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Determination of Nitrogen Oxides, Carbon Monoxide, and Oxygen
Emissions from Natural Gas-Fired Engines, Boilers and Process Heaters

Using Portable Analyzers

1. APPLICABILITY AND PRINCIPLE

1.1 Applicability. This nethod is applicable to the deternination
of nitrogen oxides (NO and NG,), carbon nonoxide (CO, and oxygen (O)
concentrations in controlled and uncontroll ed enissions from natura
gas-fired reciprocating engi nes, conbustion turbines, boilers, and
process heaters. Due to the inherent cross sensitivities of the

el ectrochemical cells, this nethod should not be applied to other

pol lutants or enission sources without a conplete investigation of
possi bl e anal ytical interferences and a conparative evaluation with
ot her EPA test nethods.

1.2 Principle. A gas sanple is continuously extracted froma stack
and conveyed to a portable analyzer for deternination of NO NO, CO
and O, gas concentrations using electrochem cal cells. Analyzer

desi gn specifications, performance specifications, and test
procedures are provided to ensure reliable data. Additions to or
nodi fi cations of vendor-supplied analyzers (e.g. heated sanple line,
flow neters, etc.) may be required to neet the design specifications
of this test nethod.

2. RANGE AND SENSITIVITY

2.1 Analytical Range. The analytical range for each gas conponent
is deternined by the electrochenical cell design. A portion of the
anal ytical range is selected by choosing a span gas concentration
near the flue gas concentrations.

2.1.1 CO and NO Span Gases. Choose a span gas concentration such
that the average stack gas reading for each test run is greater than
25 percent of the span gas concentration. Alternatively, choose the
span gas such that it is not greater than twice the concentration
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equi valent to the emi ssion standard. |f concentration results exceed
125 percent of the span gas at any tine during the sanpling run then
the test run for that channel is invalid.

2.1.2 NO, Span Gas. Choose a span gas concentration such that the
average stack gas reading for each test run is greater than 25
percent of the span gas concentration. Alternatively, choose the
span gas concentration such that it is not greater than the ppm
concentration value of the NO span gas. The tester should be aware
that NO, cells are generally designed to neasure rmuch | ower
concentrations than NO cells and the span gas shoul d be chosen
accordingly. |If concentration results exceed 125 percent of the span
gas at any tinme during the sanpling run then the test run for that
channel is invalid.

2.1.3 0, Span Gas. The difference between the span gas
concentration and the average stack gas reading for each run shall be
| ess than 10% O,. \Where the stack oxygen is high, dry anbient air
(20.9% O,) may be used.

2.2 Sensitivity. The mininmumdetectable limt depends on the

nom nal range of the electrochenical cell, calibration drift, and
signal -to-noise ratio of the neasurenent system For a well designed
system the mninmumdetectable lint should be |ess than 2 percent of
t he nom nal range.

3. DEFINITIONS

3.1 Measurement System. The total equipnent required for the
determ nati on of gas concentration. The neasurenent system consists
of the foll owi 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 electrochenical cells from
particul ate matter and condensed noi sture.
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3.1.2 External Interference Gas Scrubber. A tube filled with
scrubbi ng agent used to renove interfering conpounds upstream of sone
el ectrochem cal cells.

3.1.3 Electrochemical Cell. That portion of the systemthat senses
the gas to be neasured and generates an output proportional to its
concentration. Any cell that uses diffusion-linited oxidation and
reduction reactions to produce an electrical potential between a
sensi ng el ectrode and a counter el ectrode.

3.1.4 Data Recorder. A strip chart recorder, conputer, or digita

recorder for recordi ng neasurenent data.

3.2 Nominal Range. The range of concentrations over which each cel
is operated (25%to 125% of span gas value). Several noninal ranges
may be used for any given cell as long as the linearity and stability
check results remain within specification

3.3 Span Gas. A known concentration of a gas in an appropriate

di | uent gas.

