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In this procedure, a gas sample is extracted from a stack 

by one of the following methods: single-point grab sar.:pling; 

single-point integrated sampling; or multipoint integrated 

sampling. The gas sample is then analyzed for carbon c.ioxic.e. 

(CO
2

), oxygen (o2), and if necessary carbon monoxide (CO).

Depending on the desired accuracy of the subsequent analysis, 

either an Orsat or other type of gas absorption analyzer such a� 
·,

. + 

a Fyr1 te ana1yzer may be used for the analysis. ' 

This method is used for determining co
2 

and o2 concentra­
tions >0.2% by volume and for calculating excess air and �he dry 

molecular weight of gas streams from combustion processes. The 

method may also be applicable to other processes where it ha:: 

been determined that compounds other than co
2

, o
2

, co, and nitre­

gen (N
2

) are not present in concentrations sufficient to affec-:

the results. Sulfur dioxide ( so
2

), for example, can affect CC-4
readings since it would be absorbed with the co

2
.

Other methods and modifications to measure these consti-

tuents include: a multipoint sampling method using ar: Ors at 

apparatus to directly analyze individual grab samples obtained at 

each point; assigning a value of 30. O for dry molecular weight, 

in lieu of actual measurements for processes burning natural gas, 

coal, or oil; or a method using co
2 

or o
2 

and stoichiometric cal­

culations to determine dry molecular weight and excess ai:-. 

These methods and modifications may be used, but are subject �o 

the approval of the administrator, U.S. Environmental Protecticn 
Agency. 

The Method Description which follows is based on t.he R.e­

ference Method promulgated on August 18, 1977. A complete co;� 

+Mention of trade names or specific products does not coDstitlitt
endorsement by the Environmental Protection Agency.
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respectively, with diameters <0.61 rn (24 in.). A minimum of 12 

traverse points shall be used for all other cases. The sampling 

run must be simultaneous with and for the same total length of 

time as the pollutant emission rate determination. The Orsat 

analyzer must be leak checked before and after the analysis. 

When analyzing low concentrations of co2 (<4.0%) or high concen­

trations of o2 (>15.0%), the measuring burette of the Orsat must

have at least 0 .1% subdivisions. The sample must be analyzed 

within 4 h of collection. 

The Method Highlights checklist at the end of this section 

may be removed from the Handbook and used in pretest, test, and 

posttest operations. Each form has a subtitle (i.e., Method 3, 

Figure 3 .1) to aid the user in finding a similar filled-in form 

in the Method Description. Each item on the checklist that can 

cause significant errors are designated with an asterisk. Most 

of the Method Description and forms are designed for use in 

calculating excess 

more controls than 

determination only. 

air corrections, and therefore contain many 

would be required for molecular weight 

1. Procurement of Equipment

Section 3.2.1 (Procurement of Apparatus and Supplies) gives

the specifications, criteria, and design features of the equip­

ment and materials required to perform Method 3 tests. This sub­

section is designed to provide the tester with a guide for the 

procurement and initial check of equipment and supplies. The 

activity matrix ( Table 1 .1) at the end of Section 3. 2 .1 can be 

used as a quick reference, and is a summary of the corresponding 

written descriptions. 

2. Pretest Preparations

Section 3.2.2 (Calibration of Apparatus) provides a step-by­

step description of the recommended calibration procedure for the 

Orsat analyzer and the flow rate meter. 

Section 3. 2. 3 (Presampling Operations) provides the tester 

with a guide for supplies and equipment preparation for field 

..... ___ _
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Specifications described in this method ( Section 3. 2) are 

for determining excess air and dry molecular weight of gas 

streams from fossil-fuel combustion processes. This method may 

also be applicable to other processes where it has been deter­

mined that compounds other than co
2

, o
2

, CO, and N
2 

are not 

present in sufficient concentrations to affect the results. A 

gas sample is extracted from a stack by one of the following 

methods: ( 1) single-point grab sampling; ( 2) single-point in­

tegrated sampling; or ( 3) multipoint integrated sampling. The 

gas sample is analyzed for percent co
2

, percent o
2

, and if 

necessary percent co.

Determination of dry molecular weight can be made using 

either an Orsat or Fyrite
1 

analyzer and any of the three sampling

methods listed above. When using the single-point grab sampling 

or single-point integrated sampling methods, the sampling point 

should either be at the centroid of the cross section or at a 

point > 1. 00 m ( 3. 3 ft} from the stack wall, unless otherwise 

specified by the administrator. The sample collected for molec­

ular weight determination must be analyzed within 8 h of collec­

tion. 

Excess air or emission rate correction factors must be 

determined using an Orsat analyzer and the sample collection pro­

cedure specified in the applicable subpart of the standard. When 

using the single-point grab or single-point integrated sampling 

method, the sampling point should be located as specified above 

for molecular weight determinations. When using the multipoint 

integrated sampling method, a minimum of eight and nine traverse 

points should be used for circular and rectangular stacks, 

1
Mention of trade names or specific products does not constitute 
endorsement by the Environmental Protection Agency. 

,. ') ) �/ 
/ /) ./
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respectively, with diameters <0.61 m (24 in.). A minimum of 12 

traverse points shall be used for all other cases. The sampling 

run must be simultaneous with and for the same total length of 

time as the pollutant emission rate determination. The Orsat 

analyzer must be leak checked before and after the analysis. 

When analyzing low concentrations of co
2 

(<4.0%) or high concen­

trations of o2 (>15.0%), the measuring burette of the Orsat must 

have at least O .1% subdivisions. The sample must be analyzed 

within 4 h of collection. 

The Method Highlights checklist at the end of this section 

may be removed from the Handbook and used in pretest, test, and 

posttest operations. Each form has a subtitle (i.e., Method 3, 

Figure 3 .1) to aid the user in finding a similar filled-in form 

in the Method Description. Each item on the checklist that can 

cause significant errors are designated with an asterisk. Most 

of the Method Description and forms are designed for use in 

calculating excess 

more controls than 

determination only. 

air corrections, and therefore contain many 

would be required for molecular weight 

1. Procurement of Equipment

Section 3.2.1 (Procurement of Apparatus and Supplies) gives

the specifications, criteria, and design features of the equip­

ment and materials required to perform Method 3 tests. This sub­

section is designed to provide the tester with a guide for the 

procurement and initial check of equipment and supplies. The 

activity matrix (Table 1.1) at the end of Section 3.2.1 can be 

used as a quick reference, and is a summary of the corresponding 

written descriptions. 

2. Pretest Preparations

Section 3.2.2 (Calibration of Apparatus) provides a step-by­

step description of the recommended calibration procedure for the 

Orsat analyzer and the flow rate meter. 

Section 3. 2. 3 (Presampling Operations) provides the tester 

with a guide for supplies and equipment preparation for field 
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tests. The method for packing and the description of packing 

containers should help protect the equipment but are not required. 

3. on-site Measurements

Section 3.2.4 (On-site Measurements) contains procedures for

sampling and analysis. Subsection 4.1 outlines the step-by-step 

procedure for determination of dry molecular weight. Subsection 

4.2 outlines the step-by-step procedure for determination of 

excess air and emission rate correction factor. Subsection 4. 3 

includes a list of precautions that will aid in using the Orsat 

analyzer and improve the validity of the results. 

4. Posttest Operations

Section 3.2.5 (Postsampling Operations) outlines a data

comparison procedure which will allow detection of gross measure­

ment error. A visual inspection procedure is also included to 

detect any change in the sampling and analysis apparatus that 

could have adversely affected the measured values. 

Section 3. 2. 6 (Calculations) provides the tester with the 

required equations and nomenclature for calculating percent 

excess air and dry molecular weight. 

Section 3.2.7 (Maintenance) outlines the necessary equipment 

maintenance which will help ensure high quality data. 

5. Auditing Procedure

Section 3. 2. 8 (Audi ting Procedure) provides a description

of -necessary activities for conducting performance and system 

audits. The performance audit of the analytical phase can be 

conducted using certified gas samples. Auditing procedures for 

the analytical, data processing, and systems phases are de­

scribed in this section. A checklist for a systems audit is also 

included in this section. 

Section 3.2.9 (Recommended Standards for Establishing Trace­

ability) recommends the primary standards for use in assessing 

the accuracy of test data. 

6. References

Sections 3.2.10 and 3.2.11 contain the Reference Method and

the suggested references. 
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Apparatus check 

Probe t�e: 
Borosilicate 

glass 
Stainless 

steel 
Other 

Filter 
In-stack 
Out-stack 
Glass wool 

---

Other 
--

Pump 
One-way 

squeeze 
Diaphram 
Other 
Leak 
checked* --

Condenser 
Type 

Flexible Bag 
Tedlar 
Mylar 
Teflon 
Other 
Leak 

checked* --

Pressure Gauge 
Type 

Analyzer_: 
Orsat 
Fyrite 
Other 
Leak 

checked* 
--

Spare 
reagents 

--

PRETEST PREPARATIONS 
(Method 3, Figure 3.1) 

Acceptable Quantity 
Yes No required 

-
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Loaded 
Ready and packed 

Yes No Yes No

I 

I 

*Most significant items/parameters to be checked.
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Sampling 

ON-SITE MEASUREMENTS CHECKLIST 
(Method 3, Figure 4.1) 

Method: single-point grab ____ single-point integrated 
multipoint integrated�-----------------­

Is a filter used to remove particulate matter? 
*Sampling train leak checked?
*Orsat analyzer leak checked?
All connections tight and leak free?
Sampling port properly sealed?
Sampling rate held constant?
Sampling train purged?

Analysis 

Molecular Weight Determination 

Analyzer: Orsat 

Fyrite: 

Fyrite 

Reagent at proper level and zeroed?* 

Other 

Leak-free connection between analyzer and sample line? 
Sampling line purged?* 

Orsat: 

Reagents at proper level?* 
Analyzer level? 
Leak checked?* 
Sample analyzed within 8 h?* 
Sample lines purged?* 

Excess Air-Emission Rate Correction 

Before After Orsat analyzer leak checked?* 
Reagents at proper level?* 
Sampling lines purged?* 
Analysis repeated by drawing a new sample until the following 

criteria are met? 

- any three analyses differ by
a) �0.3% when co2 �4.0%
b) �0.2% when co

2 �4.0%

any three analyses differ by 
a) �0.3% when o2 <15.0%
b) �0.2% when o2 �15.0%

co - any three analyses differ by �0.3% 

All readings averaged and reported to nearest 0.1% 

*Most significant items/parameters to be checked.

(;·. i_\ , I / _; 

,..
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Diagrams of the sampling trains used in the method are shown 

in Figures 1.1 and 1.2. Specifications, criteria, and/or appli­

cable design features are given in this section to aid in the 

selection of equipment to assure the collection of good quality 

data. Procedures and, where applicable, limits for acceptance 

checks are given. During the procurement of equipment and sup­

plies, it is suggested that a procurement log be used to record 

the descriptive title of equipment, the identification number (if 

applicable), and the results of acceptance checks. An example 

procurement log is shown in Figure 1.3; a blank form is given in 

Section 3.2.12 for the user. If calibration data are required as 

part of the acceptance check, the data should be recorded in a 

calibration log. Table 1.1 at the end of this section contains a 

summary of the quality assurance activities for procurement and 

acceptance of apparatus and supplies. 

As alternatives to the sampling systems described herein, 

others (e.g., liquid displacement) may be used if they are capa-

ble of obtaining a representative sample, 

sampling rate, and yielding acceptable 

maintaining a constant 

results. Use of such 

systems is subject to the approval of the administrator. 

1.1 Grab Sample (Figure 1.1) 

1.1.l Probe - The probe or probe liner should be made of stain­

less steel or borosilicate glass tubing and should be equipped 

with an in-stack (preferred) or an out-stack filter to remove 

particulate matter. A plug of glass wool is generally a satis­

factory filter. The probe tip should be designed to prevent the 

glass-wool filter from being drawn from the probe when sampling a 

source that has a substantial negative pressure. Any material 

inert to o2, co2, co, and N
2 

and resistant to temperature at the

sampling conditions may be used for the probe; examples of such 
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Figure 1.2 Integrated gas sampling train. 
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materials are aluminum, steel, glass, PVC plastic, and Teflon
R

.

Since the gases to be sampled are relatively inert, the key 

criterion in probe selection is the stack gas temperature. 

1.1.2 Pump - A one-way squeeze bulb, or the equivalent, is used 

to draw the gas sample into the analyzer. 

1.2 Integrated Sample (Figure 1.2) 

1.2.l Probe - A probe equipped in the manner just described in 

Subsection 1.1.1 is suitable. 

1.2.2 Condenser - An air or water-cooled condenser that will not 

remove o
2

, co
2

, CO, and N
2 

should be used to remove excess mois­

ture if the gas stream contains >2% moisture by volume. (This 

includes most combustion processes.) The main consideration is 

that the condenser volume be kept to the minimum size necessary 

to sufficiently cool the sample gas, because the larger the 

volume the more difficult it is to completely purge the sampling 

train before collecting a sample. A 0.6 3 -cm (0.25-in.) stainless 

steel coil or equivalent connected to a water collection chamber 

with a capacity of about 40 ml is sufficient. 

1.2.3 Valve - Needle valves are needed to adjust the sample gas 

flow rate. 

1.2.4 Pump - A leak-free diaphragm pump, or the equivalent, is 

needed to transport the sample gas to the flexible bag. A small 

surge tank should be installed between the pump and the rate 

meter to eliminate the pulsation effect of the pump on the rate 

meter. Upon receipt, the pump, surge tank, and rate meter (Sub­

section 1.2.5 below) should be checked in the following manner: 

1. Assemble the pump, surge tank, and rate meter.

2. Place a needle valve and vacuum gauge at the pump inlet

using a T-connector. 

