitoring systems for measuring HAPs
regulated under Title III of the 1990
Clean Air Act Amendments. This
specification also applies to the use of
FTIR CEMSs for measuring other volatile
organic or inorganic species.

1.2 Applicability. A source which
can demonstrate that the extractive FTIR
system meets the criteria of this
performance specification for each
regulated pollutant may use the FTIR
system to continuously monitor for the
regulated pollutants.

2.0 Summary of Performance
Specification

For compound-specific sampling
requirements refer to FTIR sampling
methods (e.g., reference 1). For data
reduction pracedures and requirements
refer to the EPA FTIR Protocol
(reference 2), hereafter referred to as the
“FTIR Protocol.” This specification
describes sampling and analytical
procedures for quality assurance. The
infrared spectrum of any absorbing
compound pravides a distinct signature.
The infrared spectrum of a mixture
contains the superimposed spectra of
each mixture component, Thus, an FTIR

. CEM provides the capability te

continucusly measure multiple
components in a sample using a single
analyzer. The number of compounds
that can be speciated in a single
spectrum depends, in practice, on the
specific compounds present and the test
conditions.

3.0 Definitions

Far a list of definitions related to FTIR
spectroscopy refer to Appendix A of the
FTIR Protocol. Unless otherwise
specified, spectroscopic terms, symbols
and equations in this performance
specification are taken from the FTIR
Protocol or from documents cited in the
Protocol. Additional definitions are
given below.

3.1 FTIR Continuous Emission
Monitoring System (FTIR CEM}.

3.1.1 FTIR System. Instrument to
measure spectra in the mid-infrared
spectral region (500 to 4000 cm™1), It
contains an infrared source,
interferometer, sample gas containment
cell, infrared detector, and computer.
The interferometer consists of a beam
splitter that divides the beam into two
paths, one path a fixed distance and the
other a variable distance. The computer
ts equipped with software to run the
interferometer and store the raw
digitized signal from the detector
(interferogram). The software performs
the mathematical conversion (the
Fourier transform) of the interferogram
into a spectrum showing the frequency
dependent sample absorbance. All
spectral data can be stored on computer
media.

3.1.2 Gas Cell. A gas containment
cell that can be evacuated. It contains
the sample as the infrared beam passes
from the interferometer, through the
sample, and to the detector. The gas cell
may have multi-pass mirrors depending
on the required detection limit(s) for the
application.

3.1.3 Sampling System. Equipment
used to extract sample from the test
location and transport the gas to the
FTIR analyzer. Sampling system
components include probe, heated line,
heated non-reactive pump, gas
distribution manifold and valves, flow
measurement devices and any sample
conditioning systems.

3.2 Reference CEM. An FTIR CEM,
with sampling system, that can be used
for comparison measurernents.

3.3 Infrared Band (also Absorbance
Band or Band]. Collection of lines
arising from rotational transitions
superimposed on a vibrational
transition. An infrared absorbance band
is analyzed to determine the analyte
concentration.

3.4 Sample Analysis. Interpreting
infrared band shapes, frequencies, and
intensities to obtain sample component
concentrations. This is usually
performed by a software routine using a
classical least squares (cls), partial least
squares (pls), or K- or P- matrix method.

3.5 (Target] Analyte. A compound
whose measurement is required, usually
to some established limit of detection
and analytical uncertainty.

3.6 Interferant. A compound in the
sample matrix whose infrared spectrum
overlaps at least part of an analyte
spectrum complicating the analyte
measurement. The interferant may not
prevent the analyte measurement, but
could increase the analytical
uncertainty in the measured
concentration. Reference spectra of
interferants are used to distinguish the
interferant bands from the analyte
bands. An interferant for one analyte
may hot be an interferant for other
analytes.

3.7 Reference Spectrum. Infrared
spectra of an analyte, or interferant,
prepared under controlled, documented,
and reproducible laboratory conditions
{see Section 4.6 of the FTIR Protocol). A
suitable library of reference spectra can
be used to measure target analytes in gas
samples.

3.8 Calibration Spectrum. Infrared
spectrum of a compound suitable for
characterizing the FTIR instrument
configuration (Section 4.5:in the FTIR
Protacol).

3.9 One hundred percent line. A
double beam transmittance spectrum
obtained by combining two successive
background single beam spectra. Ideally,
this line is equal to 100 percent
transmittance (or zero abscrbance) at
every point in the spectrum. The zero
absorbance line is used to measure the
RMS noise of the system.