3.4 Zero Calibration Error. The gas concentration exhibited by the

gas anal yzer in response to zero-level calibration gas.

3.5 Span Calibration Error. The difference between the gas
concentration exhibited by the gas anal yzer and the known
concentration of the span gas.

3.6 Response Time. The anpbunt of tine required for the nmeasurenent

systemto display 95 percent of a step change in gas concentration on
t he data recorder.

3.7 Interference Check. A nethod of quantifying anal ytica
interferences fromconponents in the stack gas other than the
anal yt e.
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3.8 Linearity Check. A nethod of denonstrating the ability of a gas

anal yzer to respond consistently over a range of gas concentrations.

3.9 Stability Check. A nethod of denobnstrating that an

el ectrochem cal cell operated over a given noninal range provides a
stabl e response and is not significantly affected by prol onged
exposure to the anal yte.

3.10 Stability Time. As deternmined during the Stability check; the
el apsed tinme fromthe start of the gas injection to the start of the
30-m nute stability check peri od.

3.11 Initial NO Cell Temperature. The tenperature of the NO cel
that is recorded during the nbst recent pretest calibration error
check. Since the NO cell can experience significant zero drift with
tenperature changes in sone situations, the tenperature nust be
monitored if the anal yzer does not display negative concentration
results.

4. MEASUREMENT SYSTEM PERFORMANCE SPECIFICATIONS

4.1 Zero Calibration Error. Less than or equal to 3 percent of the
span gas value for NO NGO, and CO channels and | ess than or equal to
+0.3% O, for the O channel.

4.2 Span Calibration Error. Less than +5% of the span gas val ue for

NO, NO, and CO channels and less than or equal to x0.5% O, for the O
channel

4.3 Interference Response. The CO and NO interference responses
nmust be less than or equal to =5 percent of the average stack
concentration for each test run

4.4 Linearity. For the zero, mid-level, and span gases; the
absol ute value of the difference between the gas val ue and the
anal yzer response shall not be greater than 2.5% of the span gas
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concentration for NO CO and O cells and not greater than 3. 0% of
the span gas for NO, cells.

4.5 Stability Check Response. The anal yzer responses to CO NO and
NO, span gases shall not vary nore than 2.0% of span gas val ue over a
30-m nute period or nore than 1.0 % of the span gas val ue over a 15-

m nut e peri od.
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5. APPARATUS AND REAGENTS

5.1 Measurement System. Use any neasurenent systemthat neets the
perfornmance and design specifications in Sections 4 and 5 of this

net hod. The sanpling systemshall naintain the gas sanple at a

t enperat ure above the dew point up to the noisture renoval system
The sanpl e conditioning systemshall be designed so that there are no
entrained water droplets in the gas sanple when it contacts the

el ectrochenmical cells. A schematic of an acceptabl e neasurenent
systemis shown in Figure 1. The essential conponents of the

neasur enent system are descri bed bel ow

5.1.1 Sample Probe. dass, stainless steel, or other nonreactive
material, of sufficient length to traverse the sanple points. |If
necessary to prevent condensation, the sanpling probe shall be
heat ed.

5.1.2 Heated Sample Line. Heated (sufficient to prevent
condensation) nonreactive tubing, to transport the sanple gas to the
noi sture renoval system

5.1.3 Sample Transport Lines. Nonreactive tubing to transport the
sanpl e fromthe noisture renoval systemto the sanple punp, sanple
flowrate control, and el ectrochem cal cells.

5.1.4 Calibration Assembly. A tee fitting to attach to the probe
tip for introducing calibration gases at anbient pressure during the
calibration error checks. The vented end of the tee should have a
flow indicator to ensure sufficient calibration gas flow
Alternatively use any other nethod that introduces calibration gases
at the probe at atnobspheric pressure.

