(PROPOSED) TEST METHOD 322 - MEASUREMENT OF HYDROGEN CHLORIDE
EMISSIONS FROM PORTLAND CEMENT KILNS BY GFCIR
1.0 Applicability and Principle

1.1 Applicability. This nmethod is applicable to the
determ nati on of hydrogen chloride (HO) concentrations in
em ssions fromportland cenent kilns. This is an instrunental
met hod for the measurenent of HC using an extractive sanpling
systemand an infrared (IR) gas-filter correlation (G-C)
analyzer. This nmethod is intended to provide the cenent industry
with a direct interface instrunental nethod. A procedure for
anal yte spiking is included for quality assurance. This nethod
is considered to be self-validating provided that the
requirenents in section 9 of this nethod are foll owed.

1.2 Principle. A gas sanple is continuously extracted from
a stack or duct over the test period using either a source-|evel
hot/wet extractive subsystemor a dilution extractive subsystem
A nondi spersive infrared gas filter correlation (ND R GFC)
anal yzer is specified for the neasurenent of HO in the sanple.
The total neasurenent systemis conprised of the extractive
subsystem the analyzer, and the data acquisition subsystem
Test system performance specifications are included in this
met hod to provide for the collection of accurate, reproducible
dat a.

1.3 Test System Qperating Range. The neasurenent range
(span) of the test systemshall include the anticipated HCG
concentrations of the effluent and spi ked sanples. The range
shoul d be selected so that the average of the effl uent
measurenents i s between 25 and 75 percent of span. |If at any
time during a test run, the effluent concentration exceeds the
span val ue of the test system the run shall be considered
i nval i d.

2.0 Summary of Method

2.1 Sampling and Analysis. Kiln gas is continuously
extracted fromthe stack or duct using either a source |evel,
hot/wet extractive system or an in-situ dilution probe or heated
out-of-stack dilution system The sanple is then directed by a
heated sanple |ine maintai ned above 350°F to a GFC anal yzer
having a range appropriate to the type of sanpling system The
gas filter correlation analyzer incorporates a gas cell filled
with HO. This gas cell is periodically noved into the path of
an infrared neasurenent beam of the instrunment to filter out
essentially all of the HO absorption wavel engths. Spectral
filtering provides a reference fromwhich the HO concentration
of the sanple can be determned. Interferences are mnimzed in
t he anal yzer by choosing a spectral band over which conpounds
such as CO, and H,O either do not absorb significantly or do not
mat ch the spectral pattern of the HCO infrared absorption.



2.2 Qperator Requirenents. The analyst nust be famliar
with the specifications and test procedures of this nethod and
follow themin order to obtain reproduci ble and accurate data.
3.0 Definitions

3.1 Measurenent System The total equipnent required for
the determ nation of gas concentration. The neasurenent system
consists of the foll ow ng maj or subsystens:

3.1.1 Sample Interface. That portion of a systemused for
one or nore of the follow ng: sanple acquisition, sanple
transport, sanple conditioning, or protection of the analyzers
fromthe effects of the stack gas.

3.1.2 Gas Analyzer. That portion of the systemthat senses
the gas to be nmeasured and generates an output proportional to
its concentration.

3.1.3 Data Recorder. A strip chart recorder, anal og
conputer, or digital recorder for recordi ng neasurenent data from
t he anal yzer out put.

3.2 Span. The upper limt of the gas concentration
measur enent range di spl ayed on the data recorder

3.3 Calibration Gas. A known concentration of a gas in an
appropriate diluent gas (i.e., N,).

3.4 Analyzer Calibration Error. The difference between the
gas concentration exhibited by the gas anal yzer and the known
concentration of the calibration gas when the calibration gas is
introduced directly to the anal yzer.

3.5 Sampling System Bias. The sanpling systembias is the
di fference between the gas concentrations exhibited by the
measur enent system when a known concentration gas is introduced
at the outlet of the sanpling probe and the known val ue of the
calibration gas.

3.6 Response Tine. The anmount of tinme required for the
measurenent systemto display 95 percent of a step change in gas
concentration on the data recorder.

3.7 Calibration Curve. A graph or other systematic nethod
of establishing the relationship between the anal yzer response
and the actual gas concentration introduced to the anal yzer.

3.8 Linearity. The linear response of the analyzer or test
systemto known calibration inputs covering the concentration
range of the system

3.9 Interference Rejection. The ability of the systemto
reject the effect of interferences in the anal ytical neasurenent
processes of the test system
4.0 Interferences

4.1 Sanpling SystemInterferences. An inportant
consideration in neasuring HO using an extractive nmeasurenent
systemis to ensure that a representative kiln gas sanple is
delivered to the gas analyzer. A sanpling systeminterferant is
a factor that inhibits an analyte fromreaching the anal yti cal
instrunmentation. Condensed water vapor is a strong sanpling
systeminterferant for HO and ot her water sol uble conmpounds.



