METHOD 204C--VOLATILE ORGANIC COMPOUNDS EMISSIONS IN CAPTURED
STREAM (DILUTION TECHNIQUE)

1. SCOPE AND APPLICATION

1.1 Applicability. This procedure is applicable for
determ ning the volatile organic conpounds (VOC) content of
captured gas streans. It is intended to be used in the
devel opnent of a gas/gas protocol in which uncaptured em ssions
are al so nmeasured for determ ning VOC capture efficiency (CE) for
surface coating and printing operations. A dilution systemis
used to reduce the VOC concentration of the captured em ssions to
about the sanme concentration as the uncaptured em ssions. The
procedure may not be acceptable in certain site-specific
situations [e.g., when: (1) direct-fired heaters or other
circunstances affect the quantity of VOC at the control device
inlet; and (2) particulate organic aerosols are forned in the
process and are present in the captured em ssions].

1.2 Principle. The amount of VOC captured (G is
calculated as the sumof the products of the VOC content (GCy),
the flowrate (Qy), and the sanpling tinme (2o fromeach captured
em ssi ons point.

1.3 Sampling Requirements. A CE test shall consist of at
| east three sanpling runs. Each run shall cover at |east one
conpl ete production cycle, but shall be at |east 3 hours |ong.
The sanpling time for each run need not exceed 8 hours, even if

t he production cycle has not been conpleted. Alternative



sanpling tines may be used with the approval of the
Adm ni strator.

2. SUMMARY OF METHOD

A gas sanple is extracted fromthe source using an in-stack
di lution probe through a heated sanple line and, if necessary, a
glass fiber filter to a flane ionization analyzer (FIA). The
sanple train contains a sanple gas manifold which allows multiple
points to be sanpled using a single FIA

3. SAFETY

Because this procedure is often applied in highly explosive
areas, caution and care should be exercised in choosing,
installing, and using the appropriate equi pnent.

4. EQUIPMENT AND SUPPLIES

Mention of trade names or conpany products does not
constitute endorsenment. All gas concentrations (percent, ppn
are by vol une, unl ess otherw se noted.

4.1 Gas VOC Concentration. A schematic of the neasurenent
systemis shown in Figure 204C-1. The nmain conponents are as
fol |l ows:

4.1.1 Dilution System. A Kipp in-stack dilution probe and
controller or simlar device may be used. The dilution rate may
be changed by substituting different critical orifices or
adj ustnents of the aspirator supply pressure. The dilution
system shall be heated to prevent VOC condensation. Note: An

out-of -stack dilution device may be used.



4.1.2 Calibration Valve Assembly. Three-way val ve assenbly
at the outlet of the sanple probe to direct the zero and
calibration gases to the analyzer. Oher nmethods, such as
qui ck-connect lines, to route calibration gases to the outlet of
t he sanpl e probe are acceptabl e.

4.1.3 Sample Line. Stainless steel or Teflon tubing to
transport the sanple gas to the analyzer. The sanple |ine nust
be heated to prevent condensati on.

4.1.4 Sample Pump. A |leak-free punp, to pull the sanple
gas through the systemat a flowrate sufficient to mnimze the
response tinme of the nmeasurenent system The conponents of the
punp that contact the gas stream shall be constructed of
stainless steel or Teflon. The sanple punp nust be heated to
prevent condensati on.

4.1.5 Sample Flow Rate Control. A sample flow rate control
val ve and rotaneter, or equivalent, to nmaintain a constant
sanpling rate within 10 percent. The flow control val ve and
rotaneter nust be heated to prevent condensation. A control
val ve may al so be | ocated on the sanple punp bypass loop to
assist in controlling the sanple pressure and flow rate.

4.1.6 Sample Gas Manifold. Capable of diverting a portion
of the sanple gas streamto the FIA and the remainder to the
bypass di scharge vent. The manifold conponents shall be
constructed of stainless steel or Teflon. |[If captured or

uncaptured em ssions are to be neasured at nmultiple |ocations,



t he measurenent system shall be designed to use separate sanpling
probes, lines, and punps for each neasurenent |ocation and a
common sanple gas mani fold and FIA. The sanple gas manifold and
connecting lines to the FI A nust be heated to prevent
condensation. NOTE: Depending on the nunber of sanpling points
and their location, it may not be possible to use only one FIA
However to reduce the effect of calibration error, the nunber of
FIA' s used during a test should be keep as small as possi bl e.

