Section No. Z.:@
Revision No. I
Date January <. 19¢

Page 1 of 2

Section 3.8

METHOD lO~DETERMINATION OF CARBON MONOXIDE EMISSIONS FrlX
STATIONARY SOURCES

OUTLINE
o : - Nu=ber ¢
‘ . - Documentation T2ges
| summary 3.8 1]
| METHOD EIGHLIGHTS | 3.8 7 |
METHOD DESCRIPTION
1. PROCUREMENT OF APPARATUS .
AND SUPPLIES 3.8.1 23
2. CALIBRATION OF APPARATUS 3.8.2 18
3. PRESAMPLING OPERATIONS 3.8.3 6
4. _ ON-SITE MEASUREMENTS 3.8.4 12
5. POSTSAMPLING OPERATIONS 3.8.5 5
6.  CALCULATIONS 3.8.6 3
L7. MAINTENANCE - 3.8.7 2_
AUDITING PROCEDURE 3.8.8 7
9. RECOMMENDED STANDARDS FOR
ESTABLISHING TRACEABILITY 3.8.9 7
'10. REFERENCE METHOD 3.8.10 3
A1. REFERENCES 3.8.11 2
[12.  DpaTa Forms 3.8.12 iz
K ’/‘JB


US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 10 rather than the method presented.


Section No. 3.8
Revision No. 0

Date January &, 1:%z2
Page 2 of 2

SUMMARY

A gas sample is extracted from the stack either at a cecz-
stant rate using a continuous sampling train or at a rate progcr-
tional to the stack velocity using an integrated sampling traZ:z.
The concentration of carbon monoxide (CO) from both samplizg
methods is determined by a Luft-type nondispersive infrared
. (NDIR) analyzer or equivalent analyzer. The method is appliceadlie
. to stationary sources when specified by a compliance procedure
and/or when the CO concentration is >20 parts per million (pp&
for a 0-to-1000-ppm testing range. With this method, inter-
ferences can result from substances with strong infrared ab-
sorption energies. Interference ratios in the 1500-to-3000-Dzm
testing range are 7 ppm CO per 3.5% for water (H,0) and 10 ppm CO
per 10% for carbon dioxide (CO).. In the 0-to-100-ppm rance,-
they can be as high as 25 ppm CO per 3.5% H,O and 50 ppm CO per
10% CO,. Major interferences can be avoided by using silica cel
and ascarite traps to remove H,0 and CO,, respectively; if traps
are used, the gas sample volumes must be adjusted. The methed
description given herein is based on the Reference Method promul-
gated March 8, 1974 (Section 3.8.10) and on collaborative test-
ing.! Blank forms for recording data are provided in the Metzod

Highlights and in Section 3.8.12 for the convenience of Handbock
users.
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METHOD HIGHLIGHTS

Section 3.8 describes specifications for determination of
carbon monoxide (CO) from stationary sources. A gas sample 1is
extracted from the stack using a continuous or integrated sam-
pling train and analyzed using a Luft-type nondispersive infrared
(NDIR) analyzer or the equivalent. Interferences include any
substance having a strong absorption of infrared energy. Major
interference problems caused by water (H,0) and carbon dioxide
(CO,) are removed using silica gel and ascarite traps, respec-
tively.

Continuous sampling is performed by connecting the NDIR to
the continuous sampling train and conducting the analysis. In=-
tegrated sampling is performed by withdrawing a sample at a rate
propertional to stack gas velocity, into a Tedlar, or equivalent
evacuated bag. CO, content, for each sampling method can be
determined using the Method 3 integrated sampling procedure or by
weighing the ascarite CO, removal trap and computing CO, con-
centration from the gas volume sampled and the weight gain of the
trap. Results of collaborative tests!’2 of Method 10 revealed
several problems .which, if eliminated, may result in dimproved
precision and accuracy. Reference gases were cited as an area
where improved gquality control is needed. A need for further
training of NDIR operators was also cited as another area that
needed improvement.

The blank data forms at the end of the highlights section
may be removed from the Handbook and used in the pretest, test,
and posttest operations. Each form has a subtitle (e.g., Method
10, Figure 5.1) to assist the user in finding a similar filled-in
form in the Method Description (e.g., in Section 3.8.5). On the
blank and filled-in forms, the item/parameters that can cause the
most significant errors are indicated with an asterisk.

{/ZQ/S
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1. Procurement of Equipment

Section 3.8.1 (Procurement of Apparatus and Supplies) gives
the specifications, criteria, and design features for equipment
and materials required for performing Method 10 tests. This
section is designed to serve as a guide in the procurement and
initial check of equipment and supplies. The activity matrix
(Table 1.1) at the end of Section 3.8.1 can be used as a quick
reference; it follows the same order as the written description
in the main text.

2. Pretest Preparations

Section 3.8.2 (Calibration of Apparatus) provides a step-by-
step description of the required calibration procedures. De~
tailed methods and procedures are described for calibrating the
NDIR. The calibration section can be removed and compiled, along
with calibration sections from all other methods, into a separate
quality assurance reference manual for use by calibration person-
nel. A pretest checklist (Figure 3.1) or similar form should be
used to summarize the calibration data.

Section 3.8.3 (Presampling Operations) provides the tester
with a guide for supplies and equipment preparation for field
tests. The pretest preparation form (Figure 3.2) can be used as
an equipment checkout and packing list. The method for packing
and the recommended packing containers should help protect the
equipment, but are not required.

3. On-Site Measurements

Section 3.8.4 (On-Site Measurements) contains step-by-step
procedures for sampling using the continuous and integrated
methods. The procedure for continuous sampling includes perform-
ing the analysis on-site at the time of sample collection; there-
fore, procedures for analyzing the continuous sample are included
in this section. The on-site measurement checklist (Figure 4.4)
is provided to assist the tester with a quick method of checking
requirements.

e
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4. Posttest Operations

Section 3.8.5 (Postsampling Operations) gives the posttest
equipment check procedures and a step—by-step analytical proce-
dure for integrated samples. Figure 5.1 or a similar form should
be used to summarize the posttest calibration checks and should
be included in the emission test report.

Section 3.8.6 (Calculations) provides the tester with the
required equations, nomenclature, and suggested number of signif-
icant digits. It is suggested that, if available, a programmable
calculator be used to reduce chance of calculation error.

Section 3.8.7 (Maintenance) supplies the tester with a guide
for a routine maintenance program. The program is not a require-
ment, but is suggested for reducing equipment malfunctions.

5. Auditing Procedure o

Section 3.8.8 (Auditing Procedure) provides a description of
necessary activities for conducting performance and system au-
dits. The performance audits include an audit of the analytical
phase and an audit of data processing. A system audit consists
of an on-site qualitative evaluation of the test team perform-
ance. The performance and system audits provide an independent
assessment of data quality.

Section 3.8.9 (Recommended Standards for Establishing Trace-~
ability) recommends the primary standards to which the sample
collection and analysis should be traceable.

6. References

Section 3.8.10 (Reference Method) contains a copy of the EPA
Reference Method.

Section 3.8.11 (References) provides the reader with a list
of all the references used in the compilation of this section of
the Handbook along with additional sources.

@‘:W
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Barometer

Calibrated?»* yes

Page 4 of 7

PRETEST SAMPLING CHECKS

(Method 10, Figure 3.1)
Date Completed by
Pitot Tube
Identification number Date
‘Dimensional specifications checked?#* yes no
Calibration reguired? yes ’ no
Date C

P

Rotameter
Identification number
Calibration required?* ves . no

no

*Most significant items/parameters to be checked.
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PRETEST PREPARATIONS
(Method 10, Figure 3.2)
Acceptable Quantity Ready Loaded
Apparatus check Yes No required Yes No | and packed

Probe

Pyrex glass
Stainless steel

Filter

Pitot tube

Type

Length

Calibrated*
Differential
pressure gauge

Air-cooled con-
denser

Clean

Leak checked*

Needle valve and
rotameter

Clean

Calibrated*

Barometer

Type

Calibrated*

Pump
Type

Leak checked

Flexible bag

Type

Leak checked*
Evacuatedx*

SR R R R

*Most significant items/parameters to be checked. //0¥§3
( 4 !
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ON-SITE MEASUREMENTS CHECKLIST
(Method 10, Figure 4.4)

Continuous Sampling

Leak check prior to sampling (optional)

NDIR analyzer allowed to warm up (1 h minimum)*

Multipoint calibration curve constructed*
Sampling port plugged

Sampling flow rate properly set (manufacturer's recommended and
<1 2/min)*

Sampling system properly purged*

Posttest leak check (mandatory)*

All data properly recorded*

CO, concentration determined*

Integrated Sampling

Sampling rate selected for integrated sampling

Leak check prior to sampling (optional)

Sampling port plugged

Sampling train purged (5 times system volume or 10 min)*
Flexible bag properly sealed and labeled*

Posttest leak check (mandatory)*

All data properly recorded*

CO, concentration determinedx*

*Most significant item/parameters to be checked.
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POSTTEST SAMPLING CHECKS
(Method 10, Figure 5.1)
NDIR
Posttest zero check adjusted value

Posttest span check* within +10% of pretest calibration

Recalibration required? yes no
If yes, void all data back to the last calibration check that
was within the $10% limit

Rotameter

Pretest calibration factor, Yr within 15%

Posttest check, * Yr within £10% of pretest

Recalibration recommended? yes no
If performed recalibration factor, Y (Yr not used for

emission calculations)
Rotameter cleaned? yes no

Analysis (Integrated Samples)

Calibration gases traceable to NBS standard gas*

NDIR allowed to warm up (1 h minimum)*

Multipoint calibration curve constructed*

Sampling lines and analyzer properly purged (5 times system
volume or 10 min)*

Three successive readings made from each bag

Highest and lowest values differ by <5%

*Most significant items/parameters to be checked.

i /C,S//
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES

Ccarbon monoxide (CO) sampling trains used to obtain inte-
grated and continuous gas samples are shown in Figures 1.1 and
1.2, respectively. Table 1.1 at the end of this section summa-
rizes the quality assurance activities for procurement and ac-
ceptance of apparatus and supplies.

Specifications, criteria, and/or design features as applica-
ble are given in this section to aid in the selection of equip-
ment to ensure the collection of good guality data. Procedures
and limits for acceptance checks, where applicable, are given.

During the procurement of eguipment and supplies, it is
suggested that a procurement log (Figure 1.3) be used to record
the descriptive title of the equipment; the identification num-
ber, if applicable; and the results of the acceptance checks.
Also, if calibration is required as part of the acceptance check,
the data are to be recorded in the calibration log book.

1.1 Sampling

1.1.1 Sampling Probe - The sampling probe should consist of a
316 seamless stainless steel tube or a sheathed borosilicate
(Pyrex) glass tube with an inside diameter (ID) of approximately
6 mm (0.24 in.); aﬁd equipped with an in-stack or out-stack
particulate filter. When an in-stack filter is used, the probe
should have an expanded ID of 38 to 40 mm (1.5 to 1.6 in.) for
the first 40 mm (1.6 in.) of the probe inlet. The expanded
section should be packed with glass wool prior to sampling. The
probe outlet must have a fitting suitable for attachment to an
air-cooled condehSer inlet. A probe approximately 1.1 m (4 ft)
long is usually sufficient; the exact length can be determined
after a sampling site inspection. If the stack must be traversed

to obtain an integrated sample, the probe length should be chosen
accordingly. o '

-
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RATE
METER

AIR-COOLED CONDENSER
QUICK DISCONNECT

« , L "”,/’/’ PUMP
VALVE g

FILTER
(GLASS wooOL)

RIGID
AIRTIGNT
CONTAINER

Figure 1.1. Sampling train for integrated analysis.

AIR-COOLED COMDENSER TO ANALYZER

RIGID AIRTIGHT
CONTAINER

FELTER (GLASS WOOL) ] // } VALVE

Figure.l1.2. Sampling train for continuous analysis.
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The main criterion in selecting the probe material is that
it be nonreactive with the gas constituents so that it will not
introduce bias into the analysis.

Upon receiving a new probe, visually check it for adherence
to specifications (i.e., the length and composition ordered).
Check for breaks, cracks, and leaks. Leak check the probe;
connect it to a pump inlet, plug other end, and pull a 380 mm (15
in.) Hg vacuum. Leakage rates >0.00057 m3/min (0.02 ft3/min)
measured by the dry gas meter are unacceptable. Any probe not
satisfying the checks should be repaired if possible or returned
to the supplier.

1.1.2 Air-Cooled Condenser - The condenser facilitates the
condensation of water from the gas being sampled. The coiled
tubes (Figures 1.1 and 1.2) allow the entering gas to cool to
near ambient temperature; lower temperatures can be obtained by
using a circulating water cooler or an ice bath.

The reservoir collects and holds the condensed water until
it is drained between sampling runs by a valve. The capacity of
the reservoir must be sufficient to collect all condensed mois-
ture from the gas during system purging and sampling, but it
should not be unnecessarily oversized because the added size
would increase the bulk of the sampling train and lengthen purg-
ing time. For example, a sampling train of 1-2 volume (including
the condenser) should hold the condensate from about 100 £ of gas
(90-2 sample plus 5-2 displacements of the sampling train volume
plus 5-2 margin). With 20% water concentration in the stack
gases, the 100-2 sample would contain 20 2 of water vapor; when
condensed, the 20 ¢ of vapor would correspond to about 20 ml of
water; therefore, a condenser volume of 0.25 2 would allow an
adequate operating margin. The amount of water that would be
collected can be estimated either from knowledge of the process

or by determining the moisture content (Method 3) and sample
volume.

(i)[SZ?
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Check the condenser visually for damage, breaks, cracks, and
manufacturing flaws. The condenser should be leak free at a
draft gauge positive pressure of 25 mm (1 in. H,0) and at a
vacuum gauge reading of 380 mm (15 in.) Hg. If the condenser is
defective, repair it or return it to the supplier.

1.1.3 Needle Valve - A stainless steel needle valve with appro-

priate fittings to make it leak free is recommended to regulate
the flow in the sampling train. Install the valve and check for
proper operation. If the valve is defective or if it cannot
regulate the sample flow over the O0-to-l 2£/min (O-to—0.03§
ft3/min) range, repair it or return it to the supplier.