"Col d spots” in the sanpling systemcan all ow water vapor in the
sanple to condense resulting in renoval of HOJO fromthe sanple
stream The extent of HCO sanpling system bias depends on
concentrations of potential interferants, noisture content of the
gas stream tenperature of the gas stream tenperature of
sanpling system conponents, sanple flowrate, and reactivity of
HC with other species in the gas stream For neasuring HJ in a
wet gas stream the tenperatures of the gas stream and sanpling
system conponents and the sanple flowrate are of primary
inmportance. In order to prevent problenms with condensation in
the sanpling system these paraneters nust be cl osely nonitored.

4.1.1 System Calibration Checks. Perform ng these
calibration checks where HC calibration gas is injected through
the entire system both before and after each test run
denonstrates the integrity of the sanpling systemand capability
of the analyzer for nmeasuring this water soluble and otherw se
unst abl e conpound under ideal conditions (i.e., HOJ in N,).

4.1.2 Analyte Spiking Checks. For anal yte spiking checks,
HC calibration gas is quantitatively added to the sanple stream
at a point upstreamof the particulate filter and all other
sanpl e handli ng conponents both before and after each test run.
The volune of HO spi ke gas should not exceed 10 percent of the
total sanple volune so that the sanple matrix is relatively
unaf fected. Successfully perform ng these checks denonstrates
the integrity of the sanpling systemfor neasuring this water
sol ubl e and reactive conpound under actual sanple matrix
conditions. Successfully performng these checks al so
denonstrates the adequacy of the interference rejection
capability of the analyzer. (See section 9.3 of this nethod.)

4.2 Analytical Interferences. Analytical interferences are
reduced by the GFC spectroscopic technique required by the
met hod. The accuracy of HO neasurenents provided by some G-C
anal yzers is known to be sensitive to the noisture content of the
sanple. This nust be taken into account in order to acquire
accurate results. These analyzers nust be calibrated for the
specific nmoisture content of the sanples.
5.0 Safety

This method may i nvolve sanpling at |ocations having high
positive or negative pressures, or high concentrations of
hazardous or toxic pollutants, and cannot address all safety
probl ens encount ered under these diverse sanpling conditions. It
is the responsibility of the tester(s) to ensure proper safety
and health practices, and to determ ne the applicability of
regulatory limtations before performng this test nethod.
Because HC is a respiratory irritant, it is advisable to limt
exposure to this conpound.
6.0 Equi prent and Supplies

Note: Mention of conmpany or product nanes does not
constitute endorsenent by the U S. Environnental Protection
Agency.



6.1 Measurenent System Use any G-C neasurenent system for
HCl that neets the specifications of this nethod. Al sanpling
system conponents nust be mai ntai ned above the kiln gas
t enperature, when possible, or at |east 350°F. The |l ength of
sanple transport |line should be mnimzed and sanpling rate
shoul d be as high as possible to mnim ze adsorption of HO. The
essential conponents of the neasurenent system are described in
sections 6.1.1 through 6.1.12.

6.1.1 Sanple Probe. {dass, stainless steel, Hastalloy™ or
equi val ent, of sufficient length to traverse the sanple points.
The sanpling probe shall be heated to a m ni num of 350°F to
prevent condensation. Dilution extractive systens nust use a
dilution ratio such that the average diluted concentrations are
between 25 to 75 percent of the sel ected neasurenent range of the
anal yzer.

6.1.2 Calibration Valve Assenbly. Use a heated, three-way
val ve assenbly, or equivalent, for selecting either sanple gas or
i ntroducing calibration gases to the neasurenent system or
i ntroduci ng anal yte spi kes into the neasurenent system at the
outl et of the sanpling probe before the primary particul ate
filter.

6.1.3 Particulate Filter. A coarse filter or other device
may be placed at the inlet of the probe for renoval of |arge
particulate (10 mcrons or greater). A heated (Bal ston® or
equivalent) filter rated at 1 mcron is necessary for primary
particul ate renoval, and shall be placed imediately after the
heated probe. The filter/filter holder shall be naintai ned at
350°F or a higher tenperature. Additional filters at the inlet
of the gas analyzer may be used to prevent accumnul ati on of
particul ate material in the nmeasurenent system and extend the
useful life of conponents. All filters shall be fabricated of
materials that are nonreactive with HO. Sonme types of gl ass
filters are known to react with HCO .