4.1.7 Organic Concentration Analyzer. An FIAwith a span
value of 1.5 tines the expected concentration as propane;
however, other span values may be used if it can be denonstrated
to the Admnistrator's satisfaction that they would provide
equal |y accurate neasurenents. The system shall be capabl e of
nmeeti ng or exceeding the foll ow ng specifications:

4.1.7.1 Zero Drift. Less than 3.0 percent of the span
val ue.

4.1.7.2 Calibration Drift. Less than 3.0 percent of the
span val ue.

4.1.7.3 Calibration Error. Less than 5.0 percent of the
cal i bration gas val ue.

4.1.7.4 Response Time. Less than 30 seconds.

4.1.8 Integrator/Data Acquisition System. An anal og or
digital device or conmputerized data acquisition systemused to
integrate the FIA response or conpute the average response and

record neasurenent data. The m nimum data sanpling frequency for



conputing average or integrated values is one neasurenent val ue
every 5 seconds. The device shall be capable of recording
average val ues at |east once per m nute.

4.2 Captured Emissions Volumetric Flow Rate.

4.2.1 Method 2 or 2A Apparatus. For determ ning volunetric
flow rate.

4.2.2 Method 3 Apparatus and Reagents. For determ ning
nmol ecul ar wei ght of the gas stream An estimate of the nol ecul ar
wei ght of the gas stream may be used if approved by the
Adm ni strator.

4.2.3 Method 4 Apparatus and Reagents. For determ ning
noi sture content, if necessary.

5. REAGENTS AND STANDARDS

5.1 Calibration and Other Gases. Gases used for
calibration, fuel, and conbustion air (if required) are contained
in conpressed gas cylinders. All calibration gases shall be
traceable to National Institute of Standards and Technol ogy
standards and shall be certified by the nmanufacturer to
+1 percent of the tag value. Additionally, the manufacturer of
the cylinder should provide a recommended shelf life for each
calibration gas cylinder over which the concentration does not
change nore than
+2 percent fromthe certified value. For calibration gas val ues
not generally available, dilution systens calibrated using Method

205 may be used. Alternative nethods for preparing calibration



gas m xtures may be used with the approval of the Adm nistrator.
5.1.1 Fuel. The FIA manufacturer's recomended fuel should
be used. A 40 percent H,/ 60 percent He or
40 percent H,/ 60 percent N, gas m xture is recommended to avoid
an oxygen synergismeffect that reportedly occurs when oxygen
concentration varies significantly froma mean value. O her
m xtures may be used provided the tester can denonstrate to the
Adm nistrator that there is no oxygen synergi sm effect
5.1.2 Carrier Gas and Dilution Air Supply. High purity air
with less than 1 ppmof organic material (as propane or carbon
equivalent), or less than 0.1 percent of the span val ue,
whi chever is greater.
5.1.3 FIA Linearity Calibration Gases. Low, md-, and
hi gh-range gas m xture standards with nom nal propane
concentrations of 20-30, 45-55, and 70-80 percent of the span
value in air, respectively. Oher calibration values and ot her
span values may be used if it can be shown to the Admnistrator's
sati sfaction that equally accurate neasurenents woul d be
achi eved.

5.1.4 Dilution Check Gas. Gas m xture standard contai ni ng
propane in air, approximtely half the span value after dilution.
5.2 Particulate Filter. An in-stack or an out-of-stack

glass fiber filter is recomended if exhaust gas particul ate
loading is significant. An out-of-stack filter nmust be heated to

prevent any condensation unless it can be denonstrated that no



condensati on occurs.

6. QUALITY CONTROL

6.1 Required instrunment quality control paraneters are
found in the foll ow ng sections:

6.1.1 The FIA system nust be calibrated as specified in
section 7.1.

6.1.2 The systemdrift check must be perfornmed as specified
in section 7. 2.

6.1.3 The dilution factor nmust be determ ned as specified
in section 7.3.

6.1.4 The system check nmust be conducted as specified in
section 7.4.

6.2 Audits.

6.2.1 Analysis Audit Procedure. |mmediately before each
test, analyze an audit cylinder as described in
section 7.2. The analysis audit nmust agree with the audit
cylinder concentration within 10 percent.

6.2.2 Audit Samples and Audit Sample Availability. Audit
sanples will be supplied only to enforcenent agencies for
conpliance tests. The availability of audit sanples may be
obtai ned by writing:

Source Test Audit Coordinator (STAC) (NMD-77B)

Qual ity Assurance Division

At nospheri ¢ Research and Exposure Assessnent Laboratory

U.S. Environnental Protection Agency

Research Triangle Park, NC 27711

or by calling the STAC at (919) 541-7834. The request for the



audit sanple nust be nmade at | east 30 days prior to the schedul ed
conpl i ance sanpl e anal ysi s.