3.10 Background Deviation. Any
deviation (from 100 percent) in the one
hundred percent line (or from zero
absorbance). Deviations greater than * 5
percent in any analytical region are
unacceptable. Such deviations indicate
a change in the instrument throughput
relative to the single-beam background.

3.11 Batch Sampling. A gas cell is
alternately filled and evacuated. A
Spectrum of each filled cell (one
discreet sample) is collected and saved.

3.12 Continuous Sampling. Sample
is continugusly flowing through a gas
cell. Spectra of the flowing sample are
collected at regular intervals.

3.13 Continuous Operation. In
continuaus operation an FTIR CEM
system, without user intervention,
samples flue gas, records spectra of
samples, saves the spectra to a disk,
analyzes the spectra for the target
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analytes, and prints concentrations of
target analytes to a computer file. User
intervention is permitted for initial set-
up of sampling system, initial
calibraticns, and periodic maintenance.

3.14 Sampling Time. In batch
sampling—the time required to fill the
cell with flue gas. In continuous
sampling—the time required to collect
the infrared spectrum of the sample gas.

3.15 FPPM-Meters. Sample
concentration expressed as the
concentration-path length product, ppm
{molar) concentrationi multiplied by the
path length of the FTIR gas cell.
Expressing concentration in these units
provides a way to directly compare
measurements made using systems with
different optical configurations. Anather
useful expression is (ppm-meters)/K,
where K is the absclute temperature of
the sample in the gas cell.

3.16 CEM Measurement Time
Constant. The Time Constant {TC,
minutes for one cell volume to flow
through the cell) determines the
minimum interval for complete removal
of an analyte from the FTIR cell. It
depends on the sampling rate (R, in
Lpm), the FTIR cell volume (Ve in L)
and the chemical and physical
properties of an analyte.

TC = Neaw
RS

For example, if the sample flow rate
(through the FTIR cell) is 5 Lpm and the
cell volume is 7 liters, then TC is equal
to 1.4 minutes (0.71 cell volumes per
minute). This performance specification
defines 5 * TC as the minimurm interval
between independent samples.

3.17 Independent Measurement.
Two independent measurements are
spectra of two independent samples.
Two independent samples are separated
by, at least & cell volumes, The interval
between independent measurements
depends on the cell volume and the
sample flow rate (through the cell).
There is no mixing of gas between two
independent samples. Alternatively,
estimate the analyte residence time
empirically: (1) Fill cell 10 ambient
pressure with a (known analyte
concentration} gas standard, (2] measure
the spectrum of the gas standard, (3)
purge the cell with zero gas at the
sampling rate and collect a spectrum
every minute until the analyte standard
is no longer detected spectroscopically.
If the measured time corresponds to less
than 5 cell volumes, use 5 * TC as the
minimum interval between independent
measurements. If the measured time is
greater than 5 * TC, then use this time
as the minimum interval between
independent measurements.

Eg. 1

3.18 Test Condition. A period of
sampling where all process, and
sampling conditions, and emissions
remain constant and during which a
single sampling technique and a single
analytical program are used. One Run
may include results for more than one
test condition. Constant emissions
means that the composition of the
emissions remains approximately stable
so that a single analytical program is
suitable for analyzing all of the sample
spectra, A greater than two-fold change
in analyte or interferant concentrations
or the appearance of additional
compounds in the emissions, may
constitute a new test condition and may
require madification of the analytical
program.

3.19 Run. A single Run consists of
spectra (one spectrum each}) of at least
10 independent samples over a
minimum of one hour. The
concentration results from the spectra
can be averaged together to give a run
average for each analyte measured in the
test run.

4.0 Interferences

Several compounds, including water,
carbon monoxide, and carbon dioxide,
are known interferences in the infrared
region in which the FTIR instrument
operates. Follow the procedures in the
FTIR protocol for subtracting or
otherwise dealing with these and other
interferences.

5.0 Safety

The procedures required under this
performance specification may involve
hazardous materials, operations, and
equipment. This performance
specification may not address all of the
safety problems associated with these
procedures. It is the responsibility of the
user to establish appropriate safety and
health practices and determine the
applicable regulatory limitations prior
to performing these procedures. The
CEMS users manual and materials
recommended by this performance
specification should be consulted for
specific precautions to be taken.

6.0 Equipment and Supplies

6.1 Installation of sampling
equipment should follow requirements
of FTIR test Methods such as references
1 and 3 and the EPA FTIR Protocol
{reference 2). Select test points where
the gas stream composition is
representative of the process emissions.
If comparing to a reference method, the
probe tips for the FTIR CEM and the RM
should be positioned close together
using the same sample port if lEossible.