6.1.4 Sanple Transport Lines. Stainless steel or
pol ytetrafl uoroet hyl ene (PTFE) tubing shall be heated to a
m ni mum t enperature of 350°F (sufficient to prevent condensation
and to prevent HC and NH; from conbi ning i nto amoni um chl ori de
in the sanpling system) to transport the sanple gas to the gas
anal yzer.

6.1.5 Sanple Punp. Use a leak-free punp to pull the sanple
gas through the systemat a flowrate sufficient to mnimze the
response tinme of the neasurenent system The punp conponents
that contact the sanple nust be heated to a tenperature greater
t han 350°F and nust be constructed of a material that is
nonreactive to HO .

6.1.6 Sanple Flow Rate Control. A sanple flowrate contro
val ve and rotaneter, or equivalent, nust be used to maintain a
constant sanpling rate within 10 percent. These conponents nust
be heated to a tenperature greater than 350°F. (Note: The
tester may elect to install a back-pressure regulator to maintain



the sanple gas manifold at a constant pressure in order to
protect the analyzer(s) fromover-pressurization, and to m nim ze
the need for flow rate adjustnents.)

6.1.7 Sanple Gas Manifold. A sanple gas manifold, heated
to a mnimmof 350°F, is used to divert a portion of the sanple
gas streamto the anal yzer and the remainder to the by-pass
di scharge vent. The sanple gas mani fold should al so include
provi sions for introducing calibration gases directly to the
anal yzer. The manifold nust be constructed of material that is
nonreactive to the gas being sanpl ed.

6.1.8 Gas Analyzer. Use a nondispersive infrared anal yzer
utilizing the gas filter correlation technique to determ ne HC
concentrations. The analyzer shall neet the applicable
performance specifications of section 8.0 of this nmethod. (Note:
Housi ng the analyzer in a clean, thermally-stable, vibration free
environment will mnimze drift in the analyzer calibration.)

The anal yzer (systen) shall be designed so that the response of a
known calibration input shall not deviate by nore than +3 percent
fromthe expected value. The analyzer or nmeasurenent system
manuf act urer may provide docunentation that the instrunment neets
this design requirenent. Alternatively, a known concentration
gas standard and calibration dilution system neeting the

requi renents of Method 205 of appendix Mto part 51 of this
chapter, “Verification of Gas Dilution Systens for Field

Cal i brations” (or equivalent procedure), may be used to develop a
mul ti-point calibration curve over the nmeasurenent range of the
anal yzer.

6.1.9 Gas Regulators. Single stage regulator with cross
purge assenbly that is used to purge the CGA fitting and
regul at or before and after use. (This purge is necessary to
clear the calibration gas delivery system of anbi ent water vapor
after the initial connection is nmade, or after cylinder
changeover, and will extend the life of the regulator.) Wtted
parts are 316 stainless steel to handle corrosive gases.

6.1.10 Data Recorder. A strip chart recorder, anal og
conputer, or digital recorder, for recordi ng neasurenent dat a.
The data recorder resolution (i.e., readability) shall be 0.5
percent of span. Alternatively, a digital or anal og neter having
a resolution of 0.5 percent of span may be used to obtain the
anal yzer responses and the readings may be recorded nanually. If
this alternative is used, the readings shall be obtained at
equal | y-spaced intervals over the duration of the sanpling run.
For sampling run durations of |ess than 1 hour, neasurenents at
1-mnute intervals or a mnimumof 30 neasurenents, whichever is
| ess restrictive, shall be obtained. For sanpling run durations
greater than 1 hour, neasurenents at 2-mnute intervals or a
m ni mum of 96 neasurenents, whichever is less restrictive, shal
be obt ai ned.

6.1.11 Mass Flow Meters/Controllers. A mass flow neter
having the appropriate calibrated range and a stated accuracy of



+2 percent of the measurenent range is used to neasure the HC

spi ke flowrate. This device nust be calibrated wwth the nmajor
conponent of the calibration spike gas (e.g., nitrogen) using an
NI ST traceabl e bubble neter or equivalent. Wen spiking HO, the
mass flow nmeter/controller should be thoroughly purged before and
after introduction of the gas to prevent corrosion of the
interior parts.

6.1.12 System Fl ow Measurenent. A neasurenent device or
procedure to determine the total flowrate of sanple gas within
t he measurenent system A rotaneter, or nmass flow neter
calibrated relative to a | aboratory standard to within £2 percent
of the measurenent value at the actual operating tenperature,
noi sture content, and sanpl e conposition (nolecular weight) is
acceptable. A systemwhich ensures that the total sanple flow
rate is constant wwthin £2 percent and which relies on an
intermttent measurenent of the actual flow rate
(e.g., calibrated gas neter) is also acceptable.

