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216. In Part 60, Appendix A is anmended by revising

Met hods 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 foll ows:

METHOD 1 - SAMPLE AND VELOCITY TRAVERSES
FOR STATIONARY SOURCES

NOTE: This nethod does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanmpling) essential to its perfornmance. Sone
material is incorporated by reference fromother nethods in
this part. Therefore, to obtain reliable results, persons
using this nmethod should have a thorough know edge of at
| east the follow ng additional test nethod: Method 2.

1.0 Scope and Application.

1.1 Measured Paraneters. The purpose of the nethod
is to provide guidance for the selection of sanpling ports
and traverse points at which sanmpling for air pollutants
w Il be performed pursuant to regulations set forth in this
part. Two procedures are presented: a sinplified
procedure, and an alternative procedure (see Section 11.5).
The magni tude of cyclonic flow of effluent gas in a stack or
duct is the only paraneter quantitatively nmeasured in the

sinplified procedure.
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1.2 Applicability. This nmethod is applicable to gas
streans flowng in ducts, stacks, and flues. This nethod
cannot be used when: (1) the flowis cyclonic or swirling;
or (2) a stack is smaller than 0.30 neter (12 in.) in
di ameter, or 0.071 nt (113 in.? in cross-sectional area.
The sinplified procedure cannot be used when the measurenent
site is less than two stack or duct dianmeters downstream or
| ess than a half dianmeter upstreamfroma fl ow disturbance.

1.3 Data Quality Objectives. Adherence to the
requi renents of this nmethod will enhance the quality of the
data obtained fromair pollutant sanpling methods.

NOTE: The requirenents of this nmethod nust be
consi dered before construction of a new facility from which
em ssions are to be nmeasured; failure to do so may require
subsequent alterations to the stack or deviation fromthe
standard procedure. Cases involving variants are subject to
approval by the Adm nistrator.

2.0 Summary of Method.

2.1 This nethod is designed to aid in the
representative neasurenent of pollutant em ssions and/or
total volunetric flowrate froma stationary source. A
measurenent site where the effluent streamis flowng in a

known direction is selected, and the cross-section of the
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stack is divided into a nunber of equal areas. Traverse
points are then |ocated within each of these equal areas.
3.0 Definitions. [Reserved]
4.0 Interferences. [Reserved]
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
nmet hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.

6.0 Equipment and Supplies.

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

6.1.1 Directional Probe. Any directional probe, such
as United Sensor Type DA Three-D nensional Directiona
Probe, capabl e of neasuring both the pitch and yaw angl es of
gas flows is acceptable. Before using the probe, assign an
identification nunber to the directional probe, and
permanent|ly mark or engrave the nunber on the body of the
probe. The pressure holes of directional probes are

susceptible to plugging when used in particul ate-|aden gas
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streans. Therefore, a procedure for cleaning the pressure
hol es by "back-purging” with pressurized air is required.

6.1.2 Differential Pressure Gauges. Inclined
manonet ers, U-tube manoneters, or other differenti al
pressure gauges (e.g., magnehelic gauges) that neet the
specifications described in Method 2, Section 6. 2.

NOTE: |If the differential pressure gauge produces
bot h negative and positive readings, then both negative and
positive pressure readi ngs shall be calibrated at a m ni mum
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 Sel ection of Measurenment Site.

11.1.1 Sanpling and/or velocity neasurenents are
performed at a site |ocated at |east eight stack or duct
di aneters downstream and two di aneters upstream from any
fl ow di sturbance such as a bend, expansion, or contraction
in the stack, or froma visible flame. |If necessary, an

alternative |ocation may be selected, at a position at |east
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two stack or duct dianeters downstream and a half di anmeter
upstream from any fl ow di st urbance.

11.1.2 An alternative procedure is avail able for
determ ning the acceptability of a neasurenent |ocation not
nmeeting the criteria above. This procedure described in
Section 11.5 allows for the determ nation of gas flow angl es
at the sanmpling points and conparison of the neasured
results wth acceptability criteria.

11.2 Determ ning the Nunber of Traverse Points.

11.2.1 Particul ate Traverses.

11.2.1.1 Wen the eight- and two-dianeter criterion
can be met, the m ni mum nunber of traverse points shall be:
(1) twelve, for circular or rectangular stacks with
di aneters (or equivalent dianmeters) greater than 0.61 neter
(24 in.); (2) eight, for circular stacks with dianeters
bet ween 0.30 and 0.61 neter (12 and 24 in.); and (3) nine,
for rectangul ar stacks with equival ent di aneters between
0.30 and 0.61 neter (12 and 24 in.).