6.2 FTIR Specifications. The FTIR
CEM must be equipped with reference

spectra bracketing the range of path
length-concentrations (absorbance
intensities) to be measured for each
analyte. The effective concentration
range of the analyzer can be adjusted by
changing the path length of the gas cell
or by diluting the sample. The optical
configuration of the FTIR system must
be such that maximum absorbance of
any target analyte is no greater than 1.0
and the minimum absorbance of any
target analyte is at least 10 times the
RMSD noise in the analytical region. For
example, if the measured RMSD in an
analytical region is equal to 103, then
the peak analyte absorbance is required
to be at least 0.01. Adequate
measurement of all of the target analytes
may require changing path lengths
during a run, conducting separate runs
for different analytes, diluting the
sample, or using more than cne gas cell.

6.3 Data Storage Requirements. The
system must have sufficient capacity to
store all data collected in one week of
routine sampling. Data must be stored to
a write-protected medium, such as
write-once-read-many (WORM) optical
storage medium or to a password
protected remote storage location. A
back-up copy of all data can be
temporarily saved to the computer hard
drive. The following items must be
stored during testing.

» At least one sample interferogram
per sampling Run or one interferogram
per hour, whichever is greater. This
assumes that no sampling or analytical
conditions have changed during the run.

» All sample absorbance spectra
{(about 12 per hr, 288 per day}.

+ All background spectra and
interferograms {variable, but about 5 per
day}.

3( )All CTS spectra and interferograms
(at least 2 each 24 hour period).

» Documentation showing a record of
resolution, path length, apodization,
sampling time, sampling conditions,
and test conditions for all sample, CTS,
calibration, and background spectra.

Using a resolution of 0.5 ¢cm ~}, with
analytical range of 3500 cin—!, assuming
about 65 Kbytes per spectrum and 130
Kb per interferogram, the storage
requirement is about 164 Mb for one
week of continuous sampling. Lower
spectral resolution requires less storage
capacity. All of the above data must be
stored for at least two weeks. After two
weeks, storage requirements include: (1)
all analytical results (calculated
concentrations), (2) at least 1 sample
spectrum with correspanding
background and sampie interferograms
for each test condition, (3) CTS and
calibration spectra with at least one
interferogram for CTS and all
interferograms for calibrations, (4) a
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record of analytical input used to
produce results, and (5) all other
documentation. These data must be
stored according to the requirements of
the applicable regulation.

7.0 Reagents and Standards [Reserved]

8.0 Sample Collection, Preservation,
Starage, and Transport {Reserved]

9.0 Quality Control

These procedures shall be used for
pericdic guarterly or semiannual QA/
QC checks on the operation of the FTIR
CEM. Some procedures test only the
analytical program and are not intended
as a test of the sampling system.

9.1 Audit Sample. This can serve as
a check on both the sampling system
and the analytical program.

8.1.1 Sample Requirements. The
audit sample can be a mixture or a
single component. It must contain target
analyte(s) at approximately the expected
flue gas concentration(s). If possible,
each mixture component concentration
should be NIST traceable (+ 2 percent
accuracy). If a cylinder mixture
standard(s} cannot be obtained, then,
alternatively, a gas phase standard can
be generated from a condensed phase
analyte sample. Audit sample contents
and concentrations are not revealed to
the FTIR CEM operator until after
successful completion of procedures in
5.3.2.

9.1.2 Test Procedure. An audit
sample is obtained from the
Administrator. Spike the audit sample
using the analyte spike procedure in
Section 11. The audit sample is
measured directly by the FTIR system
(undiluted) and then spiked into the
effluent at a known dilution ratio.
Measure a series of spiked and unspiked
samples using the same procedures as
those used to analyze the stack gas.
Analyze the results using Sections 12.1
and 12.2, The measured concentration
of each analyte must be within + 5
percent of the expected concentration
(plus the uncertainty), i.e., the
calculated correction factor must be
within 0.83 and 1.07 for an audit with
an analyte uncertainty of + 2 percent.

9.2 Audit Spectra. Audit spectra can
be used to test the analytical program of
the FTIR CEM, but provide no test of the
sampling system.

9.2.1 Definition and Requirements.
Audit spectra are absorbance spectra
that; (1) have been well characterized,
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
administrator without identifying
information. Methods of preparing

Audit spectra include; (1)
mathematically adding sample spectra
or adding reference and interferant
spectra, (2) obtaining sample spectra of
mixtures prepared in the laboratory, or
(3) they may be sample spectra collected
previously at a similar source. In the last
case it must be demonstrated that the
analytical results are correct and

- reproducible. A record associated with

each Audit spectrum documents its
method of preparation. The
documentation must be sufficient to
enable an independent analyst to
reproduce the Audit spectra.

