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APPENDI X B OF PART 60 - PERFORMANCE SPECI FI CATI ONS
* * * * *
PERFORMANCE SPECI FI CATI ON 11 - Specifications and Test
Procedures for Particul ate Matter
Conti nuous Em ssion Mnitoring Systens at
St ationary Sources

1.0 What are the purpose and applicability of Performnce
Specification 11?

The purpose of Performance Specification 11 (PS-11) is to
establish the initial installation and perfornmance procedures
that are required for evaluating the acceptability of a
particul ate matter (PM continuous em ssion nonitoring system
(CEMS); it is not to evaluate the ongoing performance of your
PM CEMS over an extended period of tinme, nor to identify
specific calibration techniques and auxiliary procedures to
assess CEMS performance. You wll find procedures for
eval uating the ongoi ng performance of a PM CEMS in Procedure 2
of Appendix F - Quality Assurance Requirenents for Particul ate
Matter Conti nuous Em ssion Mnitoring Systens Used at
Stationary Sources.

1.1 Under what conditions does PS-11 apply to nmy PM
CEMS? The PS-11 applies to your PM CEMS if you are required
by any provision of Title 40 of the Code of Federal
Regul ations (CFR) to install and operate PM CEMS.

1.2 When nust | conply with PS-11? You nust conply with
PS-11 when directed by the applicable rule that requires you
to install and operate a PM CEMS.

1.3 What other nonitoring nust | perforn? To report
your PMem ssions in units of the em ssion standard, you may
need to nonitor additional paranmeters to correct the PM
concentration reported by your PM CEMS. Your CEMS mmy incl ude
t he conponents listed in paragraphs (1) through (3) of this
section:

(1) A diluent nmonitor (i.e., O, CO, or other CEMS
specified in the applicable regulation), which nust neet its
own performance specifications (also found in this appendix),

(2) Auxiliary nonitoring equipnment to allow nmeasurenent,
determ nation, or input of the flue gas tenperature, pressure,
noi sture content, and/or dry volune of stack effluent sanpled,
and

(3) An automatic sanpling system
The performance of your PM CEMS and the establishment of its
correlation to manual reference nmethod nmeasurenents nust be
determned in units of mass concentration as neasured by your
PM CEMS (e.g., mlligrams per actual cubic neter (ng/acm or



mlligrams per dry standard cubic neter (nmg/dscm).
2.0 \What are the basic requirements of PS-11?

The PS-11 requires you to performinitial installation
and calibration procedures that confirmthe acceptability of
your CEMS when it is installed and placed into operation. You
must develop a site-specific correlation of your PM CEMS
response agai nst manual gravimetric reference nethod
measurenments (including those made usi ng EPA Met hods 5, 51, or
17).

2.1 \What types of PM CEMS technol ogies are covered?
Several different types of PM CEMS technol ogies (e.g., |ight
scattering, Beta attenuation, etc.) can be designed with in-
situ or extractive sanple gas handling systenms. Each PM CEMS
t echnol ogy and sanpl e gas handling technol ogy has certain
Site-specific advantages. You should select and install a PM
CEMS that is appropriate for the flue gas conditions at your
source.

2.2 Howis PS-11 different from ot her perfornmance
specifications? The PS-11 is based on a techni que of
correlating PM CEMS responses relative to em ssion
concentrations determ ned by the reference method. This
technique is called "the correlation.” This differs from CEMS
used to nmeasure gaseous pollutants that have avail able
cali bration gases of known concentration. Because the type
and characteristics of PMvary from source to source, a single
PM correl ation, applicable to all sources, is not possible.

2.3 How are the correlation data handl ed? You nust
carefully review your manual reference nmethod data and your PM
CEMS responses to include only valid, high-quality data. For
the correl ation, you nmust convert the manual reference nethod
data to neasurenent conditions (e.g., wet or dry basis) that
are consistent with your PM CEMS. Then, you nust correlate
t he manual method and PM CEMS data in terns of the output as
received fromthe nonitor (e.g., mllianps). At the
appropriate PM CEMS response specified in section 13.2 of this
performance specification, you nmust calculate the confidence
interval half range and tol erance interval half range as a
percent age of the applicable PM concentration em ssion |limt
and conpare the confidence interval and tol erance interval
percentages with the performance criteria. Also, you nust
cal culate the correlation coefficient and conpare the
correlation coefficient with the applicable performance
criterion specified in section 13.2 of this performance
speci fication.

Situations nmay arise where you will need two or nore
correlations. |If you need nultiple correlations, you nust
collect sufficient data for each correlation, and each
correlation nmust satisfy the performance criteria specified in




section 13.2 of this performance specification.

2.4 How do | design ny PM CEMS correl ation progranf
When pl anni ng your PM CEMS correlation effort, you nust
address each of the itenms in paragraphs (1) through (7) of
this section to enhance the probability of success. You wil
find each of these elenents further described in this
performance specification or in the applicable reference
met hod procedure.

(1) What type of PM CEMS should I select? You should
select a PM CEMS that is appropriate for your source with
technical consideration for potential factors such as
interferences, site-specific configurations, installation
| ocation, flue gas conditions, PM concentration range, and
ot her PM characteristics. You can find guidance on which
technology is best suited for specific situations in our
report "Current Know edge of Particulate Matter (PM
Conti nuous Em ssion Mnitoring" (PM CEMS Know edge Docunent,
see section 16.5).

(2) \VWhere should | install my PM CEMS? Your PM CEMS
must be installed in a |ocation that is nost representative of
PM eni ssions, as determ ned by the reference nmethod, such that
the correlation between PM CEMS response and eni ssi ons
determ ned by the reference nethod will neet these performance
specifications. Care nust be taken in selecting a | ocation
and measurenent point to mnim ze problens due to fl ow
di sturbances, cyclonic flow, and varying PM stratification.

(3) How should I record ny CEMS data? You need to
ensure that your PM CEMS and data | ogger are set up to coll ect
and record all normal em ssion |evels and excursions. You
must ensure that your data | ogger and PM CEMS have been
properly programmed to accept and transfer status signals of
valid nonitor operation (e.g., flags for internal calibration,
suspect data, or mmi ntenance periods).

(4) What CEMS data should | review? You nust review
drift data daily to docunent proper operation. You nust also
ensure that any audit material is appropriate for the typical
operating range of your PM CEMS.

(5) How long should I operate ny PM CEMS before
conducting the initial correlation test? You should allow
sufficient tine for your PM CEMS to operate for you to becone
fam liar with your PM CEMS.

(i) You should observe PM CEMS response over time during
normal and varying process conditions. This will ensure that
your PM CEMS has been properly set up to operate at a range
that is conpatible with the concentrations and characteristics
of PM em ssions for your source. You should use this
information to establish the range of operating conditions
necessary to determ ne the correlations of PM CEMS data to



manual reference nethod neasurements over a w de operating
range.

(ii1) You nmust determ ne the types of process changes

that will influence, on a definable and repeatabl e basis, flue
gas PM concentrations and the resulting PM CEMS responses.
You may find this period useful to nmake adjustnents to your
pl anned approach for operating your PM CEMS at your source.
For instance, you may change the neasurenment range or batch
sanpling period to sonmething other than those you initially
pl anned to use.

(6) How do I conduct the initial correlation test?

When conducting the initial correlation test of your PM CEMS
response to PM eni ssions determ ned by the reference nethod,
you must pay close attention to accuracy and details. Your PM
CEMS nmust be operating properly. You nust perform the manual
reference nmethod testing accurately, with attention to
elimnating site-specific systemc errors. You nust
coordinate the timng of the manual reference nethod testing
with the sanpling cycle of your PM CEMS. You nust conplete a
m ni mum of 15 manual reference nmethod tests. You nust perform
t he manual reference nethod testing over the full range of PM
CEMS responses that correspond to normal operating conditions
for your source and control device and will result in the

wi dest range of em ssion concentrations.

(7) How should I performthe manual reference method
testing? You nust performthe manual reference nethod testing
in accordance with specific rule requirenments, coordinated
closely with PM CEMS and process operations. It is highly
recommended that you use paired trains for the manual
reference nmethod testing. You nust performthe manual
reference nmethod testing over a suitable PM concentration
range that corresponds to the full range of normal process and
control device operating conditions. Because the nanual
reference nmethod testing for this correlation test is not for
conpliance reporting purposes, you may conduct the reference
met hod test runs for less than the typical mnimmtest run
duration of 1 hour.

(8) What do | do with the manual reference nethod data
and PM CEMS data? You nust conplete each of the activities in
par agraphs (8)(i) through (v) of this section.

(i) Screen the manual reference nethod data for validity
(e.g., isokinetics, |eak checks), quality assurance, and
quality control (e.g., outlier identification).

(ii) Screen your PM CEMS data for validity (e.g., daily
drift check requirenents) and quality assurance (e.g., flagged
dat a) .

(iii) Convert the manual reference nethod test data into
measurenent units (e.g., ng/acm consistent with the



measur enent conditions of your PM CEMS.

(iv) Calculate the correlation equation(s) as specified
in section 12. 3.

(v) Calculate the correlation coefficient, confidence
interval half range, and tol erance interval half range for the
conplete set of PM CEMS and reference nethod correlation data
for conparison with the correlation performance criteria
specified in section 13. 2.

2.5 \What other procedures nmust | perfornf? Before
conducting the initial correlation test, you nmust successfully
conplete a 7-day drift test (See section 8.5).

3.0 What special definitions apply to PS-11?

3.1 "Appropriate Measurenent Range of your PM CEMS"
means a nmeasurenment range that is capable of recording
readi ngs over the conplete range of your source’ s PM em ssion
concentrations during routine operations. The appropriate
range is determ ned during the pretest preparations as
specified in section 8.4.

3.2 "Appropriate Data Range for PM CEMS Correl ati on”
means the data range that reflects the full range of your
source’s PM eni ssion concentrations recorded by your PM CEMS
during the correlation test planning period or other nornmal
operations as defined in the applicable regul ati ons.

3.3 "Batch Sanpling" means that gas is sanpled on an
intermttent basis and concentrated on a collection medi um
before intermttent analysis and followup reporting. Beta
gauge PM CEMS are an exanple of batch sanpling devices.

3.4 "Confidence Interval Half Range (Cl)" nmeans the
statistical termfor one-half of the width of the 95 percent
confidence interval around the predicated nean PM
concentration (y value) cal cul ated at the PM CEMS response
val ue (x value) where the confidence interval is narrowest.
Procedures for calculating Cl are specified in section
12.3(1)(ii) for linear correlations and in section 12.3(2) (i)
for polynom al correlations. The ClI as a percent of the
emssion limt value (Cl% is calculated at the appropriate PM
CEMS response val ue specified in Section 13.2(2).

3.5 "Continuous Em ssion Mnitoring System (CEMS)" neans
all of the equi pnment required for determ nation of PM mass
concentration in units of the em ssion standard. The sanple
interface, pollutant nmonitor, diluent nonitor, other auxiliary
data nonitor(s), and data recorder are the mjor subsystens of
your CEMS.

3.6 "Correlation” neans the primry mathemati cal
relationship for correlating the output fromyour PM CEMS to a
PM concentration, as determ ned by the PMreference nethod.
The correlation is expressed in the neasurenent units that are




consistent with the measurenment conditions (e.g., ng/dscm
mg/ acm) of your PM CEMS.

3.7 "Correlation Coefficient (r)" neans a quantitative
measure of the association between your PM CEMS out puts and
the reference nethod neasurenents. Equations for calculating
the r value are provided in section 12.3(1)(iv) for |inear
correlations and in section 12.3(2)(iv) for polynom al
correl ati ons.

3.8 "Cycle Time" neans the tinme required to conplete one
sanpling, neasurenent, and reporting cycle. For a batch
sanpling PM CEMS, the cycle tine would start when sanpl e gas
is first extracted fromthe stack/duct and end when the
measur enent of that batch sanple is conplete and a new result
for that batch sanple is produced on the data recorder

3.9 "Data Recorder"” nmeans the portion of your CEMS that
provi des a permanent record of the nonitor output in terns of
response and status (flags). The data recorder may al so
provi de automatic data reduction and CEMS control capabilities
(see section 6.6).

3.10 "Diluent Monitor and O her Auxiliary Data
Monitor(s) (if applicable)" neans the portion of your CEMS
that provides the diluent gas concentration (such as G or CO
as specified by the applicable regul ations), tenperature,
pressure, and/or npoisture content, and generates an out put
proportional to the diluent gas concentration or gas property.