5.1.5 Moisture Removal System. A chilled condenser or sinilar
device (e.g., perneation dryer), to renpbve condensate conti nuously
fromthe sanple gas while naintaining mninml contact between the
condensate and the sanple gas.
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5.1.6 Particulate Filter. Filters at the probe or the inlet or

outl et of the noisture renoval systemand inlet of the anal yzer nay
be used to prevent accunul ation of particulate material in the
neasur enent system and extend the useful |ife of the conponents. All
filters shall be fabricated of materials that are nonreactive to the
gas bei ng sanpl ed.

5.1.7 Sample Pump. A leak-free punp, to pull the sanple gas through
the systemat a flowrate sufficient to mnimze the response tine of
t he nmeasurenent system The punp nay be constructed of any materi al
that is nonreactive to the gas being sanpl ed.

5.1.8 Sample Flow Rate Control. A sanple flow rate control valve
and rotaneter, or equivalent, to maintain a constant sanpling rate
within 10 percent during sanpling and calibration error checks. The
conponents shall be fabricated of materials that are nonreactive to
t he gas bei ng sanpl ed.

5.1.9 Gas Analyzer. A device containing electrochenical cells to
determi ne the NO, NO, CO and O, concentrations in the sanple gas
streamand, if necessary, to correct for interference effects. The
anal yzer shall neet the applicable perfornance specifications of
Section 4. A neans of controlling the analyzer flowrate and a
device for deternining proper sanple flowrate (e.g., precision
rotaneter, pressure gauge downstreamof all flow controls, etc.)
shal |l be provided at the analyzer. (Note: Housing the analyzer in a
clean, thermally-stable, vibration-free environnent will mnimze
drift in the analyzer calibration, but this is not a requirenent of
t he nmet hod.)

5.1.10 Data Recorder. A strip chart recorder, conputer, or digita
recorder, for recording neasurenent data. The data recorder
resolution (i.e., readability) shall be at least 1 ppmfor CO NO
and NO,;; 0.1% O, for O; and one degree (C or F) for tenperature.
Alternatively, a digital or analog neter having the sane resol ution
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may be used to obtain the anal yzer responses and the readi ngs nay be
recorded manual |y.

5.1.11 External Interference Gas Scrubber. Used by sone anal yzers
to renove interfering conpounds upstream of a CO el ectrochem ca
cell. The scrubbing agent should be visible and should have a neans
of determ ning when the agent is exhausted (i.e. color indication).

5.1.12 NO Cell Temperature Indicator. A thernocouple, therm stor
or other device nust be used to nonitor the tenperature of the NO
el ectrochemcal cell. The tenperature nmay be nonitored at the
surface or within the cell.

5.2 Calibration Gases. The calibration gases for the gas anal yzer
shall be COin nitrogen or COin nitrogen and O, NO in nitrogen, NG
in air or nitrogen, and O, in nitrogen.

5.3.1 Span Gases. Used for calibration error, linearity, and
i nterference checks of each nom nal range of each cell. Select
concentrations according to procedures in Section 2. 1.

5.3.2 Mid-Level Gases. Select concentrations

that are 40-60% of the span gas concentrati ons.

5.3.3 Zero Gas. Concentration of less than O 25 percent of the span

gas for each conponent. Anbient air nmay be used in a well ventilated
ar ea.

6. MEASUREMENT SYSTEM PERFORMANCE CHECK PROCEDURES

Performthe foll owi ng procedures before neasurenent of em ssions
(Section 7).

6.1 Calibration Gas Concentration Verification. For the md-| evel

and span cylinder gases, use calibration gases certified according to
EPA Protocol GL or & procedures (see Bibliography). Alternative
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certification techniques may be used if they are approved in witing
by the applicable regul atory agency.

6.2 Linearity Check. Conduct the follow ng procedure once for each
nom nal range that is to be used on each el ectrochem cal cell (NO
NO,, CO and O) before each field test program |If a field test
program | asts | onger than five days, the linearity check shall be
repeated before each five days of anal yzer operation. Repeat the
linearity check if a cell is replaced

6.2.1 Linearity Check Gases. For each cell obtain the follow ng
gases: zero (0-0.25% of nominal range), md-Ilevel (40-60% of span
gas concentration), and span gas (selected according to Section 2.1).