3. Turn on the pump and close the needle valve until a 

vacuum of 125 mm ( 5 in. ) Hg is obtained. The pumping rate at 

this vacuum is suggested to be at least 1 Q/min (0.035 ft
3
/min),

R
Registered trademark. 
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and the rate meter when the flow is adjusted between O. 5 and 

1.0 Q/min (0.018 and 0.035 ft3
/min) should yield steady readings.

If the pump capacity is insufficient, repair, replace, or 

return it to the manufacturer. If rotameter readings fluctuate 

>2% of the full-scale reading, use a larger surge tank. Be sure 

that the rotameter is clean and dry. 

l. 2. 5 Rate Meter - A rotameter or an equivalent rate meter, 

capable of measuring flow rates within ±2% of the selected flow 

rate should be used. 

The calibration curve (Figure 1.4) supplied by the manufac­

turer should be checked by comparing the rotameter readings 

against the wet test meter readings. If the rotameter is not 

within ±5% of the manufacturer's calibration curve, recalibrate 

and construct a new curve. 

Changes in sample gas pressure, density, and viscosity will 

affect the sampling rate. However, since sampling is performed 

at a constant rate and since the total volume sampled need not be 

measured accurately, these changes are not significant. 

1.2.6 Flexible Bag - Any leak-free inert plastic (e.g., Tedlar
R

, 
R R

Mylar , Teflon ) bag, or the equivalent, having a capacity ade-

quate for the selected flow rate and time length of the test run 

may be used. A capacity of 90 Q (3.2 ft
3

} is usually required.

To leak check the bag (Figure 1.5): 

1. Connect it to a manometer and pressurize the bag to

from 5 to 10 cm (2 to 4 in. ) H
2

0. 

2. Allow it to stand for 10 min.

Any displacement in the water manometer will indicate a leak

and a need to repair the bag. An alternative leak check is to 

pressurize the flexible bag to 5 to 10 cm ( 2 to 4 in. ) H
2

o and

allow it to stand overnight. A deflated bag indicates a leak. 

1. 2. 7 Pressure Gauge - A water-filled u-tube manometer, or the 

equivalent, of about 28 cm (12 in.) is needed for the flexible 

R 
Registered trademark. 
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bag leak check. The gauge should be leak checked upon receipt as 

follows: 

1. Place a flexible tube on the gauge opening.

2. Apply a positive pressure of from 5 to 10 cm ( 2 to

4 in.) H2o on the gauge by blowing on and then pinching off the

tube. The pressure reading should remain stable for 10 min. 

3. Check each side of the gauge separately.

If a deflection is noted, repair, replace, or return the 

gauge to the manufacturer. 

1.2.8 Vacuum Gauge - A mercury manometer, or the equivalent, of 

at least 7 60 mm (30 in.) Hg is needed for the sampling train leak 
check. If a mercury manometer is used, leak check the system by 

pulling a 380 mm (15 in.) Hg vacuum on the gauge and then pinch­

ing off the tube. No deflection should be noted in the reading 

over a 10-min period. If another type of gauge is used, compare 

the gauge reading with a mercury manometer reading at about 380 

mm ( 15 in.) Hg. The gauge reading should be within ±25 mm 

(1 in.) Hg of the mercury manometer reading. If the gauge fails 
the leak check 

repair, replace, 

1.3 Analyzer 

or the comparison with the mercury manometer, 

or return the manometer to the manufacturer. 

An Orsat or a similar absorption type analyzer is required 

for measuring constituents of combustion gases. The latter is 

used only for molecular weight determinations, since it is less 

1. 3 .1 Orsat Gas Analyzer - The Orsat analyzer6 ' 7 is used to

determine the co2, o2, and CO stack gas concentrations. A sample

is analyzed by successively passing it through absorbents that 

remove specific gaseous components. The difference in gas volume 

before and after the absorption represents the amount of the con­
stituent gas in the sample. Constant pressure and temperature 

must be maintained throughout the analysis. Results are reported 

as dry volume percentages. 

The Orsat analyzer illustrated in Figure 1. 6 includes a 

glass burette to accurately measure the gas volume, a water 
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Figure 1.6 Orsat apparatus. 
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jacket to maintain constant temperature, a manifold to control 

the gas flow, three absorption pipettes {CO, o2, and co2), rubber

expansion bags, and a liquid-filled leveling bottle to move the 

gases. The apparatus is usually assembled inside a case that has 

front and rear doors and a carrying handle. 

For expected co2 readings >4.0%, a standard Orsat analyzer

containing a burette with 0.2-ml divisions and spacings between 

divisions of about 1 mm (0.04 in.) is satisfactory. For lower 

co
2 

values or for o2 values > 15%, an analyzer equipped with a

burette having 0.1-ml divisions with spacings of >l mm (0.04 in.) 

should be used. 

Upon receipt of the analyzer, wash and dry all components 

and · assemble the apparatus according to the manufacturer's in­

structions. Then properly lubricate all glass valves with sili­

cone stopcock lubricant. If the apparatus is to be used prompt­

ly, add the liquid reagents and check for leaks �s follows:

1. Allow the apparatus to reach ambient temperature with

the manifold valve open and the three pipette valves closed. 

2. Bring the liquid in each absorption pipette up to the

reference mark by opening the pipette valves one at a time and by 

slowly lowering the leveling bottle. Pinch off the rubber tube 

to the leveling bottle with the heel of the hand to quickly stop 

liquid flow. Close the pipette valves. 

3. Displace the indicating fluid until a reading is ob­

tained in the narrow part of the burette, and quickly close the 

manifold inlet valve. 

4. Place the leveling bottle on top of the Orsat case, and

read the meniscus in the burette. 

5. Wait at least 4 min; then read the meniscus again. A 

change of �0.2 ml in the reading indicates a leak 

which must be repaired. A drop in reagent level 

capillary tube over a 4-min period indicates a 

pipette. 

in the system 

to below the 

leak in that 
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If leaks are detected, correct them so that the above cri­
teria will be met. 

Desirable Design Qualities - There is a variety of Orsat 

analyzer designs on the market. Some design features increase 
the precision and accuracy. Some of these desirable features are 
described below. 

Precision and probably accuracy are improved with a glass 
burette configuration as shown in Figure 1.6; that is, the 
burette column has a large diameter having a volume of about 70 
ml joined onto a narrow 30-ml burette graduated in 0.1-ml divi­
sions.+ such designs result in less error in reading the gas 
volume than with designs having larger graduations and less 
spacing between divisions. To further reduce reading error, the 
volume line should be scribed completely around the burette at 
the reference point. For processes in which co2 is released from
the product (e.g., in a limestone kiln), the cumulative total of 
o2 and co2 may be >25%. For these processes, the graduated

portion of the burette must be long enough to provide a reading. 
(Graduated burettes are available up to 100 ml.) A burette with 
a vertical dark line behind the graduations is easier to read. 

The volume reference mark should be on the capillary tube at 
the top of the glass burette, not on the larger diameter burette. 
Having the mark on the small capillary tube increases the preci­
sion from test to test and increa$es the accuracy of the burette 
calibration--both for a more accurate sample volume determina­
tion. 

The connecting manifold should have as small a volume as 
possible to reduce the possibility of diluting the sample due to 
incomplete purging of the manifold. It also minimizes the in­
crease in sample volume; the volume of gas in the manifold be­
tween the reference mark on the burette and that on the pipette 
is small. 

+ 

These burettes are commercially available. 
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The Orsat apparatus and case should be designed so that the 

leveling bottle and the glass burette can be viewed side by side 

when leveling the liquid. The liquid levels in both the burette 

and the bottle must be at the same height when reading the 

volumes; otherwise, the sample gas will not be at atmospheric 

pressure. 

The inlet manifold valve should be three-way to allow purg­

ing of the manifold without causing the sample bag or the inlet 

gas to be diluted by ambient air. 

Reagents - Four reagents are required by a standard Orsat 

apparatus for analyzing flue gas. These are the gas-confining 

solution, the co
2 

absorbent, the o
2 

absorbent, and the CO absorb­

ent. Due to the solubility of co
2 

in water, a colored aqueous 

acidic salt solution is used as the confining solution; it con­

tains sodium sulfate, sulfuric acid, and methyl orange. The co2
absorbent is a solution of potassium or sodium hydroxide, and the 

o
2 absorbent is a solution of alkaline pyrogallic acid or

chromous chloride. The co absorbent is usually a cuprous 
6 

chloride or sulfate solution, but other solutions may be used. 

All of these solutions can be purchased from most chemical sup-

pliers. Note the shelf-life requirements, since some reagents 

deteriorate with time. 

1.3 .2 Other Absorption Type Analyzers Absorption type 

analyzers which determine co
2 

or o
2 

concentrations are also 

available. These devices are simpler and easier to use than an 

Orsat, and they are more rugged. However, they provide less 

precision and can thus be used only for molecular weight determi­

nations of the gases. These devices operate similarly to the 

Orsat by absorbing the gas in a colored solution; then the volume 

absorbed is read directly on a scale as percentage by volume. A 

commonly used o2 analyzer is shown in Figure 1. 7. The use of 

continuous rnoni tors for determining o
2 content must be approved

by the administrator. 
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Table 1.1 ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS AND 
SUPPLIES 

Characteristics 

Grab SamEliE.8_ 
Train 
---

Probe 

Pump 

Integrated Gas 
SamEling Train 

Probe 

Air-cooled 
condenser 

Valve 

Pump 

Rate meter 
(rotameter) 

Flexible bag 

(continued) 

Acceptance limits 

Stainless steel, boro-
silicate glass, or 
equivalent; not damaged 
or corroded; no 
leakage 

One-way squeeze bulb 
or equivalent; not 
damaged or corroded 

Stainless steel, boro-
silicate glass, or 
equivalent; no leakage 

No leakage; keep the 
condenser volume to a 
minimum necessary to 
cool the sample with 
air 

Needle valve 

Diaphragm type, leak 
tr

3
e, and 1 Q/min (0.035 

ft /min) capacity 
-

Check flow range from 
0 to 1 Qimin (0 to 
0.035 ft /min) must be 
accurate to within ±2% 
of selected flow rate 

Capacity of SS3to 90 Q
(1.9 to 3.2 fl ) ; leak
test not mandaotry 

Action if 
Frequency and method requirements 

of measurement are not met 

Visual observation Discard or 
upon receipt return defec-

tive equipment 
to supplier, 
as appropriate 

As above, plus As above 
manual operating 
check 

As above As above 

As above As above 

As above As above 

Check for leaks and As above 
capacity upon receipt 

Check upon receipt Recalibrate 
for damage; calibrate and construct 
against WTM new calibratio n

curve 

Check for leaks and Return to 
capacity supplier 



Table 1.1 (continued) 

Characteristics Acceptance limits 

Pressure gauge 28-cm (12-in.) water-
filled U-tube or equiv-
alent for flexible bag
leak check

Vacuum gauge At least 760-mm (30-in.) 
Hg gauge for the sam-
sampling train leak 
check 

Orsa t Anali'.zer 

Glass burette 0.1-ml divisions with 
spacings of about 1mm 

• 
Pipettes, mani- Air tight 

folds, etc. 

Leveling bottle Can be viewed side-by 
side with glass burette 

Other Anali'.zers _:0.5% divisions 
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Action if 
Frequency and method requirements 

of measurement are not met 

Visually observe and As above 
leak check upon 
receipt 

Check against a mer- As above 
cury U-tube manometer 
and leak check 

Visually inspect Return to 
upon receipt supplier 

Initially and before Repair or 
tests discard 

Visually check for As above 
damages 

Visually check for As above 
damage and leaks 
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Calibration of sampling apparatus is one of the most 

important functions in maintaining data quality. Only limited 

initial calibration is required for gas absorption using an 

analyzer such as an Orsat. Continued maintenance, reagent 

checks, and most importantly, the operator's technique and dili­

gence are required for good quality data. Table 2.1 at the end 

of this section summarizes the quality assurance activities for 

calibration. 

2.1 Analyzers 

Calibration is recommended upon receipt, before every third 

field test, and before any field test in which the Orsat or other 

absorption type analyzer has not been checked during the previous 

3 mo. 

To check the o2-absorbing reagent and the operator's techni­

que, the percentage of o
2 

in air should be determined. The 

average of three replicates should be 20.8 ±0.7% when using the 

standard Orsat. A measured average value >21.5% generally 

indicates poor operator technique, while a value <20.1% generally 

indicates leaking valves, spent absorbing reagent (for o
2 

only), 

and/or poor operator technique. (See Section 4.1 of Reference 1 

for the derivation of the above limits.) The three replicates 

and their averages should be reported on an X and R chart, as 

illustrated by Figure 2.1; a blank copy of this form is in Sec­

tion 3. 2.12. 

A more thorough check, if required equipment is available, 

would be to take a sample from a manifold containing a known 

mixture of co2 and o
2

. This is applicable to grab samples or to

the integrated samples. In both cases, the sample is analyzed 

for co2 and o2 using the Orsat. The average of three replicates

should be ±0. 5% (absolute) of the known concentration of each 

gas. Again, high measured values indicate poor operator techni­

que, while low values indicate leaking valves, spent absorbing 

reagent, and/or poor operator technique. 
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If the above limits are exceeded, corrective action should 

be equipment maintenance and/or operator training. 

2. 2 Rate Meter 

Clean and calibrate the rate meter in the integrated gas 

sampling train every 6 mo and at any sign of erratic behavior. 

Calibrate using either a wet test meter or a volume meter which 

has been recently calibrated against a primary standard. 

1. Place the calibrated volume meter or wet test meter in

series with the rate meter. 

2. Adjust the flow rate to 1 Q/min (0.035 ft
3
/min) on the

rate meter. 

3 . Take readings with the wet test meter and stopwatch. 

If the flow rate is not near the desired 1 Q/min (0.035 ft
3

/rnin)

on the rate meter, adjust the valve and repeat the reading with 

the wet test meter and stopwatch; repeat until the desired flow 

rate is obtained for the rate meter setting. 

4. Take readings at 0.5, 0.75, and 1.0 Q/min (0.18, 0.027,

and O. 03 5 ft
3 

/min) on the rate meter. Record the readings from

the calibrated meter and the rate meter in the calibration log. 

5. Construct a calibration curve of rate meter reading

versus flow rate for the meter using corrected wet test meter 

stopwatch readings. 

