Regulation No. 24 Control of Volatile Organic Compound Emissions

APPENDIX " D"

11/29/94

Test Methods and Compliance Procedures:.

Emission Capture and Destruction or

Removd Efficiency and Monitoring Requirements.

a Determining the efficiency of volatile organic compound (VOC) capture systems.

1. For purposes of this paragraph, the following definitions and abbreviations goply:

"Gas/gas method" means either of two methods for determining capture thet rely only on
gas phase measurements. One method requires construction of a temporary tota
enclosure (TTE) to ensure dl potentia fugitive emissions are measured while the other
method uses the room or building that houses the source as an enclosure.

"Hood" means apartid enclosure or canopy for capturing and exhaugting, by means of a
draft, the organic vapors or other fumes rising from a coating process or other source.

"Liquid/gas Method" means ether of two methods for determining capture that require
both gas phase and liquid phase measurements and andyss. One liquid/gas method
requires construction of atemporary enclosure, and the other uses the building or room
that houses the facility as an enclosure.

"Process ling' means any coating unit, coating line, coating operation, or printing press.

"PTE" isa permanent total enclosure, whichcontains aprocessthat emitsV OC and meets
the specifications given in this Appendix " D", Method 30.

"TTE" is atemporary total enclosure that is built around a process that emits VOC and
mests the gpedifications given in this Appendix " D", Method 30.

"BE" isabuilding or room enclosure that contains a process that emits VOCs. If aBE is
to subgtitutefor aPTE or TTE, the gppropriate requirements given in this Appendix " D"
shdl be met.
2. Applicability.
I The requirements of paragraph ()(3) shal gpply to dl regulated
VOC emitting processes using a control system except as

provided below.

Ii. If a source owner or operator inddls a PTE that meets EPA
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specifications, and that directs dl VOC to a control device, the
capture efficiency is assumed to be 100 percent, and the source
isexempted fromthe requirements described inparagraph (a)(3).
The method given in this Appendix " D" dhdl be used to
determine whether astructureisaPTE. This does not exempt a
source from performing any control device efficiency testing
required under this regulation. In addition, a source shdl
demondrate that al criteriafor a PTE are met during the testing

for capture efficiency.

If a source owner or operator uses a control device designed to
collect and recover VOC (e.g., carbon adsorber), an explicit
messurement of capture efficency is not necessary if the
conditions given below are met. The overdl emisson reduction
efficiency of the control system shdl be determined each day by
directly comparing the input liquid VOC (L) to the recovered
liqud VOC. The procedurefor usein thisstuation is specified in
40 CFR 60.433 (duly 1, 1992) with the following modifications.

A. The source owner or operator shdl obtain dataeach day
for the solvent usage and solvent recovery and determine
the solvent recovery efficiency of the system each day
usnga7-day rolling period. The recovery efficiency for
each day is computed astheratio of the total recovered
solvent for that day and the prior 6 consecutive operating
days to the total solvent usage for the same 7-day period
used for the recovered solvent, rather than a 30-day
weighted average as given in 40 CFR 60.433
(Quly 1, 1992). This ratio shdl be expressed as a
percentage. This shal be done within 72 hoursfollowing
each 24-hour period. A sourcethat beievesthat the 7-
day ralling period is not gppropriate may use the method
provided inAppendix " I" of this regulationto determine
andternative multiday ralling period. Innoevent shdl the
rallingperiod determined under this method exceed a 30-
day rolling period.

B. If the solvent recovery system controls multiple process
lines, the source owner or operator shdl demongtrate that
the overal contral (i.e., the total recovered solvent VOC
divided by the sum of liquid VOC input to al process
lines venting to the control system) meets or exceeds the
mogt dringent standard applicable for any process line



venting to the control system.

3. Specific Requirements.

I The capture efficency shdl be measured using one of the four

protocols given in paragraphs (a)(3)(iii)(A) through (8)(3)(iii)(E)
of this Section.

. Any error margn associated with a test protocol may not be
incorporated into the results of a capture efficiency test.

il Any source required to comply with this Section shal use one of
the fallowing protocols to measure capture effidency, unless a
uitable dternative protocol isapproved by the U.S. EPA aspart
of aSIP or FIPrevison:

A. Gas/gas method using TTE. Method 30, given in this
Appendix " D", shdl be used to determine whether a
temporary enclosure is a TTE. The capture efficiency
equation to be used for this protocoal is:

where:

CE = Capture efficiency, decimd fraction.

G = Mass of VOC captured and ddlivered to control deviceusngaTTE.
F = Mass of fugitive VOC that escapesfroma TTE.

Either Method 30B or Method 30C of this Appendix " D" is used to obtain G. Method 30D of this
Appendix " D" isused to obtain F.

B. Liquid/gas method usng TTE. Method 30, givenin this
Appendix " D", shdl be used to determine whether a
temporary enclosure isa TTE. The capture efficiency
equation to be used for this protocoal is:




CE =
L
where:
CE = Capture efficiency, decimd fraction.
L = Mass of liquid VOC input to process.
F = Mass of fugitive VOC that escapesfroma TTE.

Method 30A of this Appendix " D", isused toobtain L. Method 30D of thisAppendix " D" isused to
obtain F.

C. Gas/gas method using the building or room (BE) in which
the sourceis located as the enclosureand inwhichG and
F are measured while operating only the source to be
tested. All fansand blowersin the building or room shdl
be operated as they would be under normal production.
The capture efficdency equation to be used for this
protocol is:

where:

CE = Capture efficiency, decimal fraction.

G = Mass of VOC captured and delivered to a control device.
FB = Mass of fugitive VOC that escapes from building enclosure.

Either Method 30B or Method 30C of this Appendix " D" is used to obtain G. Method 30E of this
Appendix " D" isused to obtain Fg.

D. Liquid/gas method using the building or room (BE) in
whichthe source is located as the enclosureand inwhich
L and F are measured while operating only the source to
be tested. All fans and blowers in the building or room
shdl beoperated as they would under norma production.
The capture efficiency equation to be used for this
protocol is:




where:

CE = Capture efficiency, decimd fraction.

L = Mass of liquid VOC input to process.

FB = Mass of fugitive VOC that escapes from building enclosure.

Method 30A of this Appendix " D" isused toobtainL. Method 30E of this Appendix " D" isused to
obtain Fg.

E Liquid/gas method using the collection device to
detarmine the mass of gas collected. The Capture
Efficiency eguation to be used for this processis

where: CE =

Mo

CE

Capture Efficiency,

decimd fraction

Mass rate of VOC captured by collection system
Massrate of liquid VOC input to process

4. Recordkeeping and Reporting.

I. All sources complying with this Section shal maintain on file a
copy of the capture efficiency protocol submitted to the
Department. All results of appropriate test methods and CE
protocols shal be reported to the Department within 60 days of
the test date. A copy of the results shall be kept on file with the



source.

Ii. If any changes are made to capture or control equipment, the
source is required to natify the Department within 30 days of
these changesand a new capture efficiency and/or control device
destruction or remova efficiency test may be required.

b. Determining the destruction or removd efficiency of incinerators and carbon adsorbers.

1 Teding.

I. The control device destruction or remova efficiency shdl be
determined from data obtained by smultaneoudy messuring the
inletand outlet gas-phase V OC concentrations and gasvolumetric
flow rates in accordance with the gas-phase test methods
specifiedinAppendix " E" of thisregulation. The control device
destruction or removd efficiency shdl be cdculated usng the
following equation:

where:
E = VOC destruction efficiency of the control device.

Qi = Volumetric flow rate of the effluent gasflowing through stack i entering the control device,
dry standard cubic meters per hour (dscrvhr).

G = Concentrationof VOC (as carbon) in the effluent gas flowing through stack | entering the
control device, parts per million by volume (ppmv).

Qj = Volumetric flow rate of the effluent gas flowing through stack j leaving the control device,

dscmh.

Concentration of VOC (as carbon) in the effluent gas flowing through stack j leaving the

control device, ppmv.

The number of vents to the control device.

The number of vents after the control device.

0
I



2. Monitoring.

A source using aPTE (or aBE asa PTE) shal demondtrate that
this enclosure mesets the requirements given in Method 30 of this
Appendix " D" for a PTE during any testing of a control device.

A sourceusnga TTE (or aBE asaTTE) shdl demondrate that
this enclosure mesets the requirements given in Method 30 of this
Appendix" D" for aTTE during testing of acontrol device. The
source shdl also provide documentationthat the quality assurance
criteriafor a TTE have been achieved.

Any owner or operator who uses an incinerator or regenerdive
carbon adsorber to comply with any part of this regulation shdl
inddl, cdibrate, certify to the Department, operate, and maintain
continuous monitoring equipment.  The continuous monitoring
equipment shal monitor the following parameters:

A. Combustion chamber temperature of each thermd
incinerator or afterburner.

B. Temperatureriseimmediately before the catalystbed and
across each catalytic incinerator bed.

C. The VOC concentration of the outlet from each carbon
adsorption bed.

The continuous temperature monitoring equipment must be
equipped witha continuous recorder and have an accuracy of £1
percent of the combustiontemperature being measured expressed
in degrees Celsus (°C) or £0.5°C, whichever is grester.

The owner or operator shdl ensure that the qudity assurance
measures in Appendix "G" (j) and the qudity control
proceduresin Appendix " H" of this regulation are met.

Determining the overall emission reductionefficiency. The overdl emission reduction efficiency of

the emission control system shal be determined each day asthe product of the capture efficiency,
as determined using the capture efficiency test method in this Appendix " D", and the control
devicedestructionor remova efficdency; or for each solvent recovery system, by the test protocol
described in paragraph (8)(2)(iii)(A) of this Section for comparing liquid input to liquid VOC
recovery. The results of the capture efficiency test and control device destruction or remova
efficiency test remain vaid for each day until a subsequent test is performed. The results of any



vaid test may be used for each day until superseded by the results of a vdid test subsequently
performed.

METHOD 30 - CRITERIA FOR AND VERIFICATION OF A
PERMANENT OR TEMPORARY TOTAL ENCLOSURE

1. Introduction

11

1.2

1.3

Applicahility. This procedure is used to determine whether a permanent or temporary
enclosure mests the criteriafor atota enclosure.

Principle. An enclosureis evduated againgt aset of criteria If the criteriaare met and if
al the exhaust gases fromthe enclosure are ducted to acontrol device, then the VOC CE
is assumed to be 100 percent, and CE need not be measured. However, if part of the
exhaust gas stream is not ducted to a control device, CE must be determined.

Note. An evauationof the proposed building materids is recommended to minimize any
potential hazards.

2. Definitions

21

2.2

2.3

Natural Draft Opening (NDO). Any permanent opening intheenclosurethat remainsopen
during operation of the facility and is not connected to aduct in which afan isingaled.