6.2.2 Procedure. |f the analyzer uses an external interference gas
scrubber with a color indicator, using the analyzer manufacturer's
reconmended procedure, verify that the scrubbing agent is not
depleted. After calibrating the analyzer with zero and span gases,
inject the zero, nmid-level, and span gases that are appropriate for
each nom nal range to be used on each cell. Gases need not be

i njected through the entire sanple handling system Purge the

anal yzer briefly with anbient air between gas injections. For each
gas injection, verify that the flowrate is constant and that the
anal yzer responses have stabilized before recording all of the
responses on a formsimlar to Figure 2.

6.3 Interference Check. Follow ng each Iinearity check, use the
results fromthe span gas injections to determ ne interference

responses for the CO and NO cells.

6.3.1 CO Interference Response.

leo = [(Reo-vo Z/Chos X Chos#Ceos) + (Reo-noz / Chozs X Chozs/Ceos)] X 100

wher e: | ©

Reo no

CO interference response (percent)

CO response to NO span gas (ppm CO
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Cus = concentration of NO span gas (ppm NO
Cus = concentration of NOin stack gas (ppm NO
Cos = concentration of COin stack gas (ppm CO
Rone = CO response to NO, span gas (ppm CO
CGec = concentration of NO, span gas (ppm NO)

4

s concentration of NGO, in stack gas (ppm NG,
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6.3.2 NO Interference Response.
lio = (Ruone 7 Cyozs) X (Cyozs 7/ Cyoxs) X 100

wher e: I vo = NO interference response (percent)
Rone = NOresponse to NO, span gas (ppm NO
CGwec = concentration of NO, span gas (ppm NO)
Cwes = concentration of NO, in stack gas (ppm NO)
Cuos = concentration of NQ, in stack gas (ppm NQ)

6.4 Stability Check. Conduct the follow ng procedure once for each
nom nal range that is to be used on each pollutant el ectrochenica
cell (NO NGO, and CO before each field test program |If a field
test program | asts |longer than five days, the stability check shal
be repeated before each five days of anal yzer operation. Repeat the
stability check if a cell is replaced or if a cell is exposed to gas
concentrations greater than 125 percent of the highest span gas
concentration.

6.4.1 Procedure. |Inject the span gas into the analyzer and record
the anal yzer response at |east once per mnute until the concl usion
of the test. One-ninute average val ues may be used instead of

i nst ant aneous readings. After the analyzer response has stabilized,
continue to flow the span gas for at least 30 minutes. Make no
adjustnments to the anal yzer during the test except to nmmintain
constant flow. Record the stability tinme as the nunber of mnutes
el apsed between the start of the gas injection and the start of the
30-m nute stability check period. |If the concentration reaches a
peak value within five mnutes, you may choose to record the data for
at least 15 mnutes follow ng the peak.

6.4.2 Calculations. Deternine the highest and | owest concentrations
recorded during the 30-minute period and record the results on a form
simlar to Figure 3. The absolute value of the difference between

t he maxi mum and ni ni mrum val ues recorded during the 30-m nute period
nmust be less than 2. 0% of the span gas concentration. Alternatively,
record stability check data in the sane manner for the 15-ninute
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period followi ng the peak concentration. The difference between the
maxi mum and mi ni mum val ues for the 15-minute check nust be | ess than
1. 0% of the span gas concentration

7. EMISSION TEST PROCEDURE

7.1 Selection of Sampling Site and Sampling Points.

7.1.1 Reciprocating Engines. Select a sanpling site |located at

| east five stack di aneters downstream of any turbocharger exhaust,
crossover junction, or recirculation take-offs and upstream of any
dilution air inlet. Locate the sanpling site no closer than one
neter or three stack dianeters (whichever is |ess) upstream of the
gas di scharge to the atnosphere. Use a mninmum of three sanpling
points |located at positions of 16.7, 50, and 83.3 percent of the
stack dianeter. Alternatively, the tester nay choose an alternative
sanpling location and/or sanple froma single point in the center of
the duct if previous test data denonstrate that the stack gas
concentration does not vary significantly across the duct dianeter