6. Number each rate meter and include the number and the

date of calibration on the calibration curve. 
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Table 2.1 ACTIVITY MATRIX FOR THE CALIBRATION OF APPARATUS 

Characteristics 

Orsat analyzer 

Rotameter or 
rate meter 

Acceptance limits 

Average of three repli­
cates should be 20.8 
±0.5% (absolute) or 
known concentration 
±0.5 (absolute) 

Smooth curve of rotame­
ter actual flow rates 
with no evidence of 
error 

Frequency and method 
of measurement 

Upon receipt and 
before any test in 
which the analyzer 
has not been checked 
during the previous 3 
mo; determine% o

2 
in 

ambient air, or use 
a calibration gas 
with known CO, CO

2
, 

o
2 

concentrations 

Check with wet test 
meter or volume 
meter at 6-mo inter­
vals or at indica­
tion of erratic 
behavior 

Action if 
requirements 
are not met 

Check Orsat 
analyzer for 
leaking valves, 
spent absorbing 
reagent, and/or 
operator tech­
niques; take 
corrective 
action 

Repeat cali­
bration steps 
until limits 
are attained 
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The quality assurance activities for presampling operations 

are summarized in Table 3.1 at the end of this section. See Sec­

tion 3.0 of this Handbook for details on site selection. 

3.1 Apparatus and Calibration Checks 

Figure 3. 1 or a similar form is recommended to aid the 

tester in preparing an equipment checklist, status report form, 

and packing list. 

3 .1.1 Grab Sample Train - The grab sample train ( Figure 1 .1) 

should be checked before each field test as follows: 

1. Clean the probe with soap and water, rinse it with

water, and allow it to dry. Check it visually for leaks indi­

cated by cracks or corrosion. Cap both ends of the probe tightly 

to prevent contaminants from entering while it is not in use. If 

particulates are expected, insert a plug of glass wool into the 

sampling end of the probe. 

2. Check the pump--ei ther a one-way squeeze bulb or a

leak-free diaphragm type pump--to see if it is operating prop­

erly. Check all connectors and tubes for leaks; do this by 

slightly pressurizing the system and by applying soap to the 

connections and joints and watching for bubbles. 

3.1.2 Integrated Sample Train - The integrated gas sampling 

train (Figure 1.2) should be checked before each field test as 

follows: 

1. Clean the probe with soap and water, rinse it with

water, and allow it to dry. Visually check it for leaks indi­

cated by cracks or corrosion. Cap both ends of the probe tightly 

to prevent contaminants from entering it while it is not in use. 

If particulates are expected, insert a plug of glass wool into 

the sampling end of the probe. 

2. Clean the air-cooled condenser, or equivalent, and leak

check it by slightly pressurizing the unit, applying soap to 

joints and connections, and watching for bubbles. 



Apparatus check 

Probe tt!e:
Boros1icate 

glass 
Stainless 

/steel 
other 

Filter 
/In-stack 

Out-stack 
Glass wool--
Other 

--

Pump 
One-way 
squeeze 

Diaphram ✓
Other 
Leak 

checked* --
Condenser 

Type aij_ Q:Q�d

Flexible Bag 
Tedlar 
Mylar ✓ 
Teflon 
Other 
Leak 
checked*� 

Pressure Gauge 
Type _,,Ll__ _.>l� 

Analyzer 
/ Orsat 

Fyrite ✓ 

Other 
Leak 
checked*�Spare 

. rectgents d_ 

Acceptable Quantity 
Yes No required 

2 

/ 

./ 
2 

2 

✓ 

../ 2 

✓ 6 

✓ 

✓ 2 

✓ 2 

\/ I 
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Loaded 
Ready and packed 

Yes No Yes No 

✓ ✓ 

/ / 

/ ✓.

✓ / 

v v' 

✓ i,/

✓ v ' 

./ ✓ 

✓ I..,./" 

*Most significant items/parameters to be checked.

Figure 3.1 Pretest preparation. 
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3. Disassemble, clean, and reassemble the needle valve and

rate meter at any sign of foreign matter in the rotameter or 

erratic behavior of the rotameter. 

4. Leak check the flexible bag by pressurizing and by

observing for any loss in pressure as described in Section 3.2.1. 

3.1.3 Orsat Gas Analyzer - The Orsat apparatus should be checked 

and serviced before each field test in the following manner: 

1. Check the confining fluid levels in the leveling bottle

and the burette. Be sure the approximately 300 ml of fluid in 

the leveling bottle is clear, orange, and sufficient to fill the 

burette. Be sure the solution in the leveling bottle is distil­

led water containing approximately 5% by volume of concentrated 

sulfuric acid and 2 to 3 ml of methyl orange acidic indicator; 

then saturate the solution with a salt, usually sodium sulfite or 

sodium chloride, at the temperature at which the Orsat is 

expected to operate. (The sulfuric acid acts as a drying agent 

to remove any moisture from the sample, and the saturated salt 

solution prevents the absorption of sample gases by the leveling 

solution.) This leveling bottle solution should be prepared as a 

stock solution and taken to the field in case it is needed. 

2. Remove and clean the stopcocks. Carefully apply stop­

cock grease to prevent system leaks, and do it without plugging 

the air passages. Stopcocks are generally not interchangeable, 

so replace each one in the same port from which it was originally 

taken. 

3. Change the absorbing solutions if >10 passes are needed

to obtain a constant reading for any gas component. If in doubt, 

change the solution (following the manufacturer's instructions) 

by emptying the absorber and adding fresh absorbing reagents. 

Add new reagents when required, 6 to 8 h prior to field use. 

Prior to adding the o2 reagent, flush the absorbing pipette and

the expansion bag with N2, and pass N2 over the reagent while

adding it to the pipette. 
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4. Leak check the Orsat analyzer thoroughly on site before

using it, since moving an Orsat to the site may have caused it to 

leak. (Use the procedure in Section 3.2.1) If there are leaks, 

check all connections and stopcocks until the cause of the leak 

is identified. Leaking stopcocks must be disassembled, cleaned, 

and regreased; leaking rubber connections must be replaced. 

After the analyzer is reassembled, the leak-check procedure must 

be repeated. 

3.1.4 Fyrite Gas Analyzer Check the absorption analyzer 

visually for leaking of reagents prior to each test. 

3.2 Equipment Packaging 

Logistics of the method, time of sampling, and quality of 

data are dependent on the packing of the sampling and analytical 

equipment for (1) accessibility in the field, (2) ease of move­

ment on site, and (3) optimum functioning in the field. Equip­

ment should be packed to withstand severe treatment during ship­

ment and field operations. 

1. Pack probes, pumps, and condenser in cases or wooden

boxes filled with packing material or lined with styrofoam. The 

cases should have handles or hooks that can withstand hoisting 

and should be rigid enough to prevent bending or twisting during 

shipping and handling. 

2. Pack rate mete-rs, needle valves, and all small glass­

ware individually in shipping containers. 

3. Use the rigid container with the integrated sampling

bag for its shipping container. 

4. Disassemble the Ors at and pack each i tern individually

in suitable packing material and rigid containers for long trips 

or for shipping as freight. Ship the spare parts and the absorb­

ent solutions in separate containers. 
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Table 3.1 ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS 

Action if 
Frequency and method requirements 

Characteristics Acceptance limits of measurement are not met 

Grab SamEle 
Train No visual sign of 
---

Visual observation Replace as 
breakage before each field necessary 

test 

Probe As above As above As above 

Pump As above As above As above 

Integrated Gas 
SamEling Train 

Probe As above As above As above 

Air-cooled con- As above As above Clean and re-
denser place as 

necessary 

Needle valve No foreign matter or As above Clean and reas-
and rotam- erratic behavior semble as 
eter necessary 

Flexible bag No visual indication of As above Replace as 
leakage necessary 

Pump According to manufac- Before each field Service or re-
turer's criteria test, use manufac- turn to sup-

turer's directions plier as 
necessary 

Gas Analizer: 
0rsat 
---

Leveling solu- Distilled water con- Prepare fresh 
tion taining approximately solution 

5% by volume of concen-
trated Hto4 and satu-
rated wi "h a salt 

Absorbing solu- <10 passes needed for Performance check Use fresh 
tion constant readings with using any component reagent 

any component gas gas 

(continued) 



Table 3.1 (continued) 

Characteristics Acceptance limits 

Stopcocks No leakage 

Assembly No leaks present 

Gas Analyzer Fill with reagents; 
(Fxrite) no leaks 

Package E9.ui:e- Not applicable 
ment for Shi:e-
ment 
--
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, 

Action if 
Frequency and method requirements 

of measurement are not met 

Visual observation Remove, clean, 
regrease as 
necessary 

See text Eliminate leaks 
before test 

Visual observation Add fresh 
reagent; re-
pair as neces-
sary 

See packing instruc- Not applicable 
tions 
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The choice of procedure to be used at the sampling site 

depends on whether an emission rate factor (F-factor), an excess 

air determination, or a molecular weight determination is re­

quired. The applicable measurement is specified in the emission 

standard, and the quality assurance activities are summarized in 

Table 4 .1 in this section. In any case, the equipment is un­

packed at the sampling site and visually inspected for damage 

during shipment from the laboratory; the Ors at analyzer, espe­

cially, is carefully checked for reagent levels and leaks as 

described in Section 3.2.1. Figure 4.1 (On-site Measurement 

Checklist) can be used as a guide for sampling and analysis of 

molecular weight, excess air, and emission rate determination. 

4.1 Determination of co
2 and o

2 for Dry Molecular Weight
Calculations 

Three methods are described in the Federal Register for 

measuring a gas stream's dry molecular weight. These are dis­

cussed in order of increasing complexity, and their uses are de­

termined by the applicable standards or by expected variations in 

gas composition. 

4.1.1 Single-Point Grab Sampling and Analysis - Set up the grab 

sampling train as depicted in Figure 1.1. Visually check each 

connection for leaks. 

1. Be sure the sampling point in the duct is either at the

centroid of the cross section or at a point �l m (3.28 ft) from 

the walls of larger ducts, unless otherwise specified by the 

administrator. 

2. 

point. 

3. 

sponge 

if the 

Place the probe securely in the stack at the sampling 

Seal the sampling port as well as possible wi t.h a

or rag to prevent dilution of the stack gas by ambient air 

stack pressure lS negative. 

( 
I 
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Sampling_ 

Method: single-point grab _L single-point integrated
multipoint integrated 

Is a filter used to remove particulate matter? 
*Sampling train leak checked?
*Orsat analyzer leak checked?
All connections tight and leak free?
Sampling port properly sealed?
Sampling rate held constant?
Sampling train purged?

Analysis 

Molecular Weight Determination 

/ Analyzer: Orsat Fyrite 

Fyrite: 

Reagent at proper level and zeroed?* 

Other 

Leak-free connection between analyzer and sample line? 
Sampling line purged?* 

Orsat: 

Reagents at proper level?* 
Analyzer level? 
Leak checked?* 
Sample analyzed within 8 
Sample lines purged?* 

Excess Air-Emission Rate Correction t--::>J R­

Orsat analyzer leak checked?* Before 
Reagents at proper level?* 

After 

Sampling lines purged?* 
Analysis repeated by drawing a new sample until the following 

criteria are met? 

0 -
2 

co -

- any three analyses differ by 
a) �0.3% when co2 �4.0%
b) �0.2% when co

2 
�4.0% 

any three analyses differ by 
a) �0.3% when o2 <15.0%
b) �0.2% when o2_�15.0%

any three analyses differ by �0.3% 

All readings averaged and reported to nearest 0.1% 

*Most significant items/parameters to be checked.

Figure 4.1 On-site measurement checklist. 

, I 
J ' /,- . ... ' t 
I I 
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4. Check the Ors at analyzer for leaks as described in

Section 3.2.1. (Though this step is not mandatory, it is highly 

recommended.) If another gas absorption device is used, it must 

be zeroed before use. 

5. Purge the sampling line several times by squeezing the

one-way squeeze bulb and then attaching the gas analyzer (either 

the Orsat or another gas absorption device). 

6. Draw a gas sample into the analyzer and immediately

analyze it for co2 and o2. Record the data on data form shown in

Figure 4.2 or on a similar form. 

7. Calculate the molecular weights as described in Sec­

tion 3.2.6. 

8. Repeat steps 5 through 7 until the calculated molecular

weights of any three samples differ from their mean by 

.s_0.3 g/mole. 

4.1.2 Single-Point Integrated Sampling and Analysis - Set up the 

sampling train as shown in Figure 1.2. Visually check for leaks. 

1. Be sure the sampling point in the duct is either at the

centroid of the cross section or at a point �l m (3.28 ft) from 

the walls of larger ducts, unless otherwise specified by the 

administrator. 

2. Place the probe securely in the stack at the sampling

point. 

3. Seal the sampling port as well as possible with a

sponge or rag to prevent dilution of the stack gas by ambient air 

if the stack pressure is negative. 

4. Leak check the flexible bags as described in Section

3.2.1, and then evacuate the selected bag. Leak check the 

sampling system by attaching a vacuum gauge to the condenser 

inlet, drawing a vacuum of 250 mm (10 in.) Hg, and plugging the 

outlet fitting where the bag is usually attached. Turn off the 

pump and observe the vacuum reading for 30 s; it should remain 

stable. If the vacuum drops, check the system for leaks, then 

repair if necessary, and finally recheck. (These leak checks are 

optional, but highly recommended.) 
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5. Connect the probe, open the quick disconnect at the bag

connection, and purge the sampling system with stack gas by 

running the pump for about 1 min at a high rate. Make sure that 

the condenser drain valve is closed tightly. 

6. Connect the evacuated flexible bag, and begin the

sampling. Record the time, flow rate, and other appropriate data 

on a form like the one shown in Figure 4.3. 

7. Sample at a constant rate so that about 30 to 90 Q (1

to 3 ft3) of gas are collected simultaneously with the pollutant

emission rate test. 