9.2.2 Test Procedure. Audit spectra
concentrations are measured using the
FTIR CEM analytical program.
Analytical results must be within 5
percent of the certified audit
concentration for each analyte (plus the
uncertainty in the audit concentration).
If the condition is not met, demonstrate
how the audit spectra are
unrepresentative of the sample spectra.
If the audit spectra are representative,
modify the FTIR CEM analytical
program until the test requirement is
met, Use the new analytical program in
subsequent FTIR CEM analyses of
effluent samples.

9.3 Submit Spectra For Independent
Analysis. This procedure tests only the
analytical program and not the FTIR
CEM sampling system. The analyst can
submit FTIR CEM spectra for
independent analysis by EPA.
Requirements for submission include;
(1) three representative absorbance
spectra (and stored interferograms) for
each test period to be reviewed, (2)
corresponding CTS spectra, (3)
corresponding background spectra and
interferograms, (4) spectra of associated
spiked samples if applicable, and {5)
analytical results for these sample
spectra. The analyst will also submit
documentation of process times and
conditions, sampling conditions
associated with each spectrum, file
names and sampling times, method of
analysis and reference spectra used,
optical configuration of FTIR CEM
including cell path length and
temperature, spectral resolution and
apodization used for every spectrum.
Independent analysis can also be
performed on site in conjunction with |
the FTIR CEM sampling and analysis.
Sample spectre are stored on the
independent analytical system as they
are collected by the FTIR CEM system.
The FTIR CEM and the independent
analyses are then performed separately.
The two analyses will agree to within
+120 percent for each analyte using the
procedure in Section 12.3. This assumes
bath analytical routines have properly
accounted for differences in optical path

length, resolution, and temperature
between the sample spectra and the
reference spectra.

10.0 Calibration and Standardization

10.1 Calibration Transfer Standards.
For CTS requirements see Section 4.5 of
the FTIR Protocol. A well characterized
absorbance band in the CTS gas is used
to measure the path length and line
resolution of the instrument. The CTS
measurements made at the beginning of
every 24 hour period must agree to
within £ 5 percent after corraection for
differences in pressure.

Verify that the frequency response of
the instrument and CTS absorbance
intensity are correct by comparing to
other CTS spectra or by referring to the
literature.

10.2 Analyte Calibration. If EPA
library reference spectra are nat
available, 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 least 2
independent samples at each of at least
2 different concentrations. The
concentrations bracket a range that
includes the expected analyte .
absorbance intensities. The linear fit of
the reference analyte band areas must
have a fractional calibration uncertainty
(FCU in Appendix F of the FTIR
Protocol) of no greater than 10 percent.
For requirements of analyte standards -
refer to Section 4.6 of the FTIR Protocol.

10.3 System Calibration. The
calibraticn standard is introduced at a
point on the sampling probe. The
sampling system is purged with the
calibration standard to verify that the
absorbance measured 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 sampling system to
transport the target analyte(s) under the
test conditions.

10.4 Analyte Spike. The target
analyte(s) is spiked at the outlet of the
sampling probe, upstream of the
particulate filter, and combined with
effluent at a ratio of about 1 part spike
to 9 parts effluent. The measured
absorbance of the spike is compared to
the expected absorbance of the spike
plus the analyte concentration already
in the effluent. This measures sampling
system bias, if any, as distinguished
from analyzer bias. It is important that
spiked sample pass through all of the
sampling system components before
analysis.

10.5 Signal-to-Noise Ratio (S/N).
The measure of S/N in this performance
specification is the root-mean-square
(RMS) noise level as given in Appendix
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C of the FTIR Protocol. The RMS noise
level of a contiguous segment of a
spectrum is defined as the RMS
difference (RMSD) between the n
contiguous absorbance values {A;)
which form the segment and the mean
value (Ay) of that segment.

RMSD:\/ [ﬂ i(Ai —AL)?

i=1

Eq. 2

A decrease in the S/N may indicate a
loss in optical throughput, or detector or
interferometer malfunction.

10.6 Background Deviation. The 100
percent baseline must be between 95
and 105 percent transmittance
(absorbance of 0.02 to —0.02) in every
analytical region. When background
deviation exceeds this range, a new
background spectrum must be collected
using nitrogen or other zero gas.