6.2 HC Calibration Gases. The calibration gases for the
gas anal yzer shall be HO in N,. Use at least three calibration
gases as specified bel ow

6.2.1 High-Range Gas. Concentration equivalent to 80 to
100 percent of the span.

6.2.2 Md-Range Gas. Concentration equivalent to 40 to 60
percent of the span.

6.2.3 Zero Gas. Concentration of lIess than 0.25 percent of
the span. Purified anbient air nmay be used for the zero gas by
passing air through a charcoal filter or through one or nore
i npi ngers containing a solution of 3 percent HO

6.2.4 Spike Gas. A calibration gas of known concentration
(typically 100 to 200 ppm used for anal yte spikes in accordance
with the requirenents of section 9.3 of this nethod.

7.0 Reagents and Standards

7.1 Hydrogen Chloride. Hydrogen Chloride is a reactive gas
and is available in steel cylinders fromvarious conmerci al gas
vendors. The stability is such that it is not possible to
purchase a cylinder m xture whose HO concentration can be
certified at better than +5 percent. The stability of the
cylinder may be nonitored over time by periodically anal yzing
cylinder sanples. The cylinder gas concentration nust be
verified within 1 nonth prior to the use of the calibration gas.
Due to the relatively high uncertainty of HO calibration gas
val ues, difficulties may develop in neeting the performance
specifications if the md-range and hi gh-range calibration gases
are not consistent with each other. \Where problens are
encountered, the consistency of the test gas standards nay be
determned: (1) by conparing anal yzer responses for the test
gases with the responses to additional certified calibration gas
standards, (2) by reanalysis of the calibration gases in
accordance wth sections 7.2.1 or 7.2.2 of this nmethod, or (3) by
ot her procedures subject to the approval of EPA



7.2 Calibration Gas Concentration Verification. There are
two alternatives for establishing the concentrations of
calibration gases. Alternative No. 1 is preferred.

7.2.1 Alternative No. 1. The value of the calibration
gases may be obtained fromthe vendor's certified analysis within
1 nonth prior to the test. Obtain a certification fromthe gas
manuf acturer that identifies the analytical procedures and date
of certification.

7.2.2 Aternative No. 2. Performtriplicate anal yses of
t he gases using Method 26 of appendix A to part 60 of this
chapter. Obtain gas mxtures with a manufacturer's tol erance not
to exceed +5 percent of the tag value. Wthin 1 nonth of the
field test, analyze each of the calibration gases in triplicate
using Method 26 of appendix Ato part 60 of this chapter. The
tester nmust follow all of the procedures in Method 26 (e.g., use
m dget inpingers, heated Pallflex TX40H175 filter (TFE-gl ass
mat), etc. if this analysis is perforned. GCitation 3 in section
13 of this nmethod describes procedures and techni ques that may be
used for this analysis. Record the results on a data sheet.

Each of the individual HCO analytical results for each
calibration gas shall be within 5 percent (or 5 ppm whichever is
greater) of the triplicate set average; otherw se, discard the
entire set and repeat the triplicate analyses. |If the average of
the triplicate analyses is within 5 percent of the calibration
gas manufacturer's cylinder tag value, use the tag val ue;

ot herwi se, conduct at |east three additional analyses until the
results of six consecutive runs agree within 5 percent (or 5 ppm
whi chever is greater) of the average. Then use this average for
t he cylinder val ue.

7.3 Calibration Gas Dilution Systenms. Sanple flow rates of
approximately 15 L/mn are typical for extractive HC neasurenent
systens. These flow rates coupled with response tinmes of 15 to
30 mnutes wll result in consunption of |arge quantities of
calibration gases. The nunber of cylinders and anount of
cali bration gas can be reduced by the use of a calibration gas
dilution systemin accordance with Method 205 of appendix Mto
part 51 of this chapter, "Verification of Gas D lution Systens
for Field Instrunment Calibrations.”™ |If this option is used, the
tester shall also introduce an undiluted calibration gas
approxi mating the effluent HC concentration during the initial
calibration error test of the nmeasurenent systemas a quality
assurance check.

8.0 Test System Perfornmance Specifications

8.1 Analyzer Calibration Error. This error shall be |ess
than +5 percent of the em ssion standard concentration or %1
ppm (whi chever is greater) for zero, md-, and high-range gases.

8.2 Sampling SystemBias. This bias shall be |less than
+7.5 percent of the em ssion standard concentration or 1.5 ppm
(whi chever is greater) for zero and m d-range gases.

