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The set of coefficients that apply to a
vent stream can be obtained from Table
1.

(2) * * %

TRE = TRE index value.
Etoc = Hourly emissions of TOC, kg/hr
(Ib/hr).

Qs = Vent stream flow rate, scm/min
(scf/min), at a standard temperature
of 20 °C (68 °F).

Ht = Vent stream net heating value, MJ/
scm (Btu/scf), where the net
enthalpy per mole of vent stream is
based on combustion at 25 °C and

760 mm Hg (68 °F and 30 in. Hg),
but the standard temperature for
determining the volume
corresponding to one mole is 20 °C
(68 °F) as in the definition of Qs.
a, b, c, d, and e are coefficients.
* * * * *

TABLE 2.—DISTILLATION NSPS TRE COEFFICIENTS FOR VENT STREAMS CONTROLLED BY A FLARE

a b c d e
Hr < 11.2 MJ/scm 2.25 0.288 —0.193 —0.0051 2.08
(Ht < 301 Btu/scf) (0.140) (0.0367) (—0.000448) (—0.0051) (4.59)
Hr = 11.2 MJ/scm 0.309 0.0619 —0.0043 —0.0034 2.08
(H+ = 301 Btu/scf) (0.0193) (0.00788) | (—0.0000010) (—0.0034) (4.59)

* * * * *

§60.665 [Amended]

203. Amend §60.665 as follows:

a. Paragraph (b)(4)(i) is amended by
revising the word “adsorbing” to read
“absorbing.”

b. In paragraph (e), the first sentence
is amended by revising the words “44
MW" to read “44 MW (150 million Btu/
hour).”

c. In paragraph (g), the first sentence
is amended by revising the section
reference “§60.663(d)” to read
“§60.663(e).”

d. Paragraph (i) is amended by
revising the words “0.008 m3/min” to
read 0.008 scm/min (0.3 scf/min).”

e. In paragraph (1)(6), the fourth
sentence is amended by revising the
words “vent stream flow rate, heating
value, Eroc” to read “vent stream flow
rate, heating value, and Eroc.”

f. Paragraph (n) is amended by
revising the word “capcity” to read
“capacity.”

§60.672 [Amended]

204. In §60.672, paragraph (a)(1) is
amended by revising the words ““0.05 g/
dscm” to read “0.05 g/dscm (0.022 gr/
dscf).”

§60.676 [Amended]

205. In §60.676, paragraphs (a)(1)(i),
(a)(4)(i), and (a)(4)(ii) are amended by
revising the word “tons” to read
“megagrams or tons” wherever it
occurs.

§60.685 [Amended]

206. Amend § 60.685 as follows:

a. In paragraph (c)(1), the equation
definitions are revised.

b. In paragraph (c)(2) by revising the
words ‘““2.55 dscm (90 dscf)”’ to read
“2.55 dscm (90.1 dscf).”

c. In paragraph (c)(3)(i) by revising the
words “ASTM Standard Test Method
D2584—68 (Reapproved 1979)” to read

“ASTM D2584-68 (Reapproved 1985) or
94.”
The revisions read as follows:

§60.685 Test methods and procedures.
* * * * *
(C] * * %
(1) * * *
E = emission rate of particulate matter,
kg/Mg (Ib/ton).
C: = concentration of particulate matter,
g/dscm (gr/dscf).
Qi = volumetric flow rate of effluent
gas, dscm/hr (dscf/hr).
Pavg = average glass pull rate, Mg/hr
(ton/hr).
K = 1,000 g/kg (7,000 gr/lb).

* * * * *

§60.692-3 [Amended]

207. In § 60.692-3, paragraph (b) is
amended by revising the words “16
liters per second (250 gpm)” to read ““16
liters per second (250 gallons per
minute (gpm)).”

§60.695 [Amended]

208. In § 60.695, paragraphs (a)(1) and
(2) are amended by revising the words
““an accuracy of 1 percent of the
temperature being measured in °C or
10.5 °C (£1.0 °F), whichever is greater”
to read “an accuracy of £1 percent of the
temperature being measured, expressed
in °C, or £0.5 °C (0.9 °F), whichever is
greater.”

§60.697 [Amended]

209. Amend § 60.697 by adding
paragraph (k) as follows:

§60.697 Recordkeeping requirements.

(k) For oil-water separators subject to
§60.693-2, the location, date, and
corrective action shall be recorded for
inspections required by §§60.693—
2(a)(1)(iii)(A) and (B), and shall be
maintained for the time period specified
in paragraphs (k)(1) and (2) of this
section.

(1) For inspections required by
§60.693-2(a)(1)(iii)(A), ten years after
the information is recorded.

(2) For inspections required by
§60.693—-2(a)(1)(iii)(B), two years after
the information is recorded.

§60.704 [Amended]

210. Amend § 60.704 as follows:

a. Paragraph (d)(2)(ii) is amended by
revising “ASTM D1946-77" to read
“ASTM D1946-77 or 90 (Reapproved
1994).”

b. The definition of “C;” in paragraph
(d)(4) is amended by revising “ASTM
D1946-77" to read “ASTM D1946-77 or
90 (Reapproved 1994).”

c. The definition of “H;” in paragraph
(d)(4) is amended by revising “ASTM
D2382-76" to read “ASTM D2382-76 or
88 or D4809-95.”

§60.723 [Amended]

211. In §60.723, paragraph (b)(1) is
amended by revising the words
“Reference Method” to read ‘“Method”
wherever they occur.

§60.724 [Amended]

212. In § 60.724, paragraph (a)(2) is
amended by revising the words
“Reference Method” to read ‘“Method.”

§60.732 [Amended]

213. In §60.732, paragraph (a) is
amended by revising the words ““0.057
g/dscm for dryers” to read “0.057 g/
dscm (0.025 gr/dscf) for dryers.”

§60.753 [Amended]

214. In §60.753, paragraph (c)(2)
introductory text is amended by revising
the words “Method 3A” to read
“Method 3A or 3C.”

§60.754 [Amended]

215. Amend §60.754 as follows;

a. In paragraphs (a)(1)(i) and (a)(1)(ii),
the equations are amended by revising
“CnmOC” to read “Cnmoc.”
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b. In paragraph (a)(3), the introductory
text is revised; and in paragraph (d), the
first sentence is removed and three
sentences are added in its place to read
as follows:

§60.754 Test methods and procedures.

(a) * x %

(3) Tier 2. The landfill owner or
operator shall determine the NMOC
concentration using the following
sampling procedure. The landfill owner
or operator shall install at least two
sample probes per hectare of landfill
surface that has retained waste for at
least 2 years. If the landfill is larger than
25 hectares in area, only 50 samples are
required. The sample probes should be
located to avoid known areas of
nondegradable solid waste. The owner
or operator shall collect and analyze one
sample of landfill gas from each probe
to determine the NMOC concentration
using Method 25 or 25C of Appendix A
of this part. Method 18 of Appendix A
of this part may be used to analyze the
samples collected by the Method 25 or
25C sampling procedure. Taking
composite samples from different
probes into a single cylinder is allowed;
however, equal sample volumes must be
taken from each probe. For each
composite, the sampling rate, collection
times, beginning and ending cylinder
vacuums, or alternative volume
measurements must be recorded to
verify that composite volumes are equal.
Composite sample volumes should not
be less than one liter unless evidence
can be provided to substantiate the
accuracy of smaller volumes. Terminate
compositing before the cylinder
approaches ambient pressure where
measurement accuracy diminishes. If
using Method 18, the owner or operator
must identify all compounds in the
sample and, as a minimum, test for
those compounds published in the most
recent Compilation of Air Pollutant
Emission Factors (AP—42), minus carbon
monoxide, hydrogen sulfide, and
mercury. As a minimum, the instrument
must be calibrated for each of the
compounds on the list. Convert the
concentration of each Method 18
compound to Cnmoc as hexane by
multiplying by the ratio of its carbon
atoms divided by six. If more than the
required number of samples are taken,
all samples must be used in the
analysis. The landfill owner or operator
must divide the NMOC concentration
from Method 25 or 25C of Appendix A
of this part by six to convert from Cnmoc
as carbon to Cnmoc as hexane. If the
landfill has an active or passive gas
removal system in place, Method 25 or
25C samples may be collected from
these systems instead of surface probes

provided the removal system can be
shown to provide sampling as
representative as the two sampling
probe per hectare requirement. For
active collection systems, samples may
be collected from the common header
pipe before the gas moving or
condensate removal equipment. For
these systems, a minimum of three
samples must be collected from the
header pipe.

