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Figure 3. Process and emissions data are collected simultaneousty from the process data historian and by a hardware
CEMS or a reference test method monitoring van. The Software CEM is built with Process Insights by correlating
these two sets of data. The Software CEM is installed on the plant computer and runs real-time, continuously.
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Figure4. Flow diagram for a typical Sensor Validation System

Wesley J. Box & Paul Reinermann, IIl, Predictive

Emission Monitoring system - An alternative to hardware analyzers for

continuous monitoring, Pavilion Boulevard, Austin, Texas.
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B PEMS PS-16

PERFORMANCE SPECTFICATION 16

PROCEDURES FOR CERTIFYING PREDICTIVE
EMISSION MONITORING SYSTEMS

1.0 Scope and Application

11 Applicability. You, the sowrce owner or operator, must use this
performance specification (PS) to determine if your predictive emission
manitoring system (PEMS) has acceptable initial performance. Conduct this
evaluation after you install the PEMS or at other times if instructed to do so by
an applicable regulation. If your PEMS contains a diluent (O or COy)
measuring component, this must be tested as well.

111 Initia] Evaluation of an Installed FEMS. We, the regulators, require that
a relative accuracy (RA) and other potential tests be passed before yvour PEMS is
acceptable for use. A continuing sensor evaluation procedure must also be in
place to certify your PEMS. The amount of testing and data validation
requited depends upon the regulatorv requirements of vour PEMS.
Performance criteria is more rigorous when your PEMS is used to determine
continual compliance with an emission limit than when your PEMS is used as
an indicator of control device operation and maintenance. [If your PEMS will
be used in an emission marketing program, the performance specifications in
Subpart E of 40 CFR Part 75 must be followed. In most cases, we require
additional periodic checks of PEMS performance to ensure the long-term
quality of data. These periadic checks are listed in Procedure 1 of Appendix F
of 40 CFR Part 60. If warranted, we may require that you repeat these periodic
performance evaluations at times other than scheduled.  You are always
responsible for validating, maintaining, and operating your PEMS properly.

1.1.2 Recvaluating the PEMS After a Change in Opurutions or Critical PEMS
Compomenl.  You must repeat the relative accuracy (RA) lest when you change
the operating range of your cmissicrs unit bevond that evalualed in the initial
test. For example, if you initially operated the emissions unit at 80-100 percent
of its range, you would have performed the initial test under these conditions.
Later, if you wanted to operate the emission unit at 50-100 percent of its rangk,
you must conduct another RA test under these new conditions. You must



conduct the second RA test within 60 days of changing operations. The fost
must demanstrale that your PEMS provides acceptable data when operating in
the new ranpe. This requirement aiso applies when you change a critical
PEME perameter.

2.0 Surmmary of Performance Specification.

In addition to equipment and measurement location requircments, the
following performence evaluations are required.

21 PEMS Used as Indicators of Control Device Operation and Maintenance,

211 A minimum S-run, 3-level-(3 runs at cach level) RA test must be
performed.

2.2 PEMS Used for Continual Compliance Standards or to Replace an Installed
Continuous Emission Measurement System. |

221 A minimum 27-run, 3-level (9 runs at each level) RA test must be
performed.

222 Bias lest of data.

k3,

23 P+estof data at each level,

)
o

2.4 Correlation analysis of data.

3 PEMS Used in a Market Trading Program. Same as-40 CFR 75, Appendix

= [

3.0 Definitions.
The following definitions apply to this PS.

3.1 (Centroidal Area means that area in the center of the stack (@1" duct)
composing nc more than 1 percent of the stack cross-sectional area and having
the same geometric shape as the stack.

3.2 PEMS means the total equipment required to predict an emission
~concentration or emission rate.  The gystem may consist of any of the following
major subsysterns: sensors and sensor imderfaces, emission model diluent
emission mndpl data recorder, and sensor e\faluauon syslem.

3.3 Sensars and Sevisor Inferfuce means the equipment that measures the process
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inpul signals and transports them to the emission prediction syster.