7.1.2 Combustion Turbines. Select a sanpling site and sanple points
according to the procedures in 40 CFR, Part 60, Appendix A, Method
20. Alternatively, the tester may choose an alternative sanpling

| ocation and/or sanple froma single point in the center of the duct
if previous test data denopbnstrate that the stack gas concentrations
of CO NQ, and O, does not vary significantly across the duct

di anmet er .

7.2 Warm Up Period. Assenble the sanmpling systemand allow the
anal yzer and sanple interface to warmup and adjust to anbi ent
tenperature at the location where the stack neasurenents wll take
pl ace.

7.3 Pretest Calibration Error Check. Conduct the calibration error

check at the sanpling |ocation (near the sanpling port) just prior to
the start of an emi ssions test or test run. Keep the analyzer in the
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sane location until the post test calibration error check is
conduct ed.

7.3.1 For analyzers that use an external interference gas scrubber
tube, inspect the condition of the scrubbing agent and ensure that it
wi |l not be exhausted during sanpling.

7.3.2 Inject the zero and span calibration gases at the probe tip
using the calibration assenbly. Ensure that the calibration gases
flow through all parts of the sanple interface (including any exhaust
lines). During this check, make no adjustnents to the system except
t hose necessary to achieve the correct calibration gas flow rate at
the analyzer. Set the analyzer flow rate to the val ue reconmended by
the anal yzer manufacturer. Allow each reading to stabilize before
recording the result on a formsinlar to Figure 4. The tine all owed
for the span gas to stabilize shall be no |l ess than the stability
time noted during the stability check. After achieving a stable
response, disconnect the gas and briefly purge with anmbient air.

7.3.3 Determne the NO and CO response tinmes by observing the tine

required to respond to 95% of a step change in the anal yzer response
for both the zero and span gases. Note the longer of the two tines

as the response tine. For NGO, span gas record the tine required to

respond to 90% of a step change.

7.3.4 Calibrate all electrochenmical cells in the analyzer if the
anal yzer uses an internal calculation nmethod to conpensate for
i nterferences.

7.3.5 |If the zero and span calibration error test results are not
within the specifications in Section 4, take corrective action and
repeat the calibration error check until acceptable performance is
achi eved.

7.4 NO Cell Temperature Monitoring. Record the initial NO cel

tenperature during the pretest calibration error check and nonitor
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and record the tenperature regularly (at |east once each 5 m nutes)
during the sanple collection period. |[|f at any tinme during sanpling
the NO cell tenperature is 85 F or greater and has increased or
decreased by nore than 5 F since the pretest calibration, stop
sanpling i medi ately and conduct a post test calibration error check
per Section 7.6, re-zero the analyzer, and then conduct another

pretest calibration error check before continuing.

7.5 Sample Collection. Position the sanpling probe at the first
neasur enent point and begin sanpling at the sanme rate used during the
calibration error check. Mintain constant rate sanpling (i.e. = 10
percent of the analyzer flowrate value used in section 7.3.2) during
the entire test run. Sanple for an equal period of tinme at each test
point. Sanple the stack gas for at |least twi ce the response tine or
the period of the stability tine, whichever is greater, bhefore
collecting test data at each point. |If recording enission data
manual | y, record concentration val ues at |east once each mnute. |If
a conputer or the analyzer record data automatically, the
concentration data nust be recorded either (1) at |east once each
mnute, or (2) as a block average for the test run using val ues
sanpl ed at | east once each nminute. Do not break any seals in the
sanpl e handling systemuntil after the post test calibration error
test (this includes opening the noisture renoval systemto drain
condensat e).