(d) For the performance test required
in §60.752(b)(2)(iii)(B), Method 25, 25C,
or Method 18 of Appendix A of this part
must be used to determine compliance
with the 98 weight-percent efficiency or
the 20 ppmv outlet concentration level,
unless another method to demonstrate
compliance has been approved by the
Administrator as provided by
§60.752(b)(2)(i)(B). Method 3 or 3A
shall be used to determine oxygen for
correcting the NMOC concentration as
hexane to 3 percent. In cases where the
outlet concentration is less than 50 ppm
NMOC as carbon (8 ppm NMOC as
hexane), Method 25A should be used in
place of Method 25. * * *

* * * * *

216. In Part 60, Appendix A is
amended by revising Methods 1, 1A, 2,
2A, 2B, 2C, 2D, 2E, 3, 3B, 4, 5, 5A, 5B,
5D, 5E, 5F, 5G, 5H, 6, 6A, 6B, 7, 7A, 7B,
7C, 7D, 8, 10A, 10B, 11, 12, 13A, 13B,
14, 15, 15A, 16, 16A, 16B, 17, 18, 19,
21, 22, 24, 24A, 25, 25A, 25B, 25C, 25D,
25E, 26, 26A, 27, 28, 28A, and 29 to
read as follows:

METHOD 1—Sample and Velocity
Traverses for Stationary Sources

Note: This method does not include all of
the specifications (e.g., equipment and
supplies) and procedures (e.g., sampling)
essential to its performance. Some material is
incorporated by reference from other
methods in this part. Therefore, to obtain
reliable results, persons using this method
should have a thorough knowledge of at least
the following additional test method: Method
2.

1.0 Scope and Application

1.1 Measured Parameters. The
purpose of the method is to provide
guidance for the selection of sampling
ports and traverse points at which
sampling for air pollutants will be
performed pursuant to regulations set
forth in this part. Two procedures are
presented: a simplified procedure, and
an alternative procedure (see Section
11.5). The magnitude of cyclonic flow of
effluent gas in a stack or duct is the only
parameter quantitatively measured in
the simplified procedure.

1.2 Applicability. This method is
applicable to gas streams flowing in

ducts, stacks, and flues. This method
cannot be used when: (1) the flow is
cyclonic or swirling; or (2) a stack is
smaller than 0.30 meter (12 in.) in
diameter, or 0.071 m2 (113 in.2) in cross-
sectional area. The simplified procedure
cannot be used when the measurement
site is less than two stack or duct
diameters downstream or less than a
half diameter upstream from a flow
disturbance.

1.3 Data Quality Objectives.
Adherence to the requirements of this
method will enhance the quality of the
data obtained from air pollutant
sampling methods.

Note: The requirements of this method
must be considered before construction of a
new facility from which emissions are to be
measured; failure to do so may require
subsequent alterations to the stack or
deviation from the standard procedure. Cases
involving variants are subject to approval by
the Administrator.

2.0 Summary of Method

2.1 This method is designed to aid
in the representative measurement of
pollutant emissions and/or total
volumetric flow rate from a stationary
source. A measurement site where the
effluent stream is flowing in a known
direction is selected, and the cross-
section of the stack is divided into a
number of equal areas. Traverse points
are then located within each of these
equal areas.

3.0 Definitions [Reserved]
4.0 Interferences [Reserved]
5.0 Safety

5.1 Disclaimer. This method may
involve hazardous materials, operations,
and equipment. This test method may
not address all of the safety problems
associated with its use. It is the
responsibility of the user of this test
method to establish appropriate safety
and health practices and determine the
applicability of regulatory limitations
prior to performing this test method.

6.0 Equipment and Supplies.

6.1 Apparatus. The apparatus
described below is required only when
utilizing the alternative site selection
procedure described in Section 11.5 of
this method.

6.1.1 Directional Probe. Any
directional probe, such as United Sensor
Type DA Three-Dimensional Directional
Probe, capable of measuring both the
pitch and yaw angles of gas flows is
acceptable. Before using the probe,
assign an identification number to the
directional probe, and permanently
mark or engrave the number on the body
of the probe. The pressure holes of
directional probes are susceptible to
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plugging when used in particulate-laden
gas streams. Therefore, a procedure for
cleaning the pressure holes by “back-
purging” with pressurized air is
required.

6.1.2 Differential Pressure Gauges.
Inclined manometers, U-tube
manometers, or other differential
pressure gauges (e.g., magnehelic
gauges) that meet the specifications
described in Method 2, Section 6.2.

Note: If the differential pressure gauge
produces both negative and positive
readings, then both negative and positive
pressure readings shall be calibrated at a
minimum of three points as specified in
Method 2, Section 6.2.

7.0 Reagents and Standards [Reserved]

8.0 Sample Collection, Preservation,
Storage, and Transport [Reserved]

9.0 Quality Control [Reserved]

10.0 Calibration and Standardization
[Reserved]

11.0 Procedure

11.1 Selection of Measurement Site.

11.1.1 Sampling and/or velocity
measurements are performed at a site
located at least eight stack or duct
diameters downstream and two
diameters upstream from any flow
disturbance such as a bend, expansion,
or contraction in the stack, or from a
visible flame. If necessary, an alternative
location may be selected, at a position
at least two stack or duct diameters
downstream and a half diameter
upstream from any flow disturbance.

11.1.2 An alternative procedure is
available for determining the
acceptability of a measurement location
not meeting the criteria above. This
procedure described in Section 11.5
allows for the determination of gas flow
angles at the sampling points and
comparison of the measured results
with acceptability criteria.

11.2 Determining the Number of
Traverse Points.

11.2.1 Particulate Traverses.

11.2.1.1 When the eight- and two-
diameter criterion can be met, the
minimum number of traverse points
shall be: (1) twelve, for circular or
rectangular stacks with diameters (or
equivalent diameters) greater than 0.61
meter (24 in.); (2) eight, for circular
stacks with diameters between 0.30 and
0.61 meter (12 and 24 in.); and (3) nine,
for rectangular stacks with equivalent
diameters between 0.30 and 0.61 meter
(12 and 24 in.).

11.2.1.2 When the eight- and two-
diameter criterion cannot be met, the
minimum number of traverse points is
determined from Figure 1-1. Before
referring to the figure, however,

determine the distances from the
measurement site to the nearest
upstream and downstream disturbances,
and divide each distance by the stack
diameter or equivalent diameter, to
determine the distance in terms of the
number of duct diameters. Then,
determine from Figure 1-1 the
minimum number of traverse points that
corresponds: (1) to the number of duct
diameters upstream; and (2) to the
number of diameters downstream.
Select the higher of the two minimum
numbers of traverse points, or a greater
value, so that for circular stacks the
number is a multiple of 4, and for
rectangular stacks, the number is one of
those shown in Table 1-1.