3.11 "Drift Check"” means a check of the difference
bet ween your PM CEMS out put readings and the established
reference value of a reference standard or procedure after a
stated period of operation during which no unschedul ed
mai nt enance, repair, or adjustnment took place. The procedures
used to determne drift are specific to the operating
princi ples of your specific PM CEMS. A drift check includes
both a zero drift check and an upscale drift check.

3.12 "Exponential Correlation” nmeans an exponenti al
equation used to define the relationship between your PM CEMS
out put and the reference nethod PM concentration, as indicated
by Equation 11-37.

3.13 "Flagged Data" neans data marked by your CEMS
indicating that the response value(s) fromone or nore CEMS
subsystens is suspect or invalid or that your PM CEMS i s not
i n source-nmeasurenent operating node.

3.14 "Linear Correlation" neans a first-order
mat hemati cal relationship between your PM CEMS out put and the
reference nethod PM concentration that is linear in form as
i ndi cated by Equation 11-3.

3.15 "Logarithmc Correlation"” neans a first-order
mat hemati cal rel ationship between the natural |ogarithm of



your PM CEMS out put and the reference method PM concentration
that is linear in form as indicated by Equation 11-34.

3.16 "Low-Emtting Source" neans a source that operated
at no nore than 50 percent of the emi ssion limt during the
nost recent performance test, and, based on the PM CEMS
correlation, the daily average em ssions for the source,
measured in the units of the applicable em ssion limt, have
not exceeded 50 percent of the em ssion |imt for any day
since the nost recent performance test.

3.17 "Paired Trains" neans two reference nethod trains
that are used to conduct simultaneous neasurenments of PM
concentrations. Guidance on the use of paired sanpling trains
can be found in the PM CEMS Know edge Docunment (see section
16.5).

3.18 "Polynom al Correlation” nmeans a second-order
equation used to define the relationship between your PM CEMS
out put and reference nmethod PM concentration, as indicated by
Equation 11-16.

3.19 "Power Correlation" neans an equation used to
define a power function relationship between your PM CEMS
out put and the reference nethod concentration, as indicated by
Equation 11-42.

3.20 "Reference Method" nmeans the nethod defined in the
appl i cabl e regul ati ons, but commonly refers to those nethods
coll ectively known as EPA Methods 5, 51, and 17 (for
particul ate matter), found in Appendix A of 40 CFR 60. Only
the front half and dry filter catch portions of the reference
met hod can be correlated to your PM CEMS out put.

3.21 "Reference Standard" neans a reference material or
procedure that produces a known and unchangi ng response when
presented to the pollutant nmonitor portion of your CEMS. You
must use these standards to evaluate the overall operation of
your PM CEMS, but not to develop a PM CEMS correl ation

3.22 "Response Tine" nmeans the tinme interval between the
start of a step change in the systeminput and the tine when
t he pollutant nonitor output reaches 95 percent of the final
val ue (see sections 6.5 and 13.3 for procedures and acceptance
criteria).

3.23 "Sample Interface"” neans the portion of your CEMS
used for one or nore of the follow ng: sanple acquisition,
sanpl e delivery, sanple conditioning, or protection of the
monitor fromthe effects of the stack effluent.

3.24 "Sanple Volume Check"” nmeans a check of the
di fference between your PM CEMS sanpl e vol unme readi ng and the
sanpl e vol une reference val ue.

3.25 "Tolerance Interval half range (TlI)" nmeans one-half
of the width of the tolerance interval w th upper and | ower
limts, within which a specified percentage of the future data



popul ation is contained with a given |l evel of confidence, as
defined by the respective tolerance interval half range
equations in section 12.3(1)(iii) for linear correlations and
in section 12.3(2)(iii) for polynom al correlations. The TI
as a percent of the emssion limt value (TI% is calcul ated
at the appropriate PM CEMS response value specified in Section
13.2(3).

3.26 "Upscal e Check Val ue" means the expected response
to a reference standard or procedure used to check the upscale
response of your PM CEMS.

3.27 "Upscale Drift (UD) Check" means a check of the
di fference between your PM CEMS out put reading and the upscale
check val ue.

3.28 "Zero Check Val ue" neans the expected response to a
reference standard or procedure used to check the response of
your PM CEMS to particulate-free or low particul ate
concentration conditions.

3.29 "Zero Drift (ZD) Check" neans a check of the
di fference between your PM CEMS out put reading and the zero
check val ue.

3.30 "Zero Point Correlation Value" neans a val ue added
to PM CEMS correlation data to represent | ow or near zero PM
concentration data (see section 8.6 for rationale and
pr ocedures).

4.0 Are there any potential interferences for nmy PM CEMS?

Yes, condensi ble water droplets or condensi ble acid gas
aerosols (i.e., those with condensation tenperatures above
t hose specified by the reference nmethod) at the neasurenment
| ocation can be interferences for your PM CEMS if the
necessary precautions are not net.

4.1 \Where are interferences likely to occur?

I nterferences may develop if your CEMS is installed downstream
of a wet air pollution control systemor any other conditions
t hat produce flue gases, which, at your PM CEMS neasurenment
point, normally or occasionally contain entrained water
droplets or condensible salts before release to the

at nosphere.

4.2 How do | deal with interferences? W recommend that
you use a PM CEMS that extracts and heats representative
sanples of the flue gas for measurenent to sinulate results
produced by the reference nmethod for conditions such as those
described in section 4.1. |ndependent of your PM CEMS
measur enent technol ogy and extractive techni que, you should
have a configuration sinulating the reference nethod to ensure
t hat :

(1) No formation of new PM or deposition of PMoccurs in
sanpl e delivery fromthe stack or duct; and

(2) No condensate accunulates in the sanple fl ow




measur enent appar at us.

4.3 \What PM CEMS neasurenent technol ogies should I use?
You should use a PM CEMS neasurenent technology that is free
of interferences from any condensi bl e constituent in the flue
gas.

5.0 What do | need to know to ensure the safety of persons
using PS-11?

Peopl e using the procedures required under PS-11 nay be
exposed to hazardous materials, operations, site conditions,
and equi prment. This performance specification does not
purport to address all of the safety issues associated with
its use. It is your responsibility to establish appropriate
saf ety and health practices and determ ne the applicable
regulatory limtations before perform ng these procedures.

You nust consult your CEMS user’s manual and ot her reference
mat eri al s recomended by the reference nethod for specific
precautions to be taken.

6.0 MWhat equipnent and supplies do | need?

Different types of PM CEMS use different operating
principles. You should select an appropriate PM CEMS based on
your site-specific configurations, flue gas conditions, and PM
characteristics.

(1) Your PM CEMS nust sanple the stack effl uent
continuously or, for batch sanpling PM CEMS, intermttently.

(2) You nust ensure that the averaging time, the nunmber
of measurenents in an average, the m ninmum data avail ability,
and the averagi ng procedure for your CEMS conformw th those
specified in the applicable em ssion regul ati on.

(3) Your PM CEMS nust include, as a mnimm the
equi pnment described in sections 6.1 through 6.7.

6.1 What equipnment is needed for ny PM CEMS s sanpl e
interface? Your PM CEMS s sanple interface nust be capabl e of
delivering a representative sanple of the flue gas to your PM
CEMS. This subsystem nay be required to heat the sanple gas
to avoid PM deposition or noisture condensation, provide
dilution air, performother gas conditioning to prepare the
sanpl e for analysis, or neasure the sanple volune or flow
rate.

(1) If your PMCEMS is installed downstream of a wet air
pol luti on control system such that the flue gases normally or
occasionally contain entrained water droplets, we recomend
t hat you select a sanmpling systemthat includes equi pnent to
extract and heat a representative sanple of the flue gas for
measurenent so that the pollutant nonitor portion of your CEMS
measures only dry PM Heating should be sufficient to raise
the tenperature of the extracted flue gas above the water
condensation tenperature and should be maintained at all tines
and at all points in the sanple line fromwhere the flue gas




is extracted, including the pollutant nonitor and any sanple
fl ow nmeasurenent devices.

(2) You nust consider the neasured conditions of the
sanpl e gas streamto ensure that manual reference nethod test
data are converted to units of PM concentration that are
appropriate for the correlation calculations. Additionally,
you nust identify what, if any, additional auxiliary data from
ot her nmonitoring and handling systens are necessary to convert
your PM CEMS response into the units of the PM standard.

(3) If your PM CEMS is an extractive type and your
source’'s flue gas volunetric flowrate varies by nore than 10
percent from nom nal, your PM CEMS should maintain an
i sokinetic sanpling rate (within 10 percent of true
isokinetic). |If your extractive-type PM CEMS does not
mai ntain an isokinetic sanpling rate, you nust use actual
Site-specific data or data froma simlar installation to
prove to us, the State, and/or |ocal enforcenent agency that
i sokinetic sanpling is not necessary.

6.2 What type of equipnent is needed for ny PM CEMS?
Your PM CEMS nust be capabl e of providing an el ectronic out put
that can be correlated to the PM concentrati on.

(1) Your PM CEMS nust be able to perform zero and
upscale drift checks. You may perform these checks manual ly,
but perform ng these checks automatically is preferred.

(2) We recommend that you select a PM CEMS that is
capabl e of perform ng automatic diagnostic checks and sendi ng
instrunent status signals (flags) to the data recorder.

(3) If your PM CEMS is an extractive type that measures
t he sanple volune and uses the neasured sanple volune as part
of calculating the output value, your PM CEMS nust be able to
performa check of the sanple volune to verify the accuracy of
t he sanpl e vol une nmeasuring equi pnent. The sanpl e vol unme
check must be conducted daily and at the normal sanpling rate
of your PM CEMS.

6.3 What is the appropriate neasurenment range for ny PM
CEMS? Initially, your PM CEMS nust be set up to nmeasure over
t he expected range of your source’ s PM em ssion concentrations
during routine operations. You may change the neasurenment
range to a nore appropriate range prior to correlation
testing.

6.4 What if ny PM CEMS does automatic range sw tching?
Your PM CEMS may be equi pped to perform autonmatic range
switching so that it is operating in a range nost sensitive to
the detected concentrations. If your PM CEMS does automatic
range switching, you nmust configure the data recorder to
handl e the recording of data values in multiple ranges during
range-switching intervals.

6.5 What averaging tinme and sanple intervals should be



used? Your CEMS nust sanple the stack effluent such that the
averaging time, the nunber of neasurenents in an average, the
m ni nrum sanpling tinme, and the averaging procedure for
reporting and determ ning conpliance conformw th those
specified in the applicable regulation. Your PM CEMS nust be
designed to neet the specified response tinme and cycle tine
established in this performance specification (see section
13.3).

6.6 What type of equipnent is needed for ny data
recorder? Your CEMS data recorder nust be able to accept and
record electronic signals fromall the nonitors associ ated
with your PM CEMS.

(1) Your data recorder nust record the signals from your
PM CEMS that can be correlated to PM mass concentrations. |If
your PM CEMS uses nultiple ranges, your data recorder nust
identify what range the neasurenment was nmade in and provide
range- adj usted results.

(2) Your data recorder nust accept and record nonitor
status signals (flagged data).

(3) Your data recorder nust accept signals from
auxiliary data nonitors, as appropriate.

6.7 What other equipnent and supplies mght | need? You
may need ot her supporting equi pnent as defined by the
appl i cabl e reference nethod(s) (see section 7) or as specified
by your CEMS manuf acturer.

7.0 \What reagents and standards do | need?

You will need reference standards or procedures to
performthe zero drift check, the upscale drift check, and the
sanpl e vol unme check

7.1 What is the reference standard value for the zero
drift check? You nust use a zero check value that is no
greater than 20 percent of the PM CEMS s response range. You
must obtain docunmentation on the zero check value from your PM
CEMS manuf acturer.

7.2 What is the reference standard value for the upscale
drift check? You nust use an upscal e check val ue that
produces a response between 50 and 100 percent of the PM
CEMS' s response range. For a PM CEMS that produces out put
over a range of 4 mMA to 20 mA, the upscal e check val ue nust
produce a response in the range of 12 mA to 20 mA. You nust
obt ai n docunentation on the upscal e check value fromyour PM
CEMS manuf acturer.