34 Emssion Prediction System means the madel, algorithm, or equation that
uses process data to generate an output that is proportional to the emission
concenitralion or cmission rate.  Potential systems thar employ only 1 or 2
variables may not be acceptable as PEMS. - Use of such systems is subject to the
Administrator's approval on a case-by-case basis. Ihe emission prediction

system may or may not generate emissions s data corrected for a specific diluent
(e.g., O; or CCY).

3.3 Diluent Emsission - Prediction Qy';tpm means the. predlcuor system ar

equipment that uses process daia to generate an outpu’c proportional to the
dilnent gas \_OIlLEIl’:[‘ElllOII

3.6 Dafa Recordf-'r means the equipment that pI‘DV.ldC.‘: & permanent record of
the PEMS output. The data recorder may include zuiomatic data reduction
capabilities and may include electromc data -records, paper records, or a
_lcombmatlon of electmnn data and paper IL‘(.UIdS

3.7 Sensor Validation: System: means the equipment used by some PEMS to
periodically assess the quality of sensor input data. In most cases, the sensor
validation svstem is ‘a submodel thal periodically cross-checks sensor inputs
against other inputs and known relationships.  Some sensor validation systems

senerate and use substitute sensor inputs  (recondiied inputs) w_hm it deems a
partlcular SETISOT haq l'alled - '

3.8 Reconciled Process Date means substitution sensor data that is generated b’y

a sensor validation system to replace the input data from a sensor that has
failed.

3.8 Reference Value means « PEMS baseline value established by refercnce
_mel:hod (RM) testing under conditions when all sensors are func tioning
pruperly

3.9 -Relative Accuracy means the accuracy of the PEMS when compared to a
reference method at the scurce.  The RA is the average difference between the
PEMS and RM data for a specified number of runs plus a 2.5 percent confiderce
coefficient, divided by the average of the RM tests or the emission standard

310 Defectrve sensor means a sensor that is responsible for PEMS malfunction
ar that operates outside the apprcved operatmg envelope.

3.11  Operating envelove means the defined range of a parameter input that is
established during PEMS development. ' :



4.9 Inlerferences. . [Reserved]

5.0 Safety. [Reserved] -

6.0 Equpment and Suppiies.

61 PEMS DeSign. “You must define and detail the design of your PEMS.
You must also establish the following as applicuble, |

6.1.1 Number of Input Parameters. Acceptable PEMS normally employ more
than two input parameters or variables. You must obtain permission to use a
PEMS having less than three input variables. o '

6.12  Paremeter Operating Envelopes.  You must specify  the input
parameters you select to operate your PEMS and define their. operating
crvelopes before you conduct the RA tost.” Subsequent to the R4 test, the
FPEMS must be operated within these envelopes at all times for the system Lo be
acceptable.  You must verify through documentation against RM (or reference
standards) the integrity of your PEMS over these parameter envelopes before
‘the RA test is conducted. If this condition-is not met, the PEMS operation will
be limited i0 the range of parameter inputs encountered during the RA test.

613 Source-Specific Operating Conditions. Tdentify any source-specific
operating conditions, such as fuel type, that your PEMS will be specifically
certified for. Your approval to use the PEMS will be limited to the specific uni
and fuel type for which validation testing was conducted.. '

614 Ambient Conditions, ‘Explain whether and how ambjent conditions
and seasonal changes will affect your PEMS.

6.15 PEMS Based on Physical Principles. If your PEMS is developed on the
basis of physical principles, vou must identify Lhe specific physical assumptions
or mathemalical manipulations that justify its suitability. If your PEMS is
developed on the basis of linear ar nonlinear regression analysis, you must
make available the paired data used to devel op ar train the model

6.2 Data Recorder Scale. If you are not using a digital recorder, you mus:
choose o Tecorder scale that accurately captures (he desired range of potential
emissions.  The lower limit of your data recorder’s range must be no greater
than 20 percent of (he emission standard that applies to vour emission unit.
The upper limit of your data recorder’s rangre must be determined following the
table immediately below.  If vou obtain our approval, you may use other lower
and uppar recorder limits. ' | '



If PEMS is measuring... And ... Then your upper limit...

Must be 1.25 to 2 times the
average potential emission
level .