6.2.3 Audit Results. Calculate the audit sanple
concentration according to the cal cul ati on procedure described in
the audit instructions included with the audit sanmple. Fill in
the audit sanple concentration and the anal yst's nanme on the
audit response formincluded with the audit instructions. Send
one copy to the EPA Regional Ofice or the appropriate
enforcenent agency, and a second copy to the STAC. The EPA
Regi onal O fice or the appropriate enforcenent agency wll report
the results of the audit to the | aboratory being audited.

I nclude this response with the results of the conpliance sanpl es
inrelevant reports to the EPA Regional Ofice or the appropriate
enf orcement agency.

7. CALIBRATION AND STANDARDIZATION

7.1 FIA Calibration and Linearity Check. Mke necessary
adjustnments to the air and fuel supplies for the FIA and ignite
the burner. Allowthe FIAto warmup for the period recomended
by the manufacturer. Inject a calibration gas into the
measur enent systemafter the dilution system and adj ust the
back- pressure regulator to the value required to achieve the flow
rates specified by the manufacturer. |Inject the zero- and the
hi gh-range calibration gases and adjust the analyzer calibration
to provide the proper responses. |Inject the |ow and m d-range

gases and record the responses of the neasurenent system The



calibration and linearity of the systemare acceptable if the
responses for all four gases are within 5 percent of the
respective gas values. |If the performance of the systemis not
acceptable, repair or adjust the systemand repeat the linearity
check. Conduct a calibration and linearity check after
assenbling the anal ysis systemand after a najor change i s made
to the system

7.2 Systems Drift Checks. Select the calibration gas that
nost cl osely approxi mates the concentration of the diluted
captured em ssions for conducting the drift checks. |Introduce
the zero and calibration gases at the calibration val ve assenbly,
and verify that the appropriate gas flow rate and pressure are
present at the FIA. Record the neasurenent systemresponses to
the zero and calibration gases. The performance of the systemis
acceptable if the difference between the drift check neasurenent

and t he val ue

obtained in section 7.1 is less than 3 percent of the span val ue.
Al ternatively, recalibrate the FIA as in section 7.1 and report
the results using both sets of calibration data (i.e., data
determ ned prior to the test period and data determ ned foll ow ng
the test period). The data that results in the | owest CE val ue
shal|l be reported as the results for the test run. Conduct the
systemdrift check at the end of each run.

7.3 Determination of Dilution Factor. |Inject the dilution



check gas into the neasurenent system before the dilution system
and record the response. Calculate the dilution factor using
Equati on 204C 3.

7.4 System Check. |Inject the high-range calibration gas at
the inlet to the sanpling probe while the dilution air is turned
off. Record the response. The performance of the systemis
acceptable if the neasurenent systemresponse is within 5 percent
of the value obtained in section 7.1 for the high-range
calibration gas. Conduct a system check before and after each
test run.

8. PROCEDURE

8.1 Determination of Volumetric Flow Rate of Captured
Emissions

8.1.1 Locate all points where em ssions are captured from
the affected facility. Using Method 1, determ ne the sanpling
points. Be sure to check each site for cyclonic or swirling
flow.

8.2.2 Measure the velocity at each sanpling site at | east
once every hour during each sanpling run using
Met hod 2 or 2A

8.2 Determination of VOC Content of Captured Emissions

8.2.1 Analysis Duration. Measure the VOC responses at each
captured em ssions point during the entire test run or, if
applicable, while the process is operating. |If there are
mul ti ple captured em ssions |ocations, design a sanpling system

to allow a single FIA to be used to determ ne the VOC responses



at all sampling | ocations.

8.2.2 Gas VOC Concentration.

8.2.2.1 Assenble the sanple train as shown in
Figure 204C-1. Calibrate the FIA according to the procedure in
section 7.1.

8.2.2.2 Set the dilution ratio and determ ne the dilution
factor according to the procedure in section 7.3.

8.2.2.3 Conduct a system check according to the procedure
in section 7.4.

8.2.2.4 Install the sanple probe so that the probe is
centrally located in the stack, pipe, or duct, and is seal ed
tightly at the stack port connection.

8.2.2.5 Inject zero gas at the calibration valve assenbly.
Measure the systemresponse tine as the tine required for the
systemto reach the effluent concentration after the calibration
val ve has been returned to the effluent sanpling position.