7.3 What is the reference standard value for the sanple
vol unme check? You nust use a reference standard val ue or
procedure that produces a sanple volume val ue equivalent to
t he normal sanpling rate. You nust obtain docunentation on
the sanple volune value fromyour PM CEMS nmanufacturer
8.0 \What performance specification test procedure do |




foll ow?

You must conpl ete each of the activities in sections 8.1
t hrough 8.8 for your performance specification test.

8.1 How should | select and set up ny equi pnment? You
shoul d select a PM CEMS that is appropriate for your source,
gi ving consideration to potential factors such as flue gas
conditions, interferences, site-specific configuration,
installation |ocation, PMconcentration range, and ot her PM
characteristics. Your PM CEMS nust neet the equi pnent
specifications in sections 6.1 and 6. 2.

(1) You should select a PM CEMS that is appropriate for
the flue gas conditions at your source. |If your source’ s flue
gas contains entrained water droplets, we recommend that your
PM CEMS i nclude a sanple delivery and conditioning systemthat
is capable of extracting and heating a representative sanple.

(i) Your PM CEMS nust maintain the sanple at a
tenperature sufficient to prevent npoisture condensation in the
sanple |line before analysis of PM

(ii) 1f condensible PMis an issue, we recomend that
you operate your PM CEMS to maintain the sanple gas
tenperature at the sane tenperature as the reference nethod
filter.

(iii) Your PM CEMS nust avoid condensation in the sanple
flow rate nmeasurenent |ines.

(2) Sonme PM CEMS do not have a wi de measurenent range
capability. Therefore, you nust select a PM CEMS that is
capabl e of measuring the full range of PM concentrations
expected from your source fromnormal |evels through the
em ssion limt concentration.

(3) Sonme PM CEMS are sensitive to particle size changes,
water droplets in the gas stream particle charge, stack gas
vel ocity changes, or other factors. Therefore, you should
sel ect a PM CEMS appropriate for the em ssion characteristics
of your source.

(4) We recommend that you consult your PM CEMS vendor to
obtain basic recommendati ons on the instrunment capabilities
and setup configuration. You are ultimately responsible for
setup and operation of your PM CEMS.

8.2 \Were do | install ny PM CEMS? You nust instal
your PM CEMS at an accessible | ocation downstream of all
pol luti on control equipnent. You nust perform your PM CEMS
concentration neasurenents froma | ocation considered
representative or be able to provide data that can be
corrected to be representative of the total PM em ssions as
det erm ned by the nmanual reference nethod.

(1) You nust select a measurenent |ocation that m nim zes
probl ems due to fl ow di sturbances, cyclonic flow, and varying
PM stratification (refer to Method 1 for guidance).



(2) If you plan to achi eve higher em ssions for
correlation test purposes by adjusting the performance of the
air pollution control device (per section 8.6(4)(i)), you nust
| ocate your PM CEMS and reference nethod sanpling points well
downstream of the control device (e.g., downstream of the
i nduced draft fan), in order to mnimze PMstratification
that may be created in these cases.

8.3 How do | select the reference nethod neasurenent
| ocation and traverse points? You nust follow EPA Method 1
for identifying manual reference nethod traverse points.
| deal |y, you should perform your manual reference nmethod
measurenents at | ocations that satisfy the measurenent site
selection criteria specified in EPA Method 1 of at |east eight
duct di aneters downstream and at |east two duct dianeters
upstream of any flow di sturbance. Where necessary, you nay
conduct testing at a location that is two di aneters downstream
and 0.5 dianmeters upstream of flow di sturbances. |f your
| ocati on does not neet the m ni mum downstream and upstream
requi renments, you nust obtain approval fromus to test at your
| ocati on.

8.4 \What are ny pretest preparation steps? You nust
install your CEMS and prepare the reference method test site
according to the specifications in sections 8.2 and 8. 3.

(1) After conpleting the initial field installation, we
recomend that you operate your PM CEMS according to the
manuf acturer's instructions to famliarize yourself with its
operation before you begin correlation testing.

(i) During this initial period of operation, we recomend
t hat you conduct daily checks (zero and upscale drift and
sanpl e vol une, as appropriate), and, when any check exceeds
the daily specification (see section 13.1), make adjustnents
and perform any necessary mai ntenance to ensure reliable
oper ati on.

(2) When you are confident that your PM CEMS is operating
properly, we reconmend that you operate your CEMS over a
correlation test planning period of sufficient duration to
identify the full range of operating conditions and PM
em ssions to be used in your PM CEMS correlation test.

(i) During the correlation test planning period, you
shoul d operate the process and air pollution control equipnent
over the normal range of operating conditions, except when you
attenpt to produce higher em ssions.

(ii) Your data recorder should record PM CEMS response
during the full range of routine process operating conditions.
(iii) You should try to establish the rel ationships
bet ween operating conditions and PM CEMS response, especially
t hose conditions that produce the highest PM CEMS response

over 15-m nute averaging periods, and the | owest PM CEMS



response as well. The objective is to be able to reproduce
the conditions for purposes of the actual correlation testing
di scussed in section 8.6.

(3) You nust set the response range of your PM CEMS such
that the instrunment neasures the full range of responses that
correspond to the range of source operating conditions that
you will inplenment during correlation testing.

(4) We recommend that you performprelimnary reference
nmet hod testing after the correlation test planning period.
During this prelimnary testing, you should neasure the PM
em ssion concentration corresponding to the highest PM CEMS
response observed during the full range of normal operation,
when perturbing the control equipnment, or as the result of PM
spi ki ng.

(5) Before perform ng correlation testing, you must
performa 7-day zero and upscale drift test (see section 8.5).

(6) You nust not change the response range of the
moni t or once the response range has been set and the drift
test successfully conpl eted.

8.5 How do | performthe 7-day drift test? You nust
check the zero (or | owIlevel value between 0 and 20 percent of
t he response range of the instrunent) and upscale (between 50
and 100 percent of the instrunment’s response range) drift.

You nust performthis check at | east once daily over 7
consecutive days. Your PM CEMS nust quantify and record the
zero and upscal e neasurenents and the tine of the
measurenents. |If you make automatic or manual adjustnments to
your PM CEMS zero and upscal e settings, you nust conduct the
drift test imediately before these adjustnents, or conduct it
in such a way that you can determ ne the amount of drift. You
will find the cal cul ation procedures for drift in section 12.1
and the acceptance criteria for allowable drift in section

13. 1.

(1) MWhat is the purpose of 7-day drift tests? The
pur pose of the 7-day drift test is to denonstrate that your
systemis capable of operating in a stable manner and
mai ntaining its calibration for at |east a 7-day period.

(2) How do I conduct the 7-day drift test? To conduct
the 7-day drift test, you nust determ ne the magnitude of the
drift once each day, at 24-hour intervals, for 7 consecutive
days whil e your source is operating normally.

(i) You nust conduct the 7-day drift test at the two
poi nts specified in section 8.5. You may performthe 7-day
drift tests automatically or manually by introducing to your
PM CEMS suitable reference standards (these need not be
certified) or by using other appropriate procedures.

(ii) You nust record your PM CEMS zero and upscale
response and eval uate them agai nst the zero check val ue and



upscal e check val ue.

(3) When nust | conduct the 7-day drift test? You nust
conplete a valid 7-day drift test before attenpting the
correl ation test.

8.6 How do | conduct my PM CEMS correlation test? You
must conduct the correlation test according to the procedure
given in paragraphs (1) through (5) of this section. |If you
need nmultiple correlations, you nmust conduct sufficient
testing and collect at |east 15 pairs of reference method and
PM CEMS data for calcul ating each separate correl ation

(1) You nust use the reference nmethod for PM (usually
EPA Met hods 5, 51, or 17) that is prescribed by the applicable
regul ati ons. You nmay need to perform other reference methods
or performance specifications (e.g., Method 3 for oxygen,

Met hod 4 for noisture, etc.) depending on the units in which
your PM CEMS reports PM concentration.

(i) We recommend that you use paired reference nethod
trains when coll ecting manual PM data to identify and screen
the reference nethod data for inprecision and bi as.

Procedures for checking reference nethod data for bias and
preci sion can be found in the PM CEMS Knowl edge Docunent (see
section 16.5).

(ii) You may use test runs that are shorter than 60
m nutes in duration (e.g., 20 or 30 mnutes). You may perform
your PM CEMS correlation tests during new source performance
st andards performance tests or other conpliance tests subject
to the Clean Air Act or other statutes, such as the Resource
Conservation and Recovery Act. In these cases, your reference
nmet hod results obtained during the PM CEMS correl ation test
may be used to determ ne conpliance so | ong as your source and
the test conditions and procedures (e.g., reference nmethod
sanple run durations) are consistent with the applicable
regul ati ons and the reference nethod.

(ii1) You must convert the reference nmethod results to
units consistent with the conditions of your PM CEMS
measurenents. For exanple, if your PM CEMS neasures and
reports PMenissions in the units of mass per actual vol une of
stack gas, you must convert your reference nethod results to
those units (e.g., ng/acm. If your PM CEMS extracts and
heats the sanple gas to elimnate water droplets, then
nmeasures and reports PM em ssions under those actual
conditions, you nust convert your reference nmethod results to
t hose same conditions (e.g., ng/acm at 160°C).

(2) During each test run, you nust coordinate process
operations, reference nmethod sanpling, and PM CEMS operations.
For exanple, you nust ensure that the process is operating at
the targeted conditions, both reference nmethod trains are
sanpling simultaneously (if paired sanmpling trains are being



used), and your PM CEMS and data | ogger are operating
properly.

(i) You nmust coordinate the start and stop tines of each
run between the reference nmethod sanpling and PM CEMS
operation. For a batch sanpling PM CEMS, you nust start the
reference nmethod at the sanme tinme as your PM CEMS sanpli ng.

(ii) You nmust note the times for port changes (and ot her
peri ods when the reference method sanmpling may be suspended)
on the data sheets so that you can adjust your PM CEMS dat a
accordingly, if necessary.

(iii) You must properly align the tinme periods for your
PM CEMS and your reference nethod nmeasurenments to account for
your PM CEMS response tine.

(3) You nmust conduct a m nimum of 15 valid runs each
consi sting of sinultaneous PM CEMS and reference nmethod
measur enent sets.

(i) You may conduct nmore than 15 sets of CEMS and
reference nethod nmeasurenents. |f you choose this option, you
may reject certain test results so long as the total nunber of
valid test results you use to determne the correlation is
greater than or equal to 15.

(i1) You nust report all data, including the rejected
dat a.

(iii1) You may reject the results of up to five test runs
wi t hout expl anati on.

(iv) If you reject the results of nore than five test
runs, the basis for rejecting the results of the additional
test runs nust be explicitly stated in the reference nethod,
this performance specification, Procedure 2 of appendix F, or
your quality assurance plan.

(4) Sinultaneous PM CEMS and reference nethod
measurenents nust be performed in a manner to ensure that the
range of data that will be used to establish the correlation
for your PM CEMS is maxim zed. You nust first attenpt to
maxi m ze your correlation range by follow ng the procedures
descri bed in paragraphs (4)(i) through (iv) of this section.
| f you cannot obtain the three |evels as described in
paragraphs (i) through (iv), then you nust use the procedure
descri bed in section 8.6(5).

(i) You nust attenpt to obtain the three different
| evel s of PM mass concentration by varying process operating
conditions, varying PMcontrol device conditions, or by neans
of PM spi ki ng.

(ii) The three PM concentration |evels you use in the
correlation tests nust be distributed over the conplete
operating range experienced by your source.

(iii) At least 20 percent of the m ninmum 15 neasured
data points you use should be contained in each of the



followi ng | evels:

. Level 1: Fromno PM (zero concentration) em ssions
to 50 percent of the maxi num PM concentrati on;

. Level 2: 25 to 75 percent of the maxi num PM
concentration; and

. Level 3: 50 to 100 percent of the maxi nrum PM

concentration.

(iv) Although the above |evels overlap, you nmay only
apply individual run data to one |evel.

(5) If you cannot obtain three distinct |evels of PM
concentration as described, you nust performcorrelation
testing over the maxi mum range of PM concentrations that is
practical for your PM CEMS. To ensure that the range of data
used to establish the correlation for your PM CEMS is
maxi m zed, you nust follow one or nore of the steps in
par agraphs (5)(i) through (iv) of this section.