1.1.4 Vacuum Pump - The vacuum pump should be capable of main-
taining a flow rate of 1 £2/min (0.035 ft3/min) at 380 mm (15 in.)
Hg. A leak-free diaphragm pump (or the egquivalent) must be used

because of inherently low contamination possibilities with this
type of pump. S
A new pump should be visually checked for damage, leaks; and
capacity upon receipt. To leak check the pump, install a vacuum
gauge in the pump inlet line; plug the inlet line, and run the
pump until the vacuum gauge reads 380 mm (15 in.) Hg; then close
the pump outlet line, and turn the pump off. The vacuum gauge
should remain stable for 30 s. If defective, return it to the
supplier. ‘ ' '
1.1.5 Rate Meter - The rate meter is a rotameter (or equivalent)

used to measure the sample gas flow rate in the range of 0 - 1°
2/min (0-to-0.035 ft3/min). Inspect the rotameter for cracks,
flaws, and erratic behavior, and check calibration as described
in Section 3.8.2. Return it to the supplier if it is damaged or -
cannot be adjusted to within #5% of the standard rate meter.
Clean and recalibrate if dust and/or 1liquid contamination 1is
suspected. ‘

1.1.6 Flexible Bag =~ The flexible bag used to obtain the inte-
grated gas sample should be leak free and made of Tedlar (or an
equivalent material) with a capacity of 60-to-90 2 (2 to 3 ft3).

(157
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Upon receipt of a new bag, check for damage, correct fit-

tings, and capacity. Before using, leak check in the laboratory
by evacuating the bag with a leakless pump. When evacuation is
complete, there should be no flow through the dry gas meter. 1In
leak testing by evacuation, it is difficult to ascertain whether
the entire bag has been tested. If one wall of the bag presses
against another section and eventually cuts off the flow, the
absence of flow does not guarantee that all sections of the bag
are leak free. Therefore, an alternative and preferred test is
to pressurize the bag with air to approximately 51 mm (2 in.) H,0
above atmospheric pressure and to monitor the pressure with a
draft gauge over a period of time. Loss of pressure over a 24-h
period should be considered an excessive leak, and the bag should
be repaired or replaced.
1.1.7 Pitot Tube - The pitot tube should be a Type S (or equiv-
alent) as described in Section 3.1 of this Handbook. .The pitot
tube 1is to be used when the sampling rate is regulated propor-
tionally to the stack gas velocity (integrated sample), when the
velocity is varying over time, or when a velocity traverse (flow
rate determination) is conducted. ‘ v
1.1.8 Wet Test Meter -~ The wet test meter is used to check the
calibration of the rotameter. The wet test meter should be
capable of measuring a volume of 2 ¢ (0.070 ft3) with an accuracy
Qf 1% at a flow rate of 1 £/min (0.035 ft3/min).

Upon receiving a wet test meter, visually check it for
manufacturing defects and leaks, and calibrate it as described in
Section 3.8.2. If it is damaged, behaves erraticéliy; or cannot
be properly adjusted, return it to the manufacturer.

1.1.9 Barometer - A mercury, aneroid, or other barometer capable
of measuring atmospheric pressure to within 2.5 mm (0.1 in.) Hg
may be used; however, in many cases the absolute barometric
pressure can be obtained from a nearby weather service station.
If the elevation of the sampling poiht is higher than that of the
weather station the reported barometric pressure is reduced at a
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rate of 2.5 mm Hg/30 m (0.1 in. Hg/100 ft) of elevation differ-
ence; if the sampling point is lower than the weather station,
the pressure is increased at the same rate. Note: Make sure the
weather service station gives the pressure without correction to
sea level.

Check the field barometer against a mercury-in-glass barom=-
eter (or its equivalent). If the field barometer cannot be
adjusted to agree with the mercury-in-glass barometer, it is not
acceptable.

1.1.10 Vacuum Gauge - A vacuum gauge capable of measuring at
least 760 mm (30 in.) Hg is to be used to leak check the sampling
train. Check the vacuum gauge in a parallel leakless system with
a mercury U-tube manometer at a vacuum of 380 mm (15 in.) Hg. Be
sure the gauge agrees within %25 mm (1.0 in.) Hg. If it does
not, adjust or reject.

1.2 Sample Analysis

1.2.1 Carbon Monoxide Analyzer - The CO analyzer should be a

Luft-type nondispersive infrared (NDIR) spectrometer (or equiva-
lent), which meets or exceeds the specifications in Appendices A
and B in Section 3.8.10. When purchasing a CO analyzer, have the
manufacturer demonstrate that it meets these specifications as
well as those advertised by the manufacturer. The best evidence
is a strip chart record of that analyzer's performance. Guide-~
lines for instrument evaluation are given in "Procedures for
Testing Performance Characteristics of Automated Methods,"
Federal Register, Vol. 40, No. 33, February 18, 1975. I£f the
instrument is defective, return it to the manufacturer for re-~

pair, adjustment, or replacement.
1.2.2 Drying Tube - A drying tube packed with 6 to 16 mesh
indicating-type silica gel (or equivalent) should be installed to

remove moisture from the sample. If not removed, the moisture
may interfere with the NDIR measurement of CO.

The tube can be made of stdinless steel, glass, or plastic.
Each end of the tube should be packed with glass wool to prevent
the silica gel from entering the sampling train and the NDIR

(157



. Section No. 3.8.1
Revision No. 0
Date January 4, 1982
Page 8 of 13

analyzer. The tube should be leak free at a vacuum of at least
380 mm (15 in.) Hg, and it should have a minimuﬁ capacity of
200 g of silica gel. If defective, repair or return to the
supplier. |

1.2.3 Carbon Dioxide Removal Tube - Install a flexible plastic
tube packed with 500 g of ascarite to remove CO, from the sample.
If not removed, the CO, may interfere with the NDIR measurement
of CO. Keep tube in a vertical orientation to prevent channel-
ing.

A flexible plastic tube with a minimum ID of 2.5 cm (1.0
in.) and capped at the ends should be used (instead of a rigid
container). When CO2 contacts the ascarite, it tends to form a
dense solid plug which can easily block the glass inlet tube of
an impinger. The inlet and outlet lines of the tube should be
configured to maximize exposure of sample gas to the ascarite and
to prevent plugging. Pack each end of the tube with glass wool
to protect the sampling train and the NDIR analyzer from ascarite
dust. Inspect the CO2 removal tube for breaks, damgge, and
correct fittings; it should be leak free at a vacuum of 380 mm
(15 in.) Hg. 1If defective, return to the supplier.

The drying tube and the CO2 removal tube may be combined

into one unit containing layers of the two materials in the
quantities previously noted. The sample should pass first into
pure silica gel, then into a layer of silica gei and ascarite,
and finally through a layer of ascarite. Repack this tube with
silica gel and ascarite when the existing silica gel éxhibits the
characteristic color change.
1.2.4 Filter - Place a filter in the sample in-take line of the
CO analyzer to remove particulates from the gas stream and to
prevent erroneous results and damage to the NDIR analyzer. 1f
the manufacturer of the CO analyzer specifies a filter type and
size, those should be followed; if not, a standard glass fiber
filter (e.g., MSA1106BH or the equivalent) can be used.

Upon receiving the filter, check for specifications (i.e.,
the type and size ordered). 1If incorrect, return to the manufacr

turer. oG
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1.2.5 Ice Water Bath - The drying tube and the o, removal tube
should be watertight and should be immersed in an ice water bath
of sufficient size to contain and ensure efficient operation of
the tubes. If the size is incorrect, return the bath te the
supplier.

1.2.6 Carbon Dioxide Analyzer - Carbon dioxide in the gas stream
interferes with NDIR readings, thus use an ascarite trap to
remove all CO,. To correct the CO reading for the removed Co,,
the percentage of CO2 in the stream must be determined by using
an Orsat analyzer, as specified in Section 3.2 of the Handbook.

1.2.7 Recorder - A strip chart recorder is optional; however, it

provides a permanent record of NDIR readings. When ordering a
recorder, make sure that its operating voltage is compatible with
the NDIR voltage output.

Upon receiving a recorder, check for damage and proper
operation throughout its entire input voltage range. If defec-
tive, return it to the suppler.

1.3 Reagents
1.3.1 Calibration Gases - A multipoint calibration for the

selected measurement range of the CO analyzer requires three
known concentrations of calibration gases: one concentration of
CO in nitrogen (N2) for the upper value (span) of the selected
range and two CO concentrations at 30% and 60% of span: . In
addition, a prepurified grade of N, (containing <0.1 ppm CO) is
required for a zero gas.

The analyzer range cannot exceed the source performance
standard by >1% times. For example, the standard for petroleum
refineries is 500 ppm, thus the maximum range for this industry
would be 750 ppm and the calibrating gases would be 30% and 60%
of 750 ppm--or approximately 225 ppm and 450 ppm. The range of
the analyzer selected should give the lowest possible high-end
reading without being lower than the span gas; for example, an
analyzer with ranges of 0 to 500 ppm, O to 1000 ppm, and 0 to
2000 ppm would be calibrated on the 0 to 1000 ppm range for 750
ppm CO. o

(ot !
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Because some calibration gases with certificate of analysis
have shown significant errors when compared with standard gases,
good quality control procedures require the gas manufacturer to
perform traceability analysis using NBS~-Standard Reference
Materials (SRM) or gas manufacturer's Certified Reference
Materials (CRM). The EPA Traceability Protdcol No. 1 should be
required of the gas manufacturer for traceability analysis. This
protocol is described in Section 3.0.4 of this Handbook. For
convenience, a summary of Protocol No. 1 as it applies to stan-
dards of CO in N, is shown in Section 3.8.9. A list of gas manu-
facturer's that have prepared approved CRM's is available from
EPA at the following address: ’

U.S. Environmental Protection Agency

Quality Assurance Division (MD-77)

Research Triangle Park, North Carolina 27711

Attn: List of CRM Manufacturers
Calibration gases must be certified by the gas manufacturer

to within t 2% of the specified concentration. Do not store gas
cylinders in areas subject to extreme temperature changes.
Before each calibration, check the cylinder pressure of each
calibration gas and replace any with < 1400 KN/m2 (200 psi)
pressure.

1.3.2 Silica Gel - Indicating-type 6 to 16 mesh should be dried
at 175°C (347°F) for at least 2 h. The color should be blue when
the water has been removed.

1.3.3 Ascarite - Ascarite (20 to 30 mesh) is commercially avail-
able. It consists of asbestos coated with sodium hydroxide which
forms sodium carbonate when exposed to CO,. Eventually, the
ascarite is spent, and has to be replaced since it cannot be
regenerated.
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AND SUPPLIES

ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS

Apparatus
and supplies

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Sampling

Sampling probe

Stainless steel (316)

or sheathed Pyrex glass

with filter to remove
particulate matter; no
damage, cracks or
breaks; leak free at
380 mm (15 in.) Hg

Visually check for
length and composi-
tion ordered; leak
check

Repair or re-
turn to sup-

| plier

Air-coo]ed
condenser

Capacity sufficient to
collect all condensed
moisture from the sam-
ple gas; no damage,
cracks, or breaks,
leak free at 25 mm

(1 in.) He0 positive
pressure and at 380 mm
(15 in.) Hg vacuum

Check for size and
damage; leak check

Repair or re-
turn to sup-
plier

Needle valve

Stainless steel; capable

of regulating the flow
rate over the range of
0 tol 2/min (0 to
0.035 ft3/min); leak-
free fittings

Install in sampling
train; check for
proper operation;
leak check

Repair or re-
turn to sup=
plier

Vacuum pump

Leak-free diaphragm at
380 mm (15 in.) Hg or
equivalent; capable of

maintaining a flow rate

of 1 2/min (0 to 0.035
ft3/min) at 380 mm (15
in.) Hg for 30 S

Leak check; check for
for damage and
capability of main-
taining desired flow
rate

Return to
supplier

Rate meter

Rotameter or equivalent;

no cracks, flaws, or
erratic behavior; mea-
sure gas flow in the
range of 0 -~ 1 £/min
(0 to 0.035 ft3/min);
agree within 5% of
standard rate meter

Check for cracks and
flaws and calibrate
against a wet test
meter (Sec. 3.8.2)

Return to
supplier

(continued)

il
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Apparatus
and -supplies

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Flexible bag

Tedlar or equivalent;
capacity of 60 to 90 2
(2 to 3 ft3); leak
free at 51 mm (2 in.)
H,0 for 24 h

Check for capacity,
damage, correct fit-
tings; leak check -

Repair or
replace

Pitot tube

Type S (Method 2,
Sec 3.1.1)

Calibrate according
to Sec 3.1.2

Repair or
return to
supplier

Wet test meter

Capable of measuring
total volume with
accuracy of 1% at a
flow rate of 1 2/min
(0.035 ft3/min)

Upon assembly, leak
check all connections;
calibrate by liquid
displacement (Sec
3.8.2)

Reject if
damaged, be-
haves errati-
cally or can-
not be ad-
justed prop-
erly

Barometer

Capable of measuring
atmospheric pressure to
+2.5 mm (0.1 in.) Hg

Check against a mer-
cury-in-glass barom-
eter or equivalent
(Sec 3.8.2)

Determine
correction
factor, or
reject

Vacuum gauge

0 to 760 mm Hg range
25 mm (1.0 in.) at
380 mm (15 in.) Hg

Check against a U-tube
mercury manometer upon
receipt

Adjust or
return to
supplier

Sample Analysis

CO0 analyzer

NDIR spectrometer or
equivalent; meets speci-
fications in Sec 3.8.10
Appendices A and B

Have supplier (1) de-
monstrate that it
meets or exceeds per-
formance specs, and
(2) provide a strip
chart record of runs

Return to
supplier for
repair, ad-
justment, or
replacement

Drying tube

Capacity of at least
200 g of silica gel;
leak free at 380 mm
(15 in.) Hg

Check upon receipt
for proper size;
leak check

Repair or re-
turn to sup-
plier

(continued)



TABLE 1.1 (continued)

Section No. 3.8.1
Revision No. 0

Date January 4, 1982
Page 13 of 13

Action if

Apparatus Frequency and method |requirements

and supplies Acceptance limits of measurement are not met

Filter Type and size recom- Check upon receipt Return to
mended by NDIR manufac- | for proper size and supplier
turer, or glass fiber type
filter

€O, removal Contains 500 g of ascar-| Check upon receipt Return to

tube ite; leak free at 380 for proper size, supplier
mm Hg (15 in.); may fittings, and leak
combine silica gel and | check
CO0, removal tubes (Sec
3.8.1)

Ice water bath | Sufficient size to con- | Check upon receipt Return to
tain drying and CO, re- | for proper size; supplier
moval tubes leak check

Recorder Strip chart recorder Check for damage and | Return to

(optional) with operating voltage | proper operation over | supplier
compatible with NDIR entire voltage range
or equivalent data
logger

Carbon dioxide | Orsat analyzer (Method | Check according to Return to

analyzers 3, Sec 3.2) Meth. 3, Sec 3.2 supplier

Reagents

Calibration Certified by manufac- Traceability analysis | Return to

gases turer to 2% of required of the gas supplier
specified concentra- manufacturer using
tion; traceability to EPA traceability
NBS-SRM or CRM (CO in Protocol No. 1
N2)

Silica gel Indicating-type 6 to 16 | Bry at 175°C (347°f) | Discard or
mesh; blue in color for at least 2 h return to

prior to use supplier

Ascarite 20 to 30 mesh Check label for cor- | Return to

rect type supplier
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2.0 CALIBRATION OF APPARATUS

Calibration of the apparatus is most important for maintain-
ing data quality. The calibration procedures are designed for
the equipment specified by Method 10 and described in the pre-
vious section. Table 2.1 summarizes the quality assurance activ=-
ities for calibration. All calibrations should be recorded on
standardized forms and retained in a calibration log book.