Permanent Total Enclosure (PTE). A permanently installed enclosure that completely
surrounds a source of emissions suchthat dl V OC emissons are captured and contained
for discharge to a control device.

Temporary Total Enclosure (TTE). A temporarily installed enclosure that completely
surrounds a source of emissons such that dl fugitive VOC emissons are captured and
contained for discharge through ducts that alow for the accurate measurement of fugitive
VOC emissons.

3. Criteriafor Temporary Totd Enclosure

3.1

32

3.3

Any NDO dhdl be at least four equivdent opening diameters from each VOC emitting
point unless otherwise specified by the Department.

Any exhaust point from the enclosure shdl be at least four eguivdent duct or hood
diameters from each NDO.

The tota area of dl NDO's dhdl not exceed 5 percent of the surface area of the



34

35

enclosure's four walls, floor, and celling.

The average facid velocity (FV) of ar through dl NDO's shdl be at least 3,600 mvhr (200
fpm). Thedirection of ar flow through dl NDO's shdl be into the enclosure.

All access doors and windows whose areas are not included in Section 3.3 and are not
included in the cdculaion in Section 3.4 shdl be closed during routine operation of the
process.

Criteriafor a Permanent Totd Enclosure

4.1  Sameas Sections 3.1 and 3.3 through 3.5.
4.2  All VOC emissons mus be captured and contained for discharge through a control
device.
Procedure
5.1  Determine the equivaent diameters of the NDO's and determine the distances from each
VOC emitting point todl NDO's. Determine the equivaent diameter of each exhaust duct
or hood and its distance to all NDO's. Calculate the distances in terms of equivaent
diameters. The number of equivaent diameters shdl be at least four.
5.2  Measurethetotd area (At) of the enclosure and the tota area (Ay) of dl NDO'sin the
enclosure. Calculate the NDO to enclosure arearatio (NEAR) as follows:
A
NEAR = ¥ Eq. 30-1
A,
The NEAR must be <0.05.
5.3  Measurethe volumetric flow rate, corrected to standard conditions, of each gas stream

exiting the enclosure through an exhaust duct or hood usng EPA Method 2. In some
cases (e.g., when the building is the enclosure), it may be necessary to measure the
volumetric flow rate, corrected to standard conditions, of each gas stream entering the
enclosure through a forced makeup ar duct usng Method 2. Calculate FV using the
following equation:

p~ Q
FV = —e ~I Eq. 30-2

a,



where

Qo

Q

5.4

the sum of the volumetric flow fromadl gas streams exiting the enclosure throughan exhaust
duct or hood.

the sum of the volumetric flow from dl gas streams into the enclosure through a forced
makeup air duct; zero, if there is no forced makeup air into the enclosure.

total areaof al NDO'sin enclosure.

The FV gl be at least 3,600 mhr (200 fpm). Alternatively, measure the pressure
differentid across the enclosure. A pressure drop of 0.0075 mm Hg (0.004 in. H,O)
corresponds to an FV of 3,600 m/hr (200 fpm).

Verify that the directionof ar flowthroughdl NDO'sisinward. Streamers, smoketubes,
or tracer gases may be used. Strips of plastic wrapping film have aso been found to be
effective. Monitor the direction of air flow for at least 1 hour, with checks made no more
than 10 minutes apart.

Quadlity Assurance

6.1

6.2

6.3

The success of this method lies in desgning the TTE to smulate the conditions that exist
without the TTE (i.e., the effect of the TTE on the norma flow patterns around the affected
fadlity or the amount of fugitive VOC emissons should be minimd). The TTE mugt
enclose the gpplication stations, coating reservoirs, and al areas from the application
stationto the oven. The oven does not haveto be enclosed if it isunder negative pressure.
The NDO's of the temporary enclosure and a fugitive exhaust fan must be properly sized
and placed.

Edimatethe ventilationrate of the TTE that best amulates the conditions that exist without
the TTE (i.e., the effect of the TTE on the normd flow patterns around the affected fadility
or the amount of fugitive VOC emissions should beminima). Measure the concentration
(Co) and flow rate (Q) of the captured gas stream, specify a safe concentration (Cg) for
the fugitive gas stream, estimate the CE, and then use a plot available fromthe Department
to determine the volumetric flow rate of the fugitive gas stream (Qg). A fugitive VOC
emisson exhaust fan that has a variable flow control is desirable.

Monitor the concentrationof VV OC into the capture devicewithout the TTE. To minimize
the effect of temporal variationonthe captured emissions, the basdine measurement should
be made over aslong atime period as practical. However, the process conditions must
be the same for the measurement in Section 6.5 as they are for this basdline measuremen.
This may require short measuring times for this quaity control check before and after the



6.4

6.5

condruction of the TTE.

After the TTE is congtructed, monitor the VOC concentration indde the TTE. This
concentrationshdl not continue to increase, and must not exceed the safe level according
to Occupationd Safety and Hedth Administration requirementsfor permissible exposure
limits. An increase in VOC concentration indicates poor TTE design or poor capture

efficiency.

Monitor the concentration of VOC into the capture device with the TTE. To limit the
effect of the TTE onthe process, the VOC measurement with and without the TTE must
be within £10 percent. If the measurements do not agree, adjust the ventilationrate from
the TTE until they agree within 10 percent.

METHOD 30A - VOLATILE ORGANIC COMPOUNDS CONTENT IN
LIQUID INPUT STREAM

1. Introduction

11

1.2

1.3

14

1.5

Applicability. This procedure is applicable for determining the input of VOC. It is
intended to be used in the development of liquid/gas protocols for determining VOC CE
for surface coating and printing operations.

Principle. The amount of VOC introduced to the process (L) is the sum of the products
of the weight (W) of each VOC containing liquid (ink, paint, solvent, etc.) used and its
VOC content (V). A sample of each VOC containing liquid is andyzed with a flame
ionization andyzer (FIA) to determine V.

Edtimated Measurement Uncertainty. The measurement uncertainties are estimated for
eachVVOC containing liquid asfollows W =+2.0 percent and V = +12.0 percent. Based
on these numbers, the probable uncertainty for L is estimated at about +12.2 percent for
each VOC containing liquid.

Sampling Requirements. A CEtest shdl consist of at least three sampling runs. Each run
shdl cover at least one complete production cycle, but shal be at least 3 hourslong. The
sampling time for each run need not exceed 8 hours, even if the production cycle has not
been completed. Alternative sampling times may be used with the gpprovd of the
Department.

Notes. Becausethisprocedureisoften appliedin highly explosive areas, caution and care
should be exercised inchoosng, inddling, and usng the appropriate equipment. Mention
of trade names or company products does not conditute endorsement. All gas
concentrations (percent, ppm) are by volume, unless otherwise noted.



Apparatus and Reagents

21

211

212

22

221

222

223

224

2.25

2.2.6

227

2.2.8

229

Liquid Weight.
BdancesDigitd Scdes. To weigh drums of VOC containing liquids to within 0.2 |b.

Volume Measurement Apparatus (Alternative). Volume meters, flow meters, dengity
measurement equipment, etc., as needed to achieve the same accuracy as direct weight
measurements.

VOC Content (FIA Technique). The following equipment is required:

Sample Collection Can.  An appropriately-sized metd can to be used to collect VOC
containing materials. The canmust be congtructed in such away thet it can be grounded
to the coating container.

Needle Vaves. To control gas flow.
Regulators. For carrier gas and cdibration gas cylinders.

Tubing. Teflon or gtainless stedl tubing with diameters and lengths determined by
connectionrequirements of equipment. Thetubing between the sample oven outlet and the
FIA shdl be heated to maintain atemperature of 120 + 5°C.

Atmospheric Vent. A tee and 0- to 0.5-liter/min rotameter placed in the sampling line
between the carrier gas cylinder and the VOC sample vessdl to rel ease the excess carrier
gas. A toggle vave placed between the tee and the rotameter facilitates leak tests of the
andyds sysem.

Thermometer. Capable of measuring the temperature of the hot water bathto within 1°C.

Sample Oven. Heated enclosure, containing caibration gas coil heaters, criticd orifice,
aspirator, and other liquid sample andyss components, capable of maintaining a
temperature of 120 + 5°C.

Gas Coil Heaters. Sufficient lengths of stainless stedl or Teflon tubing to alow zero and
calibration gases to be heated to the sample oven temperature before entering the critical
orifice or aspirator.

Water Bath. Cgpable of heating and maintaining a sample vessdl temperature of 100 +
5°C.

2.2.10 Andyticd Bdance. To measure £0.001 g.



2211

2212

2213

2214

2.2.15

2.2.16

2.2.17

2.2.18

2.2.19

Disposable Syringes. 2-cc or 5-cc.
SampleVessd. Glass, 40-ml septum vid. A separate vessdl is needed for each sample.

Rubber Stopper. Two-hole stopper to accommodate 3.2-mm (1/8-in.) Teflon tubing,
appropriately szed to fit the opening of the sample vessdl. The rubber stopper should be
wrapped in Teflon tape to provide a tighter sed and to prevent any reactionof the sample
with the rubber stopper. Alternatively, any lesk-free closure fabricated of nonreactive
materials and accommodating the necessary tubing fittings may be used.

Critical Orifices. Calibrated critica orifices capable of providing congtant flow rates from
50 to 250 mi/min a known pressure drops. Sapphire orifice assemblies (available from
O'Keefe Controls Company) and glass capillary tubing have been found to be adequate
for this gpplication.

Vacuum Gauge. Zeroto 760-mm (O- to 30-in.) Hg U-Tube manometer or vacuum gauge.

Pressure Gauge. Bourdon gauge capable of measuring the maximum ar pressure é the
aspirator inlet (e.g., 100 psig, 690 kiloPascals).

Aspirator. A device capable of generating sufficient vacuum at the samplevessd to create
criticd flow through the cdibrated orifice when sufficient air pressure is present at the
aspirator inlet. The aspirator must dso provide sufficient sample pressure to operate the
FIA. The sampleisdso mixed with the dilution gas within the aspirator.

Soap Bubble Meter. Of anappropriate Szeto cdibrate the critica orifices in the system.

Organic Concentration Anayzer. An FIA with a span vaue of 1.5 times the expected
concentration as propane; however, other span values may be used if it can be
demongtrated that they would provide more accurate measurements. The FIA instrument
should be the same ingtrument used in the gaseous andyses adjusted with the same fud,
combustion air, and sample back-pressure (flow rate) settings. The system shdl be
cgpable of meeting or exceeding the following specifications

2.2.19.1 Zexo Drift. Lessthan 3.0 percent of the span vaue.

2.2.19.2 Cdlibration Drift. Lessthan +3.0 percent of the span value.

2.2.19.3 Cdlibration Error. Lessthan 5.0 percent of the cdlibration gas vaue.

2.2.20

Integrator/Data Acquidtion System. An analog or digital device or computerized data
acquisition system used to integrate the FIA response or compute the average response
and record measurement data.  The minimum data sampling frequency for computing



2221

2.2.22

average or integrated values is one measurement vaue every 5 seconds. Thedeviceshdl
be capable of recording average vaues a least once per minute.