(i) Zero point data for in-situ instrunents should be
obtained, to the extent possible, by renmoving the instrunent
fromthe stack and nonitoring anbient air on a test bench.

(ii) Zero point data for extractive instruments should
be obtai ned by renpoving the extractive probe fromthe stack
and drawing in clean anbient air.

(iii) Zero point data al so can be obtained by performng
manual reference nethod neasurenents when the flue gas is free
of PM eni ssions or contains very |low PM concentrations (e.g.
when your process is not operating, but the fans are operating
or your source is conmbusting only natural gas).

(iv) If none of the steps in paragraphs (5)(i) through
(iii) of this section are possible, you nust estimate the
moni t or response when no PMis in the flue gas (e.g., 4 mMA =0
mg/ acm .

8.7 What do | do with the initial correlation test data
for my PM CEMS? You nust cal cul ate and report the results of
the correlation testing, including the correlation
coefficient, confidence interval, and tolerance interval for
the PM CEMS response and reference nmethod correlation data
that are use to establish the correlation, as specified in
section 12. You nust include all data sheets, cal cul ations,
charts (records of PM CEMS responses), process data records
i ncludi ng PM control equi pment operating paraneters, and
reference nmedia certifications necessary to confirmthat your
PM CEMS net the requirements of this performance
specification. In addition, you nust:

(1) Determine the integrated (arithnmetic average) PM CEMS
out put over each reference nmethod test period;

(2) Adjust your PM CEMS outputs and reference nethod test
data to the sane clock tinme (considering response time of your
PM CEMS) ;



(3) Confirmthat the reference method results are
consistent with your PM CEMS response in ternms of, where
appl i cabl e, nmoisture, tenperature, pressure, and dil uent
concentrations; and

(4) Determ ne whether any of the reference nmethod test
results do not neet the test method criteria.

8.8 What is the [imtation on the range of ny PM CEMS
correlation? Although the data you collect during the
correlation testing should be representative of the full range
of normal operating conditions at your source, you nust
conduct additional correlation testing if either of the
conditions specified in paragraphs (1) and (2) of this section
occurs.

(1) If your source is a lowemtting source, as defined
in section 3.16 of this specification, you nust conduct
addi tional correlation testing if either of the events
specified in paragraphs (1)(i) or (ii) of this section occurs
whil e your source is operating under normal conditions.

(i) Your source generates 24 consecutive hourly average
PM CEMS responses that are greater than 125 percent of the
hi ghest PM CEMS response (e.g., mA reading) used for the
correlation curve or are greater than the PM CEMS response
that corresponds to 50 percent of the emssion limt,
whi chever is greater, or

(ii) The cunul ative hourly average PM CEMS responses
generated by your source are greater than 125 percent of the
hi ghest PM CEMS response used for the correlation curve or are
greater than the PM CEMS response that corresponds to 50
percent of the emission |limt, whichever is greater, for nore
than 5 percent of your PM CEMS operating hours for the
previ ous 30-day period.

(2) If your source is not a lowenmtting source, as
defined in section 3.16 of this specification, you nust
conduct additional correlation testing if either of the events
specified in paragraph (i) or (ii) of this section occurs
whi |l e your source is operating under normal conditions.

(i) Your source generates 24 consecutive hourly average
PM CEMS responses that are greater than 125 percent of the
hi ghest PM CEMS response (e.g., mA reading) used for the
correl ation curve, or

(ii) The cunul ative hourly average PM CEMS responses
generated by your source are greater than 125 percent of the
hi ghest PM CEMS response used for the correlation curve for
nore than 5 percent of your PM CEMS operating hours for the
previ ous 30-day period.

(3) If additional correlation testing is required, you
nmust conduct at |east three additional test runs under the
conditions that caused the higher PM CEMS response.



(i) You nust conplete the additional testing and use the
resulting new data along with the previous data to calculate a
revised correlation equation within 60 days after the
occurrence of the event that requires additional testing, as
specified in paragraphs 8.8(1) and (2).

(4) If your source generates consecutive PM CEMS hourly
responses that are greater than 125 percent of the highest PM
CEMS response used to develop the correlation curve for 24
hours or for a cunul ative period that anounts to nore than 5
percent of the PM CEMS operating hours for the previous 30-day
period, you nust report the reason for the higher PM CEMS
responses.

9.0 What quality control measures are required?

Quality control neasures for PM CEMS are specified in 40
CFR 60, Appendix F, Procedure 2.

10.0 What calibration and standardi zation procedures nust |
perforn? [Reserved]
11.0 What analytical procedures apply to this procedure?

Specific analytical procedures are outlined in the
appl i cabl e reference nmethod(s).

12.0 What calculations and data anal yses are needed?

You nmust determne the primary relationship for
correlating the output fromyour PM CEMS to a PM
concentration, typically in units of nmg/acm or ng/dscm of flue
gas, using the calcul ations and data anal ysis process in
sections 12.2 and 12.3. You develop the correlation by
perform ng an appropriate regression analysis between your PM
CEMS response and your reference nethod data.

12.1 How do | calculate upscale drift and zero drift?
You nmust determ ne the difference in your PM CEMS out put
readi ngs fromthe established reference values (zero and
upscal e check values) after a stated period of operation
during which you perfornmed no unschedul ed nmai nt enance, repair,
or adjustnment.

(1) Calculate the upscale drift (UD) using Equation 11-

1:
Rew - R
UD= M 100 (Eq. 11-1)
RU
wher e:
u = The upscal e (high-level) drift of your PM CEMS
i n percent,
Ren = The neasured PM CEMS response to the upscale
reference standard, and
Ry = The preestablished nunerical value of the

upscal e reference standard.

(2) Calculate the zero drift (ZD) using Equation 11-2:



|RCEM - RL |

ZD= 100 (Eq. 11-2)
FQU
wher e:

ZD = The zero (lowlevel) drift of your PM CEMS in
percent,

Rem = The nmeasured PM CEMS response to the zero
reference standard,

R = The preestablished nunerical value of the zero
ref erence standard, and

Ry = The preestablished nunerical value of the

upscal e reference standard.

(3) Summarize the results on a data sheet simlar to
that shown in Table 2 (see section 17).

12.2 How do | performthe regression analysis? You nust
coupl e each reference nmethod PM concentrati on measurenent, vy,
in the appropriate units, with an average PM CEMS response, X,
over corresponding tinme periods. You nust conplete your PM
CEMS correl ation cal cul ations using data deenmed acceptabl e by
quality control procedures identified in 40 CFR 60, Appendi x
F, Procedure 2.

(1) You nust evaluate all flagged or suspect data
produced during nmeasurenent periods and determ ne whether they
shoul d be excluded from your PM CEMS s average.

(2) You nust assure that the reference nethod and PM
CEMS results are on a consistent noisture, tenperature, and
di l uent basis. You must convert the reference nethod PM
concentration neasurenents (dry standard conditions) to the
units of your PM CEMS neasurenment conditions. The conditions
of your PM CEMS neasurenent are nonitor-specific. You nust
obtain fromyour PM CEMS vendor or instrunent manufacturer the
conditions and units of neasurement for your PM CEMS.

(i) If your sanple gas contains entrained water droplets
and your PM CEMS is an extractive system that measures at
actual conditions (i.e., wet basis), you nust use the neasured
noi sture content determ ned fromthe inpinger analysis when
converting your reference nethod PMdata to PM CEMS
condi tions; do not use the noisture content calculated froma
psychronetric chart based on saturated conditions.

12.3 How do | determ ne my PM CEMS correlation? To
predi ct PM concentrations from PM CEMS responses, you nust use
the cal cul ati on nmethod of | east squares presented in
par agraphs (1) through (5) of this section. Wen perform ng
t he cal cul ati ons, each reference nethod PM concentration
measur enent nmust be treated as a discrete data point; if using
paired sanpling trains, do not average reference nmethod data
pairs for any test run.



This performance specification describes procedures for
evaluating five types of correlation nodels: |inear,
pol ynom al, logarithm c, exponential, and power. Procedures
for selecting the nost appropriate correlation nodel are
presented in section 12.4 of this specification.

(1) How do I evaluate a linear correlation for ny
correlation test data? To evaluate a |inear correlation,
foll ow the procedures described in paragraphs (1)(i) through
(iv) of this section.

(i) Calculate the linear correlation equation, which
gives the predicted PM concentration (1) as a function of the
PM CEMS response (x), as indicated by Equation 11-3:

y = b, +b,x (Eq. 11-3)
wher e:
] = t he predicted PM concentration,
b, = the intercept for the correlation curve, as
cal cul at ed usi ng Equation 11-4,
b, = the slope of the correlation curve, as

cal cul ated usi ng Equation 11-6, and
X = the PM CEMS response val ue.
Cal cul ate the y intercept (by) of the correlation curve using
Equation 11-4:

b, =¥- b, xx (Eq. 11-4)
wher e:
R = t he nean value of the PM CEMS response data, as
cal cul at ed usi ng Equation 11-5, and
1] = t he nean value of the PM concentration data, as
cal cul ated usi ng Equation 11-5:
Yzléxi, yzléyi (Eq. 11-5)
i=1 Ni-
wher e:
X; = the PM CEMS response value for run i
Yi = the PM concentration value for run i, and
n = t he nunber of data points.

Cal cul ate the slope (b;) of the correlation curve using
Equati on 11-6:

Sy
b, = .. (Eg. 11-6)
wher e:
Sixr Sy = as cal cul ated using Equation 11-7:

soodbxl scAbc by e

(i1) Calculate the half range of the 95 percent
confidence interval (Cl) for the predicted PM concentration



(g¢) at the nmean val ue of x, using Equation 11-8:

Cl :tdf,l—aIZXSL\/% (Eq. 11-8)
wher e:
Cl = the half range for the 95 percent confidence
interval for the nean x val ue,
tar 102 = the value for the t statistic provided in
Table 1 for df = n-2, and
S, = t he scatter or deviation of i values about the

correlation curve, which is determ ned using
Equation 11-9:
s - \/Lé (v, - v, ) (Eq. 11-9)
n-2.-
Cal cul ate the confidence interval half range at the nean x
val ue as a percentage of the emssion limt (Cl9% using
Equation 11-10:

a
a %= EXlOO% (Eg. 11-10)
wher e:
Cl = the confidence interval half range at the nean x
val ue, and
EL = PMem ssion limt, as described in section 13. 2.

(ii1) Calculate the half range of the tolerance interval
at the nmean x value (Tl) using Equation 11-11:

Tl =k, xS, (Egq. 11-11)
wher e:
TI = the tolerance interval half range at the nmean x
val ue,
K, = as cal cul ated using Equation 11-12, and
S = as cal cul ated using Equation 11-9:
Ky = Une™V ¢ (Eq. 11-12)
wher e:
n’ = t he nunmber of test runs (n),
U, = the tolerance factor for 75 percent provided in

Table 1, and
Vg = the value from Table 1 for df = n - 2.
Cal cul ate the tolerance interval half range at the nean x
val ue as a percentage of the emission limt (TI% using
Equation 11-13:

Tl
Tl %= E)G'OO% (Eq. 11-13)

wher e:
TI

the tolerance interval half range at the nean
val ue of x, and



EL = PM em ssion limt, as described in section 13.2.
(iv) Calculate the linear correlation coefficient (r)
usi ng Equation 11-14:

r= [1- i (Egq. 11-14)
S,
wher e:
S, = as cal cul ated using Equation 11-9, and
S, = as cal cul ated using Equation 11-15:

(Eq. 11-15)

(2) How do |I evaluate a polynom al correlation for ny
correlation test data? To evaluate a polynom al correlation,
foll ow the procedures described in paragraphs (2)(i) through
(iv) of this section.

(i) Calculate the polynom al correlation equation, which
is indicated by Equation 11-16, using Equations 11-17 through
11-22:

y = b, + b, x + b,x? (Eq. 11-16)
wher e:
i = the PM CEMS concentration predicted by the
pol ynomi al correlation equation, and
by, b, b, = the coefficients determ ned fromthe
solution to the matri x equati on Ab=B wher e:
én S S, €b, eSU
é u é u é_u
AZe5 S Su b= &b B= &S0
8, S; S 8o, ESA
s,=a(x) s =a(x)s=a(’)s=a(x) (Eq 11-17)
i=1 i=1 i=1 i=1
On On On
Ss=a(y) S§=a (xiyi), S =a (xfyi) (Eq. 11-18)
i=1 i=1 i=1
wher e:
X; = the PM CEMS response for run i,
Yi = the reference nethod PM concentration for run i,
and
n = t he nunmber of test runs.