11.2.1.2 Wen the eight- and two-dianeter criterion
cannot be net, the m ni num nunber of traverse points is
determined fromFigure 1-1. Before referring to the figure,
however, determ ne the distances fromthe neasurenent site
to the nearest upstream and downstream di sturbances, and

di vi de each di stance by the stack dianmeter or equival ent



186
di aneter, to determ ne the distance in terns of the nunber
of duct dianmeters. Then, determne fromFigure 1-1 the
m ni mum nunber of traverse points that corresponds: (1) to
t he nunmber of duct dianmeters upstream and (2) to the nunber
of dianmeters downstream Select the higher of the two
m ni mum nunbers of traverse points, or a greater value, so
that for circular stacks the nunber is a nultiple of 4, and
for rectangul ar stacks, the nunber is one of those shown in
Table 1-1.

11.2.2 Velocity (Non-Particul ate) Traverses. \Wen
velocity or volunetric flowrate is to be determ ned (but
not particulate matter), the sane procedure as that used for
particul ate 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
Poi nt s.

11.3.1 Circular Stacks.

11.3.1.1 Locate the traverse points on two
per pendi cul ar di ameters according to Table 1-2 and the
exanpl e shown in Figure 1-3. Any equation (see exanples in
References 2 and 3 in Section 16.0) that gives the sane
values as those in Table 1-2 may be used in |lieu of Table 1-

2.
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11.3.1.2 For particulate traverses, one of the
di aneters nust coincide wth the plane containing the
greatest expected concentration variation (e.g., after
bends); one dianeter shall be congruent to the direction of
the bend. This requirenent becones less critical as the
di stance fromthe di sturbance increases; therefore, other
di aneter | ocations may be used, subject to the approval of
the Adm ni strator.

11.3.1.3 1In addition, for elliptical stacks having
unequal perpendicul ar dianeters, separate traverse points
shal | be cal cul ated and | ocated al ong each dianeter. To
determ ne the cross-sectional area of the elliptical stack,
use the foll ow ng equation:

Square Area = D, X D, X 0.7854
Where: D, = Stack dianeter 1
D, = Stack dianmeter 2

11.3.1.4 In addition, for stacks having dianeters
greater than 0.61 m (24 in.), no traverse points shall be
within 2.5 centinmeters (1.00 in.) of the stack walls; and
for stack dianeters 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 neet these criteria, observe the
procedures given bel ow.

11.3.2 Stacks Wth D aneters Geater Than 0.61 m
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(24 in.).

11.3.2.1 Wen any of the traverse points as |ocated
in Section 11.3.1 fall within 2.5 cm (1.0 in.) of the stack
wal |'s, relocate themaway fromthe stack walls to: (1) a
distance of 2.5 cm (1.0 in.); or (2) a distance equal to the
nozzl e inside dianmeter, whichever is larger. These
rel ocated traverse points (on each end of a dianeter) shal
be the "adjusted" traverse points.

11.3. 2.2 \Wenever two successive traverse points are
conbined to forma single adjusted traverse point, treat the
adj usted point as two separate traverse points, both in the
sanpling and/or velocity neasurenent procedure, and in
recordi ng of the data.

11.3.3 Stacks Wth D anmeters 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 rel ocated
away fromthe stack walls to: (1) a distance of 1.3 cm
(0.50 in.); or (2) a distance equal to the nozzle inside
di aneter, whichever is |arger.

11. 3.4 Rectangul ar Stacks.

11.3.4.1 Determ ne the nunber of traverse points as
explained in Sections 11.1 and 11.2 of this nmethod. From
Table 1-1, determne the grid configuration. Divide the

stack cross-section into as many equal rectangul ar el enental
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areas as traverse points, and then | ocate a traverse point
at the centroid of each equal area according to the exanple
in Figure 1-4.

11.3.4.2 To use nore than the m ni nrum nunber of
traverse points, expand the "m ni mum nunber of traverse
points" matrix (see Table 1-1) by adding the extra traverse
poi nts along one or the other or both |legs of the matri x;
the final matrix need not be bal anced. For exanple, if a 4
X 3 "mni mum nunber of points” matrix were expanded to 36
points, the final matrix could be 9 x 4 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 nmany
equal rectangul ar, elenental areas as traverse points, and
| ocate 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
rectangul ar stacks. |If this problem should ever arise, the
Adm ni strator nmust be contacted for resolution of the
matter.

11.4 Verification of Absence of Cyclonic Flow.

11.4.1 In nost stationary sources, the direction of
stack gas flowis essentially parallel to the stack walls.
However, cyclonic flow may exist (1) after such devices as

cyclones and inertial demsters follow ng venturi scrubbers,
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or (2) in stacks having tangential inlets or other duct
configurations which tend to induce swirling; in these
i nstances, the presence or absence of cyclonic flow at the
sanpling location nust be determ ned. The follow ng
techni ques are acceptable for this determ nation.