Chart Recorder (Optional). A chart recorder or smilar deviceisrecommended to provide
a continuous anaog display of the measurement results during the liquid sample andysis.

Cdibration and Other Gases. Gases used for cdibration, fuel, and combustion air (if
required) are contained in compressed gas cylinders. All cdibration gases shal be
traceable to Nationa Inditute of Standards and Technology standards and shdl be
certified by the manufacturer to £1 percent of thetagvaue. Additionaly, the manufacturer
of the cylinder should provide arecommended shelf life for each calibration gas cylinder
over which the concentration does not change more than £2 percent from the certified
vaue. For cdibration gasvauesnot generaly available, dternative methodsfor preparing
cdibration gas mixtures, such as dilution systems, may be used with the approva of the
Department.

22221 Fud. A 40 percent H,/60 percent He or 40 percent H,/60 percent N, gas mixture

isrecommended to avoid an oxygensynergismeffect that reportedly occurswhen
oxygen concentration varies Sgnificantly from amean vdue.

22222 Carrier Gas. High purity air with lessthan 1 ppm of organic materid (aspropane)

or lessthan 0.1 percent of the span vaue, whichever is greater.

22223 FIA Linearity Cdibration Gases. Low-, mid-and high-range gas mixture

standards with nominad propane concentrations of 20-30, 45-55, ad
70-80 percent of the span vaue in air, respectively. Other cdibration vauesand
other span values may beused if it can be shown to the Department's satisfaction
that more accurate measurements would be achieved.

22224 System Cdibration Gas. Gas mixture standard containing propane in air,

approximating the undiluted VOC concentration expected for the liquid samples.

Determination of Liquid Input Weight

3.1

Weght Difference. Determine the amount of materid introduced to the process as the
weight difference of the feed materia before and after each samplingrun. In determining
the totad VOC containing liquid usage, account for:

@ Theinitid (beginning) VOC containing liquid mixture.

(b) Any solvent added during the test run.

(© Any coating added during the test run.



311

312

3.2

(d) Anyresidud vV OC containing liquid mixture remaning at the end of the sample run.

Identify al pointswhereVV OC containing liquids are introduced to the process. To obtain
an accurate measurement of VOC containing liquids, start with an empty fountain (if
goplicable). After completing the run, drain the liquid in the fountain back into theliquid
drum (if possible) and weigh the drum again. Weigh the VOC containing liquids to £0.5
percent of thetotd weight (full) or £0.1 percent of the total weight of VOC containing
liquid used during the sample run, whichever is less. If the resdud liquid cannot be
returned to the drum, drain the fountain into a preweighed empty drum to determine the
find weight of the liquid.

If it is not possible to measure a Sngle representative mixture, then weigh the various
components separately (e.g., if solvent isadded during the sampling run, weigh the solvent
before it is added to the mixture). If a fresh drum of VOC containing liquid is needed
during the run, then weigh both the empty drum and fresh drum.

Volume Measurement (Alternative). If direct weight measurements are not feasible, the
tester may use volume meters and flow rate meters (and dendty measurements) to
determine the weight of liquids used if it can be demongtrated that the technique produces
results equivdent to the direct weight measurements. If a single representative mixture
cannot be measured, measure the components separately.

Determination of VOC Content in Input Liquids

4.1

411

4.1.2

4.1.3

4.1.4

4.2

4.2.1

Collection of Liquid Samples.

Collecta100-ml or larger sample of the V OC containing liquid mixture at each application
location at the beginning and end of each test run. A separate sample should be taken of
eachVOC containing liquid added to the gpplicationmixtureduring the test run. If afresh
drum is needed during the sampling run, then obtain a sample from the fresh drum.

When collecting the sample, ground the sample container to the coating drum. Fill the
sample container as close to the rim as possible to minimize the amount of headspace.

After the sample is collected, seal the container so the sample cannot leak out or
evaporate.

Labd the container to clearly identify the contents.
Liquid Sample VOC Content.

Assemble the liquid VOC content analysi's system.



4.2.2

4.2.3

4.2.4

4.2.5

4.2.6

4.2.7

4.2.8

4.2.9

Permanently identify al of the critica orifices that may be used. Cdibrate each critica
orifice under the expected operating conditions (i.e., sample vacuum and temperature)
againg avolume meter as described in Section 5.3.

Labd and tare the sample vessdls (including the stoppers and caps) and the syringes.

Ingal anempty sample vessd and performalesk test of the sysem. Closethecarrier gas
vave and aimospheric vent and evacuate the sample vessdl to 250 mm (10 in.) Hg
absolute or less using the aspirator. Closethetoggle vave at theinlet to the aspirator and
observe the vacuum for at least 1 minute. If there is any change in the sample pressure,
release the vacuum, adjust or repair the gpparatus as necessary, and repesat the leak test.

Performthe andyzer cdibrationand linearity checks according to the procedurein Section
5.1. Record the responsesto each of the calibration gases and the back-pressure setting
of the HA.

Egtablishthe appropriate dilution ratio by adjugting the aspirator air supply or subgtituting
critical orifices. Operate the aspirator at a vacuum of at least 25 mm (1 in.) Hg greater
than the vacuum necessary to achieve criticd flow. Sdect the dilution ratio so that the
maximum response of the FIA to the sample does not exceed the high-range cdibration
gas.

Perform system cdibration checks at two levels by introducing compressed gases at the
inlet to the sample vessd while the aspirator and dilution devices are operaing. Perform
these checks using the carrier gas (zero concentration) and the system cdibration gas. If
the responseto the carrier gas exceeds +0.5 percent of span, cleanor repair the gpparatus
and repeat the check. Adjust the dilution ratio as necessary to achieve the correct
response to the upscae check, but do not adjust the analyzer caibration. Record the
identification of the orifice, aspirator ar supply pressure, FIA back-pressure, and the
responses of the FIA to the carrier and system calibration gases.

After completing the above checks, inject the syslemcdibration gas for gpproximately 10
minutes. Time the exact duration of the gas injection usang a sopwatch. Determine the
areaunder the FIA response curve and calculate the system response factor based onthe
sample gas flow rate, gas concentration, and the duration of the injection as compared to
the integrated response using Equations 30A-2 and 30A-3.

Veify that the sample oven and sample line temperatures are 120 + 5°C and that the
water bath temperatureis 100 = 5°C.

4.2.10 Hll atared syringe with gpproximately 1 g of the VOC containing liquid and weigh it.

Trander the liquid to a tared sample vessd. Plug the sample vessdl to minimize sample
loss. Weigh the sample vessdl containing the liquid to determine the amount of sample



4.2.11

4.2.12

actudly received. Also, asaqudlity control check, weigh the empty syringe to determine
the amount of materid ddivered. The two coaing sample weights should agree within
0.02 g. If not, repesat the procedure until an acceptable sample is obtained.

Connect the vessdl to the anayds sysem. Adjust the aspirator supply pressure to the
correct vaue. Open the vave on the carrier gas supply to the sample vessel and adjust it
to provide adight excessflow to the atmospheric vent. As soon asthe initid response of
the FIA beginsto decrease, immerse the sample vessd inthe water bath. (Applying hest
to the sample vessdl too soonmay causethe FIA response to exceed the calibrated range
of the indrument and, thus, invdidate the analyss)

Continuoudy measure and record the response of the FIA until dl of the volatile materid
has been evaporated from the sample and the instrument response has returned to the
basdine (i.e., response less than 0.5 percent of the span value). Observe the aspirator
supply pressure, FIA back-pressure, atmospheric vent, and other system operating
parameters during the run; repeat the andysisprocedure if any of these parametersdeviate
from the vaues established during the system cdibration checksin Section 4.2.7. After
each sample, perform the drift check described in Section 5.2. If the drift check results
are acceptable, calculate the VOC content of the sample usng the equations in Section 7.
Integrate the area under the FIA response curve, or determine the average concentration
response and the duration of sample andysis.

5. Cdlibration and Qudity Assurance

5.1

5.2

5.3

FIA Cdibration and Linearity Check. Make necessary adjustments to the air and fuel
supplies for the FIA and ignite the burner.  Allow the FIA to warm up for the period
recommended by the manufacturer. Inject a cdibration gasinto the measurement system
and adjust the back-pressure regulator to the vaue required to achieve the flow rates
specified by the manufacturer. Inject the zero- and the high-range cdibration gases and
adjust the analyzer cdibrationto providethe proper responses. Inject the low- and mid-
range gases and record the responses of the measurement sysem. The cdibration and
lineaxity of the system are acceptable if the responsesfor dl four gasesarewithin5 percent
of the respective gasvaues. |If the performance of the system is not acceptable, repair or
adjust the systemand repeat the linearity check. Conduct acdibration and linearity check
after assembling the analys's system and after amgor change is made to the system.

Systems Drift Checks. After each sample, repesat the system cdlibration checksin Section
4.2.7 before any adjustments to the FI A or measurement systemare made. If the zero or
cdibration drift exceeds £3 percent of the span vaue, discard the result and repest the
andyss.

Criticd Orifice Cdibration.
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5.3.2

5.3.3

Each criticd orifice must be cdibrated at the specific operating conditions under which it
will be used. Therefore, assemble dl components of the liquid sample andyss system as
they areto be used. A stopwatch isaso required.

Turn on the sample oven, sample ling, and water bath heaters, and dlow the system to
reachthe proper operating temperature. Adjust the aspirator to avacuum of 380 mm (15
in.) Hg vacuum. Measure the time required for one sogp bubble to move a known
distance and record barometric pressure.

Repest the cdlibration procedure at avacuum of 406 mm(16in.) Hgand at 25-mm (1-in.)
Hgintervas until three consecutive determinations provide the same flow rate. Cdculate
the critica flow rate for the orifice in ml/min at sandard conditions. Record the vacuum
necessy to achieve criticd flow.



Nomenclature

A = areaunder the response curve of the liquid sample, area count.

Ag = area under the response curve of the cdibration gas, area count.

Cs = actud concentration of system calibration gas, ppm propane.

K = 1.830 x 10° g/(ml-ppm).

L = tota VOC content of liquid input, kg.

M, = meass of liquid sample delivered to the sample ves, g.

o} = flow rate through criticd orifice, ml/min.

RF = liquid andysis system response factor, g/area count.

Os = total gas injection time for system cdibration gas during integrator
cdibration, min.

Vg = fina VOC fraction of VOC containing liquid j.

Vj; = initid VOC fraction of VOC containing liquid .