Cal cul ate the polynom al correlation curve coefficients (b,
b,, and b,) using Equations 11-19 to 11-21, respectively:

(Ss )62X84+Sl )63 )67"'82 )66 XS3' S7>62>(Sz ) Ss )63 X35 ) S4x86 )61)
det A

b, =
(Eq. 11-19)



(nxse )64+85XS3 )62 +Sz><SlXS7 ) Sz >66 )62' S7x83 xn - S4><81XSS)

b, = det A
(Eq. 11-20)
b. = (n>62XS7+81XSB>62+Ssx81x83' Sz>62x85' S3><S6><n- S7)61><Sl)
2" det A
(Eq. 11-21)
wher e:
det A=nx5,x5,- S5,55,+S,5, %5, - §;55, n+ 5,55, 55, - §,55, 5,
(Eq. 11-22)

(ii) Calculate the confidence interval half range (Cl)
by first calculating the C coefficients (G to C;) using
Equati ons 11-23 and 11-24:

5,8, - & S5, - S, %S, S8, - &
Co:—( S ) c:l:( XSZD ) g:—( > )

(Eq. 11-23)
) (nSA- Sﬁ) c . (Sl xS, - nS3) ) (nS.2 - Sf)
- b b~ =7 D

D=n(S, S, - $2)+5,(S,58,- S,58,)+S,(S,58, - &) (Eq. 11-24)

Cal cul ate ) using Equation 11-25 for each x val ue:

D= G +2Cx +(2C, + C)x? + 2Cx° + Cx* (Eq. 11-25)
Determ ne the x value that corresponds to the m ni mum val ue of
) (Dnn). Determne the scatter or deviation of T values about
t he polynom al correlation curve (Sp) using Equation 11-26:
s, - |13 (9, -y, ) (Eq. 11-26)
n- 3i:1

Cal cul ate the half range of the 95 percent confidence interval
(Cl) at the x value that corresponds to ),, using Equation 11-
27:

Cl =t 4 %Sp+/Dpin (Eq. 11-27)
wher e:
df = n-3, and
tg = as listed in Table 1 (see section 17).

Cal cul ate the confidence interval half range at the x
value for ),, as a percentage of the emssion limt (Cl%
usi ng Equation 11-28:

Cl% = % x100% (Egq. 11-28)

wher e:
Cl = the confidence interval half range at the x



val ue that corresponds to ),, and
EL = PMem ssion limt, as described in section
13. 2.
(ii1) Calculate the tolerance interval half range
(TI) at the x value for ),, as indicated in Equation 11-
29 for the polynom al correlation, using Equations 11-30
and 11-31:

T =k XS, (Eq. 11-29)
wher e:
Ko = U XV 4 (Eq. 11-30)
1
ne= -— (Eq. 11-31)
U, = the value indicated in Table 1, and
V gt = the value indicated in Table 1 for df = n-
3

If the calculated value for n” is less than 2, then n' =
2.

Cal cul ate the tolerance interval half range at the x val ue
for )., as a percentage of the emssion limt (TI% using
Equation 11-32:

TI
TI% = EE—XlOO@b (Egq. 11-32)
wher e:
TI = the tolerance interval half range at the x
val ue that corresponds to ),, and
EL = PM em ssion limt, as described in section

13. 2.
(iv) Calculate the polynom al correlation

coefficient (r) using Equation 11-33:

2
o= (Eq. 11-33)
SZ
y
wher e:
Sp = as cal cul ated using Equation 11-26, and
S = as cal cul ated using Equation 11-15.

(é) How do | evaluate a logarithm c correlation for
my correlation test data? To evaluate a logarithmc
correl ation, which has the formindicated by Equation 11-
34, follow the procedures described in paragraphs (3)(i)
through (iii) of this section.

y = b, + b,Ln(x) (Eq. 11-34)

(i) Performa logarithmc transformati on of each PM
CEMS response val ue (x val ues) using Equation 11-35:

Xi" = Ln(x;) (Eq. 11-35)
wher e:



is the transforned value of x;, and
the natural logarithm of the PM CEMS
response for run i.

(ii) Using the values for x;” in place of the val ues
for x;, performthe sane procedures used to devel op the
| i near correlation equation described in paragraph (1) (i)
of this section. The resulting equation has the form
I ndi cated by Equation 11-36:

X
Ln(x;)

y = b, +b,x¢ (Egq. 11-36)
wher e:

x’ = the natural logarithm of the PM CEMS
response, and the variables 1, by, and b;
are as defined in paragraph (1)(i) of this
section.

(ii1) Using the values for x;° in place of the

val ues for x;, calculate the confidence interval half

range at the nmean x’ value as a percentage of the em ssion
limt (Cl9%, the tolerance interval half range at the nean
x' value as a percentage of the emssion limt (TI%, and
the correlation coefficient (r) using the procedures
descri bed in paragraphs (1)(ii) through (iv) of this
section.

(4) How do |I evaluate an exponential correlation for
nmy correlation test data? To eval uate an exponenti al
correl ation, which has the formindicated by Equation 11-
37, follow the procedures described in paragraphs (4)(i)

t hrough (v) of this section:
y = blebox (Eq. 11-37)

(i) Performa logarithmc transformati on of each PM
concentration neasurenent (y val ues) using Equation 11-38:

yi¢: Ln(yi) (Eq. 11-38)
wher e:
yi’ = Is the transfornmed val ue of y;, and
Ln(y;) = the natural logarithm of the PM

concentration neasurenent for run i
(ii) Using the values for y;” in place of the values
for y;,, performthe sane procedures used to devel op the
| i near correl ation equation described in paragraph (1) (i)

of this section. The resulting equation will have the
formindi cated by Equation 11-39.
y¢= b, + b,x (Eg. 11-39)

wher e:

P

the natural logarithm of the predicted PM
concentration values, and the variabl es b,,
b,, and x are as defined in paragraph (1)(i)



of this section.

(ii1) Using the values for y;” in place of the
values for y;, calculate the confidence interval half
range (Cl), as described in paragraph (1)(ii) of this
section. However, for the exponential correlation, you
must cal cul ate the value for ClI at the median x val ue,

i nstead of the mean x value for linear correlations.

Cal cul ate the confidence interval half range at the nedian
X value as a percentage of the emssion limt (Cl% using
Equation 11-40:

Cl
Oz — 0 ) -
% Ln(EL)XlOO/" (Eq. 11-40)
wher e:
Cl = t he confidence interval half range at the
medi an x val ue, and
Ln( EL) = the natural |ogarithmof the PM em ssion

limt, as described in section 13. 2.

(iv) Using the values for y;” in place of the val ues
for y,, calculate the tolerance interval half range (TIl),
as described in paragraph (1)(iii) of this section. For
t he exponential correlation, the value for Tl also nust be
cal cul ated at the median x value. Calculate the tol erance
i nterval half range at the nedian x value as a percentage
of the emssion limt (TI% using Equation 11-41:

Tl
TI@&-Ln(EL)xlooqb (Egq. 11-41)
wher e:
TI = the tolerance interval half range at the
medi an x val ue, and
Ln( EL) = the natural |ogarithm of the PM em ssion

limt, as described in section 13. 2.

(v) Using the values for y;” in place of the val ues
for y;, calculate the correlation coefficient (r) using
t he procedure described in paragraph (1)(iv) of this
section.

(5) How do | evaluate a power correlation for ny
correlation test data? To evaluate a power correlation,
whi ch has the formindicated by Equation 11-42, follow the
procedures described in paragraphs (5)(i) through (v) of
this section.

Y = blxbo (Egq. 11-42)
(i) Performlogarithm c transformati ons of each PM
CEMS response (x values) and each PM concentration
measurenment (y val ues) using Equations 11-35 and 11-38,
respectively.



(ii) Using the values for x;’ in place of the val ues
for x;, and the values for y;,” in place of the values for
yi, performthe same procedures used to devel op the |linear
correlation equation described in paragraph (1)(i) of this

section. The resulting equation will have the form
i ndi cated by Equation 11-43:
yt=Db,+b,x¢ (Egq. 11-43)
wher e:
i = the natural logarithm of the predicted PM
concentration val ues, and
x’ = the natural logarithm of the PM CEMS

response val ues, and the variables b, and b,
are as defined in paragraph (1)(i) of this
section.

(iii) Using the values for y;” in place of the
values for y;, calculate the confidence interval half
range (Cl), as described in paragraph (1)(ii) of this
section. You nust calculate the value for ClI at the
medi an x’ value, instead of the mean x value for I|inear
correlations. Calculate the confidence interval half
range at the nedian x' value as a percentage of the
emssion limt (Cl% using Equation 11-40.

(iv) Using the values for y;” in place of the val ues
for y;, calculate the tolerance interval half range (Tl),
as described in paragraph (1)(iii) of this section. The
value for Tl also nust be calcul ated at the nedian x’
value. Calculate the tolerance interval half range at the
medi an x’ value as a percentage of the em ssion [imt
(Cl% using Equation 11-41.

(v) Using the values for y;” in place of the val ues
for y,, calculate the correlation coefficient (r) using
t he procedure described in paragraph (1)(iv) of this
section.

12.4 Wiich correlation nodel should I use? Follow
t he procedures described in paragraphs (1) through (4) of
this section to determ ne which correlation nodel you
shoul d use.

(1) For each correlation nodel that you devel op
usi ng the procedures described in section 12.3 of this
speci fication, conpare the confidence interval half range
percent age, tol erance interval half range percentage, and
correlation coefficient to the performance criteria
specified in section 13.2 of this specification. You can
use the linear, logarithm c, exponential, or power
correlation nodel if the nodel satisfies all of the
performance criteria specified in section 13.2 of this



specification. However, to use the polynom al nodel you
first nmust check that the polynom al correlation curve
satisfies the criteria for mninum and maxi mrum val ues
specified in paragraph (3) of this section.

(2) If you develop nore than one correlation curve
that satisfy the performance criteria specified in section
13.2 of this specification, you should use the correlation
curve with the greatest correlation coefficient. If the
pol ynom al nodel has the greatest correlation coefficient,
you first nust check that the polynom al correlation curve
satisfies the criteria for m ninum and maxi nrum val ues
specified in paragraph (3) of this section.

(3) You can use the polynom al nodel that you
devel op using the procedures described in section 12.3(2)

i f the nodel satisfies the performance criteria specified
in section 13.2 of this specification, and the m ni num or
maxi mum val ue of the polynonial correlation curve does not
occur within the expanded data range. The m ni num or
maxi mum val ue of the polynom al correlation curve is the
poi nt where the slope of the curve equals zero. To
determine if the m ninum or maxi num val ue occurs within

t he expanded data range, follow the procedure described in
par agraphs (3)(i) through (iv) of this section.

(i) Determne if your polynom al correlation curve
has a m ni mrum or maxi num poi nt by conparing the pol ynom al

coefficient b, to zero. |If b, is less than zero, the curve
has a maxi num value. If b, is greater than zero, the
curve has a mninmum value. (Note: |If b, equals zero, the

correlation curve is |linear.)
(ii) Calculate the m ni num val ue using Equation 11-
44,

b,
2b,
(ii1) If your polynom al correlation curve has a

m ni mum poi nt, you nust conpare the m ni numvalue to the
m ni mum PM CEMS response used to develop the correl ation

curve. |If the correlation curve mninmumvalue is |ess

than or equal to the m ni num PM CEMS response val ue, you

can use the polynom al correlation curve, provided the

correlation curve also satisfies all of the performance

criteria specified in section 13.2 of this specification.

If the correlation curve mninmmvalue is greater than the

m ni rum PM CEMS response val ue, you cannot use the

pol ynom al correlation curve to predict PM concentrations.
(iv) If your polynom al correlation curve has a

maxi mrum the maxi num val ue nust be greater than the

al l owabl e extrapolation imt. [If your source is not a

mexi mum or mini mum = - (Eg. 11-44)




|l ow-enitting source, as defined in section 3.16 of this
specification, the allowable extrapolation limt is 125
percent of the highest PM CEMS response used to devel op
the correlation curve. |If your source is a lowemtting
source, the allowable extrapolation limt is 125 percent
of the highest PM CEMS response used to devel op the
correlation curve or the PM CEMS response that corresponds
to 50 percent of the em ssion limt, whichever is greater.
I f the polynom al correlation curve nmaxi mum value is
greater than the extrapolation limt, and the correlation
curve satisfies all of the performance criteria specified
in section 13.2 of this specification, you can use the

pol ynom al correlation curve to predict PM concentrations.
If the correlation curve maxi num value is | ess than the
extrapolation [imt, you cannot use the polynom al
correlation curve to predict PM concentrations.