7.6 Post Test Calibration Error Check. Imediately after the test
run or set of test runs conduct span and zero calibration error
checks using the procedure in Section 7.3. Conduct the calibration
error check at the sanpling location. Mke no changes to the
sanpling systemor analyzer calibration until all of the calibration
error test results have been recorded. |f the zero or span
calibration error exceeds the specifications in Section 4 then al
test data collected since the previous calibration error check are
invalid. |If the sanpling systemis disassenbled or the anal yzer
calibration is adjusted, repeat the calibration error check before
conducting the next test or test run
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7.7 Interference Verification. The tester shall review the results
of the post test calibrations and conpare themto the results of the
nost recent interference test. Use the post test calibration results
and average em ssion concentrations for the test to calculate
interference responses (|l and | ) using the procedure in section
6.3. If an interference response exceeds 5% all em ssion test
results since the last successful interference test for that conpound
are invalid.

7.8 Re-Zero. At |east once every three hours or each tine the

anal yzer sanpling |ocation changes, recalibrate the anal yzer at the
zero |l evel according to the manufacturer*s instructions and conduct a
pretest calibration error test before resuning sanpling. |If the

anal yzer is capable of reporting negative concentration data (at

| east 5% of the span gas below zero), then the tester is not required
to re-zero the anal yzer.

8. CALIBRATION CORRECTIONS

8.1 The tester nmay choose to correct the enissions data for a test
run using the pretest and post test calibration error results. Use
the following formula to nake the corrections:

Cas = (& - G) G
GG
wher e: Css = corrected flue gas concentration
(0N = flue gas concentration indicated by gas anal yzer
G = average of initial and final zero checks
Cu = average of initial and final span checks
(OY = actual concentration of span gas
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FI GURE 1.
CAL| BRATI ON SYSTEM SCHEMATI C
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FI GURE 2.
LI NEARI TY CHECK DATA SHEET
Dat e Anal yst
Anal yzer Manufact urer/Mdel No.
Anal yzer Serial Nunber
Calibration ppm NO ppm NGO, ppm CO % Oxygen

Gas Conc. Response Response Response Response




Gas Research Institute Method GRI-96/ 0008

Revi sion 7

EMC Conditional Test Method (CTM 030)
Cct ober 13, 1997
Page 18
FI GURE 3.
STABI LI TY CHECK DATA SHEET
Dat e Anal yst
Anal yzer Manufact urer/Mdel No.
Anal yzer Serial Nunber
Pol | ut ant Channel Span Gas Concentration
El apsed El apsed El apsed
Ti me Anal yzer Ti me Anal yzer Ti me Anal yzer
(M nut es) Response (Cont.) Response (Cont.) Response
1 17 33
2 18 34
3 19 35
4 20 36
5 21 37
6 22 38
7 23 39
8 24 40
9 25 41
10 26 42
11 27 43
12 28 44
13 29 45
14 30 46
15 31 47
16 32 48
For 30-minute stability period: maxi num m ni num
For 15-minute stability period: maxi mum ni ni mum

Maxi num Devi ati on =

Stability Tine

100 x (max. - nin.)/span gas conc. =
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FlI GURE 4.
CALI BRATI ON ERROR CHECK DATA SHEET
Emi ssi on Source
Enmi ssi on Test Run Nunber (s) Start Test Period
Stop Test Period
Dat e
Anal yst
Anal yzer Manufact urer/Mdel No.
Anal yzer Serial Nunber
Pretest Calibration Error Check Results:
Initial NOcell tenperature
Zero Zero Zero Span Span Span
Channel Gas Respons Error Gas Respons Error
Conc. e (9% Conc. e (9%
NO
NG,
CO
o}
Post Test Calibration Error Check Results:
Final NO cell tenperature
Zero Zero Zero Span Span Span
Channel Gas Respons Error Gas Respons Error
Conc. e (9% Conc. e (9%
NO

NG,
cO
o}