8.3 Analyte Spi ke Recovery. This recovery shall be between



70 to 130 percent of the expected concentration of spiked sanples
calculated wwth the average of the before and after run spikes.
9.0 Sample Collection, Preservation, and Storage

9.1 Pretest. Performthe procedures of sections 9.1.1
through 9.1.3.3 of this nmethod before nmeasurenent of em ssions
(procedures in section 9.2 of this method). It is inportant to
note that after a regulator is placed on an HC gas cylinder
val ve, the regul ator should be purged with dry N, or dry
conpressed air for approximately 10 m nutes before initiating any
HCO gas flow through the system This purge is necessary to
remove any anbient water vapor fromw thin the regul ator and
calibration gas transport lines; the HO in the calibration gas
may react with this water vapor and increase systemresponse
time. A purge of the system should al so be perforned at the
conclusion of a test day prior to renoving the regulator fromthe
gas cylinder. Although the regulator wetted parts are corrosion
resistant, this will reduce the possibility of corrosion
devel oping wthin the regulator and extend the life of the
equi pnent .

9.1.1 Measurenent System Preparation. Assenble the
measurenent system by follow ng the manufacturer's witten
instructions for preparing and preconditioning the gas anal yzer

and, as applicable, the other system conponents. Introduce the
cali bration gases in any sequence, and nmake all necessary
adjustnents to calibrate the anal yzer and the data recorder. |If

necessary, adjust the instrunent for the specific noisture
content of the sanples. Adjust system conponents to achieve
correct sanpling rates.

9.1.2 Analyzer Calibration Error. Conduct the analyzer
calibration error check in the field by introducing calibration
gases to the neasurenent system at any point upstream of the gas
anal yzer in accordance with sections 9.1.2.1 and 9.1.2.2 of this
met hod.

9.1.2.1 After the neasurenent system has been prepared for
use, introduce the zero, md-range, and hi gh-range gases to the
anal yzer. During this check, make no adjustnments to the system
except those necessary to achieve the correct calibration gas
flowrate at the analyzer. Record the analyzer responses to each
calibration gas. Note: A calibration curve established prior to
t he anal yzer calibration error check may be used to convert the
anal yzer response to the equival ent gas concentration introduced
to the analyzer. However, the sanme correction procedure shall be
used for all effluent and calibration neasurenents obtai ned
during the test.

9.1.2.2 The analyzer calibration error check shall be
considered invalid if the difference in gas concentration
di spl ayed by the anal yzer and the concentration of the
calibration gas exceeds =5 percent of the em ssion standard
concentration or 1 ppm (whichever is greater) for the zero,

m d-, or high-range calibration gases. |If an invalid calibration



is exhibited, cross-check or recertify the calibration gases,
take corrective action, and repeat the analyzer calibration error
check until|l acceptable performance is achieved.

9.1.3 Sanmpling System Bi as Check. For nondilution
extractive systens, performthe sanpling system bias check by
i ntroducing calibration gases either at the probe inlet or at a
calibration valve installed at the outlet of the sanpling probe.
For dilution systens, calibration gases for both the anal yzer
calibration error check and the sanpling system bias check nust
be introduced prior to the point of sanple dilution. For
dilution and nondilution systens, a zero gas and either a m d-
range or high-range gas (whi chever nore closely approxi mates the
ef fl uent concentration) shall be used for the sanpling system
bi as check.

9.1.3.1 Introduce the upscale calibration gas, and record
t he gas concentration displayed by the analyzer. Then introduce
zero gas, and record the gas concentration displayed by the
anal yzer. During the sanpling system bias check, operate the
system at the normal sanpling rate, and make no adjustnents to
t he neasurenent system other than those necessary to achieve
proper calibration gas flowrates at the analyzer. Alternately
i ntroduce the zero and upscal e gases until a stable response is
achieved. The tester shall determ ne the nmeasurenent system
response tinme by observing the tinmes required to achieve a stable
response for both the zero and upscal e gases. Note the |onger of
the two tinmes and note the tine required for the neasurenent
systemto reach 95 percent of the step change in the effluent
concentration as the response tine.

9.1.3.2 For nondilution systens, where the anal yzer
calibration error test is perfornmed by introducing gases directly
to the anal yzer, the sanpling system bias check shall be
considered invalid if the difference between the gas
concentrations displayed by the neasurenent system for the
sanpling system bias check and the known gas concentration
standard exceeds =7.5 percent of the em ssion standard or +1.5
ppm (whichever is greater) for either the zero or the upscale

calibration gases. |If an invalid calibration is exhibited, take
corrective action, and repeat the sanpling system bias check
until acceptable performance is achieved. |If adjustnent to the

anal yzer is required, first repeat the anal yzer calibration error
check, then repeat the sanpling system bias check.