Vs = VOC fraction of VOC containing liquid j added during the run.

\ = VOC fraction of liquid sample.

Wy = weight of VOC containing liquid j remaining a end of the run, kg.

W, = weight of VOC containing liquid j a beginning of the run, kg.

Wy = weight of VOC containing liquid j added during the run, kg.

Cdculdions

7.1  Totd VOC Content of the Input VOC Containing Liquid.

L= EVHWH- EVHWH.'- 5

Vag W Eq. 30A-1
1 1 F1 A1 A



7.2  Ligud Sample Andyss System Response Factor for Sysems Using Integrators,
Grams/Area Count.

C.qB6.K
Rp=_5° 5 Eq. 30A-2
AS

7.3 VOC Content of the Liquid Sample.

A RF
M,

VvV =

Eq. 30A-3



METHOD 30B - VOLATILE ORGANIC COMPOUNDS EMISSIONSIIN
CAPTURED STREAM

1. Introduction

11

1.2

1.3

14

15

Applicability. This procedureis applicable for determining the VV OC content of captured
gasstreams. Itisintended to be used in the devel opment of liquid/gas or gas/gas protocols
for determining VOC CE for surface coating and printing operations. The procedure may
not be acceptable in certain Ste-specific Stuations [e.g., when: (1) direct-fired heaters or
other circumstances affect the quantity of VOC at the control device inlet; and (2)
particulate organic aerosols are formed in the process and are present in the captured
emissong).

Principle. The amount of VOC captured (G) is caculated as the sum of the products of
the VOC content (Cg), the flowrate (Qg;), and the sample time (6) from eachcaptured
emissons point.

Edtimated Measurement Uncertainty. The measurement uncertainties are estimated for
each captured or fugtive emissons point as follows: Qg = +5.5 percent and
Cgj = +5.0 percent. Based on these numbers, the probable uncertainty for Gisestimated
at about +7.4 percent.

Sampling Requirements. A CE test shdl conss of at least three sampling runs. Each run
shdl cover at least one complete production cycle, but shall be at least 3 hourslong. The
sampling time for each run need not exceed 8 hours, even if the production cycle has not
been completed. Alternative sampling times may be used with the approva of the
Department.

Notes. Becausethisprocedureisoften appliedin highly explosive aress, caution and care
should be exercised inchoosing, ingdling, and using the appropriate equipment. Mention
of trade names or company products does not conditute endorsement. All gas
concentrations (percent, ppm) are by volume, unless otherwise noted.

2. Apparatus and Reagents

21

211
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Gas VOC Concentration. The main components are as follows:

Sample Probe. Stainless sted or equivdent. The probe shal be heated to prevent VOC
condensation.

CdibrationVave Assambly. Three-way valve assembly at the outlet of the sample probe
to direct the zero and calibration gases to the andyzer. Other methods, such as quick-
connect lines, to route cdibration gases to the outlet of the sample probe are acceptable.
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214

215

2.1.6

217

Sample Line. Stainless sted or Teflon tubing to trangport the sample gas to the andyzer.
The sample line must be heated to prevent condensation.

Sample Pump. A lesk-free pump, to pull the sample gasthrough the systlem at aflow rate
aufficient to minimize the reponse time of the measurement system.  The components of
the pump that contact the gas stream shdl be constructed of sainlesssteel or Teflon. The
sample pump must be heated to prevent condensation.

Sample Flow Rate Control. A sampleflow rate control valve and rotameter, or equivaent,
to maintain a condtant sampling rate within 10 percent. The flow rate control vave and
rotameter must be hested to prevent condensation. A control vave may aso be located
onthe sample pump bypass|oop to assist in contralling the sample pressure and flow rate.

Sample Gas Manifold. Capableof diverting aportion of thesamplegasstreamtothe FIA,
and the remainder to the bypass discharge vent. The manifold components shal be
congtructed of stainless steel or Teflon. If captured or fugitive emissions are to be
measured at multiple |ocations, the measurement systemshall be designed to use separate
sampling probes, lines, and pumps for each measurement locationand acommonsample
gas manifold and FIA. The sample gas manifold and connecting linesto the FIA must be
heated to prevent condensation.

Organic Concentration Anayzer. An FIA with a span vaue of 1.5 times the expected
concentration as propane; however, other span vaues may be used if it can be
demondtrated to the Department's satisfaction that they would provide more accurate
measurements.  The system shal be cagpable of meeting or exceeding the following
specifications.

2.1.7.1 Zexo Drift. Lessthan 3.0 percent of the span vaue.

2.1.7.2 Cdibration Drift. Lessthan £3.0 percent of the span vaue.

2.1.7.3 Cdibration Error. Lessthan £5.0 percent of the calibration gas vaue.

2.1.7.4 Response Time.  Less than 30 seconds.

218

219

Integrator/Data Acquisition Sysem. An andog or digital device, or computerized data
acquisition system used to integrate the FIA response or compute the average response
and record measurement data. The minimum data sampling frequency for computing
average or integrated vauesis one measurement vaue every 5 seconds. The device shdll
be capable of recording average vaues a least once per minute.

Cdlibration and Other Gases. Gases used for cdlibration, fuel, and combustion air (if
required) are contained in compressed gas cylinders.  All calibration gases shdl be



traceable to Nationa Inditute of Standards and Technology standards and shdl be
certified by themanufacturerto +1 percent of thetagvaue. Additionaly, the manufacturer
of the cylinder should provide arecommended shdf life for each cdibration gas cylinder
over which the concentration does not change more than £2 percent from the certified
vaue. For cdibration gasvauesnot generaly available, dternative methodsfor preparing
cdibration gas mixtures, such as dilution systems, may be used with the approva of the
Department.

2.1.9.1Fud. A 40 percent H,/60 percent He or 40 percent H,/60 percent N, gas mixture is
recommended to avoid an oxygen synergism effect that reportedly occurs when oxygen
concentration varies dgnificantly from amean vaue.

2.1.9.2 Carrier Gas. High purity air with less than 1 ppm of organic materid (as propane or
carbon equivalent) or lessthan 0.1 percent of the pan value, whichever is grester.

2.1.9.3 HA Linearity Cdibration Gases. Low-, mid-, and high-range gas mixture standards with
nomind propane concentrations of 20-30, 45-55, and 70-80 percent of the span vduein
air, repectively. Other cdibration vaues and other span values may be used if it can be
shown to the Department's satisfaction that more accurate measurements would be
achieved.

2.1.9.4 Dilution Check Gas. Gas mixture standard containing propane in air, approximeately half
the span vdue &fter dilution.

2.1.10 Paticulate Filter. An in-gtack or an out-of-stack glass fiber filter is recommended if
exhaust gas particulate loading is sgnificant. An out-of-stack filter must be heated to
prevent any condensation unlessit can be demonstrated that no condensation occurs.

2.2 Captured Emissons Volumetric FHow Rate.

221 Method 2 or 2A Apparatus. For determining volumetric flow rate,

2.2.2 Method 3 Apparatus and Reagents. For determining molecular weight of the gas stream.
An estimate of the molecular weight of the gas stream may be used if approved by the
Department.

2.2.3 Method 4 Apparatus and Reagents. For determining moisture content, if necessary.

Determination of VVolumetric How Rate of Captured Emissons

3.1  Locatedl points where emissons are captured from the affected facility. Using Method
1, determine the sampling points. Be sureto check each sitefor cyclonic or swirling flow.



3.2

Messure the velocity at each sampling Ste at least once every hour during each sampling
run usng Method 2 or 2A.

Determination of VOC Content of Captured Emissons

4.1

4.2

4.2.1

4.2.2

4.2.3

4.2.4

4.2.5

4.2.6

4.2.7

4.3

Andyss Duration. Measurethe VOC responses at each captured emissions point during
the entire test run or, if gpplicable, whilethe process is operdting. If there are multiple
captured emission locations, desgn a sampling system to dlow asngie FIA to beused to
determine the VOC responses at dl sampling locations.

Gas VOC Concentration.
Assmble the sampletrain. Cdibrate the FI A according to the procedure in Section 5.1.
Conduct a system check according to the procedure in Section 5.3.

Ingdl the sample probe so that the probe is centrally located in the stack, pipe, or duct,
and is sedled tightly at the stack port connection.

Inject zero gasat the cdibrationvave assembly. Allow the measurement system response
to reach zero. Measure the system response time as the time required for the system to
reachthe effluent concentration after the calibration vave has beenreturned to the effluent

sampling pogtion.

Conduct a system check before, and a system drift check after, each sampling run
according to the proceduresin Sections 5.2 and 5.3. If the drift check fallowing a run
indicates unacceptable performance (see Section5.3), therunisnot vdid. The tester may
elect to performsystemdrift checks during the run not to exceed one drift check per hour.

Verify that the sample lines, filter, and pump temperatures are 120 £+ 5°C.

Begin sampling at the start of the test period and continue to sample during the entire run.
Record the garting and ending timesand any required processinformationas appropriate.
If muitiple captured emission locations are sampled using asingle FIA, sample a each
location for the same amount of time (e.g., 2 minutes) and continue to switch from one
location to another for the entiretest run. Be sure that total sampling time at each location
isthe same @ the end of the test run. Collect at least four separate measurements from
each sample point during each hour of testing. Disregard the measurements a each
samplinglocationuntil two timesthe response time of the measurement systemhasel apsed.
Continue sampling for at least 1 minute and record the concentration measurements.

Background Concentration. NOTE: Not applicablewhenthebuildingisused asthe TTE.
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4.3.2

433

4.3.4

4.4

Locate dl NDO's of the TTE. A sampling point shal be at the center of each NDO,
unless otherwise pecified by the Department. If there are more than six NDO's, choose
gx sampling points evenly spaced among the NDO's.

Assemble the sampletrain. Calibrate the FIA and conduct a system check according to
the proceduresin Sections 5.1 and 5.3. NOTE: Thissampletrain shal be separate from
the sample train used to measure the captured emissons.

Pogtion the probe at the sampling location.

Determine the response time, conduct the system check, and sample according to the
procedures described in Sections 4.2.4 through 4.2.7.

Alterndtive Procedure. The direct interface sampling and andys's procedure described in
Section 7.2 of Method 18 may be used to determine the gas VOC concentration. The
system must be designed to collect and andlyze a least one sample every 10 minutes.

Cdlibration and Quality Assurance

5.1

5.2

5.3

FIA Cdibration and Linearity Check. Make necessary adjustments to the air and fuel
supplies for the FIA and ignite the burner. Allow the FIA to warm up for the period
recommended by the manufacturer. Inject acdibrationgas into the measurement system
and adjust the back-pressure regulator to the vaue required to achieve the flow rates
specified by the manufacturer. Inject the zero- and the high-range cdlibration gases and
adjust the andyzer cdibrationto provide the proper responses. Inject the low- and mid-
range gases and record the responses of the measurement system. The calibration and
linearity of the systemare acceptabl e if the responsesfor dl four gasesarewithin 5 percent
of the respective gas vaues. If the performance of the system is not acceptable, repair or
adjust the syssemand repeat the linearity check. Conduct acdlibrationand linearity check
after assembling the andys's system and after amgjor change is made to the system.