2.1 Metering System

2.1.1 Wet Test Meter - The wet test meter must be calibrated and
must have the proper,capadity. For Method 10, the wet test meter
should have a capacity of >2 ¢/min (0.070 £ft3/min). No upper
limit is placed on the capacity; however, a wet test meter dial

should make at least one complete revolution at the specified
flow rate for each of the three independent calibrations.

Wet test meters are calibrated by manufacturers to an accu-
racy of %0.5%. Calibration must be checked initially upon re-
ceipt and yearly thereafter. The following liquid positive
displacement technique can be used to verify and adjust, if
necessary, the accuracy of the wet test meter (Figure 2.1) to
+1%. ' ‘
1. Level the wet test meter by adjusting the legs until
the bubble in the level located on the top of the meter is cen-
tered. - -

2. Adjust the water volume in the meter so that the
pointer in the water level gauge just touches the meniscus

3. Adjust the manometer to zero by moving the scale or by
adding water to the manometer.

4. Set up the apparatus and calibration system. (Figure
2.1).

5. Fill the rigid-walled 5-gal jug with distilled water to
below the air inlet tube. Allow the system to egqguilibrate to
room temperature (about 24 h) before use. (; Ci7 .

/(L
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5 GAL RESERVOIR

=\

MANOMETER

LEVEL

POINTER

N\

-
-

SIPHON TUBE

(qu\() VALVE~

WATER IN —
N ¢ 2000 ml LINE
-WATER
LEVEL
GAUGE TYPE A
VOLUMETRIC
FLASK
14
WATER OUT

LEVEL ADJUST

Figure 2.1.

Calibration check apparatus for wet test meter.

St



Section No. 3.8.2
Revision No. O

Date January 4, 1982
Page 3 of 18

6. Start water siphoning through the system, and collect
the water in a l~gal container, located in place of the class A
volumetric flask. |

7. Check the operation of the wet test meter as follows:
If the manocmeter reading is <10 mm (0.4 in.) H,0, the meter is in
proper working condition. Continue to step 8. If the reading is
>10 mm (0.4 in.) H,0, the meter is defective; return it to the
manufacturer for repair if the defect(s) (e.g., bad connections
or joints) cannot be corrected.

8. Continue the operation until the 1l=-gal container"is
almost full and then plug the inlet to the saturator. If no leak
exists, the flow of liquid to the container should stop; if the
flow continues, correct for leaks. Turn the siphon sYstem off by
closing the wvalve, and then unplugging the inlet to the wet test
meter. '

9. Read the initial wvolume (Vi) from the wet test meter
dial, and record it on the calibration log, Figure 2.2.

10. Place a clean, dry volumetric flask (Class A) under the
siphon tube, open the pinch clamp, and fill the flask to the
mark. Note: The flask must be large enough to allow at least
one complete revolution of the wet test meter dial with no more
than two fillings of the flask.

11. Start the flow of water, be sure the flow of liquid is
constant, and record the maximum wet test meter manometer reading
during the test. N

12 Carefully £fill the volumetric flask, shut off the
ligquid flow at the 2-2 mark, and recocrd the final wvolume (Vf)
from the wet test meter on Figure 2.2.

13. Perform steps 9 through 13 three times.

Since the water temperature in the wet test meter and the
reserv01r has been equlllbrated to ambient temperature and since
the pressure in the_ meter will equilibrate with that in the
reservoir after the water flow is shut off, the air volume can be

. /. ‘_./'
Faand



Wet test meter serial number 43 -ZE44 Date

/[-27- 80

Wet test meter flow range 0-/20 [

Volume of test flask, Vs 2.00 £

Satisfactory leak check _ g5

Calibrated by Q1

o

Liduid in wet test meter and reservoir allowed to equilibrate with ambient temperature pug

Manomete Final Initial Total Flask Percen
Test reading, volume volume volume volume error,
number mm H,O0 (Ve), 2 (Vi) 21 (V) 2 | (V) 2 %
/ 5 199 0 /.99 2.00 0.5
2 3 R.00 0 £2.00 2.00
J 3 2.00 g 2.00 2.00
Must be <10 mm (0.4 in.) H,0.
b _
Ym = Ve~ Y
Cy error = 100 (V, - V /v, = 0.5 , not to exceed +1%.

.Signature of calibration person

Oohmme, esal
/ v _

Figure 2.2. Wet test meter calibration log.

8T 3o % sbeg
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compared directly to the liquid displacement volume. Any temper-
ature or pressure difference would be less than measurement error
and would not affect the final calculations.

The calibration error should not exceed z1%; should this
error of magnitude be exceeded, check all connections within the
test apparatus for leaks, and gravimetrically check the volume of
the standard flask. Repeat the calibration procedure, and if the
tolerance level is not met, adjust the liquid level within the
meter (see manufacturer's manual) until the specifications are
met. :

2.1.2 Rotameter - The Reference Method does not require calibra=-
tion of the rotameter; however, besides cleaning and maintaining
the rotameter according to manufacturer's instructions, its
calibration curve and/or marking should be checked upon receipt
and then after each test series. A procedure is as follows:

1. Prepare the apparatus (Figure 2.3) using short connec-
tions and tubing with the same ID used in the Method 10 sampling
train.

2. Start the air flowing at 0.5 £/min (0.02 ft3/min) to
saturate the water in the wet test meter and to wet the interior
surfaces of the wet test meter.

3. Record the barometric presSure (PB) on the rotameter
calibration form (Figure 2.4A or 2.4B).

4. Adjust the flow (R,) to 0.10 £/min (0.0035 f£t°/min)
with the needle valve.

5. Use a stopwatch to measure the time (®) required to
make at least two revolutions of the wet test meter dial.

6. Repeat step 4 with the flow (Rs) adjusted to 0.25,
0.50, 0.75, and 1.0 £/min (0.009, 0.018, 0.027, and 0.035
ft3/min) going from a flow of 1.0 to 0.10 ¢/min. Record the
time, the rotameter ‘reading (Rs), the elapsed time of. the run
(6), the temperature of the liquid in the wet test meter (tw),
the manometer reading at the wet test meter (Dm), and the total
volume displaced for each run (Vw).
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(D)
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(tw)

NEEDLE
VALVE
AIR o

OUTLET 3
(0~ =
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Figure 2.3. Rotameter calibration assembly.
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. Rotameter serial number 2645 78,

Wet test meter number 43.zx44

Location Syece TZsr lag Date /-27.80
Barometric pressure, Py _20.9 in. Hg Calibrated by 4;E%

Ry, 0, t D Vs Vs Qg
ft3/min min °F in. H,0 ft3 ft3 ft3/min
0.027 i éa 0.1 .08/ 0. 08/ 0.02F

R_ = rotameter setting, ft3/min (e. g., 0.009, 0.018, 0.027)
@ = time of calibration run, min
t& = temperature of the gas in wet test meter, °F
Dm = pressure drop on the wet test meter, in. H20 (a negatlve number if calibrated
as in Figure 2.3) :
Vw = gas volume passing through wet test meter, ft?
Vr = gas volume passing through the rotameter corrected to STP, ft3
Q. = flow rate through rotameter, corrected to STP, ft3/min
t, = standard temperature, 68°F '
PS = standard pressure, 29.92 in. Hg
P ' .
. - Vy(Pg * Dy/13.6) (&g + 460) 17.65 V, (Py + D /13.6) fe5 at STP.
r (t.. + 460) P - (t.. + 460)
w S W
}Vr
- — 3 1
QS ) ft°/min at STP.
Figure 2.4A. Rotameter calibration data form (English units).
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Rotameter serial number ppas54#2

Location . Suece 7ésr (48

Wet test meter number 43.zx494

Date /.27-80

Barometric pressure, Pp _29.9 mm Hg Calibrated by QR
</
R, o, t, D, v, v, Q.
£/min min °C mm H,O 2 2 2/min
0.75 I 20 _2.54 2.25 225 0.75

R_ = rotameter setting, £/min (e.g., 0, 0.50, 0.75)

6 = time of calibration run, min

tw = temperature of the gas in the test meter, °C
D = pressure drop on the wet test meter, mm H,O0 (a negative number if calibrated
as i1n Figure 2.3)
Vw = gas volﬁme passing through wet test meter, £
Vr = gas volume passing through the rotameter corrected to STP, 2
Qs = flow rate through rotameter, corrected to STP, £2/min
ts = standard temperature, 20°C
PS = standard pressure, 760 mm Hg
v - Vw(PB(: DT/:':::;?)P(tS + 273) 0.386(\tlw :P§7;)Dm/13.6)
: : T S W
Q. = z£'= 2/min at STP
s 0 )

= £ at STP.

Figure 2.4B. Rotameter calibration data form (Metric units).
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7. Calculate the volume (Vr) at standard conditions (STP)
for each test point, and record on Figure 2.4A or B.

8. Calculate the standard flow rate (Qs) for each test
point, and record on Figure 2.4A or 2.4B.

S. Plot the rotameter setting (Rs) versus the flow rate
(Qs) on linear graph paper by using a flexible rule to construct
a best-fit smooth curve through the data points. Note: A
typical relationship is shown in Figure 2.5. All data points
should be within 2% of the best-fit curve. '

10. Apply the following corrections to convert the flow
rate to STP if the rotameter is used in a field location where
the barometric pressure and/or temperature is dJdifferent from
those recorded when the rotameter was calibrated.

P 1/2
-0 (ff , 203)*% s
Qs = Qf (760 X tf / Equation 2-1
where
Qg = flow rate corrected from field conditions to STP,

2/min;

Qf = flow rate at field conditions from calibration curve,
2/min;

Pe = barometric pressure at field conditions, mm Hg; and

ct
i

£ temperature at field conditions, average temperature of
sampling train, K.

2.1.3 Barometer - The field barometer should be adjusted upon
recelpt and before each test series to +2.5 mm (0.1 in.) Hg of a
mercury-in~glass barometer. If a field barometer is not availa-
ble, a nearby weather service barometric pressure can be used.
| If the sampling point is higher in elevation than the
weather station, the reported barometric pressure is reduced at a
rate of 2.5 mm Hg/30 m (0.1 in. Hg/100 ft) of elevation differ-
ence; if the sampling point is lower than the weather: station,
the pressure should be increased at the same rate. Note: Make
sure that the pressure obtained from the weather station has not
been corrected to sea level conditions.

jel y



ROTAMETER SETTING (Rg)
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300
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150

100}
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FLOW METER SERIAL NO. _3e73

LOCATION Sowwce Zesr as

TEMPERATURE, °C_&/

ATMOSPHERIC PRESSURE, mm H_ _Z59

| g
CALIBRATED BY T fuls
1 1 |
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Figure 2.5.
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Typical rotameter calibration curve.
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2.2 Analysis System

2.2.1 Carbon Monoxide Analyzer - The NDIR and the associated
apparatus are shown in Figure 2.6; all components are the same as
those used in the sampling train. Prior to leak check and cali-
bration, add new or reconditioned indicating-type silica gel and
new ascarite. Then leak check the system by closing the gas
cylinder valves and excess flow valve; opening the control
needle valve; and turning on the pump. If the rate meter at the
NDIR inlet indicates flow, there is a leak. Check all connec-
tions and fittings for tightness. After the leak check, open the
excess flow valve, shut off the pump, turn on the power, and
allow the analyzer to warm up according to the manufacturer's
instructions. Because the NDIR analyzer is temperature sensi-
tive, allow it to warm up >2 h. When calibrating an analyzer,
follow the manufacturer's instructions for setting the zero and

the up-scale span point.

Calibration of NDIR analyzers may be multipoint checks; zero
and span checks; or a zero check. Multipoint calibration is used
to establish the calibration curve (or relationship) between the
analyzer output and the CO input; this type of calibration is
performed upon receipt of the analyzer, before any sampling
series, and immediately after maintenance or internal adjustments
of theﬂ@nalyzer. Zero and span checks establish whether the
predetefﬁined calibration curve has changed during analysis; this
type calibration is performed at the end of each test series or
at the start and end of eaéh day for continuous sampling that
runs for more than a day. A zero check is used both to establish
whether the analyzer zero has drifted during a téSt and to adjust
the analyzer if it has drifted. The zero check is made before
each sample bag is analyzed for integrated samples. '

Multipoint Calibration =~ The multipoint procedure can be

used for introducing calibration gases to the analyzer and for
plotting calibration curves.

1l
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1. Open the excess flow valve and the control needle
valve, and then turn on the pump. '

2. Open the zero gas cylindér'valve, and adjust the sec-
ondary pressure regulator to deliver 10 pounds per square inch,
gauge (10 psig).