10,7 Detector Linearity. Measure the
background and CTS at three instrument
aperture settings; one at the aperture
setting to be used in the testing, and one
each at settings one half and twice the
test aperture setting. Compare the three
CTS spectra. CTS band areas should
agree to within the uncertainty of the
cylinder standard. If test aperture is the
maximum aperture, collect CTS
spectrum at maximum aperture, then
close the aperture to reduce the IR
through-put by half. Collect a second
background and CTS at the smaller
aperture setting and compare the spectra
as above. Instead of changing the
aperture neutral density filters can be
used to attenuate the infrared beam. Set
up the FTIR system as it will be used
in the test measurements. Collect a CTS
spectrum. Use a neutral density filter to
attenuate the infrared beam {either
immediately after the source or the
interferometer) to approximately ¥z its
original intensity. Collect a second CTS
spectrum. Use anocther filter to attenuate
the infrared beam to approximately 4
its original intensity. Collect a third
background and CTS spectrum.
Compare the CTS spectra as above.
Another check on linearity is to observe
the single beam background in
frequency regions 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, If detector response is not
linear, decrease aperture, or attenuate
the infrared beam. Repeat the linearity
check until system passes the
requirement.

11.0 Analytical Procedure
11.1 [Initial Certification. First,

perform the evaluation procedures in
Section 6.0 of the FTIR Protocol. The
performance of an FTIR CEM can be

certified upon installation using EPA
Method 301 type validation (40 CFR,
Part 63, Appendix A), or by comparison
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
performed with more limited analyte
spiking. Performance of the analytical
program is checked initially, and
periodically as required by EPA, by
analyzing audit spectra or audit gases.
11.1.1 Validation. Use EPA Method
301 type sampling ({reference 4, Section
5.3 of Method 301} to validate the FTIR
CEM for measuring the target analytes.
The analyte spike procedure is as
follows: (1) a known concentration of
analyte is mixed with a known
concentration of a non-reactive tracer
gas, (2) the undiluted spike gas is sent
directly to the FTIR cell and a spectrum
of this sample is collected, (3) pre-heat
the spiked gas to at least the sample line
temperature, (4) introduce spike gas at
the back of the sample probe upstream
of the particulate filter, (5) spiked
effluent is carried through all sampling
components downstream of the probe,
{6) spike at a ratio of roughly 1 part
spike to 9 parts flue gas (or more dilute),
{7} the spike-to-flue gas ratio is
estimated by comparing the spike flow
to the total sample flow, and {8) the
spike ratio is verified by comparing the
tracer concentration in spiked flue gas
to the tracer concentration in undiluted
spike gas. The analyte flue gas
concentration is unimportant as long as
the spiked component can be measured
and the sample matrix (including
interferences} is similar to its
composition under test conditions.
Validation can be performed using a
single FTIR CEM analyzing sample
spectra collected sequentially. Since
flue gas analyte {unspiked)
concentrations can vary, it is
recommended that two separate
sampling lines (and pumps) are used;
one line to carry unspiked flue gas and
the other line to carry spiked flue gas.
Even with two sampling lines the
variation in unspiked concentration
may be fast compared to the interval
between consecutive measurements.
Alternatively, two FTIR CEMs can be
operated side-by-side, one measuring
spiked sample, the other unspiked
sample. In this arrangement spiked and
unspiked measurements can be
synchronized to minimize the affect of
temporal variation in the unspiked
analyte concentration. In either
sampling arrangement, the interval
betwesn measured concentrations used

in the statistical analysis should be, at -
least, 5 cell volumes (5 * TCin equation
1). A validation run consists of, at least,
24 independent analytical results, 12
spiked and 12 unspiked samples. See
Section 3.17 for definition of an
“independent” analytical result. The
results are analyzed using Sections 12.1
and 12.2 to determine if the
measurements passed the validation
requirements. Several analytes can be
spiked and measured in the same
sampling run, but a separate statistical
analysis is performed for each analyte.
In lieu of 24 independent
measurements, averaged results can be
used in the statistical analysis. In this
procedure, a series of consecutive
spiked measurements are combined
over a sampling period to give a single
average result. The related unspiked
measurements are averaged in the same
way. The minimum 12 spiked and 12
unspiked result averages are obtained by
averaging measurements over
subsequent sampling periods of equal
duration. The averaged results are
prouped together and statistically
analyzed using Section 12.2.