Uncontrolled emissions, such

as NO, at the stack of a
natural gas-fired boiler

Uncontrolled emissions, such

as NOy at the stack of a
' _nahu‘al gas -fired boﬂer

No regulation
says otherwise

A regulation Must follow the other
says otherwise  regulation

Must be 1.5 to 2.0 times
concentration of  the

Controlled emissions .. emission standard that
applies to your emission
unit
Must be 1.1 to 1.5 times the

Continual compliance concentration of  the

emissions for an applicable ' ~emission  standard  that

regulation apphes to your ‘emission

6.3 ' Defective Sensor Detectlon Your PEMS de51gn must allow for automanc
or manual determination of defective sensors at least daily. _Tlrus evaluation
may be conducted through a sensor validation system, comparison of
redundant sensors, a spot check of sensor input readings at a reference value,
operation, or emission level, or other procedure that detects faulty or failéd
sensors. You must also incorporate a system to detect when parameter
envelopes are exceeded.

7.0~ Reagents and Standards. [Reserved]

8.0 Sample Collection, Preservation, Storage, and Transport.

8.1 Sensor Location and Repair. We recommend you install sensors at an
accessible location in order to perform repairs and replacements. Permanently
installed platforms or ladders are not required. Sensors may even be located
in an area which would require you to shut the emissions unit down to repair
or replace a sensor.  If necessary after repairing or replacing a sensor, you must
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correct the process data to match the data obtained from the originally tested
sensor or conduct another RA test.

8.2 Relative Accuracy Procedure. To determine the RA of your PEMS, you
must conduct RM tests at three operating levels of your unit's range. Conduct
the specified number of RM tests at the low, normal, and high operating levels.
During these tests, you must attempt to vary the key parameters that affect the
emission concentration or emission rate over their operating envelopes.

8.21 Reference Method Measurement Location. Select an accessible
measurement point for the RM that will ensure that you measure emissions
representatively. Ensure the location is at least two equivalent stack diameters
downstream and a half equivalent diameter upstream from the nearest flow
disturber such as the control device, place of pollutant generation, or other
place where the pollutant concentration or emission rate can change. You may
use a half diameter downstream instead of the two diameters if you meet both
of the following conditions:

Changes_ in the pollutant concentration are caused solely by diluent leakage,
such as leaks from air heaters. '

You measure pollutants and diluents simultaneously at the same location.

8.22  Traverse Points. Select traverse points that ensure you obtain
representative samples. Conduct all RM tests within 3 em of each selected
traverse point but no closer than 3 c¢m to the stack or duct wall. The minimum
requirements for selecting traverse points are as follows:

(a) Estab}iéh a measurement line across the stack that passes through the center
and in the direction of any expected stratification.

(b) Locate a minimum of three traverse points on the line at 16.7, 50.0, and 83.3
percent of the stack inside diameter. '

(c) If the stack inside diamaeter is greater than 2.4 meters, you may locate the
three traverse points on the line at 04, 1.2, and 2.0 meters from the stack or duct
wall.  You cannot use this option after wet scrubbers or at points where two
streams with different pollutant concentrations are combined.

(d) You may select other traverse points if you can show they provide a
representative sample.



If you desire to test at only one traverse point, use the following procedure or
other information to show that the single point vields representative results. -

(a) Use Method 1 to establish the number and location of traverse points that
are normally used to sample the stack or duct.

(b) Following the RM procedures, measure emissions at each traverse point for
a period of two minutes plus twice the response time of the RM.

(¢) Determine the average of the emissions from all traverse points.

(d) Choose_ the traverse point with emissions closest ta the average emissions
from all points as the sampling location for the RM tests.

(e) You may select a different traverse point if you can show us that it provides
a representative sample.

823 Reference Methods. Unless. otherwise specified in the applicable

regulations, vou must use the test methods in Appendix A of this part for the
RM test.

8.24 Correlation of RM and PEMS Data. Mark the beginning and end of
each RM test run- (including the exact time of day) on the permanent record of
PEMS output. Correlate the PEMS and the RM test data as to the time and
duration using the following steps.