8. Disconnect, seal, and remove the flexible sampling bag

to a suitable area for performing the analysis. Allow the col­

lected sample to sit for about 30 min to ensure thorough mixing 

and temperature equilibrium. It is recommended that the analysis 

be performed as soon as practical after the 30-min waiting 

period, but not more than 8 h after sampling. If an Ors at 

analyzer is used, leak check it as described in Section 3. 2 .1. 

(Though not mandatory, this step is highly recommended.) If a 

gas absorption device is used, zero it before use. 

9. Calculate the molecular weights as described in Sec­

tion 3.2.6. A data form similar to the one shown in Figure 4.2 

can be used for recording the results of the calculations. 

10. Repeat steps 8 and 9 until the calculated molecular

weights of any three analyses differ from their mean by 

.s._0.3 g/mole. 

4.1.3 Multipoint Integrated Sampling and Analysis - This proce­

dure is similar to the single-point integrated sampling proce­

dure, but it is used when the stack cross section is traversed. 

1. Locate the sampling points according to the procedures

described in Method 1. Determine the minimum number of traverse 

points, as follows: 

diameter, 

a. 8 points for a round stack with < 0. 61 rn ( 24 in. )

b. 9 points for a rectangular stack with an equi va-

lent diameter of <0.61 m (24 in.), or 
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Date �Oen J-d 04&-d 1: ;qto Plant A)a.P.Q p < , t.../=b I .t->::V---: r'.rnl'>JJOAU-f
0 ....17 J r ..J 
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Figure 4.3 Integrated bag sampling field data. 
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2. Leak check and purge the bag and the sampling train.as

described in Subsection 4.1.2. 

3 . Sample each point at the same rate and for the same 

time increment. Record the sampling data as shown in Figure 4.3. 

Collect from 3 0 to 90 Q (1 to 3 ft3) of gas simultaneously with

the pollutant emission rate test. 

4. Disconnect, seal, and remove the bag to a suitable area

for performing the analysis within 8 h, as described in Subsec­

tion 4. l. 2. 

5. Calculate the molecular weight, and repeat the analysis

until the results from any three analyses differ from their mean 

by .s._0.3 g/mole. 

4.2 Determination of Gas Composition for Emission Rate 
Factor or Excess Air Calculations 

The same three sampling procedures may be used as previously 

described (Subsections 4.1.1, 4.1.2, and 4.1.3), but in all cases 

the Orsat analyzer must be used for analysis, and it must be leak 

checked before and after analysis. In addition, the integrated 

sampling train (when used) and the flexible bags must be leak 

checked prior to sampling. Care in using the Orsat and in assur­

ing the accuracy of the results is also required, as described in 

this section. 

4. 2 .1 Single-Point Grab Sampling and Analysis - Set up, check,

and purge the system as described in Subsection 4.1.1. Perform

the Ors at analysis immediately according to the manufacturer's

instructions and as follows:

1. Draw sample gas into the Orsat and flush (i.e., allow

to bubble through the burette) at least three times to saturate 

the liquid in the burette with the gas being analyzed and to 

ensure that the air remaining in the manifold is of the same 

composition as the sample to be analyzed. Caution: Once the 

flushing has begun, ambient air must not be allowed to enter the 

manifold. 

) 
)' 
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2. Draw in a fixed volume (usually 100 ml) of the sample

gas, following the manufacturer's instructions. Allow a minimum 

of 5 min for the sample gas to come to temperature equilibrium 

with the water jacket around the burette (unless the sample and 

the analyzer have both been at the same temperature for at least 

5 min). 

3. Proceed with the sequential determinations of co2
, o2,

and CO as directed by the instructions supplied by the manufac­

turer of the gas analyzer. Make repeated analyses of each compo­

nent until two consecutive readings are identical. Always make 

two or three passes through the absorbing solution between read-

ings. Note: If more than three readings of two or three passes 

are required to reach a constant reading for any component gas, 

replace the absorbing reagent· and repeat the entire sampling 

sequence. 

4. Record the readings on the data form (Figure 4.1), and

determine the average value for each component of interest. 

5. Leak check the Ors at after analysis. If it does not 

pass the leak test, repair it and repeat the analysis. 

4.2.2 Integrated Single-Point and Multipoint Sampling and 

Analysis - The sampling procedures are identical to those de­

scribed in Subsections 4.1.2 and 4.1.3. The flexible bag and the 

sampling train must be checked for leaks prior to sampling, and 

the Orsat must be leak checked before and after analysis. 

After taking the sample, remove the flexible bag to the 

analysis area and let it remain there for at least 30 min before 

analyzing with the Orsat. Analysis must be completed within 4 h 

of sampling. Perform the analysis according to the manuf ac­

turer' s instructions and as outlined in Subsection 4.2.1. Repeat 

the analyses by drawing in new samples of co
2

, o
2

, or CO from the 

bag until the following criteria are met: 

For co
2 - Repeat until any three analyses differ by

�0.3% (absolute) when co
2 

is >4.0%, or by �0.2% (absolute) when 

co
2 

is �4.0%. Average the three acceptable readings, and report 

to the nearest 0.1%. 



• 
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For o
2 

- Repeat until

when the o
2 

is �15. 0%, or

Average the three acceptable 

0.1%. 
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any three analyses differ by �O. 3% 

by �o. 2% when the o
2 

is > 15. 0%. 

readings and repeat to the nearest 

For CO, if required - Repeat· until any three results differ 

by �O .3%. 

4.3 Special Precautions 

The Orsat analyzer is a simple instrument, but the validity 

of results depends on operator technique, care, and patience. 

Special precautions for using an Orsat analyzer include: 

1. Do not allow ambient air to enter the Orsat analyzer

during testing. 

2. Always perform the analysis in the following sequence:

absorber No. 1 - co
2

, absorber No. 2 - o2 , and absorber No. 3 -

CO. This sequence is necessary because absorber No. 2 will also 

absorb co2, and absorber No. 3 will absorb o
2 

and possibly co
2

; 

double absorption will yield erroneous data. 

3. Be sure to saturate the indicating solution in the

burette with salt at the operating temperature to prevent absorp­

tion of sample gases prior to analysis. Be sure the solution is 

acidic (as indicated by methyl orange) to enable it to absorb any 

moisture in the sample gas. 

4. Keep the absorber solution from entering the capillary

column manifold. Void the test if any absorber solution enters 

the manifold, and clean the sample manifold with acetone. 

5. Allow a minimum of 5 min for gas samples to come to

temperature equilibrium with the water jacket before the 

analysis. 

6. Operate the Orsat analyzer under constant temperature

and pressure. Be sure that the levels of solutions in the 

burette and the leveling bottle are the same to ensure equal 

pressures before taking a reading from the Ors at. The water 

jacket acts as a buffer for temperature changes. 

7. Measure so2 concentrations quantitatively (Method 6) if 

the source being tested is known to have or is suspected of 
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having high so2 concentrations, and subtract the value from that

of the co2 determination. Measure and correct the values when

the so2 concentration is suspected to be �3% (relative) of the

co2 concentration and when the data are to be used to correct

emission rates or to calculate gas flows. If the data are to be 

used for calculating just the molecular weight (Md)' then so2 in­

terferences as high as O. 5% (absolute) or 5000 ppm are accept­

able; this level of interference will result in an error of only 

about 0.1 g/g-mole (0.1 lb/lb-mole) in Md.
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Table 4.r ACTIVITY MATRIX FOR ON-SITE MEASUREMENTS 

Characteristics Acceptance limits 

Grab Sampling 

Sampling train No leaks 

Sampling points At the centroid of the 
cross section or at a 
point >l m (3.28 ft) 
from the walls 

Integrated 
Sampling 

Locate sampling 
points 

Flexible bag 

Train 

Sampling rate 

Orsat Analyzer 

Leak check 

(continued) 

8-12 points; see Sub­
sec 4. 1. 3

No leaks 

No leaks; vacuum 
stable for >30 s 

Constant rate 

No leaks for 4 min 

Frequency and method 
of measurement 

Visually check before 
each field test 

Not applicable 

Not applicable 

Check before each 
field test; see 
Sec 3.2.1 

Pull vacuum of at 
least 250 mm 
(10 in.) Hg 

Check using Fig 4.2 

Varies with test 
method; mandatory 
for emission rate 
factor and excess 
air calculations; 
Sec 3.2.1 

Action if 
requirements 
are not met 

Eliminate 
leaks before 
proceeding with 
test 

Not applicable 

Not applicable 

Replace as 
necessary 

Check all 
connections,_ 
replace items 
as necessary 

Repeat sampli ng 
to meet 10%

deviation limit 

Check rubber 
connections and 
stopcocks 
until cause 
of leak is 
identified; leak 
check after re­
pair and 
reassembly 



Table 4.1 (continued) 

Characteristics Acceptance limits 

Test Results 

Md from each of three
grab samples and anal­
yses differ from their 
mean by <0.3 g/g mole 
(0.3 lb/lb mole) 
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Frequency and method 
of measurement 

For each field test, 
compare calculated 
M

d
's to their means 

Action if 
requirements 
are not met 

Repeat analysis, 
perhaps by 
another operator 

For emission 
rate factor 
or excess 
air calcu­
tions 

1. Make repeated passes 1. Compare readings
thru the absorbing solu-

l. Replace ab­
sorbing solution 

tion until two consecu-
tive readings are the
same; compare three
readings

2. Make repeated ana­
lyses; see Subsec 4.2.2
for criteria

2. Compare analyses
of component gases

2. Repeat analy­
ses by another
operator; check
the apparatus
and technique

. I 
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5.0 POSTSAMPLING OPERATIONS 
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Table 5.1 at the end of this section summarizes the quality 

assurance activities for the postsampling operations. 

5.1 Compare Measured Values Against Theoretical Values 

After the analyses have been performed and before the appa-

ratus is disassembled, the measured and the theoretical results 

( if available) should be compared as a quick check for gross 

measurement errors. 

Combustion nomographs are available for estimating the per­

centages by volumes of co
2 and o

2 
when the fuel composition is

8 9 known. ' Also the nomograph can be used to calculate the mole-

cular weight of the stack gas. 

Perform the calculations on the measured data as directed in 

Section 3.2.6 and perform the following comparison: 

where 

Dco = difference in measured and estimated values, %, 
2 

%C02(m) 
= measured co

2 
(average of r replicates), %, and 

%C02(e)
= estimated or theoretical co2, %-

Accept the measured value if Dco is <2% (absolute); otherwise, 
2 

check the apparatus, the technique, and the estimating procedures 

before collecting and analyzing more samples. 

Record the estimated or theoretical values on a form similar 

to Figure 4 .1. (Theoretical values may have been calculated and 

recorded before the field test if sufficient knowledge of the 

process was available.) 

A second method to help eliminate gross errors is the use of 

the Fyrite sampler at several points during the test. This will 

indicate whether a problem does exist, but will not reveal which 

value is indeed correct. 
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5.2 Disassemble and Inspect Apparatus 

When disassembling the apparatus, visually inspect the 

sampling train components and the Orsat analyzer for damages that 

could have adversely affected the measured values. Any identi­

fied damage that was not detected during the test should be 

documented on the field data form and thoroughly evaluated by the 

appropriate apparatus check in the laboratory. After checking if 

it is concluded that the damage could have biased the measure­

ments, a description of potential bias in the data should be 

included in the field test report. If possible, repeat the field 

test. 

5.3 Pack Apparatus for Shipment to Laboratory 

Pack the apparatus for shipment to the laboratory as de­

scribed in Section 3. 2. 3. Return the data forms, prepared in 

duplicate, to the laboratory--one copy should be sent by mail, 

and one copy handcarried. 

Table 5.1 ACTIVITY MATRIX FOR POSTSAMPLING OPERATIONS 

Characteristics Acceptance limits 

Compare mea- %C02(m) - %C02(e)
sured vs. 
estimated 2_2% (absolute) sug-
values of gested 
%CO 

Disassemble and No damage that could 
inspect ap- have adversely affected 
paratus the measurement 

---·

Pack apparatus Follow specified pack-
for shipment ing instructions 

Action if 
Frequency and method requirements 

of measurement are not met 

As suggested by ad- Repeat the 
ministrator; e.g. I 

analysis for 
for each incinerator additional 
test when an estimate samples 
o.l: %CO2 is to be
used to correct parti-
culate emission levels 

-�----

Visual inspection Report damage 
and its pos-
sible bias on 
measurements to 
the administra-
tor; use Fig 4.1

--- -

After each field test Not applicable 
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Table 6.1 at the end of this section summarizes the quality 
assurance checks pertaining to calculations. 
6.1 Excess Air 

Use Equation 6-1 to calculate the percentage of excess air. 
Use the average value for each of the component gases, as fol­
lows: 

where 

%EA = 

%02 
=

%CO =

%N 2 
=

(o.264 
%02 - 0.5

%EA = 

%N2 (%02
-

percent excess air, %, 
percent 02 by volume
o2 values, %,

percent co by volume 
CO values, %, 
percent N2 by volume
N2 values, %, and

%CO 
0.5 

(dry 

(dry 

(dry 

%CO)) 100

basis), 

basis), 

basis), 

0.264 = ratio of o2 to N2 in air, v/v.

Equation 6-1 

average of three 

average of three 

average of three 

The average value for each of the gases 1s computed from the 
Orsat analyses satisfying the criteria in Section 3.2.4. Round 
each average to the nearest 0.1%. In many cases, %CO will be 
close to zero and can be dropped to simplify Equation 6-1. Equa­
tion 6-1 is applicable whenever most of the N2 in the flue gas
comes from N2 in the combustion air, as is the case with most
fuel and refuse combustion processes. If the fuel contains 
appreciable amounts of N2 or if o2 enrichment is used, Equation
6-1 cannot be used; alternate methods, subject to the approval by
the administrator, are required. 
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Use Equation 6-2 to calculate the dry molecular weight from 

data in Figure 4 .1--i. e., the average values of the component 

gases reported to the nearest 0.1%. 

Equation 6-2 

where 

Md= dry molecular weight, g/g-mole (lb/lb-mole),

%CO2 = percent co2 by volume ( dry basis), average of three

analyses, and 

%0
2

, %N
2

, and %CO are previously defined. 