11.2.2  Velocity (Non-Particulate)
Traverses. When velocity or volumetric
flow rate is to be determined (but not
particulate matter), the same procedure
as that used for particulate traverses
(Section 11.2.1) is followed, except that
Figure 1-2 may be used instead of
Figure 1-1.

11.3 Cross-Sectional Layout and
Location of Traverse Points.

11.3.1 Circular Stacks.

11.3.1.1 Locate the traverse points
on two perpendicular diameters
according to Table 1-2 and the example
shown in Figure 1-3. Any equation (see
examples in References 2 and 3 in
Section 16.0) that gives the same values
as those in Table 1-2 may be used in
lieu of Table 1-2.

11.3.1.2 For particulate traverses,
one of the diameters must coincide with
the plane containing the greatest
expected concentration variation (e.g.,
after bends); one diameter shall be
congruent to the direction of the bend.
This requirement becomes less critical
as the distance from the disturbance
increases; therefore, other diameter
locations may be used, subject to the
approval of the Administrator.

11.3.1.3 In addition, for elliptical
stacks having unequal perpendicular
diameters, separate traverse points shall
be calculated and located along each
diameter. To determine the cross-
sectional area of the elliptical stack, use
the following equation:

Square Area = D1 X D> x 0.7854
Where: D; = Stack diameter 1
D, = Stack diameter 2

11.3.1.4 In addition, for stacks
having diameters greater than 0.61 m
(24 in.), no traverse points shall be
within 2.5 centimeters (1.00 in.) of the
stack walls; and for stack diameters
equal to or less than 0.61 m (24 in.), no
traverse points shall be located within
1.3 cm (0.50 in.) of the stack walls. To
meet these criteria, observe the
procedures given below.

11.3.2 Stacks With Diameters
Greater Than 0.61 m (24 in.).

11.3.2.1 When any of the traverse
points as located in Section 11.3.1 fall
within 2.5 cm (1.0 in.) of the stack
walls, relocate them away from the stack
walls to: (1) a distance of 2.5 cm (1.0
in.); or (2) a distance equal to the nozzle
inside diameter, whichever is larger.
These relocated traverse points (on each
end of a diameter) shall be the
“adjusted” traverse points.

11.3.2.2 Whenever two successive
traverse points are combined to form a
single adjusted traverse point, treat the
adjusted point as two separate traverse
points, both in the sampling and/or
velocity measurement procedure, and in
recording of the data.

11.3.3  Stacks With Diameters Equal
To or Less Than 0.61 m (24 in.). Follow
the procedure in Section 11.3.1.1,
noting only that any “adjusted” points
should be relocated away from the stack
walls to: (1) a distance of 1.3 cm (0.50
in.); or (2) a distance equal to the nozzle
inside diameter, whichever is larger.

11.3.4 Rectangular Stacks.

11.3.4.1 Determine the number of
traverse points as explained in Sections
11.1 and 11.2 of this method. From
Table 1-1, determine the grid
configuration. Divide the stack cross-
section into as many equal rectangular
elemental areas as traverse points, and
then locate a traverse point at the
centroid of each equal area according to
the example in Figure 1-4.

11.3.4.2 To use more than the
minimum number of traverse points,
expand the “minimum number of
traverse points”” matrix (see Table 1-1)
by adding the extra traverse points along
one or the other or both legs of the
matrix; the final matrix need not be
balanced. For example, ifa 4 x 3
“minimum number of points” matrix
were expanded to 36 points, the final
matrix could be 9 x4 or 12 x 3, and
would not necessarily have to be 6 x 6.
After constructing the final matrix,
divide the stack cross-section into as
many equal rectangular, elemental areas
as traverse points, and locate a traverse
point at the centroid of each equal area.

11.3.4.3 The situation of traverse
points being too close to the stack walls
is not expected to arise with rectangular
stacks. If this problem should ever arise,
the Administrator must be contacted for
resolution of the matter.

11.4 Verification of Absence of
Cyclonic Flow.

11.4.1 In most stationary sources,
the direction of stack gas flow is
essentially parallel to the stack walls.
However, cyclonic flow may exist (1)
after such devices as cyclones and
inertial demisters following venturi
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scrubbers, or (2) in stacks having
tangential inlets or other duct
configurations which tend to induce
swirling; in these instances, the
presence or absence of cyclonic flow at
the sampling location must be
determined. The following techniques
are acceptable for this determination.

11.4.2 Level and zero the
manometer. Connect a Type S pitot tube
to the manometer and leak-check
system. Position the Type S pitot tube
at each traverse point, in succession, so
that the planes of the face openings of
the pitot tube are perpendicular to the
stack cross-sectional plane; when the
Type S pitot tube is in this position, it
is at ““0° reference.” Note the differential
pressure (Ap) reading at each traverse
point. If a null (zero) pitot reading is
obtained at 0° reference at a given
traverse point, an acceptable flow
condition exists at that point. If the pitot
reading is not zero at 0° reference, rotate
the pitot tube (up to +90° yaw angle),
until a null reading is obtained.
Carefully determine and record the
value of the rotation angle (a) to the
nearest degree. After the null technique
has been applied at each traverse point,
calculate the average of the absolute
values of a; assign o values of 0° to
those points for which no rotation was
required, and include these in the
overall average. If the average value of
a is greater than 20°, the overall flow
condition in the stack is unacceptable,
and alternative methodology, subject to
the approval of the Administrator, must
be used to perform accurate sample and
velocity traverses.

11.5 The alternative site selection
procedure may be used to determine the
rotation angles in lieu of the procedure
outlined in Section 11.4.

11.5.1 Alternative Measurement Site
Selection Procedure. This alternative
applies to sources where measurement
locations are less than 2 equivalent or
duct diameters downstream or less than
one-half duct diameter upstream from a
flow disturbance. The alternative should
be limited to ducts larger than 24 in. in
diameter where blockage and wall
effects are minimal. A directional flow-
sensing probe is used to measure pitch
and yaw angles of the gas flow at 40 or
more traverse points; the resultant angle
is calculated and compared with
acceptable criteria for mean and
standard deviation.

Note: Both the pitch and yaw angles are
measured from a line passing through the
traverse point and parallel to the stack axis.
The pitch angle is the angle of the gas flow
component in the plane that INCLUDES the
traverse line and is parallel to the stack axis.
The yaw angle is the angle of the gas flow
component in the plane PERPENDICULAR to

the traverse line at the traverse point and is
measured from the line passing through the
traverse point and parallel to the stack axis.

11.5.2 Traverse Points. Use a
minimum of 40 traverse points for
circular ducts and 42 points for
rectangular ducts for the gas flow angle
determinations. Follow the procedure
outlined in Section 11.3 and Table 1-1
or 1-2 for the location and layout of the
traverse points. If the measurement
location is determined to be acceptable
according to the criteria in this
alternative procedure, use the same
traverse point number and locations for
sampling and velocity measurements.

11.5.3 Measurement Procedure.

11.5.3.1 Prepare the directional
probe and differential pressure gauges
as recommended by the manufacturer.
Capillary tubing or surge tanks may be
used to dampen pressure fluctuations. It
is recommended, but not required, that
a pretest leak check be conducted. To
perform a leak check, pressurize or use
suction on the impact opening until a
reading of at least 7.6 cm (3 in.) H.O
registers on the differential pressure
gauge, then plug the impact opening.
The pressure of a leak-free system will
remain stable for at least 15 seconds.