3. Adjust the =zero gas control and the control needle
valves slowly and simultaneously until the excess flow meter
indicates a low rate (to ensure that air is not being pulled back
through the excess flow line by the pump) and until the derived
flow rate is reached at the sample rate meter. Note: Flow rates
of 0.5 to 1.0 2/min are normally recommended; most analyzers are
not sensitive to flow rate changes below 1.0 2/min, but the rate
established at calibration should be maintained throughout the
test series. B

4. Set the anaiyzer Zero by manufacturer's instructions
after a stable reading is established (a minimum of 5 min).

5. Adjust the recorder zero control knob until the trace
corresponds to the line representing 5% of the strip chart width
above the chart zero or baseline to allow for any negative zZero
drift. If the strip chart already has an elevated baseline, use
it for the zero setting. -

6. Mark the strip chart trace at adjusted zero, and record

the data on Figure 2.7.
7. Turn off the zero gas.
8. Open the span gas cylinder valve, and adjust the sec-

ondary pressure regulator to deliver 10 psig.
9. Open the span gas control valve until the excess flow
meter indicates a low flow {(refer to step 3).

10. Check the sample rate meter to assure that the same
flow rate used to zero the analyzer is maintained; if not, adjust
the flow valves. , N /

11. Set the analyzer span by manufacturer's instructions
after a stable trace is established (a minimum of 5 min). Note:
Some analyzers require two or more adjustments of the zero and
the span setting to get desired readings.

16
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Location _Spee 7EsT LaB Date 7-26-86 Operator 7= W/ son

Analyzer number 2¢Z-.  Range 0-/600pw Flow rate /000cc/yy Cell pressure
Zero gas /’\/g Cylinder pressure /sp0 255 Cylinder number , 7674y

Span gas __ z4p Cylinder pressure /<0 &5is Cylinder number ,s<373

60% span gas 445" ppm Cylinder pressure /spo Py Cylinder number /sg37

30% span gas 225 ppm Cylinder pressure /spo psi Cylinder number /<474

Zero control setting 54 Span control setting /92

Recorder type Serial number /z749-g

100

80

60

40

RECORDER REFLECTION

20

l I | ]
0 200 400 600 800 1000

CO IN Nz, ppm

Figure 2.7. Sample calibration curve.
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12. Mark the strip chart trace for the adjusted span, and
record the data on Figure 2.7.

13. Close the span gas cylinder valve and the control
valve, and remove the cylinder from the pressure regulator.

14. Replace the span gas cylinder with the reference gas
cylinder that contains the 60% of span concentration.

15. Open the reference gas cylinder valve, and adjust the
cylinder secondary pressure regulator to deliver 10 psig. Repeat
steps 9 and 10.

ls. Allow a stable trace to be established on the recorder.
DO NOT ADJUST ANALYZER ZERO OR SPAN CONTROL. Mark the strip
chart trace, and record the data on the form.

17. Repeat steps 13 through 16 for the 307 span concen-
tration. '

18. Plot concentration-versus-percentage relationship (Fig-
ure 2.7) after the multipoint calibration is complete.

19. Turn off all gas cylinders, and remove excess flow
valve and rate meter assembly.

The analyzer is now ready for sample analysis.

Zero and Span Checks - Follow this procedure in conducting
the zero and span checks:

1. Attach the excess flow rate meter and excess flow valve
assembly as shown in Figure 2.6.

2. Open the zero gas cylinder valve, and adjust the sec-
ondary pressure regulator to deliver 6.9 Xx lO4 Pa gauge (10
psig).

3. Adjust the zero gas control and the control needle
valves slowly and simultaneously until the excess flow meter
indicates a low flow and the sample rate meter reads the same as
.it did during sampling.

4. Mark.pfhe strip chart trace as "unadjusted zero" and
record the data on Figure 2.8 after a stable zero trace is estab-
lished.
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sS4

Location S ouece Test LAR Operator 7.
Analyzer Qa4 - L Date T-2b6-20
_ Percent
Test Zero Span dif-
Time number | unadjusted [ adjusted [unadjusted | adjusted ference
110151 NR-1 -0.59 | -o- aq9, | 100 A

Figure 2.8.

Example calibration verification record chart.
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5. Adjust theﬁanalyzer zero to the 2zero reading estab-
lished in the multipoint calibration; mark the strip chart trace
as "adjusted zero%; and record the value on the form. |

6. Turn off the zero gas.

7. Open the span gas cylinder valve, and adjust the sec-
ondary pressure regulator to deliver 10 psig.

8. Open the span gas control valve until the excess flow
meter indicates a flow.

9. Check the sample rate meter and be sure that the same
flow rate used to zero the analyzer is malntalned If not,
adjust the flow valves. ‘

lO. After a stable span trace is achieved, label as "un-
adjusted span" and record the value on Figure 2.8.
11. If the unadjusted span value (from the calibration

curve) differs from the span value determined during the multi-
point calibration by more than 110%, reset the span setting. Use
Equation 2-2 to determine the percentage difference between the
two values.

Co. - CO
% difference = —cg X 100 Equation 2-2
s _
where ,
COc = concentration of span gas, and
CO, = concentration of span gas as determined.

Zero Check - A zero check is needed at the beginning of each
integrated sample run and at the beginning and end of each con-
tinuous sampling test. Use the zero check and adjustment de-
scribed above. Record the zero check values on Figure 2.8.




Section No. 3.8.2
Revision No. 0

Date January 4, 1982
Page 18 of 18

TABLE 2.1. ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT

Apparatus

Acceptance 1imits

Frequency and method
of measurement

Action if
requirements
are not met

Metering System

Wet test meter

Capacity >2 £/min;
accuracy t1.0% for
small wet test meter

Calibrate initially
and quarterly by 1i-
quid displacement

Adjust until
specifications
are met, or

technique return to manu-
facturer
Rotameter Clean and maintain by Upon receipt and Adjust and re-
manufacturer's instruc- | after each field calibrate, or
tions; calibrate to trip reject
2%
Barometer 2.5 mm (0.1 in.) Hg Calibrate initially Adjust to
of mercury-in-glass using a mercury-in- agree with
barometer glass barometer and certified
after each field barometer
test
Analysis System
Pitot tube Meth 2, Sec 3.1 Meth 2, Sec 3.1 Meth 2, Sec
3.1

CO analyzer

Multipoint calibration:
3-point (plus zero) to
to establish curve of
analyzer

Calibrate upon re-
ceipt, at the begin-
ning of any test se-
ries, and immediately
after maintenance or
internal adjustment,
calibrate by adjusting
span concentration to
agree with certified
gas concentration

Recalibrate
instrument
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3.0 P_RESA.MPLING OPERATIONS

The quality assurance activities for presampling operations
are summarized in Table 3.1 at the end of this section. (See
Section 3.0 of this Handbook for details on preliminary site
visits.) The Pretest Sampling Checks, Figure 3.1, and Pretest
Preparation Checklist, Figure 3.2, should be completed‘before
leaving for the field test.

3.1 Checking and Calibrating the Apparatus
3.1.1 - Sampling Train - The CO sampling trains, integrated and

continuous, are depicted in Figures 1.1 and 1.2, respectively.
Commercial models are available, or sampling trains can be manu-
factured in house if the apparatus complies with specifications
in the Reference Method (Sectién 3.8.10).

3.1.2 Probe - The probe should be cleaned internally by brushing
first with tap water, then with deionized distilled water, and
finally with acetone. Allow the probe to air dry. The objective
is to leave the probe contaminant free.

The probe should be sealed and then leak checked at a vacuum
of 380 mm (15 in.) Hg. See Section 3.8.1 for leak-check proce-
dures.

3.1.3 Air-Cooled Condenser - The air-cooled condenser should be-

cleaned with tap water, then with deionized distilled water, and
finally rinsed with acetone and allowed to air dry. The objec-
tive is to leave the condenser contaminant free. Leak check the
condenser as described in Section 3.8.1.

3.1.4 Needle Valve and Rotameter - The metering valve and rota-

meter should be cleaned according to the manufacturer's recommen-
dations prior to each field trip or on any sign of erratic behav-
ior. After the rotameter is cleaned, it should be recalibrated
(Section 3.8.2). '

3.1.5 vVacuum Pump - The vacuum pump should be inspected for

damage and leaks before each field trip. Leak test the pump as
described in Section 3.8.1. / L;
Y
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Date 7-//- O Completed by T. Wrillihms
Pitot Tube
Identification number _ 76 3 Date 7-//-8O
Dimensional specifications checked?* v yes ‘no
Calibration required? yes N . no
Date T-//- &0 Cp 0. 8%
Rotameter
Identification number 36T
Calibration required?* v yes no
Barometer
Calibrated?* v yes no

*Most significant items/parameters to be checked.

Figure 3.1. Pretest sampling checks. :,i
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. ' -
_ |_Acceptable Quantity Ready Loaded

Apparatus check

Yes

No

required

Yes No | and packed

Probe

Pyrex glass
Stainless steel

Fllter coiass wooL

4

| BoX

v VES

v YES

Pitot tube

Type ="
Length X
Calibrated*
Differential
pressure gauge

V' YES

Air-cooled con-
denser

Clean Y£S
Leak checked* YES

4 Yes

Needle valve and
rotameter

Clean y&5
Calibrated* S

Barometer

Type ANER(/D
Calibrated* VEs

Pump

Type {%ﬁ@ﬁghgﬂ
Leak checked y£s

\ S

e YES

Flexible bag

Type jzaéég
Leak checked* YES

Evacuated* VES
— e |

/0

v YES

S - -

*Most significant items/parameters to be checked.

Figure 3.2.

Pretest preparation checklist.
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3.1.6 Flexible 339 ;‘$hé flexible bag should be visually inspec-
ted for damage; leak checked; and evacuated before each field
trip. For leak-check procedures, see Section 3.8.1.

3.1.7 Pitot Tube - The presampling operations required pridr to
using the pitot tube in the field are described in Method 2,
Section 3.1; |
3.1.8 Barometer - The field barometer should be calibrated prior
to each field trip as described in Section 3.8.2.

3.2 Packing the Equipment for Shipment

3.2.1 Probe ~ Pack the probe in a case protected by polyethylene
foam or other suitable packing material. Seal and protect the
inlet and outlet of the probe from breakage. An ideal container
is a wooden case (or equivalent) with separate polyethylene-lined
compartments for individual pieces. The case should have handles
or eyehooks that can withstand hoisting and that are rigid enough

to prevent bending or twisting of the devices during shipping and
handling.

3.2.2 Air-Cooled Condenser, Needle Valve, Rotameter, and Vacuum
Pump - The air-cooled condenser, needle valve, rotameter,
and vacuum pump should be mounted securely in a permanent con-
tainer and cushioned (e.g., the pump bolted to the inside of a
wooden box with rubber bushings between the pump and the box
sides). Polyethylene foam can be used to cushion the components.
The container should have handles or eyehooks that can withstand
hoisting and that are rigid enough to prevent bending or twisting
of components during shipping and handling.
3.2.3 Miscellaneous Equipment - Flexible bags, barometer, pitot
tube, CO analyzer (if continuous sampling), and other miscella-
neous equipment needed in the field should be packed conveniently
and securely in containers and labeled (as to contents) for ease
of identification in the field.
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TABLE 3.1. ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS

Operation

Acceptance limits

Frequency and method
of measurement

Action if

requirements
are not met

Apparatus Check
and Calibration

Free of contaminants;

Probe Clean internally by Repeat clean- .
leak free brushing, using tap ing procedure;
water, deionized ‘repair or re-
distilled water, and |place
acetone, air dry;
seal and check for
leaks at 380 mm (15
in.) Hg prior to
field use
Air-cooled Free of contaminants; As above As above
condenser leak free
Needle valve Clean and without signs | Clean by manufactur- | Repair or re-

and rotameter

of erratic behavior

er's recommendations

turn to manu-

prior to each field facturer
trip or at sign of
erratic behavior
Vacuum pump No damage or leaks; Before field trip; Repair or
full ciler jar (if re- | visually inspect for | replace
quired) damage; check oil
level; leak check as
described in Sec 3.8.1
Flexible bag Leak free and evacu- Before field trip; Repair or
ated leak check according | replace
to Sec 3.8.1, and
evacuate
Pitot tube Meth 2, Sec 3.1 Meth 2, Sec 3.1 Meth 2, Sec 3.1
Barometer Agrees +2.5 mm (0.1 Before field trip, Adjust and
in.) Hg with mercury- calibrate against calibrate, or
in-glass barometer barometer (Sec 3.8.1) | replace
(continued) &/[S‘}
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Operation

Acceptance limits

Frequency and method
of measurement

Action 1if
requirements
are not met

Packing Equip-

ment for Ship-

ment

Probe Rigid case; probe pro-.| Before field trip, Repack
tected from breakage pack probe in
suitable container
Rotameter Mounted in permanent Before field trip, Permanently
protective container mount permanently in | mount in
protective container | protective
container
Flexible bag, Packed in secure Before field trip, Repack

pitot tube,
CO0 analyzer,
etc.

container

pack in shipping
container
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4.0 ON-SITE MEASUREMENTS

On~-site measurement activities include transporting equip-
ment to the test site; making duct measurements; conducting a
velocity traverse; determining moisture content of stack gas;
sampling for CO; recording data on appropriate forms; and label-
ing samples and containers for shipping. A clean '"laboratory"
type area free of excessive drafts should be designated for
equipment storage, sample recovery, train assembly, and documen-
tation. | -

Table 4.1 at the end of this section summarizes the quality
assurance activities for on-site measurements. Copies of all
field data forms mentioned in this section are in Section 3.8.12.
The on-site measurements checklist, Figure 4.4 at the end of this
section, provides the tester with a quick method for checking
requirements during sampling.
4.1 Equipment Transport

The most efficient means of transporting equipment from
ground level to the sampling site should be decided during the
preliminary site visit or through prior correspondence. Care
should be taken to prevent injury to test personnel or damage to
the test equipment during equipment transport.

4.2 Sampling

The on-site sampling includes the following steps:
Preliminary measurements and setup.

Preparation and setup of sampling train. »
Preparation of the probe (placing filter in probe).
Connection to electric service.

Leak check of the entire‘sampling train.

Insertion of probe into the stack.

Sealing of the port.

Sampling (continuous or integrated).

W O 3 600 U b W N

Determination of stack gas CO, content. . ,7
Recording of the data. ;/[(W

—
Q
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Upon completion of sampling, a leak check of the sampling
train is required.