Detennjne the ihtegrated pollutant concentration for the PEMS for each
corresponding RM test period.

~Consider system response time; if important, and confirm that the pair of
results are on a consistent moisture, temperature, and diluent concentration
basis. |

Compare each average PEMS value to the corresponding average RM value.
Use the following guidelines to make these comparisons.



If.. ' Then... : And then...
The RM has an

{nstrumental ot Directly compare RM and
mtegrated PEMS results
norn-instrumental '
sampling technique
. Average the results from all Compare this

. grab samples taken during the average RM result
The RM has a grab test run. The test run must with the PEMS
include 3 - separate grab result obtained
measurements. during the run.

sampling technique

8.25 Number of Reference Method Tests for Operation and Maintenance

PEMS. Conduct at least nine sets of RM tests at the following unit operating
Ievels.

v Three at a low level.
v Three at the normal level.
v Three at a high level.

You may choose to perform more than nine RM tests. If you perform more
than nine tests, you may réject a maximum of three tests as long as the total
number of test results used to determine the relative accuracy is greater than or
equal to nine and each operating level has at least three tests, You must report
all data, including the rejected data.

‘82,6 Number of Reference Method Tests for Continual Compliance PEMS.
Conduct at least 27 RM tests at the following unit operating levels.

Nine at a low level.
Nine at the normal operating level.
Nine at a high level.

You may choose to perform more than 27 RM tests. If you perform more than
27 tests, you may reject a maximum of three tests as long as the total number of
tests used to determine the RA is greater than or equal to 27 and each operating
level has at least nine tests. You must report all data, including the rejected
data.



845 Number of Reference Method Tests for Market Trading PEMS. Follow
the requirements of Subpart E in 40 CFR Part 75.

855 Reporting. Summarize in tabular form the results of the RA test.
Include all data sheets, calculations, and charts (records of PEMS responses)
necessary to verify your PEMS’s meeting the performance specifications.
Include in the report the documentation used to establish your PEMS parameter
envelopes. Consult the EPA regional office or permitting authority with
jurisdiction over your emissions unit for additional requirements.

9.0 Quality Control. You should incorporate a quality assurance plan beyond
the initial PEMS validation test to verity the your system is generating quality
data. For compliance PEMS, the provisions of Procedure 1 of Appendix F, 40
CER Part 60, or similar procedures, must be performed. Under Procedure 1,
the quarterly option for cylinder gas audits is not applicable. For this PS, the
relative accuracy audit (RAA) is a 3-run RM test at the normal unit operating
level, and a relative accuracy test audit (RATA) is a 9-run, 3-leve] RM test.

10.0 Calibration and Standardization. [Reserved]

11.0  Amnalytical Procedure. [Reserved]

12.0 Calculations and Data Analysis.

121 Nomenclature,

B = PEMS bias adjustment factor.
cc = Confidence coefficient.
d; = Difference between cach RM and PEMS run.

d = Arithmetic mean of differences for all TULS.
e; = Individual measurement provided by the PEMS or RM at a particular

em = Mean of the PEMS or RM measurements at a particular level.
ep = Individual measurement provided by the PEMS.
e, = Individual measurement provided by the RM.

B 9



F = Calculated F-value.
n = Number of RM runs.
PEMS; = Individual measurement provided by the PEMS.

PEMSiadjustea = Individual measurement provided by the PEMS adjusted for
bias.

PEMS = Mean of the values provided by the PEMS during the failed bias
test.

Coefticient of corrclation.

F

RA = Relative accuracy.

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 here in place of the average RM value.

S¢ = Standard deviation of differences.
S? = Variance of your PEMS or RM.

tos = t-value for a one-sided, 97.5 percent confidence interval (see Table
16-1).

12.2 Relative Accuracy Calculations. Calculate the mean of the RM values.
Calculate the differences between the pairs of observations from the RM and
the PEMS output sets.  Finally, calculate the mean of the differences, standard
deviation, confidence coefficient, and PEMS relative accuracy, using Equatlons
16-1,16-2, 16-3, and 16-4, respectively.