9.1.3.3 For dilution systens (and nondil ution systens where
all calibration gases are introduced at the probe), the
conpari son of the analyzer calibration error results and sanpling
system bi as check results is not nmeaningful. For these systens,
the sanpling system bias check shall be considered invalid if the
di fference between the gas concentrations di splayed by the
anal yzer and the actual gas concentrations exceed =7.5 percent of
the em ssion standard or 1.5 ppm (whichever is greater) for
either the zero or the upscale calibration gases. If an invalid



calibration is exhibited, take corrective action, and repeat the
sanpling system bias check until acceptable performance is
achieved. |If adjustment to the analyzer is required, first
repeat the analyzer calibration error check.

9.2 Em ssion Test Procedures

9.2.1 Selection of Sanpling Site and Sanpling Points.
Sel ect a measurenent site and sanpling points using the sane
criteria that are applicable to Method 26 of appendix Ato part
60 of this chapter.

9.2.2 Sanple Collection. Position the sanpling probe at
the first measurenent point, and begin sanpling at the sanme rate
as used during the sanpling system bias check. Maintain constant
rate sanpling (i.e., 10 percent) during the entire run. Field
test experience has shown that conditioning of the sanple system
IS necessary for approximately 1-hour prior to conducting the
first sanple run. This conditioning period should be repeated
after particulate filters are replaced and at the begi nning of
each new day or follow ng any period when the sanpling systemis
i noperative. Experience has also shown that prior to adequate
conditioning of the system the response to anal yte spi kes and/ or
t he change froman upscale calibration gas to a representative
ef fl uent neasurenent may be del ayed by nore than twi ce the nornma
measurenent systemresponse tinme. It is recommended that the
anal yte spi kes (see section 9.3 of this nethod) be perfornmed to
determine if the systemis adequately conditioned. The sanpling
systemis ready for use when the tine required for the
measurenent systemto equilibrate after a change froma
representative effluent nmeasurenent to a representative spiked
sanpl e neasurenent approxi mates the calibration gas response tine
observed in section 9.1.3.1 of this nethod.

9.2.3 Sanmple Duration. After conpleting the sanpling
system bi as checks and anal yte spikes prior to a test run,
constant rate sanpling of the effluent should begin. For each
run, use only those neasurenents obtained after all residual
response to calibration standards or spikes are elimnated and
representative effluent nmeasurenents are displayed to determ ne
the average effluent concentration. At a mninmum this requires
that the response tine of the neasurenent system has el apsed
before data are recorded for calculation of the average effl uent
concentration. Sanpling should be continuous for the duration of
the test run. The length of data collection should be at | east
as long as required for sanple collection by Method 26 of part 60
of this chapter. One hour sanpling runs using this nmethod have
provided reliable data for cenent kil ns.

9.2.4 Validation of Runs. Before and after each run, or if
adj ustments are necessary for the neasurenent system during the
run, repeat the sanpling system bias check procedure described in
section 9.1.3 of this nethod. (Mke no adjustnents to the
measurenent systemuntil after the drift checks are conpleted.)



Record the anal yzer's responses.

9.2.4.1 If the post-run sanpling systembias for either the
zero or upscale calibration gas exceeds the sanpling system bi as
specification, then the run is considered invalid. Take
corrective action, and repeat both the anal yzer calibration error
check procedure (section 9.1.2 of this nethod) and the sanpling
system bi as check procedure (section 9.1.3 of this nmethod) before
repeating the run.

9.2.4.2 If the post-run sanpling systembias for both the
zero and upscale calibration gas are wthin the sanpling system
bi as specification, then construct tw 2-point straight |ines,
one using the pre-run zero and upscal e check val ues and the ot her
using the post-run zero and upscal e check values. Use the sl opes
and y-intercepts of the two lines to calculate the gas
concentration for the run in accordance with equation 1 of this
met hod.