(4) You may petition the Adm nistrator for
alternative solutions or sanpling recomendations if the
correl ati on nodel s described in section 12.3 of this
specification do not satisfy the performance criteria
specified in section 13.2 of this specification.

13.0 What are the performance criteria for ny PM CEMS?

You nust eval uate your PM CEMS based on the 7-day drift

check, the accuracy of the correlation, and the sanpling
peri ods and cycl e/response tine.

13.1 What is the 7-day drift check performance
specification? Your daily PM CEMS internal drift checks
must denonstrate that the average daily drift of your PM
CEMS does not deviate fromthe value of the reference
light, optical filter, Beta attenuation signal, or other
technol ogy-suitable reference standard by nore than 2
percent of the upscale value. |f your CEMS includes
di luent and/or auxiliary nonitors (for tenperature,
pressure, and/or noisture) that are enployed as a
necessary part of this performance specification, you nust
determ ne the calibration drift separately for each
ancillary monitor in terns of its respective output (see
t he appropriate performance specification for the dil uent
CEMS specification). None of the calibration drifts may
exceed their individual specification.

13.2 What performance criteria nust nmy PM CEMS
correlation satisfy? Your PM CEMS correl ati on nust neet
each of the m ninum specifications in paragraphs (1), (2),
and (3) of this section. Before confidence and tol erance
i nterval half range percentage cal cul ati ons are nade, you
must convert the em ssion limt to the appropriate units
of your PM CEMS neasurenent conditions using the average
of em ssions gas property values (e.g., diluent




concentration, tenperature, pressure, and noi sture)
measured during the correlation test.

(1) The correlation coefficient nust satisfy the
criterion specified in paragraph (1)(i) or (ii), whichever
appl i es.

(i) If your source is not a lowemtting source, as
defined in section 3.16 of this specification, the
correlation coefficient (r) nmust be greater than or equal
to 0. 85.

(ii) If your source is a lowemtting source, as
defined in section 3.16 of this specification, the
correlation coefficient (r) nmust be greater than or equal
to 0.75.

(2) The confidence interval half range nust satisfy
the applicable criterion specified in paragraph (2)(i),
(ii), or (iii) of this section, based on the type of
correl ati on nodel .

(i) For linear or logarithmc correlations, the 95
percent confidence interval half range at the nmean PM CEMS
response value fromthe correlation test nmust be within 10
percent of the PMemssion limt value specified in the
appl i cabl e regul ati on, as cal cul ated usi ng Equation 11-10.

(ii) For polynom al correlations, the 95 percent
confidence interval half range at the PM CEMS response
value fromthe correlation test that corresponds to the
m ni mum val ue for ) nust be within 10 percent of the PM
em ssion limt value specified in the applicable
regul ation, as cal cul ated usi ng Equati on 11-28.

(ii1) For exponential or power correlations, the 95
percent confidence interval half range at the nedian PM
CEMS response value fromthe correlation test nust be
within 10 percent of the natural |ogarithm of the PM
emssion limt value specified in the applicable
regul ation, as cal cul ated using Equation 11-40.

(3) The tolerance interval half range nust satisfy
the applicable criterion specified in paragraph (3)(i),
(ii), or (iii) of this section, based on the type of
correl ati on nodel .

(i) For linear or logarithm c correlations, the
tol erance interval half range at the nean PM CEMS response
value fromthe correlation test nust have 95 percent
confidence that 75 percent of all possible values are
within 25 percent of the PMem ssion |imt value specified
in the applicable regulation, as cal cul ated using Equation
11-13.

(ii) For polynom al correlations, the tolerance
i nterval half range at the PM CEMS response value fromthe



correlation test that corresponds to the m ni nrum val ue for
) nust have 95 percent confidence that 75 percent of al
possi bl e values are within 25 percent of the PM em ssion
limt value specified in the applicable regul ation, as

cal cul at ed usi ng Equation 11-32.

(ii1) For exponential or power correlations, the
tol erance interval half range at the medi an PM CEMS
response value fromthe correlation test nust have 95
percent confidence that 75 percent of all possible val ues
are within 25 percent of the natural |ogarithm of the PM
em ssion limt value specified in the applicable
regul ation, as cal cul ated using Equation 11-41.

13.3 What are the sanpling periods and
cycle/response tinme? You nust docunent and nmaintain the
response tinme and any changes in the response tine
following installation.

(1) If you have a batch sanpling PM CEMS, you nust
evaluate the limts presented in paragraphs (1)(i) and
(ii) of this section.

(i) The response tinme of your PM CEMS, which is
equi valent to the cycle time, nust be no | onger than 15
mnutes. In addition, the delay between the end of the
sanpling tinme and reporting of the sanple analysis nust be
no greater than 3 mnutes. You nust docunent any changes
in the response tinme follow ng installation.

(ii) The sanpling time of your PM CEMS nust be no
| ess than 30 percent of the cycle tine. |If you have a
batch sanpling PM CEMS, sanpling nust be continuous except
duri ng pauses when the collected pollutant on the capture
nmedia is being anal yzed and the next capture nmedium starts
col l ecting a new sanpl e.

13.4 What PM conpliance nonitoring nmust | do? You
must report your CEMS neasurenents in the units of the
standard expressed in the regulations (e.g., ng/dscm @7
percent oxygen, pounds per mllion Btu (lb/mBtu), etc.).
You may need to install auxiliary data nmonitoring
equi pment to convert the units reported by your PM CEMS
into units of the PM em ssion standard.

14.0 Pollution Prevention. [Reserved]

15.0 Waste Managenent. [Reserved]

16.0 Which references are relevant to this performnce
specification?

16.1 Technical Guidance Docunent: Conpliance
Assurance Monitoring. U S. Environnmental Protection
Agency Office of Air Quality Planning and Standards
Em ssion Measurenent Center. August 1998.

16.2 40 CFR 60, Appendix B, "Performance
Specification 2 - Specifications and Test Procedures for




SO, and NQ,, Continuous Eni ssion Monitoring Systens in
Stati onary Sources."

16.3 40 CFR 60, Appendix B, "Performance
Specification 1 - Specification and Test Procedures for
Opacity Conti nuous Em ssion Mnitoring Systens in
Stationary Sources."

16.4 40 CFR 60, Appendix A, "Method 1 - Sanple and
Vel ocity Traverses for Stationary Sources."

16.5 "Current Know edge of Particulate Matter (PM
Cont i nuous Em ssion Monitoring." EPA-454/R-00-039. U S.
Environmental Protection Agency, Research Triangle Park,
NC. Septenber 2000.

16.6 40 CFR 266, Appendix I X, Section 2,
"Performance Specifications for Continuous Em ssion
Moni toring Systenms.™

16.7 |1SO 10155, "Stationary Source Em ssions -

Aut omat ed Monitoring of Mass Concentrations of Particles:
Perf ormance Characteristics, Test Procedures, and
Specifications.” Anmerican National Standards Institute,
New York City. 1995.

17.0 What reference tables and validation data are
relevant to PS-117

Use the information in Table 1 for determ ning the
confidence and tol erance interval half ranges. Use Table
2 to record your 7-day drift test data.

TABLE 1. FACTORS FOR CALCULATI ON OF CONFI DENCE

AND TOLERANCE | NTERVAL HALF RANGES

df or n' t gt Vgt u,” (75)
2 4. 303 4. 415 1.433
3 3.182 2.920 1.340
4 2.776 2.372 1.295
5 2.571 2. 089 1. 266
6 2.447 1.915 1. 247
7 2. 365 1.797 1.233
8 2. 306 1.711 1.223
9 2.262 1. 645 1.214
10 2.228 1.593 1.208
11 2.201 1.551 1.203
12 2.179 1.515 1.199
13 2.160 1.485 1.195
14 2.145 1. 460 1.192
15 2.131 1. 437 1.189
16 2.120 1.418 1.187
17 2.110 1.400 1.185



18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
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. 101
. 093
. 086
. 080
. 074
. 069
. 064

060

. 056
. 052
. 048
. 045
. 042
. 040
. 037

035
032

. 030
. 028
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. 025
. 023
. 021
. 020

018

. 017
. 015
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009
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. 385
. 370
. 358
. 346
. 335
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308

. 301
. 294
. 287
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. 274
. 269
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258
253

. 248
. 244
. 240
. 236
. 232
. 228
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. 219
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. 183
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177
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. 165
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58 2.002 1.178 1.160

59 2.001 1.176 1.160

60 2.000 1.173 1. 160

61 2. 000 1.170 1.160

62 1.999 1.168 1.160

63 1.999 1.165 1.159

TABLE 2. 7- DAY DRI FT TEST DATA
Zero Dat e Zero Check PM CEMS D fference
Drift and Val ue Response (Reems - Zero Drift
Day # | Tine (R) ( Reens) R) ((Reevs- R/ Ry) X100
1
2
3
4
5
6
7
Upscal e
Upscale | Date Check PM CEMB Di fference Upscal e Drift
Drift and Val ue Response (Reems - ( (Reews
Day # | Tine (R ( Reens) R) R)/Ry) x100%
1
2
3
4
5
6
7
3. Appendix F, part 60 is revised to read as

foll ows:



APPENDI X F - QUALI TY ASSURANCE PROCEDURES

*x * * * *

PROCEDURE 2 - Quality Assurance Requirenments for
Particulate Matter Continuous Em ssion Monitoring Systens
at Stationary Sources

1.0 What are the purpose and applicability of Procedure

2?

The purpose of Procedure 2 is to establish the
m ni mum requi rements for evaluating the effectiveness of
quality control (QC) and quality assurance (QA) procedures
and the quality of data produced by your particulate
matter (PM continuous em ssion nonitoring system (CEMS).
Procedure 2 applies to PM CEMS used for continuously
determ ni ng conpliance with em ssion standards or
operating pernmt limts as specified in an applicable
regulation or permt. Oher QC procedures may apply to
diluent (e.g., O) nmonitors and other auxiliary nonitoring
equi pnment included with your CEMS to facilitate PM
measurenment or determ nation of PM concentration in units
specified in an applicable regul ation.

1.1 What neasurenent paraneter does Procedure 2
address? Procedure 2 covers the instrunmental nmeasurenent

of PM as defined by your source’s applicable reference

met hod (no Chem cal Abstract Service nunmber assigned).



1.2 For what types of devices nmust | conply with
Procedure 2? You nust conply with Procedure 2 for the
total equi prment that:

(1) We require you to install and operate on a
conti nuous basis under the applicable regul ation, and

(2) You use to monitor the PM mass concentration
associated with the operation of a process or em ssion
control device.

1.3 What are the data quality objectives (DQCs) of
Procedure 2? The overall DQO of Procedure 2 is the
generation of valid, representative data that can be
transferred into useful information for determ ning PM
CEMS concentrations averaged over a prescribed interval.
Procedure 2 is also closely associated with Perfornmance
Speci fication 11 (PS-11).

(1) Procedure 2 specifies the mninmmrequirenments
for controlling and assessing the quality of PM CEMS data
submtted to us or the delegated permtting authority.

(2) You nust nmeet these mninmumrequirenents if you
are responsible for one or nmore PM CEMS used for
conpliance nonitoring. W encourage you to devel op and
i nmpl enent a nore extensive QA programor to continue such
prograns where they already exist.

1.4 What is the intent of the QA/ QC procedures



specified in Procedure 2? Procedure 2 is intended to
establish the m ni mum QA QC requirenents for PM CEMS and
is presented in general terns to allow you to develop a
program that is nost effective for your circunstances.
You may adopt QA/ QC procedures that go beyond these
m ni mum requi rements to ensure conpliance with applicable
regul ati ons.

1.5 When nust | conply with Procedure 2? You nust
conply with the basic requirenments of Procedure 2
i mmedi ately follow ng successful conpletion of the initial
correlation test of PS-11.