11.1.1.1 Validation with a Single
Analyzer and Sampling Line. If one
sampling line is used, connect the
sampling system components and purge
the entire sampling system and cell with
at least 10 cell volumes of sample gas.
Begin sampling by collecting spectra of
2 independent unspiked samples.
Introduce the spike gas into the back of
the probe, upstream of the particulate
filter. Allow 10 cell velumes of spiked
flue gas to purge the cell and sampling
system. Collect spectra of 2 independent
spiked samples. Turn off the spike flow
and allow 10 cell volumes of unspiked
flue gas to purge the FTIR cell and
sampling system. Repeat this procedure
& times until the 24 samples are
collected. Spiked and unspiked samples
can also be measured in groups of 4
instead of in pairs. Analyze the results
using Sections 12.1 and 12.2. If the
statistical analysis passes the validation
criteria, then the validation is
completed. If the results do not pass the
validation, the cause may be that
temporal variations in the analyte
sample gas concentration are fast
relative to the interval between
measurements. The difficulty may bs
avoided by: (1) Averaging the
measurements over long sampling
periods and using the averaged results
in the statistical analysis, (2) modifying
the sampling system to reduce TC by,
for example, using a smaller volume cell
or increasing the sample flow rate, (3)
using two sample lines (4} use two
analyzers to perform synchronized
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measurements. This performance
specification permits modifications in
the sampling system to minimize TC if
the other requirements of the validation
sampling procedure are met.

11.1.1.2 Validation With a Single
Analyzer and Two Sampling Lines. An
alternative sampling procedure uses two
separate sample lines, one carrying
spiked flue gas, the other carrying
unspiked gas. A valve in the gas
distribution manifold allows the
operator to choose either sample. A
shart heated line connects the FTIR cell
to the 3-way valve in the manifold. Both
sampling lines are continuously purged.
Each sample line has a rotameter and a
bypass vent line after the rotameter,
immediately upstream of the valve, so
that the spike and unspiked sample
flows can each be continugusly
monitored. Begin sampling by collecting
spectra of 2 independent unspiked
samples. Turn the sampling valve to
close off the unspiked gas flow and
allow the spiked flue gas to enter the
FTIR cell. Isolate and evacuate the cell
and fill with the spiked sample ta
ambient pressure. (While the evacuated
cell is filling, prevent air leaks into the
cell by making sure that the spike
sample rotameter always indicates that
a partion of the flow is directed out the
by-pass vent.) Open the cell autlet valve
to allow spiked sample to continucusly
flow through the cell. Measure spectra
of 2 independent spiked samples.
Repeat this procedure until at least 24
samples are collected.

11.1.1.3 Synchronized
Measurements With Two Analyzers.
Use two FTIR analyzers, each with its
own cell, to perform synchronized
spiked and unspiked measurements. If
possible, use a similar optical
configuration for both systems. The
optical configurations are compared by
measuring the same CTS gas with both
analyzers, Each FTIR system uses its
own sampling system including a
separate sampling probe and sampling
line. A common gas distribution
manifold can be used if the samples are
never mixed. One sampling system and
analyzer measures spiked effluent. The
other sampling system and analyzer
measures unspiked flue gas. The two
systems are synchronized so that each
measures spectra at approximately the
same times. The sample flow rates are
also synchronized so that both sampling
rates are approximately the same (TC, -
TC; in equation 1). Start both systems at
the same time. Collect spectra of at least
12 independent samples with each
(spiked and unspiked) system to obtain
the minimum 24 measurements.
Analyze the analytical results using
Sections 12.1 and 12.2. Run averages

can be used in the statistical analysis
instead of individual measurements.

11.1.1.4 Compare to a Reference
Method (RM). Obtain EPA approval that
the method qualifies as an RM for the
analyte(s) and the source to be tested.
Follow the published pracedures for the
RM in preparing and setting up
equipment and sampling system,
performing measurements, and
reporting results. Since FTIR CEMS
have multicomponent capability, it is
possible to perform more than one RM
simultaneously, one for each target
analyte. Conduct at least 9 runs where
the FTIR CEM and the RM are sampling
simultaneously. Each Run is at least 30
minutes long and consists of spectra of
at least 5 independent FTIR CEM
samples and the corresponding RM
measurements. If more than 9 runs are
conducted, the analyst may eliminate
up to 3 runs from the analysis if at least
9 runs are used.