Syslems Drift Checks. Sdect the cdibration gas that most closely gpproximetes the
concentrationof the captured emissions for conducting the drift checks. Introducethezero
and calibration gasesat the cdibration vave assembly and verify that the gppropriate gas
flow rate and pressure are present at the FIA. Record the measurement system responses
to the zero and cdibration gases. The performance of the system is acceptable if the
difference between the drift check measurement and the value obtained in Section 5.1 s
lessthan 3 percent of the span value. Conduct the system drift checks at the end of each
run.

System Check. Inject the high-range cdibrationgasat the inlet of the sampling probe and
record the response. The performance of the system is acceptable if the measurement
system response is within 5 percent of the vaue obtained in Section 5.1 for the high-range
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cdibration gas. Conduct a system check before and after each test run.

Andyss Audit Procedure. Immediately before each test, andyze an audit cylinder as
described in Section 5.2. The andyss audit must agree with the audit cylinder
concentration within 10 percent.

6. Nomenclature

areaof NDO i, ft2

totd areaof al NDO'sin the enclosure, ft2.

= corrected average VVOC concentration of background emissions at point i, ppm
propane.

= average background concentration, ppm propane.

= corrected average VOC concentration of captured emissions a point j, ppm
propane.

= average measured concentrationfor the drift check cdibration gas, ppm propane.

= average system drift check concentration for zero concentration gas, ppm
propane.

= actua concentration of the drift check calibration gas, ppm propane.

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

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

= total VOC content of captured emissions, kg.
= 1.830 x 10° kg/(m?*-ppm).
= number of measurement points.

= average effluent volumeric flowrate corrected to standard conditions at captured
emissions point j, m¥min.

= total duration of captured emissons.



7. Cdculaions

7.1  Tota VOC Captured Emissions.

G = (Coy - o) 0,.,0 Eq. 30B-1
E, Ca » Qay 00Ky

7.2 VOC Concentration of the Captured Emissons at Point j.

c (€, - Cpy =
= - Eq. 30B-2
“ 7 Cox~ Cpo
7.3  Background VOC Concentration at Point i.
c (c,- ¢ “x
= - Eq. 30B-3
B 4 0o Cor - Cpo q
7.4 Average Background Concentration.
n
Cay A
PR e Eq. 30B-4

Cp =

a,

NOTE: If the concentration a each point iswithin 20 percent of the average concentration of al
points, then use the arithmetic average.

METHOD 30C - VOLATILE ORGANIC COMPOUNDS EMISSIONS



1.

IN CAPTURED STREAM (DILUTION TECHNIQUE)

I ntroduction

11

1.2

1.3

14

1.5

Applicahility. This procedureis applicable for determining the VOC content of captured
gas dreams. It isintended to be used in the development of a gas/gas protocol in which
fugitive emissions are measured for determining V OC CE for surface coating and printing
operations. A dilution system is used to reduce the VOC concentration of the captured
emissons to about the same concentration as the fugitive emissons. The procedure may
not be acceptable in certain ste-specific Stuaions[e.g., when: (1) direct-fired heaters or
other circumstances afect the quantity of VOC at the control device inlet; and
(2) particulate organic aerosols are formed inthe process and are present in the captured
emissong.

Principle. The amount of VOC captured (G) is caculated as the sum of the products of
the VOC content (Cg), theflowrate (Qg;), and the sampling time (6) fromeach captured
emissons point.

Edtimated Measurement Uncertainty.  The measurement uncertainties are estimated for
each captured or fugitive emissons point asfollows: Qg = +5.5 percent and Cg; = +5
percent. Based on these numbers, the probable uncertainty for G is estimated at about
+7.4 percent.

Sampling Requirements. A CE test shdl consst of at least three sampling runs. Eachrun
shdl cover at least one complete productioncycle, but shal be a least 3 hourslong. The
sampling time for each run need not exceed 8 hours, even if the production cycle has not
been completed. Alternative sampling times may be used with the approva of the
Department.

Notes. Becausethisprocedureisoften appliedin highly explosive areas, caution and care
should be exercised in choosing, inddling, and usng the appropriate equipment. Mention
of trade names or company products does not congtitute endorsement. All gas
concentrations (percent, ppm) are by volume, unless otherwise noted.

Apparatus and Reagents

21

211

Gas VOC Concentration. The main components are as follows:

Dilution System. A Kipp in-stack dilution probe and controller or smilar device may be
used. The dilution rate may be changed by subdtituting different critica orifices or
adjustments of the aspirator supply pressure. The dilution system shdl be heated to
prevent VOC condensation. Note: An out-of-stack dilution device may be used.
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CdibrationVave Assambly. Three-way valve assembly at the outlet of the sample probe
to direct the zero and cdibration gasesto the andyzer. Other methods, such as quick-
connect lines, to route cdlibration gases to the outlet of the sample probe are acceptable.

Sample Line. Stainlesssted or Teflon tubing to transport the sample gas to the andyzer.
The sample line must be heated to prevent condensation.

Sample Pump. A lesk-free pump, to pull the sample gasthrough the systemat aflowrate
aufficient to minimize the response time of the measurement sysem.  The components of
the pump that contact the gas stream shdl be constructed of sainlessstedl or Teflon. The
sample pump must be heated to prevent condensation.

Sample FlowRateControl. A sampleflow rate control valve and rotameter, or equivaent,
to mantan a congant sampling rate within 10 percent. The flow control vave and
rotameter must be hested to prevent condensation. A control valve may aso be located
onthe sample pump bypass|oop to assist in contralling the sample pressure and flow rate.

Sample Gas Manifold. Capableof diverting aportion of thesamplegasstreamtothe FIA,
and the remainder to the bypass discharge vent. The manifold components shal be
constructed of stainless steel or Teflon. If captured or fugitive emissions are to be
measured at multiple locations, the measurement system shdl be designed to use separate
sampling probes, lines, and pumpsfor each measurement location and a common sample
gas manifold and FIA. The sample gas manifold and connecting linesto the FIA must be
heated to prevent condensation.

Organic Concentration Anayzer. An FIA with a span vaue of 1.5 times the expected
concentration as propane;, however, other span values may be used if it can be
demondtrated to the Department's satisfaction that they would provide more accurate
measurements.  The system shal be cagpable of meeting or exceeding the following
specifications.

2.1.7.1 Zexo Drift. Lessthan 3.0 percent of the span vaue.

2.1.7.2 Cdibration Drift. Lessthan £3.0 percent of the span vaue.

2.1.7.3 Cdibration Error. Lessthan £5.0 percent of the calibration gas vaue.

2.1.7.4 Response Time.  Less than 30 seconds.

218

Integrator/Data Acquisition Sysem. An analog or digital device or computerized data
acquisition system used to integrate the FIA response or compute the average response
and record measurement data. The minimum data sampling frequency for computing
average or integrated values is one measurement vaue every 5 seconds. Thedeviceshdl
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be capable of recording average vaues at least once per minute.

Cdibration and Other Gases. Gases used for cdibration, fuel, and combustion air (if
required) are contained in compressed gas cylinders. All calibration gases shal be
traceable to Nationa Inditute of Standards and Technology standards and shdl be
certified by the manufacturer to £1 percent of the tagvalue. Additiondly, the manufacturer
of the cylinder should provide arecommended shelf life for each calibration gas cylinder
over which the concentration does not change more than £2 percent from the certified
vaue. For cdibration gasvauesnot generaly available, dternative methodsfor preparing
cdibration gas mixtures, such as dilution systems, may be used with the approval of the
Department.

2.1.9.1Fud. A 40 percent H,/60 percent He or 40 percent H,/60 percent N, gas mixture is

recommended to avoid an oxygen synergism effect that reportedly occurs when oxygen
concentration varies dgnificantly from amean vaue.

2.1.9.2 Carrier Gas and Dilution Air Supply. High purity ar with less than 1 ppm of organic

materid (as propane or carbon equivaent), or less than 0.1 percent of the span value,
whichever is gredter.

2.1.9.3 FHA Linearity Cdibration Gases. Low-, mid-, and high-range gas mixture standardswith

nomina propane concentrations of 20-30, 45-55, and 70-80 percent of the spanvduein
air, repectively. Other cdibration vaues and other span values may be used if it can be
shown to the Department's satifaction that more accurate measurements would be
achieved.

2.1.9.4 Dilution Check Gas. Gas mixture sandard containing propane in air, goproximatey haf

the span vaue after dilution.

2.1.10 Paticulate Flter. An in-stack or an out-of-stack glass fiber filter is recommended if

2.2

221
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exhaust gas particulate loading is sgnificant. An out-of-stack filter must be heated to
prevent any condensation unlessit can be demonstrated that no condensation occurs.

Captured Emissions VVolumetric How Rate.

Method 2 or 2A Apparaus. For determining volumetric flow rate.

Method 3 Apparatus and Reagents. For determining molecular weight of the gasstream.
An estimate of the molecular weight of the gas stream may be used if approved by the
Department.

Method 4 Apparatus and Reagents. For determining moisture content, if necessary.



Determination of VVolumetric How Rate of Captured Emissons
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Locate dl points where emissions are captured from the affected facility. Using Method
1, determine the sampling points. Be sure to check each site for cydonic or swirling flow.

Mesasure the velocity a each sampling Ste at least once every hour during each sampling
run usng Method 2 or 2A.

Determination of VOC Content of Captured Emissons

4.1

4.2

4.2.1

4.2.2

4.2.3

4.2.4

4.2.5

4.2.6

4.2.7

4.2.8

Andyss Duration. Measure the VOC responses at each captured emissons point during
the entire test run or, if gpplicable, while the process is operating. If there are muitiple
captured emissons locations, desgn a sampling system to dlow asingle FA to be used
to determine the VOC responses at al sampling locations.

Gas VOC Concentration.
Assemble the sample train. Cdlibrate the FIA according to the procedure in Section 5.1.

Set the dilution ratio and determine the dilution factor according to the procedure in
Section 5.3.

Conduct a system check according to the procedure in Section 5.4.

Ingdl the sample probe so that the probe is centrally located in the stack, pipe, or duct,
and is sealed tightly at the stack port connection.

Inject zero gasat the cdibrationvave assembly. Measure the system responsetime asthe
time required for the system to reach the effluent concentration after the cdibration valve
has been returned to the effluent sampling position.