9.3 Analyte Spiking—Self-Validating Procedure. Use analyte
spiking to verify the effectiveness of the sanpling systemfor
the target conmpounds in the actual kiln gas matrix. Quality
assurance (QA) spiking should be perfornmed before and after each
sanple run. The spikes may be perfornmed foll ow ng the sanpling
system bi as checks (zero and m d-range system cali brations)
before each run in a series and also after the last run. The HCO
spi ke recovery should be within +30 percent as cal cul ated using
equations 1 and 2 of this nmethod. Two general approaches are
applicable for the use of analyte spiking to validate a G-C HC
measurenent system (1) two i ndependent neasurenent systens can
be operated concurrently with anal yte spi kes introduced to one of
the systens, or (2) a single neasurenment system can be used to
anal yze consecutively, spiked and unspi ked sanples in an
alternating fashion. The two-system approach is simlar to
Met hod 301 of this appendi x and the neasurenent bias is
determned fromthe difference in the paired concurrent
measurenents relative to the anount of HC spi ke added to the
spi ked system The two-system approach nust enpl oy identical
sanpling systens and anal yzers and bot h neasurenent systens
shoul d be calibrated using the sanme m d- and hi gh-range
calibration standards. The two-system approach should be |argely
unaffected by tenporal variations in the effluent concentrations
i f both nmeasurenent systens achi eve the sanme calibration
responses and both systens have the sanme response tines. (See
Met hod 301 of this appendi x for appropriate cal cul ation
procedures.) The single neasurenent system approach is
appl i cabl e when the concentration of HOJ in the source does not
vary substantially during the period of the test. Since the
approach depends on the conparison of consecutive spiked and
unspi ked sanpl es, tenporal variations in the effluent HC
concentrations will introduce errors in determ ning the expected
concentration of the spiked sanples. If the effluent HCG
concentrations vary by nore than £10 percent (or 5 ppm



whi chever is greater) during the tine required to obtain and
equilibrate a new sanple (systemresponse tine), it nay be
necessary to: (1) use a dual sanpling system approach,

(2) postpone testing until stable em ssion concentrations are
achieved, (3) switch to the two-system approach [if possible] or,
(4) rely on alternative QA QC procedures. The dual -sanpling
systemalternative uses two sanpling lines to convey sanple to
the gas distribution manifold. One of the sanple lines is used
to continuously extract unspi ked kiln gas fromthe source. The
ot her sanple line serves as the analyte spike line. One G-C

anal yzer can be used to alternately nmeasure the HCl concentration
fromthe two sanpling systens with the need to purge only the
conponents between the common manifold and the analyzer. This
mnimzes the tine required to acquire an equilibrated sanpl e of
spi ked or unspiked kiln gas. |If the source varies by nore than
+10 percent or =5 ppm (whichever is greater) during the tinme it
takes to switch fromthe unspi ked sanple line to the spiked
sanple line, then the dual -sanpling system alternative approach
is not applicable. As a |last option, (where no other
alternatives can be used) a humdified nitrogen stream nay be
generated in the field which approxi mates the noi sture content of
the kiln gas. Analyte spiking into this hum dified stream can be
enpl oyed to assure that the sanpling systemis adequate for
transporting the HO to the G-C anal yzer and that the analyzer's
water interference rejection is adequate.

9.3.1 Spike Gas Concentration and Spi ke Ratio. The vol une
of HO spi ke gas shoul d not exceed 10 percent of the total sanple
volune (i.e., spike to total sanple ratio of 1:10) to ensure that
the sanple matrix is relatively unaffected. An ideal spike
concentration should approxi mate the native effl uent
concentration, thus the spiked sanple concentrati ons woul d
represent approximtely twice the native effluent concentrations.
The ideal spike concentration may not be achi eved because the
native HO concentration cannot be accurately predicted prior to
the field test, and limted calibration gas standards will be
available during the field test. Sone flexibility is avail able
by varying the spike ratio over the range from1:10 to 1:20.
Practical constraints nmust be applied to allow the tester to
spi ke at an anticipated concentration. Thus, the tester may use
a 100 ppmcalibration gas and a spike ratio of 1:10 as default
val ues where information regarding the expected HO effl uent
concentration is not available prior to the tests.

Al ternatively, the tester may sel ect another calibration gas
standard and/or |ower spike ratio (e.g., 1:20) to nore closely
approximate the effluent HO concentration.

9.3.2 Spike Procedure. Introduce the HCO spike gas m xture
at a constant flowrate (2 percent) at |less than 10 percent of
the total sanple flowrate. (For exanple, introduce the HC
spike gas at 1 L/mn (£20 cc/mn) into a total sanple flow rate
of 10 L/mn). The spi ke gas nust be preheated before



introduction into the sanple matrix to prevent a |ocalized
condensation of the gas stream at the spike introduction point.
A heated sanple transport line(s) containing multiple transport
tubes within the heated bundl e may be used to spi ke gas up
t hrough the sanmpling systemto the spike introduction point. Use
a calibrated flow device (e.g., mass flow neter/controller) to
monitor the spike flowrate. Use a calibrated flow device (e.qg.,
rotanmeter, mass flow neter, orifice neter, or other nmethod) to
monitor the total sanple flowrate. Calculate the spike ratio
fromthe nmeasurenents of spike flow and total flow. (See
equation 2 and 3 in section 10.2 of this nethod.)