Round Md to the nearest O .1, and record the value Figure 4 .1.

6.3 Data Reporting 

A copy of Figure 4 .1 or an egui valent form should be filed 

in the laboratory log, and the original should be forwarded 

either to the home laboratory for further internal review or to 

the user. An independent check of the calculations should be 

performed, and the corrected values should be indicated on the 

form if the differences are more than the acceptable roundoff 

error. The checking analyst should initial the data form . 

• I 
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Table 6 .1 ACTIVITY Mt-'\TRIX FOR CALCULATIONS 

Characteristics Acceptance limits 

Calculations 1. Data form Fig 4.1
contains all data
required for calcula­
tions of o/.,EA, M

d
, and

emission rate factor

Data reporting 

2. Average concentra­
tions calculated to the
nearest 0.1%; final
calculations rounded
to nearest 0. 1%

3. Independent calcu­
lation agrees to the
nearest 0.1%

Data report complete 
with indication of 
calculation check 

Frequency and method 
of measurement 

1. Visual observa­
tion at each field
test

2. For each field
test, compute tbe
average concentration
of three analyses
that meet test re­
quirements

3. For each field
test, repeat calcu­
lations starting
with raw data

4. Visual check

Visual observation 
of each field test 

Action if 
requirements 
are not met 

1. Obtain neces­
sary data to com­
plete the form

2. Recalculate
all results for
which computa­
tions not con­
sistent with pro­
cedure

3. Report cor­
rected values of
the calculations
in fig 4.1

4. Correct
calculations

Perform 
necessary cal­
culation checks 
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Little periodic maintenance is required for the Orsc� 

apparatus--other than visual checks of the glassware, tubes, a�.:: 

expansion bulbs. Keep the valves closed during storage, a:-. .:: 

avoid freezing temperatures. If the Orsat is to be stored ov�: 

an extended period, it is generally better to remove all oft�: 

absorbing reagents. The flexible bags are generally subjected �= 

extensive wear, and require repair or replacement when leak:: 

occur. The pump and rotarneter should be kept clean and should�: 

maintained in accordance with manufacturers' instructions. 

Characteristics 

Glassware, con-
necting tub-
ing, expan-
sion bulbs 

Flo',(ihlP ba2s 

Pump and 
rotameter 

Table 7.1 ACTIVITY MATRIX FOR MAINTENANCE 

Action if 
Frequency and method requirements 

Acceptance limits of measurement are not met 

No damage Visually check before Replace if 
each use damaged 

Ac: ;:,hr-uP As above Repair or re-
place as re-
quired 

Clean and maintained According to manu- Adjust/ repair 

in accordance with facturer's instruc- or request 

manufacturer's in- tions assistance of 

structions supplier 

l 
1 ) 
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An audit is an independent assessment of data quality. It 

1s independent because it is conducted by personnel other than 

the field crew and by using apparatus and measurement standards 

that,are different from those used by the regular field crew. In 

the field, routine quality assurance checks are necessary for 

obtaining good quality data from a series of test runs at one 

source, but they are not 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 col­

laborative tests, three performance audits and a systems audit 

are recommended in Subsections 8 .1 and 8. 2. Both types are to 

be conducted by auditors . 

8.1 Performance Audits 

Performance audits are quantitative evaluations of the 

quality of the data produced and recorded by the total measure­

ment system (sample collection, sample analysis, and data proces­

sing). These audits should be conducted by the responsible con­

trol agency once during every enforcement source test, regardless 

of whether the test is conducted by a control agency or by a 

private company personnel. A source test for enforcement corn-

prises a series of runs at one source. 

8.1.1 Audit of Md - Because the maximum relative error in Md is

approximately 4%, it is not practical to audit Md unless directed

by the administrator. 

8.1.2 Audit of Analytical Phase Using Certified Gas Mixtures for 

Emission Rate Correction Factor and Excess Air Determination 

Analyzer operation and operator technique can be checked by pro­

viding audit samples of certified gas mixtures to be analyzed 

prior to or along with field samples. One sample should contain 

concentrations of 2-4% o2 and 14-18% co2, and another sample

should contain concentrations of 2-4% co2 and about 15% o2.

:, . -, \ 

e_·'--�
>



Section No. 3.2.8 
Revision No. 0

Date January 15, 1980 
Page 2 of 5 

These gas samples can be transferred from their pressurized 

storage containers to flexible bags and delivered to the test 

team on site by the auditor. Replicate samples of the audit gas 

containing o2 and co2 concentrations similiar to the concentra­

tions expected during the test and one sample of the other audit 

gas should be sufficient for audit of the analytical phase. 

The error of the analytical phase can be calculated using 

Equation 8-1, and should be �1.0% for co2 and o2.

where 

D = %V - %V 
o a o C

Equation 8-1 

D = difference in the field test results and the certi­

fied audit value, %, 

%Va = field team's value as the average of r replicates,

%, and 

%Ve = certified value of audit gas, %.

The emission rate correction factor is not directly proportional 

to the Orsat analyzer error. Therefore, the standard calculation 

of %Dis not applicable. The results of the calculated %D should 

be included in the enforcement source test report as an assess­

ment of accuracy of the analytical phase of Method 3 during the 

actual enforcement source test. 

8.1.3 Audit of Data Processing - Data processing errors �:n be 

detected by auditing the data recorded on the field and the 

laboratory forms. The original and the field check calculations 

should agree; if not, all of the remaining data should be re­

checked by the auditor, and any errors should be clearly 

explained to the team to prevent or minimize reoccurrence. The 

data processing errors may also be detected in copies of data 

sets compiled and filed in the field and in copies of manual data 

reductions ( or computer printouts, if used) forwarded to the 

evaluator for audit. Calculation errors are prevalent among 

users of Method 3. 
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A systems audit is an on-site qualitative inspection and 

review of the quality assurance checks used by the team for the 

total measurement system ( sample collection, sample analysis, 

data processing, etc.). Initially, a systems audit specified by 

a ·quality assurance coordinator should be conducted for each 

enforcement source test, which by definition comprises three 

runs at one source. After the team gains experience with the 

procedure, the frequency of audit may be reduced, for example, to 

once for every four tests. The auditor should have extensive 

experience in source sampling--more specifically, with the 

characterization technique being audited. 

The functions of the auditor are summarized as follows: 

1. Observe procedures and techniques of the field team

during sample collection. 

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 quality assurance 

coordinator so that any needed corrective actions may be imple­

mented. 

8.2.l Collecting On-Site Information While on-site, the 

auditor should observe the field team's overall performance 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. Purging the sampling train with stack gas prior to

collecting the sample. 

3. Proportional sampling.

4. Transferring of the sample from the collapsible bag to

the Orsat analyzer. 

Table 8.1 is a suggested form for use by the auditor . 

8.2.2 Collecting Laboratory Information When visiting the 

field team's home laboratory, the auditor should check the re­

cords to verify that the performance criteria in Table 4.3 (Sec­

tion 3. 2. 4) have been met since the last audit was performed. 
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OPERATION 

Presampling Operation 

1. Availability of theoretical value
2. Use of modified Orsat analyzer (0.1-ml

divisions)

On-Site Measurements 

3. Setting up and leak testing the samp­
ling train

4. Purging the sampling train with stack
gas prior to collecting the sample

5. Constant rate sampling
6. Transfer of sample from collapsible

bag to the Orsat analyzer
7. Maintaining constant pressure throughout

the test
8. Exposing the sample to ambient air
9. Spent absorbing reagent

Postsampling Measurements 

10. Perform independent calculations using
data from audit

11. Compare the audit value with the field
team's test value

12. Make sufficient passes for complete
absorption of a component gas

13. Minimize volumetric reading error
14. Check/verify applicable records of

apparatus calibration checks and quality
control charts in the field team's home
laboratory

General Comments 

Figure 8.1 Checklist for Method 3 for use by the auditor. 
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Table 8.1 ACTIVITY MATRIX FOR AUDITING PROCEDURES 

Audit 

Analytical 
audit 

Data processing 
audit 

Systems audit 

Acceptance limits 

D = %V - o/cV 
a ° C 

oiy -
/v a 

mean value of 
measurements 
by field team 

%V = certified value 
C 

of audit gas 

Agreement of original 
and check calculations 

Technique described in 
this section 

Frequency and method 
of measurement 

As designated by the 
administrator 

Once during each 
enforcement source 
test; independent 
calculations starting 
with raw data 

Once during each 
enforcement test 
until experience 
gained, then every 
fourth test; observe 
techniques; use audit 
checklist Fig 8.1 

Action if 
requirements 
are not met 

Advise team of 
sources of 
errors, and re­
quest they seek 
additional train­
ing; rerun test 
if necessary for 
determination of 
compliance 

Check and correct 
all data 

Explain to 
team the de­
viations from 
recommended 
techniques, and 
note deviations 
on Fig 8.1 
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY 

To acquire data of good quality, two considerations are 

essential: ( l) the measurement process must be in a state of 

statistical control at the time of the measurement, and (2) the 

systematic errors combined with the random variations (errors of 

measurement) must result in an acceptable level of uncertainty. 

As evidence of good quality, it is necessary to perform quality 

control checks and independent audits of the measurement process, 

to use materials and measurement procedures which can be traced 

to an appropriate reference standard, and to document data from 

the checks and audits (e.g., by means of a quality control 

chart). 

Data must be routinely obtained by repeat measurements of 

standard reference samples, primary, secondary, and/or working 

standards. The working calibration standards should be traceable 

to either primary or higher order standards. 

In the case of absorption type gas analyzers, operator 

techniques and analyzer operations can be checked by sampling two 

certified mixtures of bottled gas containing 2-4% o
2 

and 14-18% 

co
2

, or 2-4% co
2 

and about 15% o2. Bottled gases used for audit

purposes should be traceable to NBS standards. 

('it/ 
J• I 
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I. Prf�fplt .,., A.1>p/bl,ili1J 
I.I I'dnoiple. A gas sm1,i., ls o!Xtract<,d Crom a lllacll: 

by ono or Lh� following Lrit·l ilvds: (l) sJngl("-f\Qlnt, crab 
Mmplini: ("1 �l r1i: f<'•r>ol nt, i rt• • .,.mt.cd S3mr,Jlng· or (!I) 
mulU-fl(.lir. t, lnlc1,:ral1•d sampli 11,:. The gns Slfflple 11
an.�lyu,J for P("r�rnl C:\rl>on <llultidc (CO2) ,  percent 01.1• 
1cn co�,. r;..111. tr """"-�SAry . ncrccnt cnrbon monoxi<k 
(CO). II a · ry inolo,culnr w,•1oht dctrrmlnntlon II lo bo 
made, eithc•r au Or.snl or n Fyrt lo  I nn:i1yt.cr mny be used. 
for th� Rnalr!-is. for OX('<'�� oi r or <'mis,slon mto corToction 
factor drt1•:·111i nolion, A.11 Or!-:.\1. 11nalyur must ht\ uacd. 

1.2 Am• h"�bHil:,. Thi::, m, tl111<l is 11pplicalJlo lot d• 
tnrmlnlnJ: COz a.1 1d O. co,.<,·1 . · ra1fons, rxC("'$."i air, and 
dry molreulnr wri�ht "i a �.inpi,• fr<Jm a gas sLrnam or a 
tossH-rucl cumllusUu11 procn,.<1 . The moLhod ruay al'<> be 
appUcalJIP. l-,oLher l'T,i<:1•,,,.sc:; wl1rreJt 110."\ bec11 dcton11lnod 
that comp,,:...r.11:< ot hrr than ( ' (  •• · 01, CO,  o.nrl 11 ttrrcen 
(N,) arc n.it prffleut in con.:c:\trations sufficlellt to 
atfect t he rf'sults. 

Other mrilu,d�. l\S w._,11 as tnodifico1ions to the proce­
dure d1•.�cr1h,•. : hrrrin ,  arc als;. opplical,ll• for some or all 
oC tho ut>o,·1 ,. ·l<'rrnhat.iou:,,.. E,1.un plf'S of �P<'CHic me-.lh• 
ods and mo. - i 1  .·:n ; o,�� inchuk: ( l )  :l mul l i•poi nt. SRmp­
Un� nl<'thntl 1, :::i 1 1c .rn Ur,al a1 1:ll� ,.rr to n1 1nh· u tmU• 
vtd11nl S?ml1 s.unph•t o\ , iauwd al 1'1\.t":1 l '<l1t 1 l ;  (:!) a mc-thod 
U."tn, Co, M o� and �1,,l1·l.i . u 1 · : -- ,·�ln1::\tfon!'l lO drtrr• 
ruin& dr}· 1,w · 11l:\r Wl'lhhl a, , , vc-::s oir: (,1) D..,�i«ntn« a 
-value of ao.11 ,.-:,r Jr}' moh .. -cul��r wd(-:1:t, in lh;u of act-uat 
mea.,urcm<'nL.1t, for proco.s.s<',s burning naturai ,tM, ooal, or 

oll. Thrsf\ mrlhods and n1,l<li li(·11tl,ms mBy bP used but 
are 1ubjccL h" t.ho 3J>proval o! Lhc Administrator. ' 
2. A1>J)(lrolu1 

As an aJl«•rr,:,,t i "·o lo the sr�rn1>!init apparatus :\Od 1ya,.. 
t�nu d�rin� l ht1rcin, othM .s.,mpliu� sysl�ms (e.g . •
bquid d1�pb(',• ,; • nt)  mi,y l>o uSo1.•d provltfod such systems 
are capahlt.1 o, olllainiug a rcpr1\-.rnto.llvo sample and 
maintainin:: n fonstanl S."l.mf ,lin.: rltc. And nrc otherwise 
capnt,le of yielding o.cccptal>I• re.suits. Use or ruch 
aysttuns 1s �uhj1•r.1 10 1 he I\Pflr,,vi\l o( 1.ha A<lmim�ltlltor. 