Conduct a system check before, and a system drift check after, each sampling run
according to the procedures in Sections 5.2 and 5.4. If the drift check following arun
indicates unacceptable performance (see Section5.4), therunisnot vaid. The tester may
elect to perform systemdrift checks during the run not to exceed one drift check per hour.

Veify that the sample lines, filter, and pump temperatures are 120 £+ 5°C.

Begin sampling a the start of the test period and continue to sample during the entire run.
Record the garting and ending timesand any required processinformationas appropriate.
If multiple captured emisson locations are sampled usng a Ingle FIA, sample at each
locationfor the same amount of time (e.g., 2 min.) and continue to switchfromone location
to another for the entire test run. Be sure that total sampling time at each location isthe
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43.1

4.3.2

433

4.3.4

4.4

same at the end of the test run. Collect at least four separate measurements from each
sample point during each hour of testing. Disregard the measurements at each sampling
location until two times the response time of the measurement system has egpsed.
Continue sampling for at least 1 minute and record the concentration measurements.

Background Concentration. NOTE: Not gpplicablewhenthebuildingisused asthe TTE.
Locate dl NDO's of the TTE. A sampling point shal be a the center of each NDO,
unless otherwise approved by the Department. If there are more than six NDO's, choose
gx sampling points evenly spaced among the NDO's.

Assemble the sampletrain. Calibrate the FIA and conduct a system check according to
the procedures in Sections 5.1 and 5.4.

Pogtion the probe at the sampling location.

Determine the response time, conduct the system check, and sample according to the
procedures described in Sections 4.2.4 through 4.2.8.

Alterndtive Procedure. The direct interface sampling and andys's procedure described in
Section 7.2 of Method 18 may be used to determine the gas VOC concentration. The
system must be designed to collect and andlyze & least one sample every 10 minutes.

Cdlibration and Quality Assurance

5.1

5.2

FIA Cdibration and Linearity Check. Make necessary adjustments to the air and fuel
supplies for the FIA and ignite the burner. Allow the FIA to warm up for the period
recommended by the manufacturer. Inject acdibrationgas into the measurement system
after the dilution systlem and adjust the back-pressure regulator to the vaue required to
achieve the flow rates specified by the manufacturer. Inject the zero- and the high-range
cdibration gases and adjust the andyzer calibration to provide the proper responses.
Inject thelow- and mid-range gases and record the responses of the measurement system.
The cdibrationand linearity of the systemare acceptabl e if the responses for al four gases
are within 5 percent of the respective gas values. If the performanceof the system isnot
acceptable, repair or adjust the system and repesat the linearity check. Conduct a
cdibration and linearity check after assembling the andysis system and after a mgjor
change is made to the system.

Systlems Drift Checks. Sdect the cdibration gas that most closely gpproximetes the
concentrationof the diluted captured emissons for conducting the drift checks. Introduce
the zero and calibration gases at the cdibration vave assembly, and verify that the
appropriate gas flow rate and pressure are present at the FIA. Record the measurement
system responses to the zero and cdibration gases. The performance of the sysem is



acceptable if the difference between the drift check measurement and the vaue obtained
inSection5.1isless than 3 percent of the span value. Conduct the system drift check at
the end of each run.

5.3  Deemination of Dilution Factor. Inject the dilution check gas into the measurement
system before the dilution system and record the response. Calculate the dilution factor
using Equation 30C-3.

54  System Check. Inject the high-range cdibration gas at the inlet to the sampling probe
while the dilution ar isturned off. Record the response. The performance of the system
isacceptable if the measurement systemresponse iswithin 5 percent of the vaue obtained
inSection5.1 for the high-range cdibrationgas. Conduct asystem check beforeand after
esch test run.

55  Andyds Audit Procedure. Immediaely before each test, andyze an audit cylinder as
described in Section 5.2. The andyss audit must agree with the audit cylinder
concentration within 10 percent.

Nomenclature

A = areaof NDO, ft2.

Ay = total areaof dl NDO'sin the enclosure, ft2.

Ca = actua concentration of the dilution check gas, ppm propane.

Csi = corrected average VVOC concentration of background emissions at point i, ppm

propane.

Cs = average background concentration, ppm propane.

Con = average measured concentrationfor the drift check caibration gas, ppm propane.

Coo = average system drift check concentration for zero concentration gas, ppm

propane.

Cq = actua concentration of the drift check calibration gas, ppm propane.

C = uncorrected average background VOC concentration measured at point

i, ppm propane.
G = uncorrected average VOC concentration measured a point j, ppm

propane.



Cu = measured concentration of the dilution check gas, ppm propane.
DF = dilution fector.
G = total VOC content of captured emissons, kg.
K, = 1.830 x 10°® kg/(m?-ppm).
n = number of measurement points.
Qg = average effluent volumetric flow rate corrected to standard conditions at captured
emissions paint j, m¥min.
0c = totd duration of CE sampling run, min.
7. Cdculations
7.1  Tota VOC Captured Emissions.
F 3
G = (Coy - o) 0,.,0 Eq. 30C1
E, Ca ® L B0 K
7.2 VOC Concentration of the Captured Emissons at Point j.
cﬂ'
C'qj = DF (Cj = C.'Do) ﬁ Eq. 30C 2
fri-g DO
7.3 Dilution Fector.
c
pF = 2 Eq. 30C 3
cﬂ'
7.4  Background VOC Concentration at Point i



7.5

Average Background Concentration.

Eg. 30C5

NOTE: If the concentration at each point iswithin 20 percent of the average concentration of dl points,
then use the arithmetic average.

METHOD 30D - VOLATILE ORGANIC COMPOUNDS EMISSIONS IN
FUGITIVE STREAM FROM TEMPORARY TOTAL ENCLOSURE

1. I ntroduction

11

1.2

1.3

14

1.5

Applicahility. This procedure is gpplicable for determining the fugitive VOC emissions
froma TTE. Itisintended to be used as a segment in the development of liquid/gas or
gas/gas protocols for determining VOC CE for surface coating and printing operations.

Principle. The amount of fugitive VOC emissons (F) from the TTE iscdculated asthe
sum of the products of the VOC content (Cr), the flow rate (Q;), and the sampling time
(6¢) from each fugitive emissons point.

Edtimated Measurement Uncertainty.  The measurement uncertainties are estimated for
each fugitive emission point as follows. Qy = +5.5 percent and C; = +5.0 percent.
Based on these numbers, the probable uncertainty for F is estimated at about
+7.4 percent.

Sampling Requirements. A CE test shdl consst of a least three sampling runs. Eachrun
shdl cover a least one complete production cycle, but shdl be at least 3 hourslong. The
sampling time for each run need not exceed 8 hours, even if the production cycle has not
been completed. Alternative sampling times may be used with the approva of the
Department.

Notes. Becausethisprocedureisoften appliedin highly explosive areas, caution and care
should be exercised inchoosing, ingdling, and using the appropriate equipment. Mention
of trade names or company products does not congtitute endorsement. All gas
concentrations (percent, ppm) are by volume, unless otherwise noted.

2. Apparatus and Reagents
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Gas VOC Concentration. The main components are as follows:

Sample Probe. Stainless sted or equivadent. The probe shdl be heated to prevent VOC
condensation.

CdibrationVave Assembly. Three-way valve assembly at the outlet of the sample probe
to direct the zero and cdibration gases to the anadyzer. Other methods, such as quick-
connect lines, to route caibration gases to the outlet of the sample probe are acceptable.

SampleLine. Stainless stedl or Teflon tubing to transport the sample gas to the andlyzer.
The sample line must be hested to prevent condensation.

Sample Pump. A leak-free pump, to pull the sample gasthrough the systemat aflowrate
sufficient to minimize the response time of the measurement system.  The components of
the pump that contact the gas stream shal be constructed of stainlesssted or Teflon. The
sample pump must be heated to prevent condensation.

Sample Flow RateControl. A sampleflow ratecontrol valveand rotameter, or equivaent,
to maintain a congtant sampling rate within 10 percent. The flow control vave and
rotameter must be heated to prevent condensation. A control valve may aso be located
onthe sample pump bypass|oop to assist in contralling the sample pressure and flow rate.

Sample Gas Manifold. Capableof diverting aportion of thesamplegasstreamtothe FIA,
and the remainder to the bypass discharge vent. The manifold components shdl be
congtructed of stainless stedl or Teflon. If emissons are to be measured a multiple
locations, the measurement system shdl be designed to use separate sampling probes,
lines, and pumps for each measurement |ocationand a common sample gas manifold and
FIA. The sample gas manifold and connecting linesto the FIA must be heated to prevent
condensation.

Organic Concentration Anayzer. An FIA with a span value of 1.5 times the expected
concentration as propane; however, other span values may be used if it can be
demonstrated to the Department's satisfaction that they would provide more accurate
measurements.  The system shdl be cagpable of meeting or exceeding the following
Specifications.

2.1.7.1 Zexo Drift. Lessthan +£3.0 percent of the span vaue.

2.1.7.2 Cdibration Drift. Lessthan £3.0 percent of the span vaue.

2.1.7.3 Cdibration Error. Lessthan £5.0 percent of the cdibration gas vadue.

2.1.7.4 Response Time. Less than 30 seconds.



2.1.8 Integrator/Data Acquistion System. An andog or digita device or computerized data
acquistion system used to integrate the FIA response or compute the average response
and record measurement data.  The minimum data sampling frequency for computing
average or integrated valuesis one measurement vaue every 5 seconds. The device shdll
be capable of recording average vaues at least once per minute.

2.1.9 Cdibraionand Other Gases. Gases used for cdibration, fuel, and combustion air (if
required) are contained in compressed gas cylinders. All cdibration gases shal be
traceable to Nationa Inditute of Standards and Technology standards and shdl be
certified by the manufacturer to £1 percent of thetagvaue. Additionaly, the manufacturer
of the cylinder should provide arecommended shelf life for each calibration gas cylinder
over which the concentration does not change more than £2 percent from the certified
vaue. For cdibration gasvauesnot generaly available, dternative methodsfor preparing
cdibration gas mixtures, such as dilution systems, may be used with the approva of the
Department.

2.1.9.1Fud. A 40 percent H,/60 percent He or 40 percent H,/60 percent N, gas mixture is
recommended to avoid an oxygen synergism effect that reportedly occurs when oxygen
concentration varies dgnificantly from amean vaue.

2.1.9.2 Carrier Gas. High purity air with less than 1 ppm of organic materid (as propane or
carbon equivalent) or lessthan 0.1 percent of the pan value, whichever is grester.

2.1.9.3 FA Linearity Cdibration Gases. Low-, mid-, and high-range gas mixture standardswith
nomina propane concentrations of 20-30, 45-55, and 70-80 percent of the pan vaduein
air, repectively. Other cdibration vaues and other span values may be used if it can be
shown to the Department's satisfaction that more accurate measurements would be
achieved.