11.1.1.4.1 RMs Using Integrated
Sampling. Perform the RM and FTIR
CEM sampling simultaneousty. The
FTIR CEM can measure spectra as
frequently as the analyst chooses (and
should obtain measurements as
frequently as possible) provided that the
measurements include spectra of at least
5 independent measurements every 30
minutes. Concentration results from all
of the FTIR CEM spectra within a run
may be averaged for use in the statistical
comparison even if all of the
measurements are not independent.
When averaging the FTIR CEM
concentrations within a run, it is
permitted to exclude some
measurements from the average
provided the minimum of §
independent measurements every 30
minutes are included: The Run average
of the FTIR CEM measurements
depends on both the sample flow rate
and the measurement frequency (MF).
The run average of the RM using the
integrated sampling method depends
primarily on its sampling rate. If the
target analyte concentration fluctuates
significantly, the contribution to the run
average of a large fluctuation depends
on the sampling rate and measurement
frequency, and on the duration and
magnitude of the fluctuation. It is,
therefore, important to carefully select
the sampling rate for both the FTIR CEM
and the RM and the measurement
frequency for the FTIR CEM. The
minimum of 9 run averages can be
compared according to the relative
accuracy test procedure in Performance
Specification 2 for SOz and NO, CEMs
{40 CFR, Part 60, A{)}). B).

11.1.1.4.2 RMs Using a Grab
Sampling Technique. Synchronize the
RM and FTIR CEM measurements as

closely as possible. For a grab sampling
RM record the volume collected and the
exact sampling period for each sample,
Synchronize the FTIR CEM so that the
FTIR measures a spectrum of a similar
cell volume at the same time as the RM
grab sample was collected. Measure at
least 5 independent samples with both
the FTIR CEM and the RM for each of
the minimum 9 Runs. Compare the Run
concentration averages by using the
relative accuracy analysis procedure in
40 CFR, Part 60, App. B.

11.1.1.4.3 Continuous Emission
Monitors (CEMs) as RMs. If the RM is
a CEM, synchronize the sampling flow
rates of the RM and the FTIR CEM. Each
Tun is at least 1-hour long and consists
of at least 10 FTIR CEM measurements
and the corresponding 10 RM
measurements (or averages). For the
statistical comparison use the relative
accuracy analysis procedure in 40 CFR,
Part 60, App. B. If the RM time constant
is <% the FTIR CEM time constant, brief
fluctuations in analyte concentrations
which are not adequately measured
with the slower FTIR CEM time
constant can be excluded from the run
average along with the corresponding
RM measurements. However, the FTIR
CEM run average must still include at
least 10 measurements over a 1-hr
period.

12.0 Calculations and Dafa Analysis

12.1 Spike Dilution Ratio, Expected
Concentration. The Method 301 bias is
calculated as follows.

B=5,~M, -C3
Where:

B = Bias at the spike level

Sm = Mean of the observed spiked
sample concentrations

My, = Mean of the observed unspiked
sample concentrations

CS = Expected value of the spiked
concentration.

The CS is determined by comparing
the SFs tracer concentration in
undiluted spike gas to the SFe tracer
concentrations in the spiked samples;

DE = [SF6 ]dim:t
{SF6 ]spiked

The expected concentration (CS) is the
measured concentration of the analyte
in undiluted spike gas divided by the
dilution factor

Eq. 3

Eq. 4

_[anal]y,

Cs
DF

Eq. 5

Where:
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[anallu=The analyte concentration in
undiluted spike gas measured
directly by filling the FTIR cell with
the spike gas.

12.2 Statistical Analysis of
Validation Measurements, Arrange the
independent measurements {or
measurement averages) as in Table 1.
More than 12 pairs of measurements can
be analyzed. The statistical analysis
follows EPA Method 301, Section 6.3.
Section 12.1 of this performance

Where:

di = The differences between pairs of
spiked measurements,

Repeat the calculations in equations 7
and 8 to determine SD, and RSD,

The t-statistic is calculated as follows to
test the bias for statistical significance;

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

analytical measurements must be
multiplied by the correction factor.

If the bias is statistically significant
(Section 12.2), Method 301 requires that
a correction factor, CF, be multiplied by

1

CF=—x% Fq.6

1+ —-
CS

specification shows the calculations for
the bias, expected spike concentration,
and correction factor. This Section
shows the determination of the
statistical significance of the bias,
Determine the statistical significance of
the bias at the 95 percent confidence
level by calculating the t-value for the

SD, = —Zdiz Eq. 7
s 2!’1 q'

SD, = The standard deviation in the d,
values.

n = The number of spiked pairs, 2n=12
for the minimum of 12 spiked and
12 unspiked measurements.

SD
RSD= [S—) Eq. 8

m

respectively, for the unspiked samples.
Calculate the standard deviation of the

SD=,/SD,2+ SD,2 Eq. 9

[B|
=L .10
“som

There is no limitation on the number of
measurements, but there must be at least
12 independent spiked and 12
independent unspiked measurements.
Refer to the t-distribution (Table 2} at
the 95 percent confidence level and
appropriate degrees of freedom for the
critical t-value.

the analytical results, and that 0.7 < CF
<13,

set of measurements. First, calculate the
differences, di, for each pair of spiked
and each pair of unspiked
measurements. Then calculate the
standard deviation of the spiked pairs of
measurements.