11.5.3.2 Level and zero the
manometers. Since the manometer level
and zero may drift because of vibrations
and temperature changes, periodically
check the level and zero during the
traverse.

11.5.3.3 Position the probe at the
appropriate locations in the gas stream,
and rotate until zero deflection is
indicated for the yaw angle pressure
gauge. Determine and record the yaw
angle. Record the pressure gauge
readings for the pitch angle, and
determine the pitch angle from the
calibration curve. Repeat this procedure
for each traverse point. Complete a
“back-purge” of the pressure lines and
the impact openings prior to
measurements of each traverse point.

11.5.3.4 A post-test check as
described in Section 11.5.3.1 is
required. If the criteria for a leak-free
system are not met, repair the
equipment, and repeat the flow angle
measurements.

11.5.4 Calibration. Use a flow
system as described in Sections 10.1.2.1
and 10.1.2.2 of Method 2. In addition,
the flow system shall have the capacity
to generate two test-section velocities:
one between 365 and 730 m/min (1,200
and 2,400 ft/min) and one between 730
and 1,100 m/min (2,400 and 3,600 ft/
min).

11.5.4.1 Cut two entry ports in the
test section. The axes through the entry
ports shall be perpendicular to each
other and intersect in the centroid of the

test section. The ports should be
elongated slots parallel to the axis of the
test section and of sufficient length to
allow measurement of pitch angles
while maintaining the pitot head
position at the test-section centroid. To
facilitate alignment of the directional
probe during calibration, the test section
should be constructed of plexiglass or
some other transparent material. All
calibration measurements should be
made at the same point in the test
section, preferably at the centroid of the
test section.

11.5.4.2 To ensure that the gas flow
is parallel to the central axis of the test
section, follow the procedure outlined
in Section 11.4 for cyclonic flow
determination to measure the gas flow
angles at the centroid of the test section
from two test ports located 90° apart.
The gas flow angle measured in each
port must be +2° of 0°. Straightening
vanes should be installed, if necessary,
to meet this criterion.

11.5.4.3 Pitch Angle Calibration.
Perform a calibration traverse according
to the manufacturer’s recommended
protocol in 5° increments for angles
from —60° to +60° at one velocity in
each of the two ranges specified above.
Average the pressure ratio values
obtained for each angle in the two flow
ranges, and plot a calibration curve with
the average values of the pressure ratio
(or other suitable measurement factor as
recommended by the manufacturer)
versus the pitch angle. Draw a smooth
line through the data points. Plot also
the data values for each traverse point.
Determine the differences between the
measured data values and the angle
from the calibration curve at the same
pressure ratio. The difference at each
comparison must be within 2° for angles
between 0° and 40° and within 3° for
angles between 40° and 60°.

11.5.4.4 Yaw Angle Calibration.
Mark the three-dimensional probe to
allow the determination of the yaw
position of the probe. This is usually a
line extending the length of the probe
and aligned with the impact opening.
To determine the accuracy of
measurements of the yaw angle, only
the zero or null position need be
calibrated as follows: Place the
directional probe in the test section, and
rotate the probe until the zero position
is found. With a protractor or other
angle measuring device, measure the
angle indicated by the yaw angle
indicator on the three-dimensional
probe. This should be within 2° of 0°.
Repeat this measurement for any other
points along the length of the pitot
where yaw angle measurements could
be read in order to account for
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variations in the pitot markings used to
indicate pitot head positions.

12.0 Data Analysis and Calculations

12.1 Nomenclature.

L = length.

n = total number of traverse points.

P; = pitch angle at traverse point i,
degree.

Ravg = average resultant angle, degree.

R; = resultant angle at traverse point i,
degree.

Sq = standard deviation, degree.

R

12.3.2 Calculate the average
resultant for the measurements:

Ravg = Z Ri/n  Eg. 13

12.3.3 Calculate the standard
deviations:

= Eqg. 14
(- !
12.3.4 Acceptability Criteria. The

measurement location is acceptable if
Ravg £ 20° and Sq<10°.

Method Performance [Reserved]

Pollution Prevention [Reserved]

13.0
14.0
15.0
16.0

Waste Management [Reserved]
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Figure 1-1. Minimum number of traverse points for particulate traverses.
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TABLE 1-1 CROSS-SECTION LAYOUT FOR RECTANGULAR STACKS

Number of tranverse points layout

Matrix

3x3
4x3
4%x4
5x4
5x5
6%5
6%6
7%x6
=7
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Figure 1-2. Minimum number of traverse points for velocity (nonparticulate)

traverses.
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TABLE 1-2.—LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS
[Percent of stack diameter from inside wall to tranverse point]

Traverse Number of traverse points on a diameter
point
number on
a diameter 2 4 6 8 10 12 14 16 18 20 22 24

14.6 6.7 4.4 3.2 2.6 2.1 1.8 1.6 14 1.3 11 11
854 25.0 14.6 10.5 8.2 6.7 5.7 4.9 4.4 3.9 35 3.2
75.0 29.6 19.4 14.6 11.8 9.9 8.5 7.5 6.7 6.0 55
93.3 70.4 32.3 22.6 17.7 14.6 12.5 10.9 9.7 8.7 7.9
85.4 67.7 34.2 25.0 20.1 16.9 14.6 12.9 11.6 10.5
95.6 80.6 65.8 35.6 26.9 22.0 18.8 16.5 14.6 13.2
89.5 77.4 64.4 36.6 28.3 23.6 20.4 18.0 16.1
96.8 85.4 75.0 63.4 375 29.6 25.0 21.8 19.4
91.8 82.3 73.1 62.5 38.2 30.6 26.2 23.0
97.4 88.2 79.9 71.7 61.8 38.8 315 27.2
93.3 85.4 78.0 70.4 61.2 39.3 32.3
97.9 90.1 83.1 76.4 69.4 60.7 39.8
94.3 87.5 81.2 75.0 68.5 60.2
98.2 91.5 854 79.6 73.8 67.7
95.1 89.1 83.5 78.2 72.8
98.4 92.5 87.1 82.0 77.0
95.6 90.3 85.4 80.6
98.6 93.3 88.4 83.9
96.1 91.3 86.8
98.7 94.0 89.5

96.5 92.1
98.9 94.5
96.8

99.9
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Figure 1-3.

Example showing circular stack cross
section divided into 12 equal areas, with location of

traverse points.
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Figure 1-4. Example showing rectangular stack cross section divided into 12

equal areas, with traverse points at centroid of each area.
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Method 1A—Sample and Velocity
Traverses for Stationary Sources With
Small Stacks or Ducts

Note: This method does not include all of
the specifications (e.g., equipment and
supplies) and procedures (e.g., sampling)
essential to its performance. Some material is
incorporated by reference from other
methods in this part. Therefore, to obtain
reliable results, persons using this method
should have a thorough knowledge of at least
the following additional test method: Method
1.

1.0 Scope and Application

1.1 Measured Parameters. The
purpose of the method is to provide
guidance for the selection of sampling
ports and traverse points at which
sampling for air pollutants will be
performed pursuant to regulations set
forth in this part.

1.2 Applicability. The applicability
and principle of this method are
identical to Method 1, except its
applicability is limited to stacks or
ducts. This method is applicable to
flowing gas streams in ducts, stacks, and
flues of less than about 0.30 meter (12
in.) in diameter, or 0.071 m2 (113 in.2)
in cross-sectional area, but equal to or
greater than about 0.10 meter (4 in.) in
diameter, or 0.0081 m?2 (12.57 in.2) in
cross-sectional area. This method
cannot be used when the flow is
cyclonic or swirling.