2.1.10 Paticulate Flter. An in-stack or an out-of-stack glass fiber filter is recommended if
exhaust gas particulate loading is sgnificant. An out-of-stack filter must be heated to
prevent any condensation unlessit can be demonstrated that no condensation occurs.

2.2  Fugitive Emissons Volumetric How Reate,

2.2.1 Method 2 or 2A Apparatus. For determining volumetric flow rate,

2.2.2 Method 3 Apparatus and Reagents. For determining molecular weight of the gasstream.
An estimate of the molecular weight of the gas stream may be used if approved by the
Department.

2.2.3 Method 4 Apparatus and Reagents. For determining moisture content, if necessary.



2.3

Temporary Totd Enclosure. The criteria for desgning an acceptable TTE are specified
in Method 30.

Determination of Volumetric How Rate of Fugitive Emissons

31

3.2

Locate dl points where emissons are exhausted from the TTE. Using Method 1,
determine the sampling points. Be sure to check each ste for cyclonic or swirling flow.

Messure the velocity at each sampling Ste at least once every hour during each sampling
run usng Method 2 or 2A.

Determination of VOC Content of Fugitive Emissons

4.1

4.2

4.2.1

4.2.2

4.2.3

4.2.4

4.2.5

4.2.6

Andyss Duration. MeasuretheVOC responses at each fugitive emission point during the
entiretestrun or, if gpplicable, while the processisoperating. If therearemultipleemisson
locations, desgn asampling systemtodlowasngle FIA to be used to determine the VOC
responses a dl sampling locations.

Gas VOC Concentration.

Assemble the sampletrain. Calibrate the FIA and conduct a system check according to
the proceduresin Sections 5.1 and 5.3, respectively.

Ingtall the sample probe so that the probe is centrally located in the stack, pipe, or duct,
and is seded tightly at the stack port connection.

Inject zero gasat the calibrationvave assembly. Allow the measurement system response
to reach zero. Measure the system response time as the time required for the system to
reachthe effluent concentration after the calibration valve hasbeen returned to the effluent

sampling position.

Conduct a system check before, and a system drift check after, each sampling run
according to the procedures in Sections 5.2 and 5.3. I the drift check following a run
indicates unacceptable performance (see Section5.3), therunis not vdid. Thetester may
elect to perform systemdrift checks during the run not to exceed one drift check per hour.

Veify that the sample lines, filter, and pump temperatures are 120 £+ 5°C.
Beginsampling at the start of the test period and continue to sample during the entire run.

Record the garting and ending timesand any required processinformetion, asappropriate.
If multiple emission locations are sampled usng asngle FIA, sample a each location for



4.3

43.1

4.3.2

433

4.3.4

4.4

the same amount of time (e.g., 2 min.) and continue to switch from one location to another
for the entire test run. Be sure that total sampling time at each location is the same at the
end of thetest run. Collect at least four separate measurements from each sample point
during each hour of teding. Disregard the response measurements at each sampling
locationuntil 2 times the response time of the measurement systemhaselgpsed. Continue
sampling for a least 1 minute and record the concentration measurements.

Background Concentration.

Locate dl NDO's of the TTE. A sampling point shal be at the center of each NDO,
unless otherwise approved by the Department. If there are more than sx NDO's, choose
sx sampling points evenly spaced among the NDO's.

Assemble the sampletrain. Calibrate the FIA and conduct a system check according to
the procedures in Sections 5.1 and 5.3.

Pogtion the probe at the sampling location.

Determine the response time, conduct the system check, and sample according to the
procedures described in Sections 4.2.3 through 4.2.6.

Alternative Procedure. Thedirect interface sampling and analysis procedure described in
Section 7.2 of Method 18 may be used to determine the gas VOC concentration. The
system must be designed to collect and andlyze a least one sample every 10 minutes.

Cdlibration and Quality Assurance

5.1

5.2

FIA Cdibration and Linearity Check. Make necessary adjustments to the air and fuel
supplies for the FIA and ignite the burner. Allow the FIA to warm up for the period
recommended by the manufacturer. Inject a calibration gasinto the measurement system
and adjust the back-pressure regulator to the vaue required to achieve the flow rates
specified by the manufacturer. Inject the zero- and the high-range cdibration gases and
adjust the analyzer cdibration to provide the proper responses. Inject the low- and mid-
range gases and record the responses of the measurement syslem. The cdlibration and
linearity of the systemare acceptabl e if the responsesfor dl four gasesarewithin 5 percent
of the respective gas vaues. If the performance of the system is not acceptable, repair or
adjust the systemand repeat the linearity check. Conduct acdibration and linearity check
after assembling the andys's system and after amagjor change is made to the system.

Sysems Drift Checks. Select the cdibration gas concentration that most closdy
agpproximatesthat of the fugitive gas emissons to conduct the drift checks. Introducethe
zero and cdibration gases a the calibrationvave assembly and verify that the appropriate
gas flow rate and pressure are present at the FIA. Record the measurement system



responsesto the zero and cdlibration gases. The performance of the systemis acceptable
if the difference between the drift check measurement and the value obtained in Section
5.1isless than 3 percent of the span value. Conduct a system drift check at the end of
each run.

5.3  SysemCheck. Inject the high-range cdlibration gasat theinlet of the sampling probe and
record the response. The performance of the system is acceptable if the measurement
systemresponseiswithin 5 percent of the value obtained in Section 5.1 for the high-range
cdibration gas. Conduct a system check before each test run.

54  AndyssAudit. Immediately before each test, andyze an audit cylinder as described in
Section 5.2. The andysis audit must agree with the audit cylinder concentration within

10 percent.
Nomenclature
A = areaof NDOi, ft2.
Ay = total areaof al NDO'sin the enclosure, ft2.
Csi = corrected average VOC concentration of background emissions at point i, ppm
propane.

Cs = average background concentration, ppm propane.



Coy = average measured concentrationfor the drift check caibration gas, ppm propane.

Coo = average system drift check concentration for zero concentration gas, ppm
propane.
Cy = corrected average VOC concentration of fugitive emissions a point j, ppm
propane.
Cq = actual concentration of the drift check calibration gas, ppm propane.
C = uncorrected average background VOC concentration at point i, ppm
propane.
G = uncorrected average VOC concentration measured a point j, ppm
propane.
F = totd VOC content of fugitive emissons, kg.
K, = 1.830 x 10°® kg/(m?-ppm).
n = number of measurement points.
Qrj = average effluent volumetric flow rate corrected to standard conditions at fugitive

emissions paint j, m¥min.
O = totad duration of fugitive emissons sampling run, min.
Cdculations

7.1  Totd VOC Fugitive Emissions.

F 3
F = _-}:1 (cﬂ- ca) QF__, BFKJ. Eq. 30D-1

7.2 VOC Concentration of the Fugitive Emissons a Point j.

Cp = (€5- Cpp ———— Eq. 30D 2



7.3

1.4

Background VOC Concentration at Point i.

cﬂ'
CB:'. = (Ci = C.'Do) ﬁ Eg. 30D-3
bri-g Do

Average Background Concentration.

Eq. 30D-4

NOTE: If the concentration at each point iswithin 20 percent of the average concentration of dl
points, use the arithmetic average.

METHOD 30E - VOLATILE ORGANIC COMPOUNDS EMISSIONSIN
FUGITIVE STREAM FROM BUILDING ENCLOSURE

1. I ntroduction

11

1.2

1.3

14

Applicahility. This procedure is gpplicable for determining the fugitive VOC emissions
fromaBE. It isintended to be used in the development of liquid/gas or gas/gas protocols
for determining VOC CE for surface coating and printing operations.

Principle. Thetota amount of fugitive VOC emissions (Fg) from the BE is caculated as
the sum of the products of the VV OC content (C;) of each fugitive emissons point, the flow
rate (Qg) at each fugitive emissions point, and time ().

Measurement Uncertainty. The measurement uncertainties are estimated for each fugitive
emissons point asfollows: Qg = +10.0 percent and Cr; = 5.0 percent. Based on these
numbers, the probable uncertainty for F is estimated at about +11.2 percent.

Sampling Requirements. A CE test shdl conss of at least three sampling runs. Each run
shdl cover at least one complete production cycle, but shal be at least 3hourslong. The
sampling time for each run need not exceed 8 hours, even if the production cycle has not
been completed. Alternative sampling times may be used with the approva of the
Department.



15

Notes. Becausethisprocedureisoften gppliedin highly explosive aress, caution and care
should be exercised inchoosing, inddling, and usng the appropriate equipment. Mention
of trade names or company products does not conditute endorsement. All gas
concentrations (percent, ppm) are by volume, unless otherwise noted.

Apparatus and Reagents
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Gas VOC Concentration. The main components are as follows:

Sample Probe. Stainless stedl or equivaent. The probe shall be heated to prevent VOC
condensation.

CdibrationVave Assambly. Three-way vave assembly at the outlet of the sample probe
to direct the zero and cdibration gasesto the andyzer. Other methods, such as quick-
connect lines, to route cdibration gases to the outlet of the sample probe are acceptable.

Sample Line. Stainlesssted or Teflon tubing to transport the sample gas to the andyzer.
The sample line must be heated to prevent condensation.

Sample Pump. A lesk-free pump, to pull the sample gasthrough the systlem at aflow rate
auffident to minimize the response time of the measurement system.  The components of
the pump that contact the gas stream shdl be constructed of sainlessstedl or Teflon. The
sample pump must be heated to prevent condensation.

Sample Flow RateControl. A sampleflow ratecontrol valveand rotameter, or equivaent,
to maintain acongtant sampling rate within 10 percent. The flow rate control vave and
rotameter must be heated to prevent condensation. A control valve may aso be located
onthe sample pump bypassloop to assist in contralling the sample pressure and flow rate.

Sample Gas Manifold. Capableof diverting aportion of thesamplegasstreamtothe FIA,
and the remainder to the bypass discharge vent. The manifold components shall be
constructed of dainless stedd or Teflon. If emissons are to be measured a multiple
locations, the measurement system shdl be designed to use separate sampling probes,
lines, and pumpsfor each measurement location, and acommon sample gas manifold and
FIA. The sample gas manifold must be heated to prevent condensation.

Organic Concentration Anayzer. An FIA with a span vaue of 1.5 times the expected
concentration as propane; however, other span values may be used if it can be
demongtrated to the Department's satisfaction that they would provide more accurate
measurements.  The system shal be cagpable of meeting or exceeding the following
Specifications.

2.1.7.1 Zexo Drift. Lessthan +£3.0 percent of the span vaue.



2.1.7.2 Cdibration Drift. Lessthan £3.0 percent of the span vaue.
2.1.7.3 Cdibration Error. Lessthan £5.0 percent of the cdibration gas vaue.
2.1.7.4 Response Time. Less than 30 seconds.