2.0 What are the basic requirenments of Procedure 2?

Procedure 2 requires you to perform periodic
eval uati ons of PM CEMS performance and to devel op and
i mpl enent QA/ QC prograns to ensure that PM CEMS data
qual ity is nmaintained.
2.1 \What are the basic functions of Procedure 27?

(1) Assessnment of the quality of your PM CEMS data
by estimating measurenent accuracy;

(2) Control and inprovenent of the quality of your
PM CEMS data by inplenmenting QC requirenents and
corrective actions until the data quality is acceptable;
and

(3) Specification of requirenents for daily



i nstrument zero and upscale drift checks and daily sanple
vol ume checks, as well as routine response correlation
audits, absolute correlation audits, sanple volunme audits,
and rel ative response audits.

3.0 What special definitions apply to Procedure 2?

The definitions in Procedure 2 include those provided
in PS-11 of Appendix B, with the follow ng additions:

3.1 "Absolute Correlation Audit (ACA)" nmeans an
eval uati on of your PM CEMS response to a series of
reference standards covering the full nmeasurenment range of
the instrunment (e.g., 4 mMto 20 mA).

3.2 "Correlation Range" neans the range of PM CEMS
responses used in the conplete set of correlation test
dat a.

3.3 "PM CEMS Correlation" nmeans the site-specific
relationship (i.e., a regression equation) between the
out put fromyour PM CEMS (e.g., mA) and the particul ate
concentration, as determ ned by the reference nethod. The
PM CEMS correlation is expressed in the sanme units as the
PM concentration neasured by your PM CEMS (e.g., ng/acm.
You must derive this relation from PM CEMS response data
and manual reference nethod data that were gathered
si mul taneously. These data nust be representative of the

full range of source and control device operating



conditions that you expect to occur. You nust devel op the
correlation by performng the steps presented in sections
12.2 and 12.3 of PS-11.

3.4 "Reference Method Sanpling Location" nmeans the
| ocation in your source’s exhaust duct from which you
col l ect manual reference nethod data for devel opi ng your
PM CEMS correlation and for performng relative response
audits (RRAs) and response correlation audits (RCAs).

3.5 "Response Correlation Audit (RCA)" neans the
series of tests specified in section 10.3(8) of this
procedure that you conduct to ensure the continued
validity of your PM CEMS correlation.

3.6 "Relative Response Audit (RRA)" nmeans the brief
series of tests specified in section 10.3(6) of this
procedure that you conduct between consecutive RCAs to
ensure the continued validity of your PM CEMS correl ation.

3.7 "Sanple Volume Audit (SVA)" means an eval uation
of your PM CEMS neasurenment of sanple volume if your PM
CEMS det erm nes PM concentration based on a neasure of PM
mass in an extracted sanple volume and an i ndependent
determ nation of sanple vol une.

4.0 Interferences. [Reserved]

5.0 What do | need to know to ensure the safety of

persons usi ng Procedure 2?




Peopl e using Procedure 2 may be exposed to hazardous
materials, operations, and equi pnment. Procedure 2 does
not purport to address all of the safety issues associ ated
with its use. It is your responsibility to establish
appropriate safety and health practices and determ ne the
applicable regulatory limtations before performng this
procedure. You nust consult your CEMS user’s manual for
specific precautions to be taken with regard to your PM
CEMS procedures.

6.0 What equi pnent and supplies do | need?

[ Reserved]

7.0 \What reagents and standards do | need?

You will need reference standards or procedures to
performthe zero drift check, the upscale drift check, and
t he sanmpl e vol une check

7.1 \What is the reference standard value for the
zero drift check? You must use a zero check value that is
no greater than 20 percent of the PM CEMS s response
range. You nust obtain docunentation on the zero check
val ue fromyour PM CEMS manufacturer.

7.2 \What is the reference standard value for the
upscale drift check? You nust use an upscal e check val ue
t hat produces a response between 50 and 100 percent of the

PM CEMS’' s response range. For a PM CEMS that produces



out put over a range of 4 mA to 20 mA, the upscal e check
val ue nmust produce a response in the range of 12 mA to 20
mA. You nust obtain docunmentation on the upscal e check
val ue fromyour PM CEMS manuf acturer.

7.3 \What is the reference standard value for the
sanpl e vol unme check? You nust use a reference standard
val ue or procedure that produces a sanple volume val ue
equi valent to the normal sanpling rate. You nust obtain
docunment ati on on the sanple volume value from your PM CEMS
manuf act urer.

8.0 What sanple collection, preservation, storage. and

transport are relevant to this procedure?

[ Reserved]

9.0 What quality control neasures are required by this

procedure for ny PM CEMS?

You nmust devel op and inplenment a QC program for your
PM CEMS. Your QC program must, at a mninmum include
written procedures that describe, in detail, conplete
st ep- by-step procedures and operations for the activities
i n paragraphs (1) through (8) of this section.

(1) Procedures for performng drift checks,
i ncl udi ng both zero drift and upscale drift and the sanple
vol une check (see sections 10.2(1), (2), and (5)).

(2) Methods for adjustnment of PM CEMS based on the



results of drift checks, sanple volume checks (if
applicable), and the periodic audits specified in this
procedure.

(3) Preventative mintenance of PM CEMS (i ncl uding
spare parts inventory and sanpling probe integrity).

(4) Data recording, calculations, and reporting.

(5) RCA and RRA procedures, including sanpling and
anal ysi s nmet hods, sanpling strategy, and structuring test
conditions over the prescribed range of PM concentrations.

(6) Procedures for perform ng ACAs and SVAs and
met hods for adjusting your PM CEMS response based on ACA
and SVA results.

(7) Program of corrective action for mal functioning
PM CEMS, including flagged data peri ods.

(8) For extractive PM CEMS, procedures for checking
extractive system ducts for material accunul ati on.

9.1 What QA/ QC docunentation must | have? You are
required to keep the witten QA/ QC procedures on record
and avail able for inspection by us, the State, and/or
| ocal enforcenent agency for the life of your CEMS or
until you are no | onger subject to the requirenents of
this procedure.

9.2 How do I know if | have acceptable QC procedures

for ny PM CEMS? Your QC procedures are inadequate or your



PM CEMS is incapable of providing quality data if you fail
two consecutive QC audits (i.e., out-of-control conditions
resulting fromthe annual audits, quarterly audits, or
daily checks). Therefore, if you fail the same two
consecutive audits, you nust revise your QC procedures or
nodi fy or replace your PM CEMS to correct the deficiencies
causi ng the excessive inaccuracies (see section 10.4 for
limts for excessive audit inaccuracy).

10.0 What calibration/correl ation and standardi zati on

procedures nust | performfor nmy PM CENMS?

You must generate a site-specific correlation for
each of your PM CEMS installation(s) relating response
fromyour PM CEMS to results from sinultaneous PM
reference method testing. The PS-11 defines procedures
for devel oping the correlation and defines a series of
statistical paraneters for assessing acceptability of the
correlation. However, a critical conponent of your PM
CEMS correl ation process is ensuring the accuracy and
preci sion of reference nethod data. The activities |isted
in sections 10.1 through 10.10 assure the quality of the
correl ation.

10.1 When should | use paired trains for reference
met hod testing? Although not required, we recomend t hat

you shoul d use paired-train reference nmethod testing to



generate data used to devel op your PM CEMS correl ation and
for RCA testing. Guidance on the use of paired sanpling
trains can be found in the PM CEMS Know edge Docunment (see
section 16.5).

10.2 What routine system checks nust | performon ny
PM CEMS? You nust performroutine checks to ensure proper
operation of system electronics and optics, light and
radi ati on sources and detectors, and electric or electro-
mechani cal systens. Necessary conponents of the routine
system checks will depend on design details of your PM
CEMS. As a mininmum you nmust verify the system operating
paraneters listed in paragraphs (1) through (5) of this
section on a daily basis. Sone PM CEMS nmy perform one or
nore of these functions automatically or as an integral
portion of unit operations; for other PM CEMS, you nust
initiate or performone or nore of these functions
manual | y.

(1) You nust check the zero drift to ensure
stability of your PM CEMS response to the zero check
val ue. You nust determ ne system out put on the nost
sensitive measurenment range when the PM CEMS is chall enged
with a zero reference standard or procedure. You nust, at
a mnimum adjust your PM CEMS whenever the daily zero

drift exceeds 4 percent.



(2) You nust check the upscale drift to ensure
stability of your PM CEMS response to the upscal e check
val ue. You nust determ ne system out put when the PM CEMS
is challenged with a reference standard or procedure
corresponding to the upscal e check value. You nust, at a
m ni mum adj ust your PM CEMS whenever the daily upscale
drift check exceeds 4 percent.

(3) For light-scattering and extinction-type PM
CEMS, you nust check the systemoptics to ensure that
system response has not been altered by the condition of
optical components, such as fogging of |lens and
performance of |ight nonitoring devices.

(4) You nust record data fromyour automatic drift-
adj usting PM CEMS before any adjustnent is made. |f your
PM CEMS automatically adjusts its response to the
corrected calibration values (e.g., m croprocessor
control), you nust programyour PM CEMS to record the
unadj usted concentration neasured in the drift check
before resetting the calibration. Alternately, you may
program your PM CEMS to record the ampunt of adjustnment.

(5) For extractive PM CEMS that neasure the sanple
vol une and use the nmeasured sanple volunme as part of
cal cul ati ng the output value, you nmust check the sanple

volunme on a daily basis to verify the accuracy of the



sanpl e vol ume neasuring equi pnent. This sanmple vol une
check nust be done at the normal sanpling rate of your PM
CEMS. You nust adjust your PM CEMS sanpl e vol ume

measur enment whenever the daily sanple vol ume check error
exceeds 10 percent.

10.3 What are the auditing requirements for ny PM
CEMS? You nust subject your PM CEMS to an ACA and an SVA,
as applicable, at |east once each cal ender quarter.
Successive quarterly audits nmust occur no closer than 2
nont hs apart. You nust conduct an RCA and an RRA at the
frequencies specified in the applicable regulation or
facility operating permt. An RRA or RCA conducted during
any cal endar quarter can take the place of the ACA
requi red for that cal endar quarter. An RCA conducted
during the period in which an RRA is required can take the
pl ace of the RRA for that period.

(1) When nmust | performan ACA? You nmust perform an
ACA each quarter unless you conduct an RRA or RCA during
t hat same quarter.

(2) How do | performan ACA? You perform an ACA
according to the procedure specified in paragraphs (2)(i)
t hrough (v) of this section.

(i) You nmust chall enge your PM CEMS with an audit

standard or an equivalent audit reference to reproduce the



PM CEMS s neasurenent at three points within the follow ng

ranges:
Audi t poi nt Audi t range
1 0O to 20 percent of nmeasurenent range
2 40 to 60 percent of nmeasurenent range
3 70 to 100 percent of measurenent range

(ii) You must then chall enge your PM CEMS three
tinmes at each audit point and use the average of the three
responses in determ ning accuracy at each audit point.

Use a separate audit standard for audit points 1, 2, and
3. Challenge the PM CEMS at each audit point for a
sufficient period of time to ensure that your PM CEMS
response has stabilized.

(iii) Operate your PM CEMS in the node, manner, and
range specified by the manufacturer.

(iv) Store, maintain, and use audit standards as
recommended by the manufacturer.

(v) Use the difference between the actual known
val ue of the audit standard and the response of your PM
CEMS to assess the accuracy of your PM CEMS.

(3) When nmust | performan SVA? You nmust perform an
audit of the measured sanple volume (e.g., the sanpling
flow rate for a known tine) once per quarter for

applicable PM CEMS with an extractive sanpling system



Al so, you nust perform and pass an SVA prior to initiation
of any of the reference nethod data collection runs for an
RCA or RRA.

(4) How do | performan SVA? You perform an SVA
according to the procedure specified in paragraphs (4)(i)
through (iii) of this section.

(i) You performan SVA by independently nmeasuri ng
the vol ume of sanple gas extracted fromthe stack or duct
over each batch cycle or time period with a calibrated
device. You may meke this measurenent either at the inlet
or outlet of your PM CEMS, so long as it neasures the
sanpl e gas volunme w thout including any dilution or
recycle air. Conpare the measured volunme with the vol une
reported by your PM CEMS for the same cycle or tinme period
to cal cul ate sanpl e vol ume accuracy.

(ii1) You nust make neasurenents during three
sanpling cycles for batch extractive nonitors (e.g., Beta-
gauge) or during three periods of at |east 20 mi nutes for
conti nuous extractive PM CEMS.