2.1 Ornh .-;;..mpling l.Fi�uro :J -: ). 
2. l.l Prov<-. Tllo prol)v �ho11,d Ut• madr ol �tainle."5 

•�I or �rosilicai..e KlL.SS tu bins: llnU should IJc 0<1ulpped 
Wllh an ID�Sl!\C'.li.: or CIUt·SLILCII': hl '  ' . to rem.ovc. ":'t.r i lcuhu..e 
matt.er (a p:: .. ar 1;lnss \\' 1;:11 b :- �; h(ac1ory ror thi� pur• 
po30). Any 1.. dh r uwt�r,,.. ,ncr· t,i O, C O, CO u.nd N1 
and ruistanl t1, tompurau.;.ru iu �tnpling co

1
nrli li� 11s out,y 

be used for th1' probe: �x .• ,np l",..., or such inot,·rlal are 
aluminum. ro; .vcr . quart& J? lss.'\ �lid ToHon. 

2. 1 ..l Pum:, .\ 011c-way :-· , .• ('.('I.Z,· bulb, or f".quivnlont, 
ls u.sod to lr:� , ... ,lort tho t!'l..� s:: u 1 1ple lO the an11lyr.cr. 

2.2 ln '(';i!rtli.<"J Samplius: l l·'i�urc 3-2). • 
2.2.l l'rohc. A prolJc such 11::i: t.hGt dcscriboJ m SocUoa 

2. 1 . 1  Is sult�hlo. 
1 .\lf"nUon or Lrade names or spnelfic producUI does not 

con!lltuto endorsement uy th• Enviroa.mental Proi.eo­
Uo'! A1ency. 

PROBE 

FIL HR (GLASS WOOL) 

2.2.2 Coodell90C. An alr-eool<d « walcr-<lOOlod con­
denl<'!, « olher condM...- that will nol n,mo .. O� 
CO,, l.'0, and N� may tM, 11.t«l lo r,,ino .. MO<M mollton 
:;�J•�o:C:::�'1.,��lerlere wiLb Ule operation ol the pump 

�,._�1!w '{.:�•· A ne«lla valve Is u.,cd to adjust •mplo 

2.2.4 Pump. A 1"11r•rr�. dinphra�m-type pump. « 
f',1ul•alent, b U5C'd to trsrui:por\ sample ,t&S to thr OnilJle 
'2"'-· ln,taU D nnoll suri:e tank botwc,,n th, pump and 
n,� meter to f'limlna� the pulsation <'..0ect of lbe dJ• 
Jihra«m pump on the rol&ml":t<"r. 

2.2.5 RaU\ �lctt:r. 'Tb"' rot:,.mctcr. or C'l1 1 ivalMt raft' 
m�ter. OMd ,hould bt! t-AJ1ablr of mea,;uring flow ro.t.e 
to within ::t:.2 J"K'rcf'nt of tho S(' lrcted Oow rate. A now 
nte ranee of 500 f"> 1000 cml/min is suc:c:-"stcc t 

2.2.e Fl<1ll,I• na�. Any leak-Ir•• pla,tic (e.g., Tedi .... 
M)'lar, Tenon) or plastic-coat\'.!<I aluminnm (<'.« .• alu1ni­
nlud lfylar) b�. or C111 1 ivalC\nl, hat"int a e&J'Nl('1lJ' 
t.oru1lstenl wilh the scl<"cled now rate �nd time leng,h 
<,f the tut run, may � used. A capacity in the ranee o( 
M I<> 90 lit,.rs Is su,�rst.od. 

To le&k-<:hcck lh� bne, conn<'<"t ii. to a watcrmano""f.trr 
and pru.surizo the l>e� 1<> 6  to !O cm ll:O (2 lo i In . H.0). 
Allow t.o stand for 10 minulrs. Any displacC'm("nt tn the 
wafer manom"tu lndicBl<"� A :c-:1k. An altc-roAtlTt lflnk• 
c-heclr method is to pr�uri10 1 hc b&J.: to 6 to JO cm lf 10 
l!«t.o

1
�Jr ... �i 

l�t•Uo,. I<> s;:.n<I overnight. A deOal<ld

2�.7 Pros.sure Ga11gf'. A •a.t.er-ftUcd U·t\1he manom• 

t�: n:'x1tJ�t�•I�it:h�tll 28 ctn (12 in . ) Is uaod foe 

2-f.8 Va,c,uum Oa111e. A mercury manomt_Ur1 or 
et1mnlent, or at lenst 1r,o mrn llc (30 lu. llg) i.a uaea lot 
Ul• sall)pUni train leak-.:hecL: . 

2.3 A.nalysi,. For Orsnt and Fyriu, analyir.er main• 
C.Ona.nN!i and opualion procedure.s. toUow the lnslnlCt.iona 
,_.,,mmondod. by tbe manuracturor, unless o\hanrilt 
or,nr.lflod herein.  

2 .�.l Dry Mol<'<"ular W,i�ht Determination. An Or,at 
,.naI,-.., 0< Fyrlte typo colllbustlon ,.., analJteC may ba 
d - .  

• 

2.3.2 Emls..11;,ion Rate Con�tion F&.etor or Eitt;SS Air 
Det«mJnation . An OrsAl analyt.er must bo used . Foe 
low- COt 0es:s tban 4.0 pui:::ent} or bii,cb 01 (Jcrf'6tor \hen 
1,\.0 J)erct"nt} oonrontrallons, t.he nlCR.!tlfing b,�rt>tte ot 
&be Onat mu.st have at l<��L 0.1 poccont subdi ns1of•· 

I. Dt, Mokcular R'tigld Dtttrminotion 
Any or the lb rre sampling and annlytirlll pror<"'tl11:-c-.s 

dMCribed below UJIJ be u.c,.ed for d0Lonnini11, the dry
01olec:ular wei�ht. 
l'��;;t•·l'oint, O rab Samplin& and Anal:,t1cal 

. 3 .1 .1 The ampllng point in the duct ahall either bo 
at the oentrold of the croas section or at a poi11t no c� 
lo the wo.lls than 1 .00 m (3.3 rt ), uni.,. otbcrNioe specllied 
by tbt A<tmlnist"'l<>r. 

FLEXI BLE TUBING 

SQUEEZE BULB  

Figure 3-1 . Grab-sampl ing train. 

3. 1 .2 s.t up lhe equlp11M11t M abo,ra ID F1sun $-I . 
maklnc ...,.. &11 con,.,,cti<,na aheMI o/ Ibo .,..r,._ .,.,, 
tlcbt Md l<iak•ftN. If ..,. Orsat ano.1,-.. lo UNd, Ii la 
r"""ll)IIMllded tbat tbe analyior bo leabd-<:l>ert.d b1 
l<>llowlnc tlM> procoduni In S..:Uon s; bownoc, 1M llak· 
cbe<t II o�lonal. ·1.1 .1 Pi.co lhe probe In the sw.k. wl:11 t.be Up of tha 
p,obo pooltlon•d oL Lha st>mplin1 point: l)llrle I.he """'P'· 
inc Une. Draw a wmf'lle int.n the: an.all"'WC and irtl.ln� 
<liatelJ ano.lyr.o It tor pc.rc,nt C-O 1 nnd pu,,tnl Os. Oew-
1nla1 the perc-·ntAC:e of t.h� ,::u tltal ls :,r.; 1 aod CO b1 
111ubc.ncUnc lhr sum of th(' p,·rctnl COt and perornt o,

from 100 porcrnl. C-nkulotc L11e dry "10loew&r •debt u 
ln�lc:aled In Stet.ion G.3. 

J. 1.4 Repeal tht' S.'\H\Jl1iaf' ann1ys�. 1,11,d calculation 

r;.��it!!
0

J:h��
('
f�;1�: 

1
�

1

)7r.it!!�:a�t'\�:. °'ma:! 'l:.� 
.o.i lfs-,nole (0.J ll>/ll>-mol.- l .  A ,•rr04:r 1Ii_ th,... � 
utar weicht.,, and tf'r"Qrt t110 rcsul:..S M the DMCMt 
0.1 ell-molt (lh/lb-mol,J. 

�2 llln&k>-l'oint. lnie«n.;.,i :lamplir..; and Analy1kal 
PtooodUN. 

3.2.l T� oam plin� pnint in lho duct shall be lacaled 
aa1p,ciJ!cd ln Soctiou �. 1 . 1 .  

a.2.% 1-k-chcck (Ol't io"al) tho flctible bac M ID 
Bec.Uon 2.2.6. 8el up the • ·li . ;ip1 .l<'nt a.� soown itt )'t«u� 
3-2. luat prior I<> snn1pl111. k.uk·d1,ck (opt.ional) tho 
train by placing a Tacuum ;..at.�c- aL I.he <»odea.Mr lnl1.'f., 
r11u1.,. a TO.CIIUm of •t t.-a.,t : . .o mm l ie (10 In. Il g).
plu«glnc the outlet at 11;,. , ;:.i,ek di,e0r,,i,ct, .and thm 
tumlnc off tho pump. The , �c,.nm sht.uit! �in 11.&hl� 
ror atleutO.S minnt..e. E\.·j,('1t:.H«:! thc-t1r� 1l•l.t baa. Connf'C1-
1 he probe and place it in : 1:,. �t:>.ck, wi1t. tbe Up ol the 

r::rn�N����::i�,��;t si:,7;, i'.��� f::�
11

1\l��,t���i
oonru-ctlona art'! tight Dllf1 ko'.. {:·tr. 

3.2.3 S.Jnplc f\t a ct,J ,j\ .1 �. , ratr. Thf' !:1,mplln,« nin 
!(hould bo si1nult.aneous v. • •n .  oiid for UM: •m& l.oL&.I 
Jro«-th of Um.- M. thr pol�; . .  • : ,"' • 1 1 1 11. .. , . . 1 1  ra1e: d.-t.errnin.,. 
tion. C()ilf(-lfo11 or Bl ka.,l :, i. ti•r� .:J l�I : : > :  or ..amr,Le J:M 
1., recommarnl•·J: howc, , , �•�>:llluc '-'Oiul'nel5 a1ay be 
tollected ti do,ir<'<I. 

3.2.4' bbt..ain 011(' lnt,•'-, ;1\:, .. ,1 lln� ;!.:\."' �mplf" dnri,l« 
.,a<.·h poUut.n.nl culis.'•i,m rll.t•· 11"1 , nnin:iuoo. Within � 
hours aft,or thr !-l\ 111ple 1� tAI.. ··1 , n11n1)'7-" il Sor IJ('rN'-Ht 
CO, and �rc('nt Or  wdru: ,· : th,·r nn Or:,,..it &111l1M'r or a 
J,'yrtt.e-type comtmst.1ou i,:� :111:ilyti'r. 1f Ml Orat aoa­
lyu, It .... .c1, It u re<ommo11c1•'1 thut tt>, 0.-.at lM.k­
cbecl< �r1bed In BecUoo � W perlororwod before thio 
detannlnatlon; bowenr, t.lle check II oi,uonal. D,t.«­
mlne the peroeni-.e or the ,,.. that b N, and CO hJ sul>­
lncll!ll U.. 11\Un ol tbe pu,"l'Ot CO. and pe,oent Or 

TO ANALYZER 
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QUICK DISCONNECT 

RIGID CONTAINER 

Figure 3-2. Integrated gas-sampling train. 

TIME TRAVERSE 
PT. 1pm 

AVERAGE 

a% DEV= ( Q • Q avg) 100 0 avg (MUST BE <;10%) 

Figure 3-3. Sampling rate data. 
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frorn HKI pcr,.,nt. Calrul,, l.e the dry molecular wolcbt u 
Indicated In �tloo A.3.. 

1.2.6 Rer-t th6 anal1sb &nd· calculation r,rooodun,o 
until I.be lndl•ldual dry molecular •<>lchta lor any Ulree 
anAly� diffor from thdr mMn by no more than 0.3 
g/g-mole (0.3 1b/lb-moleJ A ver&g• tbMO th, .. moleculat 
weights, and report Ibo r,'«Ults to the nearest 0.1 cir-mole 
(0.1 l h/lb-mclo). 

3.3 Multl- .l'oint, fni<,gnited Sampl!ng and Analytical 
.Procedurl". 

a.3.1 lJnkss otho, wi"' ,pc<:i fied by the Adminis­
trator, a minimurn of 1•ight 1.raverre points shall bo used 
tor cireulor stack:, having ,Ham<'lNS less thrn 0.81 m 
(24 in . ) ,  a mlr, imum of 11inc .shnl} he usrd for rect.nngl.llilr 
,ta.eke hnving eq.uivtskr,t dinmct(>rs h·S5 than 0.61 m 
(Zt in.) .  &r,d 11 nuniromn or twclv� travtrsc ;10i 11ts shaU 
bo usc,d for all ollter ra..�.c:. The tn;.,·r.rsr. rx,iuL, :..hall be 
loe&t4'd nccordini:: l.O �fr-thod l .  The use of fewer point.a 
is �ulljoct to o.pproval of the Administralor. 

3.:1.2 Follnw l.he procedures outl ined in Scclions 3.2.2: 
t11rough 3.2.5. �:ict-pl for the lollowln1r;: traverse &II sam­
pling points ant.I sample 1.t each point for an equal Ieng-lb 
of Limo. Rocord sampling data a.s shown ln Fi1ure 3-3. 

4. F.m!uion Rat, Corrtction Fador or Ezuu Air Drl.a­
m inalion 

NoTt:.-A F'yritt'l-lypc comlrnstion !i!NI annlytor i� not 
aeeoptoblr. for exc,·�c; .1ir or em\�ion rato corrPCl ion factor 
dtLerml ntHion, unh·!>.."i approvr.d U t tll6 Adm111 1,tr:.\tc,r . . 
If both pcrc,:nt CO:  ::.: 1d pcn�cnt 01 arc n1 •!1l.<;1 (.d tho 
nualyti<:'al rc:, 1dts uf • • �  of tho threo pr�cdurcs ih-<'in 
below W&),' nlso Lo U!. j for r.alcula1 i :11-: lbe dry mo!ecula.t 
weiKht. 