2.1.8 Integrator/Data Acquistion System. An andog or digita device or computerized data
acquistion system used to integrate the FIA response or compute the average response
and record messurement data.  The minimum data sampling frequency for computing
average or integrated values is one measurement value every 5 seconds. Thedeviceshdl
be capable of recording average vaues at least once per minute.

2.1.9 Cdibraionand Other Gases. Gases used for cdibration, fuel, and combustion air (if
required) are contained in compressed gas cylinders.  All cdibration gases shall be
traceable to Nationa Inditute of Standards and Technology standards and shdl be
certified by themanufacturerto +1 percent of thetagvaue. Additionaly, the manufacturer
of the cylinder should provide arecommended shelf life for each cdibration gas cylinder
over which the concentration does not change more than £2 percent from the certified
vaue. For cdibration gasvauesnot generaly available, dternative methodsfor preparing
cdibration gas mixtures, such as dilution systems, may be used with the approva of the
Department.

2.1.9.1Fud. A 40 percent H,/60 percent He or 40 percent H,/60 percent N, gas mixture is
recommended to avoid an oxygen synergism effect that reportedly occurs when oxygen
concentration varies dgnificantly from amean vaue.

2.1.9.2 Carrier Gas. High purity air with lessthan 1 ppmof organic materia (propane or carbon
equivaent) or less than 0.1 percent of the span vaue, whichever is greeter.

2.1.9.3 FHA Linearity Cdibration Gases. Low-, mid-, and high-range gas mixture standardswith
nomind propane concentrations of 20-30, 45-55, and 70-80 percent of the spanvduein
air, repectively. Other cdibration vaues and other span values may be used if it can be
shown to the Department's satisfaction that more accurate messurements would be
achieved.

2.1.10 Paticulate Flter. An in-stack or an out-of-stack glass fiber filter is recommended if
exhaust gas particulate loading is Sgnificat.  An out-of-stack filter must be heated to
prevent any condensation unlessit can be demonstrated that no condensation occurs.

2.2  Fugitive Emissons Volumetric How Reate,

2.2.1 How Direction Indicators. Any means of indicating inward or outward flow, suchaslight
plastic film or paper streamers, smoke tubes, filaments, and sensory perception.



222

223

224

2.3

Method 2 or 2A Apparatus. For determining volumetric flow rate. Anemometers or
smilar devices calibrated according to the manufacturer's ingtructions may be used when
low velodities are present. Vane anemometers (Y oung-maximum response propeller),
specidized pitots with dectronic manometers (e.g., Shortridge Instruments Inc., Airdata
Multimeter 860) arecommercidly avallable with measurement thresholdsof 15 and 8 mpm
(50 and 25 fpm), respectively.

Method 3 Apparatus and Reagents. For determining molecular weight of the gas stream.
An estimate of the molecular weight of the gas stream may be used if approved by the
Department.

Method 4 Apparatus and Reagents. For determining moisture content, if necessary.

Tota Temporary Enclosure. The criteriafor an acceptable TTE are specified in Method
30.

Determination of VVolumetric How Rate of Fugitive Emissons
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3.1.3

3131

3132

3132

Prdiminary Determinations. To determine which exhaust points should be measured for
volumetric flow rates and VOC concentrations, the following procedure shal be used:

Forced Draft Openings. Identify dl forced draft openings. Determinethe volumetric flow
rate according to Method 2.

The NDO's Exhaugt Points. The NDO's in the roof of a facility are consdered to be
exhaugt points. Determine volumetric flow rate from these NDO's. Divide the cross-
Sectiona areaaccordingto Method 1 using 12 equd areas. Use the appropriate velocity
measurement devices (e.g., propeller anemometers).

Other NDO's.

Thisgep isoptiond. Determine the exhaust flow rate, including thet of the control
device, from the enclosure and the intake ar flow rate. If the exhaust flow rate
divided by the intake air flow rateisgreater than 1.1, thendl other NDO's are not
consdered to be sgnificant exhaust points. It is not necessary to measure the
volumetric flowrateand VV OC concentrationfromtheseinggnificant exhaust points
during the CE test.

If the optionabove is not taken, identify dl other NDO's and other potentia pointsthrough
which fugitive emissons may escape the enclosure; then use the following criteria to

determine whether flow rates and VOC concentrations need to be measured.

1 Usng the appropriate flow direction indicator, determine the flow



direction. An NDO with zero or inward flow is not an exhaust point.

3.1.3.2.2 Measure the outward volumgtric flow rate from the remainder of the NDO's. If

the collective flowrateis 2 percent or less of the flow rate from Sections 3.1.1 and
3.1.2, then these NDO's, except those withintwo equivaent diameters (based on
NDO opening) fromV OC sources, may be considered to be non-exhaust points.

3.1.3.23 If the percentage calculated in Section 3.1.3.2.2 is greater than 2 percent, those

NDO's (except those withintwo equivaent diametersfromV OC sources) whose
volumetricflowratestotal 2 percent of the flow rate fromSections 3.1.1 and 3.1.2
may be considered as non-exhaust points. All remaning NDO's shdl be
measured for volumetric flow rate and VOC concentrations during the CE test.

3.1.3.24 The tester may choose to measure VOC concentrations at the forced exhaust
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pointsand the NDO's. If thetotal VOC emissionsfrom the non-roof NDO'sare
less than 2 percent of the emissons from the forced draft and roof NDO's, then
it is not necessary to measure the VOC concentration at the non-roof NDO's
during the CE test.

Determination of Flow Rates.
Measure the volumetric flow rate at dl locations identified as exhaust pointsin Section3.1.
Divide each exhaust opening into nine equal aress for rectangular openings and into

eight equd areasfor circular openings.

Measure the velocity at each Ste a least once every hour during each sampling run using
Method 2 or 2A, if gpplicable, or using the low veocity instrumentsin Section 2.2.2.

Determination of VOC Content of Fugitive Emissons

4.1

4.2

4.2.1

4.2.2

Anayss Duration. Measurethe VOC responses at each fugitive emissons point during
the entire test run or, if gpplicable, while the process is operating. If there are muitiple
emissons locations, desgn a sampling system to dlow a single FIA to be used to
determine the VOC responses at al sampling locations.

Gas VOC Concentration.

Assemble the sampletrain. Calibrate the FIA and conduct a system check according to
the proceduresin Sections 5.1 and 5.3, respectively.

Ingdl the sample probe so that the probe is centrally located in the stack, pipe, or duct,
and is sedled tightly at the stack port connection.



4.2.3

4.2.4

4.2.5

4.2.6

4.3

Inject zero gasat the calibrationvave assembly. Allow the measurement system response
to reach zero. Measure the system response time as the time required for the system to
reachthe effluent concentration after the calibrationvave hasbeen returned to the effluent

sampling posgtion.

Conduct a system check before, and a system drift check after, each sampling run
according to the procedures in Sections 5.2 and 5.3. I the drift check following a run
indicates unacceptable performance (see Section5.3), therunis not vdid. Thetester may
elect to perform drift checks during the run, not to exceed one drift check per hour.

Veify that the sample lines, filter, and pump temperatures are 120 £+ 5°C.

Beginsampling at the start of the test period and continue to sample during the entire run.
Record the darting and ending times, and any required process information, as
appropriate. If multipleemisson locationsare sampled usngasingle FIA, sampleat each
location for the same amount of time (e.g., 2 minutes) and continue to switch from one
locationto another for the entire test run. Be sure that total sampling time at each location
is the same at the end of the test run. Collect at least four separate measurements from
each sample point during each hour of testing. Disregard the response measurements at
each sampling location until 2 times the response time of the measurement system has
elapsed. Continue sampling for at least 1 minute, and record the concentration
measurements.

Alterndtive Procedure. Thedirect interface sampling and analysis procedure described in
Section 7.2 of Method 18 may be used to determine the gas VOC concentration. The
system must be designed to collect and andlyze a least one sample every 10 minutes.

Cdlibration and Quality Assurance

5.1

5.2

FIA Cdibration and Linearity Check. Make necessary adjustments to the air and fuel
supplies for the FIA and ignite the burner. Allow the FIA to warm up for the period
recommended by the manufacturer. Inject a cadibration gas into the measurement system
and adjust the back-pressure regulator to the value required to achieve the flow rates
specified by the manufacturer. Inject the zero- and the high-range cdibration gases, and
adjust the analyzer cdibration to providethe proper responses. Inject the low- and mid-
range gases and record the responses of the measurement sysem. The cdibration and
linearity of the systemare acceptabl e if the responsesfor dl four gasesarewithin 5 percent
of the respective gas vaues. |If the performance of the system is not acceptable, repair or
adjust the syssemand repeat the linearity check. Conduct acalibration and linearity check
after assembling the andys's system and after amagjor change is made to the system.

Sysems Drift Checks. Select the cdibration gas that most closdy gpproximetes the
concentrationof the captured emissons for conducting the drift checks. Introducethe zero



and cdibration gases at the cdlibrationvave assembly and verify that the gppropriate gas
flow rate and pressure are present at the FIA. Record the measurement system responses
to the zero and cdibration gases. The performance of the system is acceptable if the
difference between the drift check measurement and the value obtained in Section 5.1 is
less than 3 percent of the spanvadue. Conduct asystem drift check at theend of each run.

53  SystemCheck. Inject the high-range cdibration gasat theinlet of the sampling probe and
record the response. The performance of the system is acceptable if the measurement
systemresponseiswithin 5 percent of the vdue obtained in Section 5.1 for the high-range
cdibration gas. Conduct a system check before each test run.

54  Andyss Audit. Immediately before each test, andyze an audit cylinder as described in
Section 5.2. The andyds audit must agree with the audit cylinder concentration within
10 percent.

Nomenclature

Con = average measured concentrationfor the drift check cdibration gas, ppm propane.

Coo = average system drift check concentration for zero concentration gas, ppm

propane.

Cy = corrected average VOC concentration of fugitive emissons at point j, ppm

propane.

Cq = actua concentration of the drift check calibration gas, ppm propane.

G = uncorrected average VOC concentration measured a point j, ppm

propane.

Fs = total VVOC content of fugitive emissons from the building, kg.

K, = 1.830 x 10 kg/(m?-ppm).

n = number of measurement points.

Qrj = average effluent volumetric flow rate corrected to standard conditions at fugitive

emissions paint j, m¥/min.

O = totd duration of CE sampling run, min.



7.1  Totd VOC Fugitive Emissons from the Building.

Fy = }:lcﬂ QE'I e,xi Eq. 30E-1

7.2 VOC Concentration of the Fugitive Emissons a Point j.

Cﬂ'
Cﬂ = (Cj = CDO) ﬁ Eg. 30E-2
DE Do