9.3.3 Analyte Spiking. Determ ne the approxi mate effl uent
HCl concentrations by exam nation of prelimnary sanples. For
si ngl e- syst em approaches, determ ne whether the HCl concentration
varies significantly with time by conparing consecutive sanpl es
for the period of time corresponding to at |east twi ce the system
response tinme. (For analyzers w thout sanple averaging, estimate
average values for two to five mnute periods by observing the
instrunment display or data recorder output.) If the concentration
of the individual sanples varies by nore than 10 percent
relative to the nean value or 5 ppm (whichever is greater), an
al ternate approach may be needed.

9.3.3.1 Adjust the spike flowrate to the appropriate |evel
relative to the total flow by netering spi ke gas through a
calibrated mass flow neter or controller. Allow spike flowto
equilibrate within the sanpling systemfor at |east the
measur enent systemresponse tinme and a steady response to the
spi ke gas i s observed before recording response to the spi ked gas
sanple. Next, termnate the spike gas flow and all ow the
measurenent systemto sanple only the effluent. After the
measur enent systemresponse tinme has el apsed and representative
ef fl uent measurenents are obtained, record the effluent unspiked
concentration. |Imrediately calculate the spike recovery.

9.3.3.2 If the spike recovery is not within acceptable
l[imts and a change in the effluent concentration is suspected as
the cause for exceeding the recovery limt, repeat the analyte
spi ke procedure w thout nmaking any adjustnents to the anal yzer or
sanpling system |If the second spike recovery falls within the
recovery limts, disregard the first attenpt and record the
results of the second spike.

9.3.3.3 Analyte spikes nust be perforned before and after
each test run. Sanpling system bias checks nust al so be
performed before and after each test run. Depending on the
particul ar sanpling strategy and other constraints, it may be
necessary to conpare effluent data either inmedi ately before or
i mredi ately after the spike sanple to determ ne the spike
recovery. Either nmethod is acceptable provided a consi stent
approach is used for the test program The average spi ke
recovery for the pre- and post-run spi kes shall be used to
determne if spike recovery is between 70 and 130 percent.



10.0 Data Analysis and Em ssion Cal cul ati ons

The average gas effluent concentration is determ ned from
t he average gas concentration displayed by the gas anal yzer and
is adjusted for the zero and upscal e sanpling system bi as checks,
as determned in accordance with section 9.2.3 of this nethod.
The average gas concentration displayed by the anal yzer nay be
determ ned by integration of the area under the curve for chart
recorders, or by averaging all of the effluent neasurenents.
Al ternatively, the average may be cal cul ated from neasurenents
recorded at equally spaced intervals over the entire duration of
the run. For sanpling run durations of |ess than 1-hour, average
measurenents at 2-mnute intervals or less, shall be used. For
sanpling run durations greater than 1-hour, neasurenents at 2-
mnute intervals or a mnimumof 96 neasurenents, whichever is
| ess restrictive, shall be used. Calculate the effluent gas
concentration using equation 1.

cC.-b
(m+ ) [ CanPe) | (Bq. 1)
m

C_ = < wher e:

e 2 b, = Y-
i ntercept of
t he
cal i bration
| east -
squares
I'ine.

b; = Y-intercept of the final bias check 2-point I'ine.

b = Y-intercept of the initial bias check 2-point

I'ine.
Cs = HEfluent gas concentration, as neasured, ppm
C.g = Average gas concentration indicated by gas
anal yzer, as neasured, ppm

m = Slope of the calibration | east-squares |ine.

m = Slope of thefinal bias check 2-point |ine.

m - Slope of theinitial bias check 2-point |ine.

The foll ow ng equations are used to determ ne the percent
recovery (%) for anal yte spiking:

R = (S C) x 100 (Eq. 2)
wher e:
Sy = Mean concentration of duplicate anal yte spi ked
sanpl es (observed).
C: = Expected concentration of anal yte spi ked sanpl es
(theoretical).
" G = G Q) + S(1-Q& Q) (Eq. 3)
ere:
C, = Concentration of HO spike gas (cylinder tag
val ue) .

Q = Spike gas flow rate.



Q = Total sanple flowrate (effluent sanple flow plus
spi ke flow).
Sy = Native concentration of HCO in unspi ked effluent
sanpl es.

Acceptabl e recoveries for analyte spiking are +30 percent.
11.0 Pollution Prevention

Gas extracted fromthe source and anal yzed or vented from
the system manifol d shall be either scrubbed, exhausted back into
the stack, or discharged into the atnosphere where suitable
di lution can occur to prevent harmto personnel health and
wel fare or plant or personal property.
12.0 Waste Managenent

Gas standards of HC are handled as according to the
instructions enclosed with the materials safety data sheets.
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