Each o( the- lhh't fir• "\'.durrs b1•10,iv $.hall bo u.c:;,Nl onl y 
1\·hcn SJlCCilicd in o, . :.i1, ! 1l1cabJc �u bp::i:rt o( the standards. 
The use or the.so proc"<l:.i rr_� for other purpo�r.s must have 
apocific prior opprov;ll_ tJf the Adrnin,,�trator. 

4.1 Swglc-PornL lirub SampJll;; and Analytical 
Procedure. 

t .Ll  Th� �nmplir  
at tho crn1wid of t 
to the walls th�n  l.t: 
by Lha Ad1:t i t : i!-itr:��'"'' 

, · "l ir,t In th� d,:.::t '-h ,l l l  c i l twr be 
�<·-'<'Clion or &t ft point no clo..,<'r 
i,3 ft) , Uhh.'\Sv Vtherwlso Specified 

m!k\�g ���eu�t l
1
�;���

1
tk��

11
!h�J

h
i,Wt�1�

n
a1f�fy1:,!, !$�� 

tight •nd lcak-!r,.e. l ,eak-<:heck the Orsa\ analyur ac­
cordlnK to th• r,roc•dure d.,.crib6d fn Seclion 6. Tbil 
lonk.c!1oek. is •n�udatory. 

◄ . : .:; f'l:l<'e lh(' prol>e In  the st.nek , "" i th th(' 11p o( Llie 
r•roi., . po:,,i tlon<'li at th� snmpling pornt; PUf"J'.\l 1.ht' wm· 
pt1 111Z I inti. ))row a M-mple Into_ thc.onF�l�•zt>r. J··�r .-ml�c:;lnn 
ruto <'OrTtction factor dt't<'nnlnauon, unmt"d rnkly aun .. 
lp .. (' th� �a1nple, n.s oa1ii 1 1N.I ln Btc· liom: 4 . 1  . .  4 .snd 4 . 1 ..i;, 
f, .r l'<'rcont ( · of or P<'fl'l': 1 1. 0,. I f  1'XCt�S OH' IS d('SlrNl, 
pro,-,·l)li n.� fo11,>ws: ( I }  !rn1 1 1rdintt'ly l\t�:\ lyt� tho sum pie, 
il'" i 1 1  :-:..,-ct 1,111s i .1 .4  and 4. J .�. ror l >c'rC'•'llt < 01, O,, and 
C O ;  (2) d,·t ,•nnino the flNl.'.._• 1 1 lUJ:!r. of U:(1 �doS thot Is N1 
hy :-u btrart in,: : ho su tr. ot lhP. (Jt·rr('nt CV�.  PNC"nt 0,, 
�;1 1 J)(:n:,•nl  C.0 fron: 1 ·"i f>U�ent.; a,!l l  (:.I} colculale 
l><' lt' . . ;11. (''.\CC$.� n1r HS OHlllncO tn �t•ct �on 1).2. 

◄ . 1 . 4: 1'0 ensure co : . , j •kt•• ahs<.rpt1, 1n of th� C. 01 , Os, 
,,r H f\J)pltcnhl�, CO, rnrP,;1• r{'l)(\;}w<l i,a.,;:.;,,.,; tar ni:,h each 
n:,sor l 1iu� sr.hnini. u.:�; :  \\, o ror:.�e<·ut-1vc �t"�ld 111gs are 
1 : 1 , . :•nmf'. �cv1•rn: p��=- ·•S '1 l 1rcc or fot:r' c:.h,,,,l<I Uc ma<.Jo 
t,, t ,, 1wn r1•n.di 11�s. { i :  t i11�1 a1 1t ,, u.• : : 1! ..... ":.lnnol be 
c1 1 •wi zu•d a(t.c-r three co11�·r ut ive r .. . u.l i n&�. f{!j ll�ce the 

n\:ti,•in1��
l

ru1 i'1\�- ) o.1131• "·• ·"- I:,. cor.1 ; 1ld, •l. l,'J\k•du•<:k 
( 1 :H11dal t,rr) t.h" Or:--ul .• i- :Jlyz.er onc1.: �1J,: : � : : : , :\!> <l<'.S('nhcd 
i i  . .  -.:1•1.:hon .1 . 1-'<.ir llw r, ult .� of the an;. 1f� •� •=1 b<' vnlld , 
1 1 1, , Or�t n11 .1 l p:rr 11 1t.;,, p:1�� t.hi� 1

.
,•:.� t <-··t h(�torl, nnc1 

:.:v:- t.l ie ,1n :\ i ,  !'l�. N o n  .. - :-.tnro li • ;;-. !'\111.,' : .•- puJ 11 t, gn\U 
�. 1 1 : i p l in� an,1  i\l \alytko.1 j l rOl'('d1m• ;!; 1\nr 1 1 1 :\ : :y  cnnduelC'd 
i il (', , 1 1jt1 11c 1 w n  w i l h  n �: · , i;c l<'•l).iinL, f;r:�I) !-· 1mphni:: n11.d 
1, 1 1 :1l v 1 1cal pr\1n1lurc ior .\ 1>o l i 1n :\ 1 1 L , only 1 :a• 1mr.ly�1s 
is 1 ,r't1 i : 1nrily c• , , 1d 11curt. fh·�n-brr, �n\�: r:1: 1• 1 1 1ust bo 
bk,·n 10 o l o l ain a val; i � ... 1:1 r d • 1 �1;<.l ,..u ,u :;:- , Ah hou�h 
i11 rno!-1. 1.·u."t"S cml)• CO.· or 1.): it rl·• l 1 1 . rP\i. ,1 1s rccoin­
mrndt•d that hoto CO 1 h1 ,d 0: he m,  '\. ... mf'd, _(\ l ld t l int 
\ · 1 tation ;, 1 11 t.l l o  Bibh,,�rnphy U<, us.·.! t.u , hlulolo tho 
111���yi�:!!�:t��j 11 t ,  l 1 1 1 ('t:, .1t . -d �.u 1 1pln 1� . 1 1 , , l  ,\ nairt irnl 
l ' r';'.��-�

lu
�:; 1 1. �:m 1 pl i n,.• rtll \ , , in  t h<' d11 1 • t  � , · :,a h,' l()(':11 1•.d 

I\.." '- IX'Ci fh•d 1 1 1  Sl·(' l l01l "· l . I ,  
◄·. 'l..2 lA'ak -c.h rck (mru,datmy) lho f1r.).ih\ ... liar: _n..-. in 

�CCI j('n 2.'l.6. �l up th(I eQlHJ)Il�N\l M :shown m .. 1,nire 
:J -2. Just prior t.o snmpling , lc.ak--<'hc-ck (mandOlorr) t ho 
train by ph\Clniz: a vacuum gnu�" at tho conf!<-11�c,r mlot, 
puUin� a v&euum of nl ieast � mm Hg \l0 in,  l lg) , 
plussing lh& ou\lct at tho quick disconnect, on<! tbou 

Section No . 
Revision No . 
Date January 

Page 3 of 3 
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nret the prob<, and pince II in 1he11.a<-lc. with tbo Up of th• 
pr,>be posit.io116d al U1e sa.mpliuc poiut; purgo th• ,nm­
plin.: linfll. Nt1l, connoot thfl b� and mak" sure that 
ul! conn(l(tion:; ruo li{:ht and k\,"\k rrt'<'. 

4.2.3 Snmplo at n con!-tn.nt. rnto. or as gp«::i!ir.d by the 
Adminb:trotor. 'l'ho S.'\mpling run nm::::L lie <'tnmltonoous 
vdth, nntl ror thr sam" •.olll) longth of l imo o.s, U,o potlut .. 
Ant cmi:r... .. ion ruto dcu:rminat ion. Coll<'ICl nt le-nst 30 
litP,n (1.00 fLl) or �1,mple gn.s. Smo!h\r vo\umos way be 
rollretcd, su\JJcel to or,prov•l of t�. "dminl,trntor. 

4.2..t Obtnin on� intt•cmt.«i flu-l �3S suinplfl dnr1n,:' 
�:\Ch pollnt:mt cmis.1>ion rate determination. l-"or emfs.slon 
rat(\ corrf"Clion fKctor dolern1 ination, analyz.c the samplo 
.,.i thin -t hours ahcr it is !Aken for pc,rccnt CO: or f)Oref'nt 
01 (M ouUinr-d in Sl'Clions -4.2.5 :i�rou(?:h <4.2.7). The 

. Ors.itL analyzer mus1 bo l<':lk-<'h�liu•d (.sco St>.t'tion r,) 
llf'ro�. t h�� an:1lvsis. ! f  \)�C<'S$ air is dC1sircd, prl)Cft.d as 
fullow�: ( I )  wit

0

hin ,t hours :\flfr lhe s."\mplp, is t .lken, 
Bllf'liyt(': il. (�,; in 8t•Ctions 4.'2. S throuJ;!h 4.2.7) tor l)MOOU\ 
<::Ot. 01. and CO:  ('..:) <lt' IC'rtnine ll\o 1)('.rctmt ::,,ge of the 
�as thM i� N: b;.· s: 1hl rnrtin� the. sum of ti le ptrc('nl CO s. 
fK'rccnt 01, oad 1,,•rCP!1t (;0 rrom 100 �rt.'rnL; {:J) cal­
culate prrcent exrc..� air. ns onll inNi in ooction 6.2. 

4.2.S 'To ensnr<' co1 .!1•1Ptc o.bsorptJon of tho co,. Ot. 
or ir applicablr, CO, rn�,;o re1)('-0l('d JlB.S."CS through MCh 
:-, t ,�r,rbinf:: �,1lnUon 11 11 1 1  I twG consC'cul ivo r<'a<lincs nr� tho 
:-:: . in<'. s_.n,rnl r,o.�c;;r,s \thL·o or four, should he marl4' 00"' 
tWC'('n r1•1Hli11J:?::::. ( 1  f co1 1.<il!1nt r<"a<Hn,;,:1 .·an not Uc oht:Untd 
nfl.rr tl1n•1: co11Sl'CULh·o reading�, rcpla.co ti.lo aUsorl>lnc 
sol111 iou . ,  

4 .2.6 H,•f)('!ll the annly�ls until lhl' followJuc criwia 
Brf\ 11\t"{ ; 

• . 2.6.1 }'or [l('<f<'t•nt : O:. r('.l�t th€' n11aly1.icnl pro­
CC"durr unl i  I tlw rt'!-\ l l l ."- i f  any Lim.·� n11aly�o.-- di fl,•r l,y no 
moro limn (J\) 0.3 J>t•rci· 1. t  Uy volurno wh<'n c.; O, 1s �reaW 
than (.0 P<'rccnt or (b) 0.2 porcrnt by volmnl': wh,•n COt 
ls lfss than or e<JU&I lo 4.0 p,rcent. A veroge the thrN ac­
copt..-blc value$ of fl"rcent CO, and report tbo ,...ult& lo 
the ne-.are�t 0.1 p,erceot. 

4.2.8.2 For J..,.cent 01, n>f\<lllt tho analyllCl\1 procedare 
ouul tho ro.rulu of any three ana.ly""" differ by no more 

than (n.) 0.3 f)CT(ent hy voJurn<, wh('1t O, ls k•ss thnn U.Q.... 
p.�rcenl or lb) 0.2 1�rcc11t by •olum.; whe,n 01 Is grcaf.cAI 
th1.111 J.5.0 t't'n.•1•11\.. A Vt'ra�(" the thrN:' ,�ceµt.nt,!o vulucs o( 
J>t.•rcC'nt 02 and repon the results l.o the near\'St 0.t 
J)f.J'C('llt. 

4..2.8.3 For pN·c-�nt CO, rrpP.:\t th� analytical proce-­
duru u11UI the rt•HJlts f'f 1rny fh r,•(' a11alysC's di ffer by no 
111orc thf\11 0.3 p1.•rn•1 1L A v,·r;tf" t ho thr,·� :k•:�ntoblt\ 
vnh11-s of porn- 1 1 1  C l > n:1U 1 • • 1 •, 1 1  t ' h •.' r1•s1 1 l ts t,i 1 1 11, 111 •ur1•.,:j:t, 
U.1 jl\."rc,•11t. 

4 .�.7 A Cl f'r  1 1\• !lnaly-.;(..: is <"• 1 ! 1 1pl1•t1 •�l . l•·.1k�lh•1:k 
(mnnti:ltory) t ile i )r:--:,\1 a11 ;1 l y ·  . . •·r oul·•'. ;1i::t i 1 1 ,  1\!- d•·�rl h\!d 
In S�etion fl. For tl1 , • rL··mlts or t l •l· ·11 1:;1ly!'-is to hl· ,.·a:•t.1, the 
Or.�t anaJ y1.cr rnust p:l.ss t ::is '•·:1k h·sl. lh1fon� 1uid ll.ftl•r 
the 111m)y:--i!\, Not,• :\lt h0u;!h in ·iw�t i 1 1s 1nm:f':--: 0 1 1 ly  COt 
or Or is rc·t 111 in· ·1 , 1 i$ h'\'1 1 1 1 \ 1 1 1 • • 1 1d"<l thnt  lu,1 11 1 · , , 2 and 
01 be- 111<':1:o.ur,•l:, a. ·l that t · i 1 , 1 : •tm {J i t 1  t la• H 1 t.•li \J'.• r:1phy 
bt.· used l1' vnlirlll.H.• t I i ;• :rnnh I i\·:-1.I dJ.t:l. 

f.3 t-.Tu lti-Poio t ,  lnl•i,:ra\••1l Z-::u11pli11;.: a > 1 • l  .\ • 1 : 1 lytk:l.l 
Pr�.<'dun•. 

◄ .3 .1  Uoih thf- · · i inh 1m1 1 1  111.1 • 1 1h£1r of S.\111pl in� noi ntl 
i,,nd the samplil,e: point lo, ·:1 · ' "'' .: i,all h� a� :s:1 •'-·• i li<'d in 
Sc,:tion :t:i. \ u! t l 1 1!- rnl'lho.J. l'lu• tt�C' of f�w,•r 1•ui 1 1 1 S  th:1.11 
SIH'cl ficd is .)Ut..Jc-1•t IQ  tl ai:? :'lppr,; v, 1 !  ,f the Admi11 1:-.tnuor. 