1.3 Data Quality Objectives.
Adherence to the requirements of this
method will enhance the quality of the
data obtained from air pollutant
sampling methods.

2.0 Summary of Method

2.1 The method is designed to aid in
the representative measurement of
pollutant emissions and/or total
volumetric flow rate from a stationary
source. A measurement site or a pair of
measurement sites where the effluent
stream is flowing in a known direction
is (are) selected. The cross-section of the
stack is divided into a number of equal
areas. Traverse points are then located
within each of these equal areas.

2.2 In these small diameter stacks or
ducts, the conventional Method 5 stack
assembly (consisting of a Type S pitot
tube attached to a sampling probe,
equipped with a nozzle and
thermocouple) blocks a significant
portion of the cross-section of the duct
and causes inaccurate measurements.
Therefore, for particulate matter (PM)
sampling in small stacks or ducts, the
gas velocity is measured using a
standard pitot tube downstream of the
actual emission sampling site. The
straight run of duct between the PM
sampling and velocity measurement

sites allows the flow profile, temporarily
disturbed by the presence of the
sampling probe, to redevelop and
stabilize.

3.0 Definitions [Reserved]
4.0 Interferences [Reserved]
5.0 Safety

5.1 Disclaimer. This method may
involve hazardous materials, operations,
and equipment. This test method may
not address all of the safety problems
associated with its use. It is the
responsibility of the user of this test
method to establish appropriate safety
and health practices and determine the
applicability of regulatory limitations
prior to performing this test method.

6.0 Equipment and Supplies
[Reserved]

7.0 Reagents and Standards [Reserved]

8.0 Sample Collection, Preservation,
Storage, and Transport [Reserved]

9.0 Quality Control [Reserved]

10.0 Calibration and Standardization
[Reserved]

11.0 Procedure

11.1 Selection of Measurement Site.

11.1.1 Particulate Measurements—
Steady or Unsteady Flow. Select a
particulate measurement site located
preferably at least eight equivalent stack
or duct diameters downstream and 10
equivalent diameters upstream from any
flow disturbances such as bends,
expansions, or contractions in the stack,
or from a visible flame. Next, locate the
velocity measurement site eight
equivalent diameters downstream of the
particulate measurement site (see Figure
1A—-1). If such locations are not
available, select an alternative
particulate measurement location at
least two equivalent stack or duct
diameters downstream and two and
one-half diameters upstream from any
flow disturbance. Then, locate the
velocity measurement site two
equivalent diameters downstream from
the particulate measurement site. (See
Section 12.2 of Method 1 for calculating
equivalent diameters for a rectangular
cross-section.)

11.1.2 PM Sampling (Steady Flow)
or Velocity (Steady or Unsteady Flow)
Measurements. For PM sampling when
the volumetric flow rate in a duct is
constant with respect to time, Section
11.1.1 of Method 1 may be followed,
with the PM sampling and velocity
measurement performed at one location.
To demonstrate that the flow rate is
constant (within 10 percent) when PM
measurements are made, perform
complete velocity traverses before and

after the PM sampling run, and calculate
the deviation of the flow rate derived
after the PM sampling run from the one
derived before the PM sampling run.
The PM sampling run is acceptable if
the deviation does not exceed 10
percent.

11.2 Determining the Number of
Traverse Points.

11.2.1 Particulate Measurements
(Steady or Unsteady Flow). Use Figure
1-1 of Method 1 to determine the
number of traverse points to use at both
the velocity measurement and PM
sampling locations. Before referring to
the figure, however, determine the
distances between both the velocity
measurement and PM sampling sites to
the nearest upstream and downstream
disturbances. Then divide each distance
by the stack diameter or equivalent
diameter to express the distances in
terms of the number of duct diameters.
Then, determine the number of traverse
points from Figure 1-1 of Method 1
corresponding to each of these four
distances. Choose the highest of the four
numbers of traverse points (or a greater
number) so that, for circular ducts the
number is a multiple of four; and for
rectangular ducts, the number is one of
those shown in Table 1-1 of Method 1.
When the optimum duct diameter
location criteria can be satisfied, the
minimum number of traverse points
required is eight for circular ducts and
nine for rectangular ducts.

11.2.2 PM Sampling (Steady Flow)
or only Velocity (Non-Particulate)
Measurements. Use Figure 1-2 of
Method 1 to determine number of
traverse points, following the same
procedure used for PM sampling as
described in Section 11.2.1 of Method 1.
When the optimum duct diameter
location criteria can be satisfied, the
minimum number of traverse points
required is eight for circular ducts and
nine for rectangular ducts.

11.3 Cross-sectional Layout,
Location of Traverse Points, and
Verification of the Absence of Cyclonic
Flow. Same as Method 1, Sections 11.3
and 11.4, respectively.

12.0 Data Analysis and Calculations
[Reserved]

13.0 Method Performance [Reserved]
14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]
16.0 References

Same as Method 1, Section 16.0,
References 1 through 6, with the
addition of the following:

1. Vollaro, Robert F. Recommended
Procedure for Sample Traverses in
Ducts Smaller Than 12 Inches in



Federal Register/Vol.

65, No. 201/ Tuesday, October 17, 2000/Rules and Regulations

61789

Diameter. U.S. Environmental
Protection Agency, Emission

Measurement Branch, Research Triangle
Park, North Carolina. January 1977.

17.0 Tables, Diagrams, Flowcharts,
and Validation Data

Flow
Disturbance
>2Ds >8Ds > 8 Ds
I
| | D |
3y :
~«—— Sampling
Temperature Flow
/ Sensor Probe Disturbance
Standard
Pitot
Tube

Figure 1A-1.

Method 2—Determination of Stack Gas
Velocity and Volumetric Flow Rate
(Type S Pitot Tube)

Note: This method does not include all of
the specifications (e.g., equipment and
supplies) and procedures (e.g., sampling)
essential to its performance. Some material is
incorporated by reference from other
methods in this part. Therefore, to obtain
reliable results, persons using this method
should have a thorough knowledge of at
least the following additional test method:
Method 1.

1.0 Scope and Application.

1.1 This method is applicable for the
determination of the average velocity
and the volumetric flow rate of a gas
stream.

1.2 This method is not applicable at
measurement sites that fail to meet the
criteria of Method 1, Section 11.1. Also,
the method cannot be used for direct
measurement in cyclonic or swirling gas
streams; Section 11.4 of Method 1
shows how to determine cyclonic or
swirling flow conditions. When
unacceptable conditions exist,
alternative procedures, subject to the
approval of the Administrator, must be
employed to produce accurate flow rate
determinations. Examples of such
alternative procedures are: (1) to install
straightening vanes; (2) to calculate the
total volumetric flow rate
stoichiometrically, or (3) to move to
another measurement site at which the
flow is acceptable.

1.3 Data Quality Objectives.
Adherence to the requirements of this
method will enhance the quality of the
data obtained from air pollutant
sampling methods.

2.0 Summary of Method.

2.1 The average gas velocity in a
stack is determined from the gas density
and from measurement of the average
velocity head with a Type S
(Stausscheibe or reverse type) pitot tube.

3.0 Definitions [Reserved]
4.0 Interferences [Reserved]
5.0 Safety

5.1 Disclaimer. This method may
involve hazardous materials, operations,
and equipment. This test method may
not address all of the safety problems
associated with its use. It is the
responsibility of the user of this test
method to establish appropriate safety
and health practices and determine the
applicability of regulatory limitations
prior to performing this test method.