8.2.2.6 Conduct a system check before, and a systemdrift
check after, each sanpling run according to the procedures in
sections 7.2 and 7.4. If the drift check following a run
i ndi cat es unaccept abl e performance (see section 7.4), the run is
not valid. Alternatively, recalibrate the FIA as in section 7.1
and report the results using both sets of calibration data (i.e.,
data determned prior to the test period and data determ ned
followng the test period). The data that results in the | owest

CE value shall be reported as the results for the test run. The



tester may elect to performsystemdrift checks during the run
not to exceed one drift check per hour.

8.2.2.7 Verify that the sanple lines, filter, and punp
tenperatures are 120 £ 5°C

8.2.2.8 Begin sanpling at the start of the test period and
continue to sanple during the entire run. Record the starting
and ending tines and any required process information as
appropriate. If nmultiple captured em ssion |ocations are sanpled
using a single FIA sanple at each location for the sanme anount
of time (e.g., 2 mn.) and continue to switch fromone |ocation
to another for the entire test run. Be sure that total sanpling
time at each location is the sanme at the end of the test run.
Coll ect at |east four separate neasurenents from each sanple
poi nt during each hour of testing. Disregard the neasurenents at
each sanpling location until two tinmes the response tine of the
measur enent system has el apsed. Continue sanpling for at | east
1 mnute and record the concentration neasurenents. 8.2.3
Background Concentration. NOTE: Not applicable when the
building is used as the tenporary total enclosure (TTE).

8.2.3.1 Locate all natural draft openings (NDO s) of the
TTE. A sanpling point shall be at the center of each NDO unl ess

ot herwi se approved by the Adm nistrator. |f there are nore than

six NDO s, choose six sanpling points evenly spaced anong the

NDO s.



8.2.3.2 Assenble the sanple train as shown in
Figure 204C-2. Calibrate the FIA and conduct a system check
according to the procedures in sections 7.1 and 7. 4.

8.2.3.3 Position the probe at the sanpling |ocation.

8.2.3.4 Determne the response tine, conduct the system
check, and sanple according to the procedures described in
sections 8.2.2.4 through 8. 2. 2. 8.

8.2.4 Alternative Procedure. The direct interface sanpling
and anal ysis procedure described in section 7.2 of Method 18 may
be used to determ ne the gas VOC concentration. The system nust
be designed to collect and anal yze at | east one sanple every
10 mnutes. |If the alternative procedure is used to determ ne
the VOC concentration of the captured em ssions, it nmust also be
used to determ ne the VOC concentration of the uncaptured
em ssi ons.

9. DATA ANALYSIS AND CALCULATIONS

9.1 Nomenclature

A = area of NDOi, ft2

A, = total area of all NDOs in the enclosure, ft2

C, = actual concentration of the dilution check gas,
ppm pr opane.

Cy = corrected average VOC concentration of background
em ssions at point i, ppm propane.

C; = average background concentration, ppm propane.

Cx = average neasured concentration for the drift check

cal i bration gas, ppm propane.



Cx = average systemdrift check concentration for zero
concentration gas, ppm propane.

C, = actual concentration of the drift check
cal i bration gas, ppm propane.

C = uncorrected average background VOC concentration
measured at point i, ppm propane.

G = uncorrected average VOC concentration neasured at
point j, ppm propane.

Cy = neasured concentration of the dilution check gas,

ppm pr opane.
DF = dilution factor.
G = total VOC content of captured em ssions, kg.

K, = 1.830 x 10°°® kg/ (n®-ppm.

n = nunber of neasurenent points.
Q; = average effluent volunetric flowrate corrected to
standard conditions at captured em ssions point j,
nt/ m n.
2. = total duration of CE sanpling run, mn.

9.2 Calculations

9.2.1 Total VOC Captured Emissions.

n

G =) (Cg - Cy) Qg 0 Ky Eq. 204C-1

j=1

9.2.2 VOC Concentration of the Captured Emissions at
Point j.

C
Cq = DF (C; - Cpo)—"— Eq. 204C-2
CDH B CDo



9.2.3 Dilution Factor.

CA
DF = — Eq. 204C-3
CM
9.2.4 Background VOC Concentration at Point 1i.
C. =(C. -C.) Cu
Bi  \¥i ~ “po/ =~ Eq. 204C-4
CDH - CDo
9.2.5 Average Background Concentration.
n
ZCBI A
C i- Eqg. 204C-5
B A

N

NOTE: If the concentration at each point is within
20 percent of the average concentration of all points, then use
the arithnetic average.

10. METHOD PERFORMANCE.

The neasurenent uncertainties are estimated for each
captured or uncaptured em ssions point as follows: Q; = %5.5
percent and Gy = +5 percent. Based on these nunbers, the
probabl e uncertainty for Gis estimted at about 7.4 percent.

11. DIAGRAMS
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