◄.:l.2 F,Jllow t •.• proci:,lurrs 011 , 1 1 11<'<l in S,·,· t ion:::: ◄ .::!.'..! 
U1rou�lt ◄ .2.7, P�••cpt for �be fullowi 1 1c :  ' l 'r,iv,•rsC' all 
�'\I I IO!i llj? po i nt$. an,! ��\tll j:�\' .... • 'fl.{:h J),)1 1 1 1  (• .r , 'I •'qUAI 
J1 : 1 :c:lh o! \ ! 1111�. H<-nJr,1 �;m•pli i  · ,fat :. ns � ,  . .  ,,\ i i  • •.· ;�urA 
3-3. 
6. Ltalr.•Chcck l 'r•v(,Tll rf for fh�cif .•hifl/t•:H !. 

Movin� nn 01·�•H i rnly:t..rr fn•qttt'ntly r-,rn/r .:  1• t1 l1•nk, 
Th�rdnre, nn Or,.:'\t nu.dyl".• •r �llouhl ht• t l l , .·11 ,11 i 1: 1 y h .. lk• 
t'h<'r.krtl 0 1 1  !-itt• t,d, 1r� 1 !1e I l l !" �a:- s:1 1 1 1pk 1 -.: i • 1 1 n.-, \t !c,•,) 
!nt.o it. Tht' JJfO\: , '• J �" fo, l••n L. ,;!; 1•('!. i n� �, n ,_, r� . . \ ·• : a ' } ;- :: 
1::; · 

5.1 . l  H ri ni:: thr  l i , ; 1 1 ;,! !t vtl in ,,a,•h pip<': tc t l ! l · , · ' < 1(1 
rl'ft'ff'lh'l' 1 1 1 1\ ·  le n:: l lh: l';\ J • i ! l . �r)' t 1 d • t 1 1 :,! ;1 1u l  t l .i•:1 , . J, ,, • h1, 
J)i tu-ll1• " l 0! 1• ·01 •k. 

.\ . 1 .2 H,1 i:-c 1 ; 1 · k\•l'l i i .,:.-: !ui lh  !<H! l id<'n l l y  I i> lu . . ,. · ho 
f.(Hl l i 1 1i 1 1� l if1uiJ J 1h:nb1·us t,•1 10 • '. ,L· J.:1';\d\l:H(••! 11 .. · . 1 . 1 • . •. ,f 
l lu• h11r1·l l <'  on,I t l u. 1 1  f'l'l�f> • l u• 1 . · :� : o i fulU l"\11JJ· :.. . 

b . t . ;1 Hl·\'1>r• l 1 1 ·1• 1 1 1 , • 1 1 isr1 . .- J\. ,, ; ;. fr,n . 
:. . i . , O l i�l·n t i •� in1 ·d:-· ·s 1 1 1  tile hur,; : t  ... :,, : ,  ' l l le 

l lqni<I lcv�I i?l !I : ,: pd t,· !1 ,:· · 1 1nv, · 1 1 1 1• 1 1 l  ,•vt·r th 1 ! • • •,ct 4. 
Jll l ! I I J (cs. 

.l. t . .S For th� Orst\t analyzt·r to po.ss th-, lc�k-cl 1cCk, 
two t.:ondlt ious 111?1-.:t lie ini•t. 

;\ , t ,5, . J  The U•1t1 1d }('\.'Cl ! 11 ('.Qch plf)('lte rntt:--t not fall 
h1•li1 w the botlt'l lu of th� capi !hu:y tubing d11rit1g thl::t 
t • l l ! l l l l l lt; lnter"7:l.L 

6.1.S.2 •rhe m,nrocua In the buret� m!ISl not •��• 
by more than 0.2 ml durlnc thls+-mhwt< lnt,nal. 

S. 1.1 H the analy .. r falls the ICAlt·d>ec:k J)l"OC)ed�1 
t.n 

rubbu conn,et1ono and atof)OOCh 1h"'1ld be cnecat-d 
11ulll the cau.., oft he leak Is lc!•nttfled. l,,,.k'inJ rtol)CO<b 
must be dlst..s.Y.mblcll, d,Aned, r.nd regreMNS. L<'ll1ng 
rubber f,)()nnertjon3 mu.t;t be n::�hl('cd. Attn \ht ,u,al�· tt.r 
11 re.a....�mbh.:-•· . the le�k�:h• ... ·� J>r""-�or, ,.,l\'!lt be 
r�t••llled. 

ti: 
C'1tlllntio,i, 

e. t Nomenclature. 
M •= JJry molceulM wdrlit, ll/t·mole (lb;1lJ-JU<)I,).  

%.EA- Percent exces• alr. 
%CO,= Pe:ceut CO, by volume (dry bod,) • 

%0,- Pcr,•ent O, \Jy volume (dry bt..Si>). 
�.CO-= Perc1�1 1t CO by volume <dry �<i!') 

%N2;:1 l'crce11t N2 l>y volume (dry lr..ci::') . 
tl.264 == lhllio C\f t.)� ltJ N� In nfr. T. ,· . 
0.2Sth:: .\ !ol(•cular wd:.: J :  of N: or 1 · ,; .  r!: ,· i t l Pi � h ) ltl'. 
0.320== .\l,)lt·cubr \,l,·r i;.; 1 ; t  1f 0 1 di\·1 1..!t·� �Y 1,-...,. 
0.f.40= .\ioJcculnr wc-i� I I\  · f CO: th\·i�

-
:·J L,y 111(\. 

.e.i P<'rc1.•1�t E:<,·rss . .\:r C·ll�·ulntt 1· ,� p,· ,h•H t'l� 
tur ( IC  np11l1t•n.M1•), by ,;1 1 f •o;f 1 l 11 1 ! 1 1!' · " :1pprn;i,r• lfr, 
va.h1t•S c.'f p1 ; , •.,_• , 1 t < 1:, C 0 , :1 1 • t1 N ; (vL: , . ! · : , ·: : 1 ::, , t •"1 
.f . 1 .3 or -I.:! ,� : : 1 t · 1 E, 1u,1. :  iu . . :j. t .  

,.., F _r ';'.-;- •.•, · . o.r, <'; c , '

] ,o .A - L ' '  ·•u4-r · -.,; . ·: · n -: -, ,  - . - ''
(
l-) 1 00  · •· 1( • ! , (., · , :,  . .  •J <. V 

Not£.-Tl•e ,·.,n.Hion a• • · '' '-' !'\<K1: •- -..i: • 'q t e.ml•k-nt 
air js useJ ·is :he: sour\;c t,f t :  :1 11•..! tL.: . · ..... :n"' doc!i o,-.t 
contain apprt•t· !alilo nmoJt! ) ' " ,  uf r,.; 2 i:i.: Jo \ .... '" '' ovl'll M 
blllSt run ia,:<' 11;�·s) . .ror • O�f! r.!st•:o .., .. '.,. 1 ·• :wn."'-:i ':.Ule 
Amount..� Clf , ,  B!"t' prl·S1• 1 , fcool, oil, :. · :,j 11�: ' Ur:i.1 ca.,.:. 
do not co :1 f,1 i : 1 fl.PJ'tt"('1nt k e 1uou 11h c-� ��) N w: tt•ii 
Oly�en t•r!'i<·hml'ut is U�·• I cikrnatc ;;:,�' '. :0'1'- , �ul· �t 
ti> �J)prov:il •,l • ht' A Jmi: : � r;11or, UT(' !"--1u;..r,., ! .  

� 
0.3 Dry :ll1 ,l••L·ul:\r \\ "•,• ! 1  . l'sc F>:!.!'i •· ., 3-� to 

<'ah:nlat� t l , ..,. dry ,noh·t 1 1 �  ·• .,·dgJ1t (;� :! . - .i.ck ::-.�:) 
.\J4 :o:.(). t I I  ··ee l.• ) -:  n 3.:'- • ·",) t-? �.' . .  : ' = + ��CO) 

l:::t! \' · 1 t iou :)-:! 
NoTF..- ' l'hr nlkl\'C t•• 1c1.: 1 ,o!'I Cot•:-. uo; .:-i,11:- :lll·r ah:'un 

tn l'\ir (i:'l•PUt 0.�1 p1•1\-..•t 1 t ,  1a1>kl·ular ,-,.:�!it of :!7 . : ; _  
A ll�Ul.J\'I" rrror of al)('l1:t. 0 . 4  p<'r�•!:: G: 1tl: rfHtu0· 1 .  
1'he tc,:,itN 1"1 1:iy opt to iw•im1 • ,ri:on in •·- .. :.· ,.� · . .:i:: U!L 1 ,1? 
J)to..!edurt•s sub!l·d ro ;.1 ; · : •-0\':\I of tt,i:· .\•J ; .  1 1  st;- 1: . r .  
7 . RihlioVMJl/i!J 

1 . A J t ,1,1hql 1 ,·: . A .  l ' .  ;-: , ,,,.. 1 1;!'1' of , ; ; j , , ' ·. • , I \ 'a 1 H• r-.; , \
Plostic 1 1 ;:,•�· 1 1 1 1 1•1·n,H i •, : . . J ,1un1:.i.l ,,, .Lr . , , ¼ , · . .  : 
l'ollu1 io11 . 1: . ;:, "L H1QJ. 

[1'.;�r{��ii�:� .. };it�fr/r -1) :i,-,�.-_;:'1 ,S�.;;-�,- ,;,,-:,

n�;,.:r•:·•.�: . .. �}l�·'-'ti:!:1 ;\;s ;�: :! ' !-��
)
:)J�

J ���• • .�/I ,j. :I:��:!�;�•�;·
Pa. 15:ll\J. l'J,j J . ' . ' 

4. Mit1.:hrJI. W. J. an<l �1 .  ! l .  \J i<lr,ftt .  r:�:J nc1 i .1Ui \ .  : j· 
of lhe Or.sat Analyur. Journal or A ir P<,Hution Coni..n,l 
.Association 16:4'Jl-4\IS. May IW6. 

�. Shigchara, R. T. , R. �!. Neullcht, L".d W. S. Smit !i. 
Val idati1 1i Or;-11\t .. .\nnlysis Dnta from FC1SS1l Fuel- 1-'irM 
Uni ls. S tad.: $;...in11li11g !\"f'wz;. 4{2):1'1•2!.. .\u,us,., }• . .:-;� 
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Blank data forms are provided on the following pages for the 

convenience of the Handbook user. Each blank form has the cus­

tomary descriptive title centered at the top of the page. How­

ever, the section-page documentation in the top right-hand corner 

of each page of other sections has been replaced with a number in 

the lower right-hand corner that will enable the user to identify 

and refer to a similar filled-in form in a text section. For 

example, Form M3-l. 3 indicates that the form is Figure 1. 3 in 

Section 3. 2 .1 of the Method 3 Handbook. Future revisions of 

these forms, if any, can be documented by 1.3A, 1.3B, etc. Five 

of the blank forms listed below are included in this section. 

Two are in the Methods Highlights Section as shown by the MH 

following the form number. 

Form 

1.3 

2.1 

3.1 (MH) 

4.1 (MH)

4.2 

4.3 

8.1 

Title 

Procurement Log 

X and R Chart 

Pretest Preparations 

on-site Measurements Checklist 

Gas Analysis Data Form 

Integrated Bag Sampling Data Form 

Checklist for Method 3 for Use by the 
Auditor 

/----­
/ 

·: 'J., ':,

\____ /. 



PROCUREMENT LOG 

Purchase 

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

. ,
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GAS ANALYSIS DATA FORM 

PLANT ____________________ _ COMMENTS: 
DATE ________ TEST NO -----------

SAMPLING TIME (24-hr CLOCK) ______________ _ 
SAMPLING LOCATION _________________ _ 
SAMPLE TYPE (��G. INTEGRATED, CONTINUOUS) _________ _ 
ANALYTICAL METHOD ________________ _ 
AMBIENT TEMPERATURE ________________ _ 
OPERATOR 

--------------------

� 

1 2 3 AVERAGE MOLECULAR WEIGHT OF 

ACTUAL ACTUAL ACTUAL NET MULTIPLIER STACK GAS (ORY BASIS) 

READING NET READING NET NET VOLUME Md, s READING 

CO2 44/100

02CNET IS ACTUAL 02 
READING MINUS ACTUAL 32.'100 
CO2 READING) 

CO(NET IS ACTUAL CO 
READING MINUS ACTUAL 28,1100 
02 READING) 

N2 (NET IS 100 M!NUS 28 '100ACTUAL CO READING) 

TOTAL 

Quality Assurance Handbook M3-4.2 



Date 

INTEGRATED BAG SAMPLING DATA FORM 

Run number 

Plant 

Sampling location 
-------------------------

Barometric pressure 
------------------------

Ambient temp. 0 c 

Operator 

Traverse 
Time point 

a 

Stack temp. °C 

j 

Rate meter flow, 
rate (Q),

cm3 /min % Dev.a

Avg =

% Dev. Q - Qavg = (--=---�) 100; must be �10%. 
Qavg 

Quality Assurance Handbook M3-4.3 
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Yes 

CHECKLIST FOR METHOD 3 FOR USE BY THE AUDITOR 

No 

OPERATION 

Presampling Operation 

1. Availability of theoretical value
2. Use of modified Orsat analyzer (0.1-ml

divisions)

On-Site Measurements 

3. Setting up and leak testing the samp­
ling train

4. Purging the sampling train with stack
gas prior to collecting the sample

5. Constant rate sampling
6. Transfer of sample from collapsible

bag to the Orsat analyzer
7. Maintaining constant pressure throughout

the test
8. Exposuring the sample to ambient air
9. Spent absorbing reagent

Postsampling Measurements 

10. Perform independent calculations using
data from audit

11. Compare the audit value with the field
team's test value

12. Make sufficient passes for complete
absorption of a component gas

13. Minimize volumetric reading error
14. Check/verify applicable records of

apparatus calibration checks and quality
control charts in the field team's home
laboratory

General �omments 
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