4.2.1 Preliminary Measurements and Setup - The sampling site
should be selected in accordance with Method 1. If this is
impossible due to duct configuration or other reasons, the sam-
pling site location should be approved by the administrator. The
site must be acceptable before a valid sample can be taken.
Check for a 115-V, 20-A electrical service; this is adequate to
operate the standard sampling train. Measure the stack ID.
Either determine the minimum number of traverse points (Method 1)
or check the points already determined during the preliminary
site visit. Record all data on the point location form (Section
3.0). These measurements may be needed to locate the pitot tube
and probe during sampling.

4.2.2 Stack Parameters - Determine the stack pressure and tem-
perature; determine the range of velocity heads and the proper
differential pressure gauge for the range; and conduct a leak
check of the velocity pressure system (Method 2). Determine the
approximate moisture content (Method 4. or its alternatives) for
selecting the size of the condenser and the quantity of silica
gel required in the sampling train. If the source has been
tested before, an estimate of moisture based on previous test
data should be sufficient.

Determine the dry molecular weight of the stack gas. 1If an
integrated sample is required, follow the procedures for collect-
ing the sample simultaneously with (and for the same length of
time as) the CO sample, and use the sampling and analytical data
forms in Method 3.

If a traverse is required, select a probe length sufficient
for sampling all points. For large stacks, consider sampling
from opposite sides of the stack to reduce the length of the
probe. Mark the probe with heat resistant tape or by some other
method to denote the proper distance into the stack (or duct) for
each sampling point.
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Select a total sampling time greater than or equal to the
minimum total sampling time specified in the industry test proce~
dures. Selection should assure that the sampling time per point
(1f traverse is required) is >2 min and that the sample volume
corrected to standard conditions exceeds the minimum total gas
sample volume required for that industry. The latter can be
based on an approximate average sampling rate. The number of
minutes sampled at each point (if a traverse is required) should
be an integer or an integer plus one-half minute to avoid time-
keeping errors. In some circumstances (e.g., batch cycles), it
may be necessary to sample for shorter times at the traverse
points and to obtain smaller gas volumes; if so, the adminis-
trator's approval must first be obtained.

4.2.3 Probe and Sampling Train Preparations =~ Prepare the probe
and the sampling train in the laboratory type area. First, place
a loosely packed filter of glass wool in the end of the probe.
(This filter should be changed after each test or after every 4 h
of sampling.) Then if a continuous sample is required, fill the
drying tube with silica gel (minimum of 200 g is recommended),
and fill the CO, removal tube with ascarite. During preparation
and assembly'of the sampling train, keep all openings covéred to
prevent contamination. Just before collecting the sample(bcon-_
nect the probe and the flexible bag or NDIR ‘__analyzer to the
sampling train. o

4.2.4 Continuous Sampling -~ Follow the procedure below to obtain
a continuous sample.

1. Leak check the <train just before sampling by placing a
gauge at the probe inlet and pulling a vacuum of >250 mm (lO‘in.)
Hg. Turn the pump off. Note: The vacuum should remain stable
for at least 30 s; if not, find and eliminate that leak before
slowly releasing the vacuum gauge. This leak check is optional.

2. Connect the NDIR analyzer to electrical service and
allow it to warm up according to the manufacturer's recommenda-
tions (minimum of 1 h). Whenever possible a 2~h warmup ié pre-
ferred.

NGE
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3. Perform a multipoint calibration (Section 3.8.2).

4. Connect the NDIR to the sampling train as illustrated
in Figure 4.1, and insert the probe into the stack at the prede-
termined sampling point.

5. Plug the sampling port to prevent dilution of the stack
gas by in-leakage of ambient air.

6. Immediately adjust the gas flow rate to that recom-
mended by the NDIR manufacturer [must be <1 2/min (0.035 ft3/
min)]. Purge the system by drawing at least 5 times the sampling
system volume through the train or by drawing until the analyzer
reading stabilizes.

7. Record the gas flow rate and the CO concentration on
the field data form for continuous sampling (Figure 4.2).
8. Check the strip chart recorder (if used) for proper
operation:
a. Chart speed control setting,
b. Gain control setting,
c. Ink trace readability,
d. Excess noise, and
e. Proper zero setting.

9. Determine the CO2 concentration (Method 3) simultan-
eously with the CO monitoring.

1o0. Remove the probe from the stack, place a vacuum gauge
at the probe inlet, performsthe leak check (step 1), and record
the leakage rate on the data form (Figure 4.2). This leak check
is mandatory.

11. Disconnect the NDIR, and cap off both ends of the
sampling train.

12. Perform the zero and span calibration (Section 3.8.2)
upon completion of the testing, or once a day if continuous
sampling lasts for more than one 24-h period.

13. Record the new zero and span settings in the comments
section of the data form (Figure 4.2), and record the values on
the strip chart recorder (if used).
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. Figure 4.1.: Continuous sampling apparatus.
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Plant name TRANS AMEE (CA INL.  Date _ 7-23-80
Sample location QUTLET STRIK

Barometric pressure, jwr (in.) Hg 29.20

Ambient temperature, 2€ (°F) _7¢ sStack temperature, 2€ (°F) 05
Intital leak check Vo). d Final leak check O K
Operator 7. Lreson

Rotameter
Clock setting,
time, 2/min CO conc, CO,,
24 h e ppm (dry basis) % Comments
/330 Q.45 L /M Yo 7.¢

Figure 4.2. Field sampling data form for CO (continuous sample).
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4.2.5 Integrated Sampling - Integrated sampling is conducted at
a rate proportional to the stack gas velocity, which has a linear
relationship with the square root of the velocity head (AP).
Following is a recommended method for determining proportional
sampling rates:

1. Conduct a velocity traverse, and determine the maximum
velocity head (AP max) to be sampled.

2. Assign a sampling rate of 0.75 £&/min (C.03 ft3/min) to
AP max.
3. Determine the actual velocity head (AP).
4. Set the sampling flow rate using the following equa-

tion.
. AP 1/2 ‘
Qs = Qm <E§_EEE) Equation 4-1
where v
Qm = maximum sampling rate, 0.75 2/min (0.03 ft3/min),
Qg = sampling rate, £/min (ft3/min),

AP = actual velocity head, mm (in.) H 20, and
AP max = maximum velocity head, mm (in.) H 0.

5. Determine the rotameter setting for the sampling rate
(Qs) from the rotameter calibration curve, and adjust the rota-
meter accordingly.
Using this procedure will ensure that the sampling rate will not
exceed 0.75 2/min (0.03 fta/min), and it will facilitate the
preparation of a table or graph for easy reference pricr to
actual sampling.

Follow the procedure below to obtain an  integrated sample.

1. Leak check the sampling train just prior to sampling by
placing a U tube or inclined manometer at the probe inlet and
pulling a wvacuum of >50 mm (2 in.) H;0. Turn the pump off.
Note: The vacuum should remain stable for at least 30 s. If a
leak 1is found, repair before proceeding; if not, slowly release
the vacuum gauge. This leak check is optional.

2. Disconnect the flexible bag from the sampling train,
and insert the probe into the stack at the sampling point; if a

A\

VY

|
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traverse 1is to be conducted, place the probe at the first point
to be sampled.

3. Plug the sampling port to prevent dilution of the stack
gas by in-leakage of ambient air.

4, Purge the system by turning on the pump and drawing at
least 5 times the sampling system volume through the train, or
purge for 10 min, whichever is greater.

5. Adjust the sample gas flow rate--not to exceed 1 ¢/min
(0.035 £t3/min).

6. Connect the flexible bag to the sampling train (the
connections should ensure a leak-free system), and begin sampling
at a rate proportional to the stack gés velocity for the total
sampling time specified by the standard of performance for the
industry being sampled. The starting time for each test is when
the sample bag is connected.

7. Record all data on the field sampling data form (Figure
4.3).

8. _Determine the co, concentration simultaneously with the
CO monitoring. 1If enough volume will be collected in the flexi-
ble bag, an Orsat analysis for CO2 concentration may be performed
on the flexible bag used to collect the CO sample.

9. Disconnect and seal the flexible bag upon completion of
sampling. Take care not to dilute the contents with ambient air.
10. Turn off the vacuum pump, remove the probe from the

stack, and place a vacuum gauge at the probe inlet.

11. Repeat the leak check (step 1), and record the leakage
rate on the data form (Figure 4.2). This leak check is manda-
tory.

12. Label each sample bag clearly and uniquely to identify
it with its corresponding data form.

4.3 Sample Recovery

Sample recovery should be performed in such a manner as to
prevent contamination of the test sample and maintain sample
integrity. '



Plant name 7paxvs AmMerica

/AL

Sample location (s sr Srack

Barometric pressure, jum (in.) Hg 2920

Ambient temperature, °€ (°F) 2°

Date __ 7-23-80

Initial leak check OF
operator -~ Wi/soN

Final leak check ¢

Stack temperature, _2€- (°F) /P04

Sampling | Clock Rotameter Cco

time, time, | Traverse Velocity head setting, conc, ppm CO,,
min 24 h point (APS),)mw’(in.) H,0 | 2/min (£ft3/min) | (dry basis) %
5 /0:00 / 0.25 0.56 Liran 4 95

Figure 4.3. Field sampling data form for CO (integrated sample).
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4.3.1 Continuous Sample Recovery - Continuous sampling for CO
requires no sample recovery other than an integrated bag sample
for co, .- The integrated method for determination of C02 content
requires no .sample recovery other than making sure the sample is
labeled. The label should clearly and uniquely identify the
sample with the test number, time of sampling and so forth.
(Analysis of this sample is discussed in Method 3, Section 3.2.)
4.3.2 Integrated Sample Recovery - Integrated sample recovery
for CO requires only that the gas bag be capped and properly
labeled. If an integrated sample was obtained to determine the
C:O2 ‘content of the gas stream, it also should be capped and
labeled. The labels should clearly and uniquely identify the
test numbers, times of sampling, and so forth. The cQ, sample
could be the same as that to be analyzed for CO content. Ana-
lysis of the o, sample is discussed in Method 3, Section 3.2.
4.4 sSample Logistics (Data) and Equipment Packing

The sampling and the sample recovery procedures are followed
until the required number of runs are completed. At completion,
perform the following: '

1. Return all samples to the base laboratory; check for
proper labeling (time, date, location, number of each test, and
other pertinent documentation). -

2. Duplicate all data'recorded during the field test by
using carbon paper or by using data forms and a laboratory note-
book. One set of data should be mailed to the base laboratory,
given to another team member, or given to the agency; the other
should be handcarried to prevent costly and embarrassing mis-
takes.

3. Examine all samples and sampling equipment for damage
and properly pack for shipment to the base laboratory. Properly
label all shipping containers to prevent loss of.- samples or
equipment.

The postsampling operations--apparatus checks, sample anal-
ysis, and calculations--are discussed in the next two sections.
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Continuous Sampling

Leak check prior to sampling (optional) (LD

NDIR allowed to warm up (1 h minimum)¥* J_)
Multipoint calibration curve constructed* (L)
1/

Sample port plugged

Sample flow rate properly set (manufacturer recommended and
<1 g/min)* __ /4000
7

Sample system properly purged*
Posttest leak check (mandatory)* la L
[

All data properly recorded#* 14200

CO, concentration determined* oﬁ%AnJ

Integrated Sampling

Sampling rate selected for integrated sampling
Leak check prior to sampling (optional)
Sample port plugged

Sample train purged (5 times system volume or 10 min)*
Flexible bag properly sealed and labeled*
Posttest leak check (mandatory)*

All data properly recorded*

CO, concentration determined#*

*Most significant item/parameters to be checked.

. -
Figure 4.4. On-site measurements checklist. J(C'
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TABLE 4.1. ACTIVITY MATRIX FOR ON-SITE MEASUREMENTS

Action if
Frequency and method |requirements
Apparatus Acceptance Timits - of measurement are not met
Assembling Meets specifications Before each sampling |Reassemble
sampling in Fig 1.1 or Fig 1.2
train
Continuous Leak checked, no de- Leak check the Correct the
sampling flection on a vacuum system; calibrate the |leak; repeat the
gauge for a 30-s NDIR before each sampling; re-
C0, determination, test, and after each |calibrate; re-
(Sec 3.8.1) leak check |[test run, or once a peat the sam-
after sampling, (same day (Sec 3.8.2); pling
as above) Teak check after
sampling (mandatory)
Integrated Leak checked, no de- Leak check the system;|Correct the
sampling flection on a vacuum leak check after leak; repeat the
gauge for a 30-s period; [sampling (manda- sampling
C0, determination, tory)
sample volume, (Meth 3)
minimum time and volume
determined by applicable
standard of performance;
leak check after sam-
pling (no deflection on
-a vacuum gauge for
30-s); sample propor-
tionally to stack gas
velocity for the spec-
ified length of time
Sampie logis- A1l data recorded cor- |After each sampling Complete the
tics (data) rectly; all equipment and before packing data; -repeat
and packing checked for damage, and |for shipment, sample if
of equipment| 1labeled for shipment; visually check damage occurred;
all sample containers correct if
properly labeled and possible
packaged |
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5.0 POSTSAMPLING OPERATIONS

Table 5.1 at the end of this section summarizes the quality
assurance activities for postsampling operations.
5.1 Apparatus Checks

Posttest checks must be made on most of the sampling appa-

ratus. Record the data from the zero and span checks of the NDIR
(continuous sampling only) and from the calibration, cleaning,
and/or routine maintenance (Section 3.8.7) of the rotameter on
Figure 5.1. '
5.1.1 Rotameter - Calibration of the rotameter used during
sampling should be verified by a posttest check which is similar
to the initial calibration (Section 3.8;2) with the following
variations: - )

1. The metering system should not have had any leaks
corrected prior to the posttest check.

2. only two flow rate checks need to be made. If the
rotameter calibration factor (Yr) does not deviate >10% from the
initial calibration factor, the rotameter operation is accept-
able; if it does, the rotameter should be cleaned and recali=-
brated (Section 3.8.2), but no calculations need bé corrected.
Record all required data on Figure 5.1.

5.1.2 NDIR Calibration Check (Continuous Sampling Only) - Cali-
bration of the NDIR analyzer used during sampling must be checked
upon completion of the testing period. Use the zero and span
checks (Section 3.8.2). If the span check deviates more than
+10% of the pretest span value, void all data back to the last
acceptable calibration check.