1221 Arithmetic mean. Calculate the arithmetic mean of the differences
between paired RM and PEMS observations using Equation 16-1.

}u

d = —>d: _ Eq 16-1

N =z

1222  Standard Deviation. Calculate the standard deviation of the
differences using Equation 16-2 (positive square root).



112

Se= Eq. 16-2

1223 Confidence Coefficient. Calculate the confidence coefficient using
Equation 16-3 and Table 16-1. '

cc= tmss—,i Eqg. 16-3

VR

1224 Relative Accuracy. ‘Calculate the relative accuracy of your data using
Equation 16-4.

ra= el o Eq. 16-4
RM

123 Compliance PEMS Tests. If your PEMS will be used for continual

compliance purposes, or if you are replacing a CEMS with a PEMS, conduct the
following tests.

123.1 Bias Test. Conduct a bias test to determined if your PEMS is biased
relative to the RM. Determine the PEMS bias by comparing the confidence
coefficient obtained from Equation 16-3 to the arithmetic mean of the
differences determined in Equation 16-1. If the arithmetic mean, (d) is greater
than the absolute value of the confidence coefficient (cc), the PEMS has failed to
meet the bias test requirement. If the PEMS fails to meet the bias test

requirement, adjust the future values obtained from the PEMS using Equation
16-5.

PEMS,, s = PEMS, xB Eq. 16-5
Where:
g
Bel+e Eq. 16-6
PEMS

123.2 F-test. Conduct an F-test for each of the RA data sets collected at the
three different operating levels. The F-test will determine if the sample
variances of the PEMS and RM differ more than might be expected on the basis
of chance. Calculate the variance of the PEMS and the RM using Equation
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16-7.

Sle e,

n-1

S* = Eq. 16-7
Determine if the variance of the PEMS is significantly different from that of the
RM by calculating the F-value using Equation 16-8.

polmws Eq. 16-8

2
SRM

Compare the calculated F-value with the critical value of F at the 95 percent
confidence level with n-1 degrees of freedom. The critical value is obtained
from a table for F-distribution. If the calculated F-value is greater than the
critical value, the proposed PEMS is unacceptable.

1233 Correlation Analysis. Calculate the correlation coefficient either
manually using Eq. 16-9, on a graph, or by computer using all of the paired data
points. The PEMS correlation must be 0.8 or better for your PEMS to be
acceptable.

Tee _(FedXe)
r- = , Eq.169

H@Jﬂ][@)ﬁu]]

13.0 Method memnance.

131 PEMS Relative Accuracy. The RA of the PEMS must be no greater than
20 percent when based upon the average RM data (which must be measured in
the units of your emission standard), or 10 percent when based upon the
emission standard, whichever is less stringent. For emissions below 1/4 of the
emission standard, 20 percent RA based upon the emission standard may be
used.

132 PEMS Bias. If the arithmetic mean {d) is greater than the absolute value
of the confidence coefficient (cc), the PEMS has failed to meet the bias test
requirement and a bias adjustment must be made to the PEMS data.

13.3 PEMS Variance. If the calculated F-value is greater than the critical
F-value at the 95-percent confidence level, your PEMS is unacceptable.
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13.4 PEMS Correlation. If the calculated r-value is less than 0.8, your PEMS
is unacceptable.

14.0 Pollution Preventior. [Reserved]

15.0 Wasie Management. [Reserved]

16.0 Refereﬁééé. [Reserved] o

17.0 Tables, 'th;czg'rafns, Flowcharts, and Validution Data.

Table 16-1. t-Values for One-sided, 97.5 Percent Confidence Intervals for
Selected Sample Sizest

n-1 to.025 . nl . to.025
1 12.706 15 2131
2 4303 16 2120
3 3182 17 2.110
4 2776 18 2101
5 2571 19 2.093
6 2447 20 2.086
7 2.365 21 2.080
8 2.306 22 2.074
9 2262 7 2.069
10 2.228 24 2.064
1 2201 25 2,060
12 2179 2% 2,056
13 2.160 27 2,052
4 2145 > 27 t-Table

T Use n equal to the number of data points (n-1 equais the degrees of
freedom) .