6.0 Equipment and Supplies

Specifications for the apparatus are
given below. Any other apparatus that
has been demonstrated (subject to
approval of the Administrator) to be
capable of meeting the specifications
will be considered acceptable.

6.1 Type S Pitot Tube.

6.1.1 Pitot tube made of metal tubing
(e.g., stainless steel) as shown in Figure
2—1. It is recommended that the external
tubing diameter (dimension Dy, Figure

Recommended sampling arrangement for small ducts

2—2b) be between 0.48 and 0.95 cm (346
and %s inch). There shall be an equal
distance from the base of each leg of the
pitot tube to its face-opening plane
(dimensions Pa and Pg, Figure 2—2b); it
is recommended that this distance be
between 1.05 and 1.50 times the
external tubing diameter. The face
openings of the pitot tube shall,
preferably, be aligned as shown in
Figure 2-2; however, slight
misalignments of the openings are
permissible (see Figure 2-3).

6.1.2 The Type S pitot tube shall
have a known coefficient, determined as
outlined in Section 10.0. An
identification number shall be assigned
to the pitot tube; this number shall be
permanently marked or engraved on the
body of the tube. A standard pitot tube
may be used instead of a Type S,
provided that it meets the specifications
of Sections 6.7 and 10.2. Note, however,
that the static and impact pressure holes
of standard pitot tubes are susceptible to
plugging in particulate-laden gas
streams. Therefore, whenever a standard
pitot tube is used to perform a traverse,
adequate proof must be furnished that
the openings of the pitot tube have not
plugged up during the traverse period.
This can be accomplished by comparing
the velocity head (Ap) measurement
recorded at a selected traverse point
(readable Ap value) with a second Ap
measurement recorded after “back
purging” with pressurized air to clean
the impact and static holes of the
standard pitot tube. If the before and
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after Ap measurements are within 5
percent, then the traverse data are
acceptable. Otherwise, the data should
be rejected and the traverse
measurements redone. Note that the
selected traverse point should be one
that demonstrates a readable Ap value.
If “back purging” at regular intervals is
part of a routine procedure, then
comparative Ap measurements shall be
conducted as above for the last two
traverse points that exhibit suitable Ap
measurements.

6.2 Differential Pressure Gauge. An
inclined manometer or equivalent
device. Most sampling trains are
equipped with a 10 in. (water column)
inclined-vertical manometer, having
0.01 in. H,0 divisions on the 0 to 1 in.
inclined scale, and 0.1 in. H,0 divisions
on the 1 to 10 in. vertical scale. This
type of manometer (or other gauge of
equivalent sensitivity) is satisfactory for
the measurement of Ap values as low as
1.27 mm (0.05 in.) H-0. However, a
differential pressure gauge of greater
sensitivity shall be used (subject to the
approval of the Administrator), if any of
the following is found to be true: (1) the
arithmetic average of all Ap readings at
the traverse points in the stack is less
than 1.27 mm (0.05 in.) H20; (2) for
traverses of 12 or more points, more
than 10 percent of the individual Ap
readings are below 1.27 mm (0.05 in.)
H20; or (3) for traverses of fewer than 12
points, more than one Ap reading is
below 1.27 mm (0.05 in.) H20. Reference
18 (see Section 17.0) describes
commercially available instrumentation
for the measurement of low-range gas
velocities.

6.2.1 As an alternative to criteria (1)
through (3) above, Equation 2—1
(Section 12.2) may be used to determine
the necessity of using a more sensitive
differential pressure gauge. If T is
greater than 1.05, the velocity head data
are unacceptable and a more sensitive
differential pressure gauge must be
used.

Note: If differential pressure gauges other
than inclined manometers are used (e.g.,
magnehelic gauges), their calibration must be
checked after each test series. To check the
calibration of a differential pressure gauge,
compare Ap readings of the gauge with those
of a gauge-oil manometer at a minimum of
three points, approximately representing the
range of Ap values in the stack. If, at each
point, the values of Ap as read by the
differential pressure gauge and gauge-oil
manometer agree to within 5 percent, the
differential pressure gauge shall be
considered to be in proper calibration.
Otherwise, the test series shall either be
voided, or procedures to adjust the measured
Ap values and final results shall be used,
subject to the approval of the Administrator.

6.3 Temperature Sensor. A
thermocouple, liquid-filled bulb
thermometer, bimetallic thermometer,
mercury-in-glass thermometer, or other
gauge capable of measuring
temperatures to within 1.5 percent of
the minimum absolute stack
temperature. The temperature sensor
shall be attached to the pitot tube such
that the sensor tip does not touch any
metal; the gauge shall be in an
interference-free arrangement with
respect to the pitot tube face openings
(see Figure 2—1 and Figure 2—4).
Alternative positions may be used if the
pitot tube-temperature gauge system is
calibrated according to the procedure of
Section 10.0. Provided that a difference
of not more than 1 percent in the
average velocity measurement is
introduced, the temperature gauge need
not be attached to the pitot tube. This
alternative is subject to the approval of
the Administrator.

6.4 Pressure Probe and Gauge. A
piezometer tube and mercury- or water-
filled U-tube manometer capable of
measuring stack pressure to within 2.5
mm (0.1 in.) Hg. The static tap of a
standard type pitot tube or one leg of a
Type S pitot tube with the face opening
planes positioned parallel to the gas
flow may also be used as the pressure
probe.

6.5 Barometer. A mercury, aneroid,
or other barometer capable of measuring
atmospheric pressure to within 2.54 mm
(0.1 in.) Hg.

Note: The barometric pressure reading may
be obtained from a nearby National Weather
Service station. In this case, the station value
(which is the absolute barometric pressure)
shall be requested and an adjustment for
elevation differences between the weather
station and sampling point shall be made at
a rate of minus 2.5 mm (0.1 in.) Hg per 30
m (100 ft) elevation increase or plus 2.5 mm
(0.1 in.) Hg per 30 m (100 ft.) for elevation
decrease.

6.6 Gas Density Determination
Equipment. Method 3 equipment, if
needed (see Section 8.6), to determine
the stack gas dry molecular weight, and
Method 4 (reference method) or Method
5 equipment for moisture content
determination. Other methods may be
used subject to approval of the
Administrator.

6.7 Calibration Pitot Tube. When
calibration of the Type S pitot tube is
necessary (see Section 10.1), a standard
pitot tube shall be used for a reference.
The standard pitot tube shall,
preferably, have a known coefficient,
obtained either (1) directly from the
National Institute of Standards and
Technology (NIST), Gaithersburg MD
20899, (301) 975-2002, or (2) by
calibration against another standard

pitot tube with an NIST-traceable
coefficient. Alternatively, a standard
pitot tube designed according to the
criteria given in Sections 6.7.1 through
6.7.5 below and illustrated in Figure 2—
5 (see also References 7, 8, and 17 in
Section 17.0) may be used. Pitot tubes
designed according to these
specifications will have baseline
coefficients of 0.99 = 0.01.

6.7.1 Standard Pitot Design.

6.7.1.1 Hemispherical (shown in
Figure 2-5), ellipsoidal, or conical tip.

6.7.1.2 A minimum of six diameters
straight run (based upon D, the external
diameter of the tube) between the tip
and the static pressure holes.

6.7.1.3 A minimum of eight
diameters straight run between the static
pressure holes and the centerline of the
external tube, following the 90° bend.

6.7.1.4 Static pressure holes of equal
size (approximately 0.1 D), equally
spaced in a piezometer ring
configuration.

6.7.1.5 90° bend, with curved or
mitered junction.