5.2 Analysis Checks (Integrated Sampling Only)

The analyst should be familiar with the NDIR analyzer and
its calibration procedure in order to obtain a precise and accu-

rate analysis of samples and should use the analysis section of
Figure 5.1 for a quick check of requirements during analysis of
integrated samples. //
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NDIR
Posttest zero check adjusted value /02
Posttest span check* . within $10% of pretest calibration
Recalibration required? yes e no

If yes, void all data back to the last calibration check that
was within the $10% limit

Rotameter

Pretest calibration factor, Y. 0.99 within #5%

Posttest check, * Yr .99 within 110% of pretest

Recalibration recommended? yes v no
If performed, recalibration factor, Yr (Yr not used for
emission calculations)

Rotameter cleaned? — yes no

Analysis (Integrated Samples)

Calibration gases traceable to NBS~SRM or CRM standard gas* éggg
NDIR allowed to warm up (1 h minimum)*
Multipoint calibration curve constructedx 12.0)

Sampling lines and analyzer properly purged (5 times system
volume or 10 min)*

Three successive readings made from each bag
Highest and lowest values differ by <5% %ga)

*Most significant items/parameters to be checked.

Figure 5.1. Posttest sampling checks.
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5.2.1 Calibration Gas Values - Concentrations of CO in the zero
gas and in the calibration gases are determined as described in

Section 3.8.2. The concentrations reported by the manufacturer
should be traceable to an NBS-SRM or CRM standard gas.

5.2.2 NDIR Sample Values - After the analysis system is assem-
bled according to Figure 2.6, use the following procedure to
check the CO values:

1. Turn on the NDIR and allow it to warm up according to
the manufacturer's recommendations (minimum of 1 h).
2. Perform a multipoint calibration (Section 3.8.2, Sub-

section 2.2.1).

3. Connect the flexible bag to the NDIR (Figure 5.2), and
purge the sample lines and analyzer either by drawing at least 5
times the system volume through the system or by purging for 10
min whichever is greater. B

4. Record at 1least three successive CO concentrations
determined by the NDIR and the calibration curve (step 2). Note:
The highest and lowest values should not differ by >5%.

5. Perform the zero and span checks (Section 3.8.2).

‘6. Repeat steps 3 through 5 for each bag sample.

Analyze the CO, integrated samples‘according to Method 3, Section
3.2. ‘
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Figure 5.2. Integrated sample analytical
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ACTIVITY MATRIX FOR POSTSAMPLING OPERATIONS

Frequency and method

Action if
requirements

Apparatus Acceptance limits of measurement are not met
Sampling
Rotameter Within £10% of de- Make two independent | Clean and

sired flow rate

checks (Sec 3.8.2)

recalibrate

NDIR (contin-
uous sampling

Within #10% of pretest
calibration

After testing, check
zero and span values

Recalibrate
and void alil

only) (Sec 3.8.2) data back to
last accept-
able check
Analysis (inte-
grated sample
only)
Calibration Traceability to NBS- Sec 3.8.2 Return to
gases SRM or CRM performed supplier
by manufacturer accord-
ing to Protocol No. 1
Sample values Values within 5% of Make at least three Repeat the
each other successive determina- | analysis
tions for each bag
sample for CO and
Co,
/’
It
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6.0 CALCULATIONS

Ccalculation errors due to mathematical mistakes can be a
large part of total system error. Therefore, each set of calcu-
lations should be repeated or spotchecked by a team member other
than the one who performed them originally. If a difference
greater than a typical round-off error is detected, the calcula-~
tions should be checked step by step until the source of error is
found and corrected. Table 6.1 at the end of this section sum-
marizes the quality assurance functions for calculations.

A computer program can be advantageous 1in reducing calcula-
tion errors. 1If a standardized computer program is used, check
the original data entries; if differences are observed, make a
new computer run.

Carryout calculations, retaining at least one decimal figure
beyond that of the acquired data. Roundoff the final calcula-
tions to two significant digits for each run or sample in accord-
ance with the ASTM 380-76 procedures. Record the results on
Figure 6.1.

6.1 Nomenclature

The following nomenclature is used in the calculations. .
c ‘

COgtack = concentration of CO in stack, ppm by volume (d4dry
basis),
cCONDIR = concentration of CO measured by NDIR analyzer,
ppm by volume (dry basis},
FCO2 = volume fraction of Cco, in sample (i.e., %CO, from

Orsat analysis divided by 100).
6.2 Calculations

The CO content (ppm) is measured by NDIR on a dry basis,
after the CO2 content of the sample gas has been removed. This
NDIR measurement must be corrected for the CO2 content (%) re-
moved. |

;‘H{CQ
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Plant /I’ / e . Date 7-23-80
Sample location Qg[d J‘QAQ
Test number /
Bag number [0]

Operator ,,2 u./gg.b_éq

CO Concentratiocn

COwpir ° - jf!?ppm (dry basis).
Feo, =_9.0%+:100=0.049.
c _c F
“Ogtack = Onprr (1 - "€0,).
=_%0(1 -0.090) = 3(.4ppm (dry basis).

Errors:

Figure 6.1. Carbon monoxide calculation form.
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Use Equation 6-1 and the data from Figure 6.1 to correct the
NDIR reading.

co co ). Equation 6-1

COxDIR 2

stack

TABLE 6.1. ACTIVITY MATRIX FOR CALCULATION CHECKS

Action if
Frequency and method | requirements
Characteristics | Acceptance limits of measurement are not met
Analysis data A1l data and calcula- Visually check Complete the
form tions shown on Fig 6.1 missing data
Calculations Difference between Repeat all calcula- Indicate any
check and original tions starting with errors on
“calculations less than | raw data for hand Fig 6.1
or equal to round-off calculations; check
error all raw data input

for computer calcu-
lations, and hand
calculate using one
sample per test
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7.0 MAINTENANCE

Normal use of equipment subjects it to corrosive gases,
temperature extremes, vibrations, and shocks. Keeping the equip-
ment in good operating order over an extended period of time
requires not only knowledge of the equipment but also routine
- maintenance. Maintenance of the entire sampling train should be
performed gquarterly or after 2830 2 (100 ft3®) of operation,
whichever occurs first. Maintenance procedures for system com-
ponents are summarized in Table 7.1. The following procedures
are recommended, but not required, to increase the reliability of
wéquipment. ‘ ‘

7.1 Pumps

Several types of pumps are used in commercial sampling
trains. Two of the most common are the fiber vané pump with
in-line oiler and the diaphragm pump.

The fiber vane pump requires a periodic check of the oil and
the oiler jar. The used oil (usually 10W nondetergent or machine
weight) should be essentially the same translucent éolor as the
unused or spare oil, and the jar should be no less than half full
and leak free. When the fiber vane pump starts to run errati-
cally or when the head is removed each year, the fiber vanes
should be replaced. J o

The diaphragm pump requires little maintenance. If the pump
runs erratically, it is normally due to a bad diaphragm or mal-
functions in the valves; these parts are easily replaced and
should be cleaned annually by complete disassembly of the train.

7.2 Rotameter

A rotameter should be disassembled and cleaned according to
the manufacturer's instructions using the recommended cleaning

@

fluids annually or more often if erratic behavior occurs.
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The CO analyzer comes with a manual that specifies mainte-

nance procedures and how often each should be performed.

Follow

the manufacturer's recommendations, and call an experienced field
service representative if internal adjustments are needed.

7.4 Other Sampling Train Components

All other sampling train components (probe, flexible bag,
etc.) should be visually checked gquarterly and completely disas-

sembled and cleaned or replaced yearly.

Many of the items (e.qg.,

quick disconnects) should be replaced when damaged rather than

checked periodically.

is to replace a component.

Normally the best procedure in the field

TABLE 7.1. ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE

Apparatus

Acceptance limits

Frequency and method
of measurement .

Action if

‘requirements

are not met

Fiber vane pump

In-Tine oiler free of
leaks and at least half

full

Periodic check of oil
and oiler jar; remove
head and change fiber
vanes yearly

Replace or
refill oiler jar
as needed

‘Diaphragm pump

Leak-free valves;
diaphragm function-
ing properly

Clean valves during
yearly disassembly or
upon erratic behav-
ior

Replace if
cleaning will
not correct the
malfunction

Rotameter

Clean; no erratic
behavior

Clean by manufactur~

er's recommendations

yearly or upon errat-

" i¢c behavior

Replace

NDIR analyzer

Clean; no erratic

" Follow manufacturer's’

Call service

behavior recommendations representative
for expert
repair
Sampling train | No damage; no erratic. Visually check every | Repair or

components

behavior

3 mo; completely dis-
assemble and clean or
replace yearly

replace with
spare component
if in the field
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8.0 AUDITING PROCEDURE

An "audit" is an independent assessment of data gquality.
Independence is achieved by using standards and equipment that
are different from those used by a regular field crew. Although
routine quality assurance checks conducted by a field team are
necessary in generation of good quality data, they are not con-
sidered as part of the auditing procedure. Table 8.1 at the end
of this section summarizes the quality assurance activities for
auditing.

Based on the results of collaborative tests of Method 10,?
two specific performance audits are recommended:

1. Audit of the analysis phase of Method 10.

2. Audit of data processing. '

In addition to these performance audits, it is suggested
that a system audit be conducted as specified by the quality
assurance coordinator. The two performance audits and the system
audit are described below in Subsections 8.1 and 8.2.

8.1 Performance Audits

Performance audits are conducted by the auditor to quantita-
tively assess the quality of data produced by the total measure-
ment system (sample collection, sample analysis, and data pro-
cessing). Due to the limited sizes of most emission~-testing
companies, it is recommended that these audits be performed by
the responsible control  agency once during every enforcement
source test, regardless of whether the tests are conducted by
agency or private company personnel. A source test for enforce-
ment comprises a series of runs at one source.

8.1.1 Audit of Analysis Phase - An accuracy assessment should be
made on the analytical phase by means of a cylinder gas audit as
follows: |




Section No. 3.8.8
Revision No. O

Date January 4, 1982
Page 2 of 7

1. Challenge the analyzer with an audit gas of known
concentration at two points. Audit Point 1 should be within 45
to 55% of analyzer full span and audit point 2 should be within
85 to 95% of analyzer full span.

Use a separate audit gas cylinder for audit points 1 and 2.
Do not dilute gas from the audit cylinder when challenging the
analyzer.

The analyzer should be challenged at each audit point for a
sufficient period of time to assure adsorption-desorption of the
system surfaces has stabilized.

2. Operate each analyzer in its normal sampling mode,
i.e., pass the audit gas through all filter, scrubbers, con-
ditioners, and other analyzer components used during normal
sampling and as much of the sampling probe as is practical.

3. Use audit gases that have been certified by comparison
to NBS-SRM or gas manufacturer's (CRM) following EPA Traceability
Protocol No. 1. As an alternative to Protococl No. 1 audit gases,
CRM may be used directly as audit gases. A list of gas manu-
facturers that have prepared approved CRM's is available from EPA
at the following address:

U.S. Environmental Protection Agency

Quality Assurance Division (MD-77)

Research Triangle Park, North Carolina 27711
Attn: List of CRM Manufacturers:

The differences between the actual concentration of the
audit gas and the concentration indicated by the analyzer is used
to assess the percent accuracy (%A) of the test data as shown in
Figure 8.1. If the %A for an audit point is not within limits,
challenge the analyzer with the same concentration to verify the
response. ' ’

The calculated %A should be within *15%. Results of the
calculated %A should be included in the enforcement source test
report as an assessment of accuracy of the analytical phase of
Method 10 during the actual enforcement source test.
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Tester R HowkS source "Richards T e

Analyzer Acme. Hodel () Range o= |00 Do
Analyzer serial number HO- A5 — O
| ;‘la.,\T QO

Concentration =ZaD.X5%2 9T
2 A
PP ™

Auditor & <Auvnfes S Date
Cylinder ID T E 159G |

Remarks

Audit cylinder Analyzer response Percent accuracy,
conc (Cny),. PPM (Cog )y PPM (%R) . %*
20 304 5.0
S8R 560 3.8
Q0= vL3 4 &
(Capn)pm = (Crp)
*p = CO o, co'a 100.
Co’a
Figure 8.1. Example of an audit summary report. ({\1

\
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If the audit indicates that the analyzer is out of toler-
ance, corrective action must be taken.

If the analysis is to be performed in the laboratory (inte~

grated sampling only), the above audit ptrocedure can be used for
a pretest audit (optional).
8.1.2 Audit of Data Processing - The data reduction process in-
volves reading a strip chart record, calculating an average, and
transcribing or recording it. The data thus obtained can be com-
pared to the calibration curve as an independent check of the
entire data reduction process or, the audit may be accomplished
by providing the laboratory team with specific data (exactly as
would occur in the field) and requesting that copies of the data
reduction be returned to the evaluator.

When a difference between the originals and the audits on

data reduction and calculations exceeds round-off error, all data
from the source test should be checked, and the errors should be
clearly explained to the team to prevent or minimize reoccur-
rences.
8.2 System Audit

A system audit is an on-site qualitative inspection and
review of the quality assurance activities used by the test team
to evaluate the total measurement system (sample collection,
sample analysis, data processing, etc.). Initially, a system
audit specified by. a gquality assurance coordlnator should be
conducted for each enforcement source test, which by definition
comprises three runs at one source. After the team gains experi-
ence, the frequency of audit may be reduced--for example, to once
every four tests.

The auditor (i.e., the person performing the system audit)
should have extensive background experience in source sampling
and more specifically, with the measurement system that he is
auditing. The functions of the auditor are summarized in the
following:

1. Observe procedures and techniques of the field team
during sample collection.
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2. Check/verify the records of apparatus calibration and
the quality control charts used in the laboratory analysis.

3. Record the results of the audit and forward them with
comments on source team management to the gquality assurance
coordinator so that any needed corrective actions may be imple-
mented.

The auditor should observe the field team's overall perform-
ance of the source test. Specific operations to observe should
include, but not be limited to:

1. Setting up and leak testing the sampling train.

2. Use of proper zero and span gases.

3. Purging of sampling train.

4. sampling rate (constant or proportional).