(iii) You may need to condense, collect, and measure
noi sture fromthe sanple gas prior to the calibrated
measur ement device (e.g., dry gas neter) and correct the
results for noisture content. |In any case, the vol unes

measured by the calibrated device and your PM CEMS nust be



on a consi stent tenperature, pressure, and noisture basis.

(5) How often nust | perform an RRA? You nust
performan RRA at the frequency specified in the
applicable regulation or facility operating permt. You
may conduct an RCA instead of an RRA during the period
when the RRA is required.

(6) How do |I performan RRA? You nust performthe
RRA according to the procedure specified in paragraphs
(6)(i) and (ii) of this section.

(i) You performan RRA by collecting three
si mul t aneous reference nmethod PM concentration
measur ements and PM CEMS nmeasurenents at the as-found
source operating conditions and PM concentrati on.

(iit) We recommend that you use paired trains for
reference nethod sanpling. Guidance on the use of paired
sanpling trains can be found in the PM CEMS Know edge
Docunent (see section 16.5 of PS-11).

(7) How often nmust | performan RCA? You nust
performan RCA at the frequency specified in the
applicable regulation or facility operating permt.

(8 How do |I performan RCA? You nust performthe
RCA according to the procedures for the PM CEMS
correlation test described in PS-11, section 8.6, except

that the m ni mum nunber of runs required is 12 in the RCA



i nstead of 15 as specified in PS-11.

(9) MWhat other alternative audits can | use? You
can use other alternative audit procedures as approved by
us, the State, or |ocal agency for the quarters when you
woul d conduct ACAs.

10.4 What are ny limts for excessive audit
i naccuracy? Unless specified otherwise in the applicable
subpart, the criteria for excessive audit inaccuracy are
listed in paragraphs (1) through (6) of this section.

(1) VWhat are the criteria for excessive zero or
upscale drift? Your PM CEMS is out of control if the zero
drift check or upscale drift check either exceeds 4
percent for five consecutive daily periods or exceeds 8
percent for any one day.

(2) MWhat are the criteria for excessive sanple
vol ume nmeasurenment error? Your PM CEMS is out of control
i f sanple volume check error exceeds 10 percent for five
consecutive daily periods or exceeds 20 percent for any
one day.

(3) What are the criteria for excessive ACA error?
Your PM CEMS is out of control if the results of any ACA
exceed + 10 percent of the average audit value or 7.5
percent of the applicable standard, whichever is greater.

(4) MWhat is the criterion for excessive SVA error?



Your PM CEMS is out of control if results exceed £ 5
percent of the average sanple volune audit val ue.

(5) MWhat are the criteria for passing an RCA? To
pass an RCA, you nust neet the criteria specified in
paragraphs (5) (i) through (iii) of this section. If your
PM CEMS fails to neet these RCA criteria, it is out of
control .

(i) For all 12 data points, the PM CEMS response
val ue can be no greater than the greatest PM CEMS response
val ue used to devel op your correlation curve.

(ii) For 9 of the 12 data points, the PM CEMS
response value nust lie within the PM CEMS out put range
used to devel op your correlation curve.

(iii) At least 75 percent of a m nimum nunber of 12
sets of PM CEMS and reference nethod neasurenents nust
fall within a specified area on a graph of the correlation
regression line. The specified area on the graph of the
correlation regression line is defined by two |ines
parallel to the correlation regression |line, offset at a
di stance of + 25 percent of the numerical emssion [imt
value fromthe correlation regression |ine.

(6) MWhat are the criteria to pass an RRA? To pass
an RRA, you nust neet the criteria specified in paragraphs

(6)(i) and (ii) of this section. If your PM CEMS fails to



nmeet these RRA criteria, it is out of control.

(i) For all three data points, the PM CEMS response
val ue can be no greater than the greatest PM CEMS response
val ue used to devel op your correlation curve.

(ii) For two of the three data points, the PM CEMS
response value nust lie within the PM CEMS out put range
used to devel op your correlation curve.

(iii) At least two of the three sets of PM CEMS and
reference nethod neasurenments nust fall within the sane
specified area on a graph of the correlation regression
line as required for the RCA and described in paragraph
(5)(iii) of this section.

10.5 What do | do if nmy PM CEMS is out of control?
If your PM CEMS is out of control, you nust take the
actions listed in paragraphs (1) and (2) of this section.

(1) You nust take necessary corrective action to
elimnate the problem and performtests, as appropriate,
to ensure that the corrective action was successful .

(i) Followi ng corrective action, you nust repeat the
previously failed audit to confirmthat your PM CEMS is
operating within the specifications.

(ii) 1f your PM CEMS failed an RRA, you nust take
corrective action until your PM CEMS passes the RRA

criteria. |If the RRA criteria cannot be achieved, you



must perform an RCA.

(iii) If your PM CEMS failed an RCA, you nust foll ow
procedures specified in section 10.6 of this procedure.

(2) You nust report both the audit show ng your PM
CEMS to be out of control and the results of the audit
following corrective action show ng your PM CEMS to be
operating within specifications.

10.6 What do | do if nmy PMCEMS fails an RCA? After
an RCA failure, you nust take all applicable actions
|isted in paragraphs (1) through (3) of this section.

(1) Conbine RCA data with data fromthe active PM
CEMS correlation and performthe mathematical eval uations
defined in PS-11 for devel opnment of a PM CEMS correl ation,
i ncl udi ng exam nation of alternate correlation nodels
(i.e., linear, polynomal, logarithm c, exponential, and
power). |If the expanded data base and revised correlation
meet PS-11 statistical criteria, use the revised
correl ation.

(2) If the criteria specified in paragraph (1) of
this section are not achieved, you nust devel op a new PM
CEMS correl ati on based on revised data. The revised data
set nmust consist of the test results fromonly the RCA.
The new data nust neet all requirements of PS-11 to

devel op a revised PM CEMS correl ati on, except that the



m ni mrum nunber of sets of PM CEMS and reference nethod
measurenments is 12 instead of the m ninmum of 15 sets
required by PS-11. Your PM CEMS is considered to be back
in controlled status when the revised correl ation neets
all of the performance criteria specified in section 13.2
of PS-11.

(3) If the actions in paragraphs (1) and (2) of this
section do not result in an acceptable correlation, you
must eval uate the cause(s) and conply with the actions
listed in paragraphs (3)(i) through (iv) of this section
within 90 days after the conpletion of the failed RCA

(i) Conpletely inspect your PM CEMS for nechani cal
or operational problems. |If you find a nechanical or
operational problem repair your PM CEMS and repeat the
RCA.

(ii) You may need to rel ocate your PM CEMS to a nore
appropriate nmeasurenent |ocation. |If you relocate your PM
CEMS, you nust performa new correlation test according to
t he procedures specified in PS-11.

(iii) The characteristics of the PMor gas in your
source’s flue gas stream nay have changed such that your
PM CEMS neasurenment technology is no | onger appropriate.

If this is the case, you nust install a PM CEMS with

measurenment technology that is appropriate for your



source’s flue gas characteristics. You nust performa new
correlation test according to the procedures specified in
PS-11.

(iv) If the corrective actions in paragraphs (3)(i)
through (iii) of this section were not successful, you
must petition us, the State, or |ocal agency for approval
of alternative criteria or an alternative for continuous
PM noni tori ng.

10.7 When does the out-of-control period begin
and end? The out-of-control period begins i mediately
after the last test run or check of an unsuccessful RCA,
RRA, ACA, SVA, drift check, or sanple volume check. The
out -of -control period ends imediately after the | ast test
run or check of the subsequent successful audit or drift
check.

10.8 Can | use the data recorded by nmy PM CEMS
during out-of-control periods? During any period when
your PM CEMS is out of control, you may not use your PM
CEMS data to cal cul ate em ssion conpliance or to neet
m ni rum data availability requirenents described in the
appl i cabl e regul ati on.

10.9 What are the QA/ QC reporting requirenments for
my PM CEMS? You nust report the accuracy results for your

PM CEMS, specified in section 10.4 of this procedure, at



the interval specified in the applicable regulation.
Report the drift and accuracy information as a Data
Assessment Report (DAR), and include one copy of this DAR
for each quarterly audit with the report of em ssions
requi red under the applicable regulation. An exanple DAR
is provided in Procedure 1, Appendix F of this part.

10.10 What mninmuminformation nust | include in ny
DAR? As a mnimum you nust include the informtion
listed in paragraphs (1) through (5) of this section in
t he DAR:

(1) Your nane and address.

(2) ldentification and |ocation of nonitors in your
CEMS.

(3) Manufacturer and nodel nunmber of each nmonitor in
your CEMS.

(4) Assessnment of PM CEMS data
accuracy/ acceptability, and date of assessnent, as
determ ned by an RCA, RRA, ACA, or SVA described in
section 10, including the acceptability determ nation for
the RCA or RRA, the accuracy for the ACA or SVA the
reference nethod results, the audit standards, your PM
CEMS responses, and the calculation results as defined in
section 12. If the accuracy audit results show your PM

CEMS to be out of control, you nmust report both the audit



results showi ng your PM CEMS to be out of control and the
results of the audit follow ng corrective action show ng
your PM CEMS to be operating within specifications.

(5) Summary of all corrective actions you took when
you determ ned your PM CEMS to be out of control, as
described in section 10.5, or after failing an RCA, as
described in section 10. 6.

10.7 Where and how long nust | retain the QA data
that this procedure requires me to record for my PM CEMS?
You must keep the records required by this procedure for
your PM CEMS onsite and avail able for inspection by us,
the State, and/or |ocal enforcenent agency for a period of
5 years.

11.0 What analvytical procedures apply to this procedure?

Sanpl e collection and anal ysis are concurrent for
this procedure. You nust refer to the appropriate
reference nmethod for the specific analytical procedures.

12.0 What calculations and data anal ysis nust | perform

for ny PM CEMS?

(1) How do I determ ne RCA and RRA acceptability?
You must plot each of your PM CEMS and reference nethod
data sets froman RCA or RRA on a graph based on your PM
CEMS correlation line to determne if the criteria in

par agraphs 10.4(5) or (6), respectively, are net.



(2) How do | calculate ACA accuracy? You nust use
Equation 2-1 to cal cul ate ACA accuracy for each of the

three audit points:

R, - R
ACA Accuracy :%' 100 (Eq. 2-1)
\%

wher e;:

ACA Accur acy The ACA accuracy at each audit point,
i n percent,
Ren = Your PM CEMS response to the reference

st andard, and

R,k = The reference standard val ue.
(3) How do I calculate daily upscale and zero drift?
You nust cal cul ate the upscale drift using to Equation 2-2

and the zero drift according to Equation 2-3:

up= e Rul. g (Eq. 2-2)
RU
wher e:
ub = The upscale drift of your PM CEMS, in
percent,
Reew = Your PM CEMS response to the upscal e check

val ue, and



Ry = The upscal e check val ue.
ZD:M'lOO (Eq. 2-3)
Ry
wher e:
D = The zero (lowlevel) drift of your PM CEMS,
I n percent,
Rev = Your PM CEMS response of the zero check
val ue,
R = The zero check val ue, and
Ry = The upscal e check val ue.

(4) How do | calcul ate SVA accuracy? You nust use
Equation 2-4 to calcul ate the accuracy, in percent, for

each of the three SVA tests or the daily sanple volune

check:
Vi- V
Accuracyzﬁ—&——ii’loo (Eq. 2-4)
FS

wher e:

Vu = Sanmpl e gas vol unme determ ned/reported by

your PM CEMS (e.g., dscm,
Vg = Sanpl e gas vol unme neasured by the

I ndependent cali brated reference device

(e.g., dscm for the SVA or the reference



value for the daily sanmple vol une check
and

FS = Ful | -scal e val ue.

Note: Before cal culating SVA accuracy, you nust
correct the sanple gas vol umes neasured by your PM CEMS
and the independent calibrated reference device to the
sane basis of tenperature, pressure, and noisture content.
You nmust docunent all data and cal cul ati ons.

13.0 Method Performance. [Reserved]

14.0 Pollution Prevention. [Reserved]

15.0 Waste Managenent. [Reserved]

16.0 Which references are relevant to this nethod?

[ Reserved]

17.0 What tables, diagrans, flowcharts, and vali dati on

data are relevant to this method? [Reserved]