6.8 Differential Pressure Gauge for
Type S Pitot Tube Calibration. An
inclined manometer or equivalent. If the
single-velocity calibration technique is
employed (see Section 10.1.2.3), the
calibration differential pressure gauge
shall be readable to the nearest 0.127
mm (0.005 in.) H20. For multivelocity
calibrations, the gauge shall be readable
to the nearest 0.127 mm (0.005 in.) H20
for Ap values between 1.27 and 25.4 mm
(0.05 and 1.00 in.) H-0, and to the
nearest 1.27 mm (0.05 in.) H»0 for Ap
values above 25.4 mm (1.00 in.) H50. A
special, more sensitive gauge will be
required to read Ap values below 1.27
mm (0.05 in.) H-0 (see Reference 18 in
Section 16.0).

7.0 Reagents and Standards [Reserved]
8.0 Sample Collection and Analysis

8.1 Set up the apparatus as shown in
Figure 2—1. Capillary tubing or surge
tanks installed between the manometer
and pitot tube may be used to dampen
Ap fluctuations. It is recommended, but
not required, that a pretest leak-check be
conducted as follows: (1) blow through
the pitot impact opening until at least
7.6 cm (3.0 in.) H20 velocity head
registers on the manometer; then, close
off the impact opening. The pressure
shall remain stable for at least 15
seconds; (2) do the same for the static
pressure side, except using suction to
obtain the minimum of 7.6 cm (3.0 in.)
H>0. Other leak-check procedures,
subject to the approval of the
Administrator, may be used.

8.2 Level and zero the manometer.
Because the manometer level and zero
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may drift due to vibrations and
temperature changes, make periodic
checks during the traverse (at least once
per hour). Record all necessary data on
a form similar to that shown in Figure
2—6.

8.3 Maeasure the velocity head and
temperature at the traverse points
specified by Method 1. Ensure that the
proper differential pressure gauge is
being used for the range of Ap values
encountered (see Section 6.2). If it is
necessary to change to a more sensitive
gauge, do so, and remeasure the Ap and
temperature readings at each traverse

point. Conduct a post-test leak-check
(mandatory), as described in Section 8.1
above, to validate the traverse run.

8.4 Measure the static pressure in
the stack. One reading is usually
adequate.

8.5 Determine the atmospheric
pressure.

8.6 Determine the stack gas dry
molecular weight. For combustion
processes or processes that emit
essentially CO5, O, CO, and Np, use
Method 3. For processes emitting
essentially air, an analysis need not be
conducted; use a dry molecular weight

of 29.0. For other processes, other
methods, subject to the approval of the
Administrator, must be used.

8.7 Obtain the moisture content
from Method 4 (reference method, or
equivalent) or from Method 5.

8.8 Determine the cross-sectional
area of the stack or duct at the sampling
location. Whenever possible, physically
measure the stack dimensions rather
than using blueprints. Do not assume
that stack diameters are equal. Measure
each diameter distance to verify its
dimensions.

9.0 Quality Control

Section

Quiality control measure

Effect

10.1-10.4

Sampling equipment calibration .............c.........

volume.

Ensure accurate measurement of stack gas flow rate, sample

10.0 Calibration and Standardization

10.1 Type S Pitot Tube. Before its
initial use, carefully examine the Type
S pitot tube top, side, and end views to
verify that the face openings of the tube
are aligned within the specifications
illustrated in Figures 2—-2 and 2-3. The
pitot tube shall not be used if it fails to
meet these alignment specifications.
After verifying the face opening
alignment, measure and record the
following dimensions of the pitot tube:
(a) the external tubing diameter
(dimension Dy, Figure 2—2b); and (b) the
base-to-opening plane distances
(dimensions Pa and Pg, Figure 2—2b). If
D; is between 0.48 and 0.95 cm %16 and
%s in.), and if Pa and Pg are equal and
between 1.05 and 1.50 Dy, there are two
possible options: (1) the pitot tube may
be calibrated according to the procedure
outlined in Sections 10.1.2 through
10.1.5, or (2) a baseline (isolated tube)
coefficient value of 0.84 may be
assigned to the pitot tube. Note,
however, that if the pitot tube is part of
an assembly, calibration may still be
required, despite knowledge of the
baseline coefficient value (see Section
10.1.1). If Dy, Pa, and Pg are outside the
specified limits, the pitot tube must be
calibrated as outlined in Sections 10.1.2
through 10.1.5.

10.1.1 Type S Pitot Tube
Assemblies. During sample and velocity
traverses, the isolated Type S pitot tube
is not always used; in many instances,
the pitot tube is used in combination
with other source-sampling components
(e.g., thermocouple, sampling probe,
nozzle) as part of an “assembly.” The
presence of other sampling components
can sometimes affect the baseline value
of the Type S pitot tube coefficient
(Reference 9 in Section 17.0); therefore,
an assigned (or otherwise known)

baseline coefficient value may or may
not be valid for a given assembly. The
baseline and assembly coefficient values
will be identical only when the relative
placement of the components in the
assembly is such that aerodynamic
interference effects are eliminated.
Figures 2—4, 2-7, and 2-8 illustrate
interference-free component
arrangements for Type S pitot tubes
having external tubing diameters
between 0.48 and 0.95 cm (346 and s
in.). Type S pitot tube assemblies that
fail to meet any or all of the
specifications of Figures 2—4, 2—7, and
2-8 shall be calibrated according to the
procedure outlined in Sections 10.1.2
through 10.1.5, and prior to calibration,
the values of the intercomponent
spacings (pitot-nozzle, pitot-
thermocouple, pitot-probe sheath) shall
be measured and recorded.

Note: Do not use a Type S pitot tube
assembly that is constructed such that the
impact pressure opening plane of the pitot
tube is below the entry plane of the nozzle
(see Figure 2—6B).

10.1.2 Calibration Setup. If the Type
S pitot tube is to be calibrated, one leg
of the tube shall be permanently marked
A, and the other, B. Calibration shall be
performed in a flow system having the
following essential design features:

10.1.2.1 The flowing gas stream
must be confined to a duct of definite
cross-sectional area, either circular or
rectangular. For circular cross sections,
the minimum duct diameter shall be
30.48 cm (12 in.); for rectangular cross
sections, the width (shorter side) shall
be at least 25.4 cm (10 in.).

10.1.2.2 The cross-sectional area of
the calibration duct must be constant
over a distance of 10 or more duct
diameters. For a rectangular cross
section, use an equivalent diameter,

calculated according to Equation 2—2
(see Section 12.3), to determine the
number of duct diameters. To ensure the
presence of stable, fully developed flow
patterns at the calibration site, or “test
section,” the site must be located at
least eight diameters downstream and
two diameters upstream from the
nearest disturbances.

Note: The eight- and two-diameter criteria
are not absolute; other test section locations
may be used (subject to approval of the
Administrator), provided that the flow at the
test site has been demonstrated to be or
found stable and parallel to the duct axis.

10.1.2.3 The flow system shall have
the capacity to generate a test-section
velocity around 910 m/min (3,000 ft/
min). This velocity must be constant
with time to guarantee steady flow
during calibration. Note that Type S
pitot tube coefficients obtained by
single-velocity calibration at 910 m/min
(3,000 ft/min) will generally be valid to
+3 percent for the measurement of
velocities above 300 m/min (1,000 ft/
min) and to +6 percent for the
measurement of velocities between 180
and 300 m/min (600 and 1,000 ft/min).
If a more precise correlation between
the pitot tube coefficient, (Cp), and
velocity is desired, the flow system
should have the capacity to generate at
least four distinct, time-invariant test-
section velocities covering the velocity
range from 180 to 1,500 m/min (600 to
5,000 ft/min), and calibration data shall
be taken at regular velocity intervals
over this range (see References 9 and 14
in Section 17.0 for details).