5. Sample recovery and preparations for shipment, if
applicable.

Figure 8.2 is a suggested checklist form for use Dby the
auditor in developing his/her own list of important techniques/
steps to observe.
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es no comment

e

OPERATION

| ]

K Kk

Presampling Preparations

Knowledge of process conditions
Traceability of calibration gas
established

Callbratlon of pertinent equlpment
in particular, the NDIR

NEGEAN
| |

W o ~Jo K

On-Site Measurements

Leak test of sampling train

NDIR warmup per manufacturer's
recommendations

Purging the train prior to sampling
Proportional sampling

Frequency of zero and span checks
Drying agents checked and replaced
frequently

A
|

10.
11.
12.

Postsampling

Transfer and handling of sample
Data reduction procedure/check
Calibration checks

GENERAL COMMENTS:

Figure 8.2. Method 10 checklist to be used by auditors.
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ACTIVITY MATRIX FOR AUDITING PROCEDURES

Audit

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Performance
Audit

Analysis phase

(Cegdn

Once during every

Review opera-

0.85 < T <1.15 source test,mea- ting and cali-

CCO)a sure reference bration tech-
(CCO)m = analyzer re- sample and compare niques/proce-

sponse, ppm, to the true value dures

(CCO)a = concentration

of audit cylin-

der, ppm

Data processing | Original and check re~ |Once during every Check and

sults agree within
roundoff error

source test; perform
independent data
reduction and cal-
culations

correct all
data for the
test series

System Audit

Observance of
techniques

Operation technique as
described in this sec-
tion of the Handbook

Once during every
source test until
experience gained,
and then, every
fourth test, observe
techniques; use
audit checklist

(Fig 8.2)

Explain to

team any
deviations

from recom-
mended tech-
niques; record
data and com-
ments on Fig 8.2
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY

To achieve data of desired quality, two considerations are
necessary:

1. The measurement process must be in a state of statisti-
cal control.

2. The systematic errors, when combined with the random
variations (errors of measurement), must result in a suitably
small uncertainty.

To ensure good data, it is necessary to perform quality control
checks and independent audits of the measurement process; to
document the data by quality control charts (as appropriate); and
to use materials, instruments, and procedures which can be traced
to a standard of reference. .

 The working calibration standards should be traceable to
primary or higher level standards such as the two listed below.

1. A wet test meter (2~-2/min capacity) with a %1% accuracy
verified by liquid displacement, as described in Section 3.8.2.

2. NBS-SRM and gas manufacturers CRM gases are considered
primary standards.

9.1 Traceability Protocol for Establishing True Concentration of

CO Gases used for Calibration and Audit

The traceability protocol described in this section is
intended to minimize systematic and random errors during the
analysis of calibration and audit gas standards and to establish
the true concentrations by means of National Bureau of Standards,
Standard Reference Materials (NBS-SRM's) or certified reference
materials or other NBS traceable gases.

Performance standards promulgated3’%’S by the U.S. Environ-
mental Protection Agency (USEPA) for stationary sources require
continuous monitoring systems for specified pollutants. Extrac- -
tive continuous monitoring systems for gaseous pollutants must be

calibrated and audited using gas standards that are accurate and -
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stable. Traceability requires direct comparisons between the
calibration and audit gas standards and either an NBS-SRM or a
certified reference material or a gas manufacturer's primary
standard (GMPS) which is referenced to an NBS-SRM. All compari-
sons are made using an instrument calibrated with applicable
NBS-SRM's. Traceability must be performed by the gas standard
manufacturer at the time of purchase; reanalysis to verify trace-

ability may be performed by the gas standard manufacturer or by
the user.

9.2 Estéblishing Traceability of Commercial Cylinder Gases to

NBS=SRM Cyvlinder Gases

The following procedures for periodic multipoint calibra-~
tions and daily instrument span checks are prescribed to minimize
systematic errors. Separate procedures for instrument span
checks are described for linear and nonlinear instruments. To be
linear, the difference between the concentrations indicated by
the calibration curve and the straight line drawn from the point
determined by the zero gas to the highest point determined by
calibration must not exceed 2% of full scale at any point on the
curve. A list of NBS-SRM CO cylinder gases recommended for
traceability of commercial cylinder gases is shown in Table 9.1.

TABLE 9.1. NBS-SRM CARBON MONOXIDE (CO) GASES AVAILABLE
FOR TRACEABILITY AND AUDIT OF CO GAS STANDARDS

NBS-SRM Size . Nom1nal
__number Type £ at STP concentrations
16776 CO in N, 870 10 ppm

1678b CO in Ny 870 50 ppm

16790 CO in N, - 870 | 100 ppm

1780a CO in Ny 870 500 ppm

1681a CO in N, 870 | 1000 ppm
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9.2.1 Multipoint Calibration - A multipoint calibration curve
should be prepared monthly by using two SRM cylinder gases and
the zero gas. The zero gas must contain <0.2% of the full-scale
concentration of the component being analyzed, and it must be
free of any impurity that will cause a response on the analytical
instrument.

Multipoint calibration is accomplished by using a calibra-
tion flow system to dilute the SRM of hlghest concentration with
the zero gas.

1. Read the responses for six points displaced from 0 to
100% of the instrument's full scale.

2. Plot the data, and draw the calibration curve.

3. Read the response for the SRM of lower concentration
without dilution.

4. Compare the apparent concentrations from the calibra-

tion curve to the true concentration of the lower SRM. Note: 1If

the difference between the apparent and the true is >3% of the
true concentration, repeat the multipoint calibration procedure.

5. Test the calibration curve for linearity. Proceed to
either Subsection 9.2.2 or 9.2.3.

9.2.2 Instrument Span Check for Linear Responses =~ The span
check should be performed at the start of each day that cylinder
gases are to be analyzed.

1. Read the instrument's response to the highest SRM (or
GMPS) in the range to be used and check the response to the zero
gas.

2. Adjust the response to the value obtained in the most
recent multipoint calibration, and proceed to Subsection 9.3.
Note: Cylinder gases analyzed with a linear instrument must not
have a concentration >15% above the highest available SRM concen-
tration.

9.2.3 Instrument Span Check for Nonlinear-Response - The span
check should be performed at the start of each day that cyllnder
gases are to be analyzed. <lf)5
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1. Read the instrument's responses to two SRM's (or
GMPS's) in the range of calibration gases to be analyzed, and
check responses to zero gas.

2. Set the instrument's zero with the zero gas, and adjust
its response to the highest SRM (or GMPS) to the value obtained
in the most recent multipoint calibration.

3. Read the response to the lower SRM (or GMPS). Note:
If the response to the lower SRM (or GMPS) varies by >3% from the
response in the most recent multipoint calibration, a full multi-
point calibration must be performed (Subsection 9.2.1); other-
wise, proceed to Subsection 9.3. Calibration gases analyzed with
a nonlinear instrument must not have a concentration greater than
the highest available SRM concentration.

9.3 Determining True Concentrations of Cylinder Gases

Direct comparison of the cylinder gas to an SRM (or GMPS)
should compensate for variations in instrument responses between
the daily span check and the analyses; significant variations in
responses often result from changes in room temperature, line
voltage, and so forth. Analyses in this procedure should be per~
formed in triplicate (3 pairs) to expose erroneous data points
and excessive random variations in instrument responses.

After the gas cylinder has been filled, wait a minimum of 4
days before beginning the following procedure. If necessary,
adjust the instrument span prior to the analyses, but do not
adjust it during the triplicate analyses.

1. Compare each cylinder gas directly with the nearest SRM
(or GMPS) by taking alternate readings of the SRM and calibration
gas responses in triplicate. Note: The response to zero gas
must be read frequently so that the change in successive zero
responses are not >1% of full scale.

2. For each of the six readings, determine the apparent
concentration of the SRM (or GMPS) or cylinder gas by referring

(o

to the calibration curve.
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3. For each pair of readings--one SRM (or GMPS) and oﬁe
cylinder gas, calculate the true concentration of the cylinder
gas by using Equation 9-1:

True conc of cyl gas =

true conc of SRM (or GMPS)]
appar conc of SRM (or GMPS)J°~

Equation 9-~1

[appar conc of cyl gas] X [

4. Determine the mean of the three values to get the true
concentration of the cylinder gas. Note: 1If any one of the
three values differs from the mean by >1.5%, discard the data,
reset the instrument span (if necessary), and repeat steps 1
through 4.

9.4 Using Gas Manufacturer's Primary Standards

Gas manufacturer's primary standards (GMPS) are gas mixtures
prepared in pressurized containers and analyzed against SRM
cylinder gases. VUsing GMPS's instead of SRM's will help to
conserve SRM's where large gquantities of cylinder gases are
analyzed. A GMPS may be used for instrument span checks (Subsec-
tions 9.2.2 and 9.2.3) and for cylinder gas analyses (Subsection
9.3) if the following conditions are met.

1. A GMPS must have been analyzed against SRM cylinder
gases as described in Subsections 9.2 and 9.3 within 30 days of
their use‘for cylinder gas analysis, and should be compared on
the days that instrument multipoint calibrations are performed.

2. A GMPS must not have changed in concentration by >1%
per mo (average) for the 3-mo period prior to use for cylinder
gas analysis.

In no case may a GMPS be substituted for an SRM in multipoint
calibrations (Subsection 9.2.1).

9.5 Verifing Cylinder Gas Stability

The stability of each cylinder gas should be verified by a
second set of triplicate analyses (using the procedure in Subsec=-
tion 9.3) a minimum of 7 days after the first set of triplicate

607

)
/
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analyses. The mean of the second triplicate analyses must not
differ from the mean of the first triplicate analysis by >1.5%.

9.6 Reanalyzing Cylinder Gases

Either the gas manufacturer or the user must reanalyze the
cylinder gas every 6 mo from the last analysis date by the pro-
Cedure in Subsection 9.3. Cylinder gases used for audits may
need to be analyzed more often than every 6 mo.

9.7 Minimum Cylinder Pressure

No cylinder gas with pressure <200 psi, as shown by the
cylinder gas regulator gauge, should be used.

9.8 Labeling the Cylinder and Preparing the Analysis Report

Each gas cylinder should have the following minimum trace-
ability information either on a gummed label affixed to the
cylinder wall and/or on a tag attached to the cylinder valve:

1. Cylinder number.

2. Mean concentration of cylinder gas, ppm or mol¥%.

3. Balance gas used.

4. Last analyéis date.

5. Expiration date (6 mo after last analysis date for

reactive gases, and 12 mo after for diluent gases).

A written analysis report certifying that the cylinder gas
has been analyzed according to the protocol described in this
section should contain the following information:

1. Cylinder number.
2. Mean concentration of cylinder gas (ppm or mol%) on
.last analysis date. '

3. Replicate analysis data.

4. Balance gas used.

5. Numbers of NBS-SRM's used.

6. Analytical principle used.

7. Last analysis date. Y

(0
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The user should maintain a file of all analysis reports for 3 yr.

9.9 Conducting Performance Audits

The USEPA will initiate a national performance audit program
of cylinder gases prepared by this protocol. Cylinder gases
prepared following the protocol will be obtained (directly or
indirectly) by the USEPA and analyzed in their laboratory for
accuracy compared to the gas manufacturer's reported concentra-
tion.
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10.0 REFERENCE METHODZ

" METHOD 10——DETERBINATION OF Carnon Mon-
OXIDE EMISSIONS FROM STATIONART SOURCES

1. Principle and Applicadility.

1.1 Principle. An integrated or continuous
g5 sample Is extracted from a sampling poiat
and anslyzed for carbon monoxide (CO) cone
tent using a Luft-type nondlspersive infra-
red onslyzer (NDIR) or equivalent. )

- 12 Applicability. This method is appli-
:cAble for the determination o! carbon mog-

. oxlde emisaions from stationary sources only

when specified by the test procedures for
dotermining compliance with new source

- performance standards. Tas test procedure

will indicate whether s continuous-or an
“1ntegrated sample i3 to be used.

2. Ronge and sensitivity.

2.1 Range. 0 t0 1,000 ppm.

2.2 Sensitivity, Minlmum detectadle con-

centration is 20 ppm for a 0 t0 1,000 ppm
span.

3. Interferences. Any substancs having &

v-strong absorption of infrared energy wiil

~interfere to some exteat. For example, dise
-erimination ratlos for water (R.,0) and car-
bon dioxide (CO,) are 3.5 percent H.O per
"7 ppin CO and 10 percent CO, per 10 ppm
CO, respectively, for devices measuriag i e
1,500 to 3,000 ppm range. For devices mess=
uring in the 0 to 100 ppm range, interference
ratios can be as high as 3.5 percent E.O per
25 ppm CO snd i0 perceat CO, per 50 ppm

= GO, The use of silica gel and sscarite traps

will alleviate the major interference prob-
lams. The measured gas volume must he
- oorTected if these traps are used.
4. Precision and sccuracy. )
4.1 Precision. The precision of most NDIR
akalyrers is approximately +2 percent of

span.
42 Adccuracy. The accuracy of most NDIR

- analyzers is approximstely 8 percent of

span after calibration,

8. Apparatus.

8.1 Continuous sample (Figure 10-1).

8.1.1 Probe. Stainless steel or shesthed
Pyrex 1 glass, equipped with » filter 10 remove
particulate matter,

5.1.2 Air-cooled condenser or equivalen?.
To remove any excess moisture.

B2 Iniegrated sample (Pigure 10~2).

52.1 Probe, Stainless steel or sheathed
Pyrex glass, equipped with s filter to remove
particulate matter,

82.2 Air-cooled condenser or equivalent.
T'o remove any excess moisture.

§3.3 Valve. Nesdie valve, or equivalent, to
to aljust flow rate.

524 Pump. Leak-free diaphragm type, or
equivalent, to transport gas.

£2.5 Rate meter. Rotamerer, or equivalent,
10 measure & Sow range from 0 to 1.0 liter
per min. (0.035 efm).

832.6 Plezidle bag. Tedlar, or equivslent,
with e capacity of 60 to 90 liters (2 10 $ 1£9),
Lesk-test the bag In the laboratory befors
asing by evacuating bag with s pump fol=-
lowed by & dry gas meter. When evacuation
i complete, there should be no fiow tarough
the meter.

AR-CO0LLD CONDINI(R

Pigwe 151, Canliwms sangiisg vale,

N
aaraia

'Ilnc 153, siograley pas-sanpilng innis,

52.7 Pitot tube. Type S, or equivalent, ate
tached w the probe s0 that the sampling
Tale can Dbe regulated proporiional %o the
tick gas velocity when velocity is varying
with the time or a sample traverse ia cone
ducted.