Calculate the relative standard
deviation, RSD, using SD; and the mean
of the spiked concentrations, S, The
RSD must be <50%.

mean using SD; and SD, from equation
7.
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17.0 Tables, Diagrams, Flowcharts,
and Validation Data

TABLE 1.—ARRANGEMENT OF VALIDATION MEASUREMENTS FOR STATISTICAL ANALYSIS

Moot Time i d; spiked Unspked d; unspiked
T trererienie e e e e e e s ereE R RS- eSSBS RSO R R R AR SRR P TR e e 5 U,
2. e eaeetet ANt LA eaReS AR SRR AR nedamn st s Tmrrms e S S5 U, Uz;-U,
< OO S U,
Gt ireersinee e e sreetreere e e spepr e easasa eaons s Rb SRR SR FaR R nrs ehsesrar s Se 8,:— 55 U, Us—Us
B ieetieeeeresiesecssenenn e n s senmnan e s ssp b sosmnansrsrassani s S5 Us
B Licrisrrearresrenr i e r e e rren gy hna st e anerasa i PSS SRR SAb A RS 001 Se S4—Ss Us Us—Us
USRSt S, U,
= S PU PSP PR Ss S35, Ug Us—-Uy
- NP, - Sy Us
10 riveieriississtesssarancasemssnsmas emsnsasesssarasrasscentcessesasssnremnibtase s r SIS Siwo Si0— 5 Uiwo Uie—Us
11 cricrresnemrme s e mrestrs ssasmerssesmressscess st s s e st sabTeS Su Uy
12 servrtsrnseversesssanssressearssasssransas e s saamesereatReS O SRS st errariats Si2 Si2=-5Su Uiz Uiz—Uy
S M,
TABLE 2.—T=VALUES
n-—ts t—valus n—12 t~valse n-1a t—value n--1ia t—value
11 2.201 17 2110 23 2.069 29 2.045
12 2.179 18 2101 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 8 1.960

@ is the number of independent pairs of measurements (a pair consists of one spiked and its corrasponding unspiked measurement). Either
discreet (independent) measurements in a single run, or run averages can be used.

x L ] * L] *

PART 61—NATIONAL EMISSION
STANDARDS FOR HAZARDOQUS AIR
POLLUTANTS

1. The authority citation for Part 61
continues to read as follows: 42 U.5.C.
7401, 7412, 7413, 7414, 7416, 7601, and
7602,

2. In §61.18, paragraph (a) is revised
to read as follows: :

§61.18 Incorporation by reference.

L * ¥ * »

(a) The following materials are
available for purchase from at least one
of the following addresses: American
Society for Testing and Materials
{ASTM), 1916 Race Street, Philadelphia,
PA 19103; or University Microfilms

International, 300 North Zeeb Road,
Ann Arbor, Ml 48106.

(1) ASTM D737-75, Standard Test
Method for Air Permeability of Textile
Fabrics, incorporation by reference (IBR)
approved January 27, 1983 for
§61.23(a).

(2) ASTM D835-85, Standard
Specification for Refined Benzene-485,
IBR approved September 14, 1989 for
§61.270{a).

(3) ASTM D836-84, Standard
Specification for Industrial Grade
Benzene, IBR approved September 14,
1989 for §61.270(a).

(4) ASTM D1193-77, 91, Standard
Specification for Reagent Water, IBR
approved for Appendix B: Method 101,
Section 7.1.1; Method 101A, Section
7.1.1; and Method 104, Section 7.1;
Method 108, Section 7.1.3; Method

108A, Section 7.1.1; Method 108B,
Section 7.1.1; Method 108C, Section
7.1.1; and Method 111, Section 7.3.

(5} ASTM D2267-68, 78, 88,
Aromatics in Light Naphthas and
Aviation Gasoline by Gas
Chromatography, IBR approved
September 30, 1986, for § 61.67(h){1).

{(6) ASTM D2359-85a, 93, Standard
Specification for Refined Benzene-535,
IBR approved September 14, 1989 for
§61.270(a).

{7) ASTM D2382-76, 88, Heat of
Combustion of Hydrocarbon Fuels by
Bomb Calorimeter (High-Precision
Method), IBR approved June 6, 1984 for
§61.245(e)(3).

(8) ASTM D2504-67, 77, 88, 93,
Noncondensable Gases in C; and Lighter
Hydrocarbon Products by Gas