10.1.2.4 Two entry ports, one for
each of the standard and Type S pitot
tubes, shall be cut in the test section.
The standard pitot entry port shall be
located slightly downstream of the Type
S port, so that the standard and Type S
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impact openings will lie in the same
cross-sectional plane during calibration.
To facilitate alignment of the pitot tubes
during calibration, it is advisable that
the test section be constructed of
Plexiglas™ or some other transparent
material.

10.1.3 GCalibration Procedure. Note
that this procedure is a general one and
must not be used without first referring
to the special considerations presented
in Section 10.1.5. Note also that this
procedure applies only to single-
velocity calibration. To obtain
calibration data for the A and B sides of
the Type S pitot tube, proceed as
follows:

10.1.3.1 Make sure that the
manometer is properly filled and that
the oil is free from contamination and
is of the proper density. Inspect and
leak-check all pitot lines; repair or
replace if necessary.

10.1.3.2 Level and zero the
manometer. Switch on the fan, and
allow the flow to stabilize. Seal the
Type S pitot tube entry port.

10.1.3.3 Ensure that the manometer
is level and zeroed. Position the
standard pitot tube at the calibration
point (determined as outlined in Section
10.1.5.1), and align the tube so that its
tip is pointed directly into the flow.
Particular care should be taken in
aligning the tube to avoid yaw and pitch
angles. Make sure that the entry port
surrounding the tube is properly sealed.

10.1.3.4 Read Apsq, and record its
value in a data table similar to the one
shown in Figure 2-9. Remove the
standard pitot tube from the duct, and
disconnect it from the manometer. Seal
the standard entry port.

10.1.3.5 Connect the Type S pitot
tube to the manometer and leak-check.
Open the Type S tube entry port. Check
the manometer level and zero. Insert
and align the Type S pitot tube so that
its A side impact opening is at the same
point as was the standard pitot tube and
is pointed directly into the flow. Make
sure that the entry port surrounding the
tube is properly sealed.

10.1.3.6 Read Aps, and enter its
value in the data table. Remove the
Type S pitot tube from the duct, and
disconnect it from the manometer.

10.1.3.7 Repeat Steps 10.1.3.3
through 10.1.3.6 until three pairs of Ap
readings have been obtained for the A
side of the Type S pitot tube.

10.1.3.8 Repeat Steps 10.1.3.3
through 10.1.3.7 for the B side of the
Type S pitot tube.

10.1.3.9 Perform calculations as
described in Section 12.4. Use the Type
S pitot tube only if the values of 6a and
og are less than or equal to 0.01 and if

the absolute value of the difference
between Cya) and Cygy is 0.01 or less.

10.1.4 Special Considerations.

10.1.4.1 Selection of Calibration
Point.

10.1.4.1.1 When an isolated Type S
pitot tube is calibrated, select a
calibration point at or near the center of
the duct, and follow the procedures
outlined in Section 10.1.3. The Type S
pitot coefficients measured or
calculated, (i.e. Cya) and Cpye)) will be
valid, so long as either: (1) the isolated
pitot tube is used; or (2) the pitot tube
is used with other components (nozzle,
thermocouple, sample probe) in an
arrangement that is free from
aerodynamic interference effects (see
Figures 2—4, 2—-7, and 2-8).

10.1.4.1.2 For Type S pitot tube-
thermocouple combinations (without
probe assembly), select a calibration
point at or near the center of the duct,
and follow the procedures outlined in
Section 10.1.3. The coefficients so
obtained will be valid so long as the
pitot tube-thermocouple combination is
used by itself or with other components
in an interference-free arrangement
(Figures 2—4, 2-7, and 2-8).

10.1.4.1.3 For Type S pitot tube
combinations with complete probe
assemblies, the calibration point should
be located at or near the center of the
duct; however, insertion of a probe
sheath into a small duct may cause
significant cross-sectional area
interference and blockage and yield
incorrect coefficient values (Reference 9
in Section 17.0). Therefore, to minimize
the blockage effect, the calibration point
may be a few inches off-center if
necessary. The actual blockage effect
will be negligible when the theoretical
blockage, as determined by a projected-
area model of the probe sheath, is 2
percent or less of the duct cross-
sectional area for assemblies without
external sheaths (Figure 2—10a), and 3
percent or less for assemblies with
external sheaths (Figure 2—10b).

10.1.4.2 For those probe assemblies
in which pitot tube-nozzle interference
is a factor (i.e., those in which the pitot-
nozzle separation distance fails to meet
the specifications illustrated in Figure
2-7A), the value of Cy depends upon
the amount of free space between the
tube and nozzle and, therefore, is a
function of nozzle size. In these
instances, separate calibrations shall be
performed with each of the commonly
used nozzle sizes in place. Note that the
single-velocity calibration technique is
acceptable for this purpose, even though
the larger nozzle sizes (>0.635 cm or Va
in.) are not ordinarily used for isokinetic
sampling at velocities around 910 m/
min (3,000 ft/min), which is the

calibration velocity. Note also that it is
not necessary to draw an isokinetic
sample during calibration (see Reference
19 in Section 17.0).

10.1.4.3 For a probe assembly
constructed such that its pitot tube is
always used in the same orientation,
only one side of the pitot tube need be
calibrated (the side which will face the
flow). The pitot tube must still meet the
alignment specifications of Figure 2—2
or 2-3, however, and must have an
average deviation (o) value of 0.01 or
less (see Section 10.1.4.4).

10.1.5 Field Use and Recalibration.

10.1.5.1 Field Use.

10.1.5.1.1 When a Type S pitot tube
(isolated or in an assembly) is used in
the field, the appropriate coefficient
value (whether assigned or obtained by
calibration) shall be used to perform
velocity calculations. For calibrated
Type S pitot tubes, the A side
coefficient shall be used when the A
side of the tube faces the flow, and the
B side coefficient shall be used when
the B side faces the flow. Alternatively,
the arithmetic average of the A and B
side coefficient values may be used,
irrespective of which side faces the
flow.

10.1.5.1.2 When a probe assembly is
used to sample a small duct, 30.5 to 91.4
cm (12 to 36 in.) in diameter, the probe
sheath sometimes blocks a significant
part of the duct cross-section, causing a
reduction in the effective value of Cy).
Consult Reference 9 (see Section 17.0)
for details. Conventional pitot-sampling
probe assemblies are not recommended
for use in ducts having inside diameters
smaller than 30.5 cm (12 in.) (see
Reference 16 in Section 17.0).

10.1.5.2 Recalibration.

10.1.5.2.1 Isolated Pitot Tubes. After
each field use, the pitot tube shall be
carefully reexamined in top, side, and
end views. If the pitot face openings are
still aligned within the specifications
illustrated in Figure 2—2 and Figure 2—
3, it can be assumed that the baseline
coefficient of the pitot tube has not
changed. If, however, the tube has been
damaged to the extent that it no longer
meets the specifications of Figure 2—2
and Figure 2-3, the damage shall either
be repaired to restore proper alignment
of the face openings, or the tube shall be
discarded.

10.1.5.2.2 Pitot Tube Assemblies.
After each field use, check the face
opening alignment of the pitot tube, as
in Section 10.1.5.2.1. Also, remeasure
the intercomponent spacings of the
assembly. If the intercomponent
spacings have not changed and the face
opening alignment is acceptable, it can
be assumed that the coefficient of the
assembly has not changed. If the face