53 Analysis (Figure 10-3).

i Mention of trade names or specific prod-
ucts does ROt constitute endorsemant dy the
Envizronmental Protection Agency.

qraken from Federal Register, Protection of

Environment, Parts 50-69, page 790~792,

July 1, 1975.


US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 10 rather than the method presented.


83.1 Carbon monozide anglyzer. Nondisper-
sive infrared aspectrometer, or equivalent.
This {ostrument should be demomstrated,
preferably by the manufacturer, to meet or
exceed manufacturer's specifications sand
those described in this method.

833 Drying tube. To contain approxi-
mately 200 g of sllica gel.

8.3.8 Calidration gas. Refer to Daragrsph
6.1,

83.4 Filter. As recommended by NDIR
manufacturer.

§3.6 CO, removal tudbe. To contain spproxie
mately 500 g of ascarite.

5.3.6 Ice water dath. For ucante and silics
gel tubes. -

5.3.7 Valve. Needle valve, or equivalent, to
adjust fiow rate

5.3.8 Rate meter. Rotameter or equivalent
10 measure gas flow rate of 0 to 1.0 liter per
wmin. (0.036 ctm) through NDIR.

53.9 Recorder (optional). To provide per~
manent record of NDIR resdlngs.
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Figwe 103, Assipiial Mpipmnl,

6.1 Calibration gases. Known concentration
of- CO in nitrogen (N,) for instrument span,:
prepurified grade of N, for zero, and two addi-
tional copcentrations corresponding approxi=
naatsly to 60 percant and 30 percent span, Tue
span concentration shali not exceed 1.5 times
the applicable source performance standard.
The calibration gases shall be certified dy
the manufactursr tc be within ==2 percant
of the specified concentration. :

6.2 Silice gel. Indicating typs, € to 18 mesh,
dried at 175° C (347° P) for 2 hours.

6.3 Ascarite. Commercially available.,

7. Procedure,

7.1 Sampling.
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7.1.1 Continuous aampling. Set up the
equipment ss shown in Pigure 10~-1 making
sure all connections ars leak free. Place the
probe in tae stack at » sampling point and
purgs the sampling iine: Connect the anse~
ly2er and begin drawing sample into the
ansliyzer. Allow § minutes for the system
to stabUize, then record the snalyzer resad-
ing a8 required by the test procedure. (See
173 and 8). CO, content of the gas may be
determined by using the Method 3 inte-
grated sample procedurs- (36 FR 24886), or
by weighing tbhe ascarite CO, removal tube
and computing CO, coneemrn\on from the
gas volume sampled and tho welgh: galn
of the tube,

7.12 Integrated aampli'ng. ‘Evacuate’ tha
flexible bag. Set up the equipment ss shown .
in Figurs 10-2 with tbe bag- disconnected.
Place the probe in the stack and purge the .
sampling line. Connect the bag, making sure
that all connections sre leak free. Sample at
& rate proportional to the stick velocity.
CO, content of the gas may be determined

by using the Method 3 integrated ‘simple

procedures (36 FR 24886). o7 by weighing

the ascarite CO, removal tube and .COMPUL-

ing CO, concentn.uon from the gas volume_
umpled and the weight gain of the tule.

73 CO Analysis. Assemble the appustus u
shown in Figure 10-3, calibrate the instrue
ment, and perform other required operations’
as described In paragraph 8. Purge analyzer
with N, prior to introduction of each ssmple.’
Direct the sample atream through the instru«
ment for the test period, recording the read-’
ings. Check the 2ero and span again after the
test to assure thst any drift or malfunction
is detected. Record the sample data on’ 'rsblo
10-1.

8. Galibration. Assermble the nppnrnus ace
cording to Figure 10~-3. Genernlly an instrue
ment requires a warm-up perjiod before stae
bility is obtalned. Follow the manufacturer's
instructions for specific procedure. Allow &
minimum time of one bour for warm-up.
During this time check the ssmple condi-
tioning apparatus, i.e,, filter, condenser, dry-
ing tube, aud OO, removal tubs, to ensurs
that each component is in good operating
caondition, Zero snd calibrate the instrument
ascording to the manufacturer's procedures

using, respectively, nitrogen and the esnbu-
tion gases.

Tamx 10-1.-~Pield data

Location

Comments:

Test

Date

Operator

Clock time

Rotgmeter setting, liters per mmtc
(oubic feet per minuu)

- 9. Culculation-=Conceniration of carbon monozide, Calculate the concentration of carbon

monoxide in the stack using equation 10-1,

where:

Ceoppuu™ c"mmmv.('1 = FCO:)

equation 10-1'

Cco'mk—concentrition of CO in stack, ppm by volume (dry basis)

Ccomm-concentmuon of CO measured by NDIR snalyser, ppm by volume (dry

basis).

Foo,=volume fraction of CO, in ssmple, Le., percent COy from Orsat analysis

divided by 100.
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ADDENDA
A. Performance Specifications for NDIR Cardbon Zionozide Analyzers.

Range (minimum)
Output (minimum)
Minimum detectoble 3ensitivVitYa e i
Rise time, 50 percent (maximum) ceceaeee--
Fall time, 80 percent (mMAXIMUM) cevccvanas
Zero drift (maximum)
Span drift (maximum).
Precision (minimum)
Noise (meaximum).
Linearity (maximum deviation)....
Interference rejection ratioe—....

0--1000ppm.
0-10mV.

20 ppm.

30 seconds.

30 seconds.

109 in 8 hours.
10% in § hours.

== 2% of full scale.
= 1% of Zull scale.
2% of tull scale.
COr—1000 to 1, HO~500 to 1.

B. Dejfinitions of Performance Specifica-
tions.

Range—The minimum and maximum
measurement lirnits,

Output—Electrical signal which is propor-
tional to the measurement; intended for con-
nection to readout or data processing devices.
Usually expressed as millivolts or milliamps
full scale st & given impedance.

Full scale—~The maximum messuring limit
for s given range. .

Minimum detectadle sensitivity——The
amallest amount of input concentration that
can be dotected as the concentration ap-
proaches zaro.

dAccuracy—The degree of agresment be-
tween a measured value and the true value;
usually expressed as - percant of full scale,

Time to 90 percent response~—The time ine
terval from a step change in the input cone-
centration at the instrument {niet 10 & read-
ing of 90 percent of the ultimate recorded
concentration.

Rise Time (90 percent)—The interval be-
tween initial response time and time to 90
percent response after a step increase in the
inlet concentration.

Fall Time (90 percent)—-The interval be-
tween inttiai response time and time w0 20
percent response after a step decrease in the
inlet concentration.

Zero Drift—The change in {nstrument out-
put over a stated time period, ususally 24
hours, of unadjusted continuous operation
when the input conceatration is zero; usually
expressed as percent full scale.

Span Drift——The change in instrument out-
put over & stated time period, usuaily 324
bours, of unadjusted continuous operation
when the input concentration is o stated
upscsle value; usually expressed as perceat
full scale.

Precision—The degree of agresment be-
tween repeated measurements of the same
concentration, expresssed as the sverage de-
viation of the single results from the mean.

Noise—Spontaneous deviations from @
mean output not caused by input concen-
tration changes.

Linearity—The maximum deviation be-
tween an actual instrument reading and the
reading predicted by a straight line drawn
between upper and lower calibration points.
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12.0 DATA FORMS

Blank data forms with identifying titles are included here
for the convenience of the handbook user. No page-~top documenta-
tion is given in the right-hand corners of these forms, as it is
on all other pages of this CO method description. Instead to
help the user find a corresponding form in the text, a number
(Form M10-1.3) is given in the lower right-hand corner to iden-
tify the section number (1) and the figure number (3) of the
Method 10 (M10) Handbook. Future revisions of this form, if
any, will be documented by 1.3A, 1.3B, and so forth. The four in
the Method Highlights subsection are shown by the MH following
the form numbers below.

Form Title
[ 1.3 Procurement Log |

2.2 wet Test Meter Calibration Log

2.4A & 2.4B . Rotameter Calibration Data Form
(English and Metric Units)

2.8 Calibration Verification Record Chart

3.1 (MH) Pretest Sampling Checks

3.2 (MH) Pretest Preparations

4.2 Field Sampling Data Form for CO
(Continuous Sample)

4.3 Field Sampling Data Form for CO
{Integrated Sample)

4.4 (MH) " On~Site Measurements Checklist

5.1 (MH) Posttest Sampling Checks

6.1 Carbon Monoxide Calculation Form|

8.1 Audit Summary Report

8.2 Method 10 Checklist To Be Used by
Auditors




PROCUREMENT LOG

Purchase
order Date Dispo-
Item description Quantity number Vendor Ordered Received Cost sition Comments

Quality Assurance Handbook M10-1.3



WET TEST METER CALIBRATION LOG

Wet test meter serial number Date

Wet test meter flow range Calibrated by

Volume of test flask, VS '}

Satisfactory leak check

- Liquid in wet test meter and reservoir allowed to equilibrate with ambient temperature

Manomete Final Initial Totalb Flask Percen
Test reading, volume volume volume volume error,
number mm H,0 (Ve), 2 (Vi) 2 [ (V). 2 [ (V)), 2 %

Must be <10 mm (0.4 in.) H,0.

C‘}{,'error = 100 (Vm - Vs)/Vs = , not to exceed 11%.

\ Signature of calibration person

Quality Assurance Handbook M10-2.2
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ROTAMETER CALIBRATION DATA FORM (English Units)

Rotameter serial number wet test meter number
Location Date
Barometric pressure, Py in. Hg Calibrated by

RSI eI twl Dml le Vrl Qsl
ft3/min min °F in. H,0 ft3 ft3 ft3 /min

R_ = rotameter setting, ft3/min (e. g., 0.009, 0.018, 0.027)
® = time of calibration run, min

tw = temperature of the gas in wet test meter, °F

Dm = pressure drop on the wet test meter, in. H,0 (a negative number if calibrated
as in Figure 2.3)

Vw = gas volume passing through wet test meter, ft3

Vr = gas volume passing through the rotameter corrected to STP, ft3

Qs = flow rate through rotameter, corrected to STP, ft3/min

ts = standard temperature, 68°F

Ps = standard pressure, 29.92 in. Hg
v . \YJ .

v = w(PB + Dm/13.6) (ts + 460) ) 17.65 w(PB + Dm/13 6) - ft3 at STD.

r (tw + 460) Ps (tw + 460).
Vr

Qs = 5 = ft3/min at STP.

Quality Assurance Handbook M10-2.4A
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ROTAMETER CALIBRATION DATA FORM (Metric Units)

Rotameter serial number Wet test meter number

Location Date

Barometric pressure, P mnm Hg Calibrated by

B

Rs, e, t vwl Vr’ Qs’

£/min min °c mm Hy0 2 2 2/min

R_. = rotameter setting, 2/min (e.g., 0, 0.50, 0.75)
® = time of calibration run, min

tw = temperature of the gas in the test meter, °C
Dm = pressure drop on the wet test meter, mm H,0 (a negative number if calibrated
as 1n Figure 2.3)
Vw = gas volume passing through wet test meter, ¢
Vr = gas volume passing through the rotameter corrected to STP, £
Qs = flow rate through rotameter, corrected to STP, £/min
ts = standard temperature, 20°C
Ps = standard pressure, 760 mm Hg
v - VW(PB + Dm/13.6) (ts + 273) ) 0.386 Vo jPB + Dm/13.6) - 4 at STP.
r (tw + 273) PS (tw + 273)

v
- X _ :
Qs = 5 £2/min at STP.

Quality Assurance Handbook M10-2.4B



CALIBRATION VERIFICATION RECORD CHART

Location Operator
Analyzer Date
Percent
Test 2ero Span dif-

Time | number | unadjusted | adjusted | unadjusted | adjusted ference

Quality Assurance Handbook M10-2.8
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FIELD SAMPLING DATA FORM FOR CO

Plant name Date

Sample location

Barometric pressure, mm (in.) Hg

Ambient temperature, °C (°F) Stack temperature, °C (°F)

Intital leak check Final leak check
Operator
Rotameter
Clock setting,
time, £/min CO conc, CO2,
24 h (£t3/min) ppm (dry basis) % Comments

Quality Assurance Handbook M10-4.2
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FIELD SAMPLING DATA FORM FOR CO

Plant name Date

Sample location

Barometric pressure, mm (in.) Hg
Ambient temperature, °C (°F) Stack temperature, °C (°F)

Initial leak check Final leak check

Operator

Sampling | Clock Rotameter co

time, time, | Traverse Velocity head setting, conc, ppm CO,,
min 24 h | point (AP_), mm (in.) H,0 | 2/min (ft3/min) | (dry basis) %

Quality Assurance Handbook M10-4.3



CARBON MONOXIDE CALCULATION FORM

Plant Date

Sample location

Test number

ng number
Operator
CO Concentration
co = m (dry basis)
““NDIR - - - PP Y .
F - o . _
co, = _ _ . _%+%100 =0.__
C _C F
COstack = “Omprr (1 - €0y)-
= ___(1~-0.___)=,__ _ppm (dry basis).
Errors:

Quality Assurance Handbook M10=6.1
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AUDIT SUMMARY REPORT

Tester Source
Analyzer Range
Analyzer serial number

Auditor Date

Cylinder ID Concentration

Remarks

R R R R R R R R R R R R O R B R
e e T e e T

Audit cylindef
conc (Cco)a, ppm

Analyzer response Percent accuracy,
(Cop)y PPM (%A), %*

Quality Assurance Handbook M10-8.1
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METHOD 10 CHECKLIST TO BE USED BY AUDITORS

yes

no

comment

OPERATION

Presampling Preparations

i 1. Knowledge of process conditions
R 2. Traceability of calibration gas
established
[ 3. Calibration of pertinent equipment,
in particular, the NDIR
On-Site Measurements
— | — 4. Leak test of sampling train
I 5. NDIR warmup per manufacturer's
recommendations
| 6. Purging the train prior to sampling
I 7. Proportional sampling
I 8. Frequency of zero and span checks
N 9. Drying agents checked and replaced
frequently
Postsampling
| 10. Transfer and handling of sample
— | — 11. Data reduction procedure/check
- 12. Calibration checks

GENERAL COMMENTS:

Quality Assurance Handbook M10-8.2