11.4.2 Level and zero the nanoneter. Connect a Type
S pitot tube to the manoneter and | eak-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
pl ane; when the Type S pitot tube is in this position, it is
at "0° reference.”" Note the differential pressure ()p)
readi ng at each traverse point. If a null (zero) pitot
reading is obtained at 0° reference at a given traverse
poi nt, 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 determ ne and record the value of the
rotation angle (') to the nearest degree. After the null
t echni que has been applied at each traverse point, calculate

t he average of the absolute values of '; assign

val ues of
0° to those points for which no rotation was required, and
include these in the overall average. |If the average val ue

of is greater than 20°, the overall flow condition in the
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stack is unacceptable, and alternative nethodol ogy, subject
to the approval of the Adm nistrator, nust be used to
perform accurate sanple and vel ocity traverses.

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

11.5.1 Alternative Measurenent Site Sel ection
Procedure. This alternative applies to sources where
measur enent | ocations are | ess than 2 equival ent or duct
di aneters downstream or | ess than one-half duct dianeter
upstream froma fl ow di sturbance. The alternative should be
l[imted to ducts larger than 24 in. in dianeter where
bl ockage and wall effects are mninmal. A directional flow
sensing probe is used to neasure pitch and yaw angl es of the
gas flow at 40 or nore traverse points; the resultant angle
is calculated and conpared with acceptable criteria for nean
and standard devi ati on.

NOTE: Both the pitch and yaw angl es are neasured from
a line passing through the traverse point and parallel to
the stack axis. The pitch angle is the angle of the gas
fl ow conponent in the plane that | NCLUDES the traverse |line
and is parallel to the stack axis. The yaw angle is the
angl e of the gas flow conponent in the plane PERPENDI CULAR

to the traverse line at the traverse point and is neasured
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fromthe |ine passing through the traverse point and
parallel to the stack axis.

11.5.2 Traverse Points. Use a mninmmof 40 traverse
points for circular ducts and 42 points for rectangul ar
ducts for the gas flow angle determ nations. Follow
the procedure outlined in Section 11.3 and Table 1-1 or 1-2
for the location and | ayout of the traverse points. |If the
measurenent |location is determined to be acceptable
according to the criteria in this alternative procedure, use
the sane traverse point nunber and | ocations for sanpling
and vel ocity neasurenents.

11.5.3 Measurenent Procedure.

11.5.3.1 Prepare the directional probe and
differential pressure gauges as recommended by the
manuf acturer. Capillary tubing or surge tanks may be used
to danpen pressure fluctuations. It is reconmmended, but not
required, that a pretest |eak check be conducted. To
performa | eak check, pressurize or use suction on the
i npact opening until a reading of at least 7.6 cm (3 in.)
H,O registers on the differential pressure gauge, then plug
the i npact opening. The pressure of a |leak-free systemw |
remain stable for at |east 15 seconds.

11.5.3.2 Level and zero the manoneters. Since the

manonet er | evel and zero may drift because of vibrations and
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t enperat ure changes, periodically check the | evel and zero
during the traverse.

11.5.3.3 Position the probe at the appropriate
| ocations in the gas stream and rotate until zero
deflection is indicated for the yaw angl e pressure gauge.
Determ ne and record the yaw angle. Record the pressure
gauge readings for the pitch angle, and determ ne the pitch
angle fromthe calibration curve. Repeat this procedure for
each traverse point. Conplete a "back-purge" of the
pressure lines and the inpact openings prior to nmeasurenents
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
systemare not net, repair the equi pnent, and repeat the
fl ow angl e neasurenents.

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

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
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section. The ports should be elongated slots parallel to
the axis of the test section and of sufficient length to
al | ow nmeasurenent 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
pl exi gl ass or sone other transparent nmaterial. Al
cal i bration neasurenents should be made at the sanme point in
the test section, preferably at the centroid of the test
section.

11.5.4.2 To ensure that the gas flowis parallel to
the central axis of the test section, follow the procedure
outlined in Section 11.4 for cyclonic flow determ nation to
measure the gas flow angles at the centroid of the test
section fromtwo test ports |located 90° apart. The gas fl ow
angl e neasured in each port nust be £ 2° of 0°.
Strai ghtening vanes should be installed, if necessary, to
meet this criterion.

11.5.4.3 Pitch Angle Calibration. Performa
calibration traverse according to the manufacturer's
recommended protocol in 5° increnments for angles from-60°
to +60° at one velocity in each of the two ranges specified
above. Average the pressure ratio val ues obtained for each

angle in the two flow ranges, and plot a calibration curve
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with the average values of the pressure ratio (or other
sui tabl e neasurenent factor as recomended by the
manuf acturer) versus the pitch angle. Draw a snooth |ine
t hrough the data points. Plot also the data values for each
traverse point. Determne the differences between the
measured data val ues and the angle fromthe calibration
curve at the sanme pressure ratio. The difference at each
conparison nmust be within 2° for angles between 0° and 40°
and within 3° for angl es between 40° and 60°.

11.5.4.4 Yaw Angle Calibration. Mark the three-
di mensi onal probe to allow the determ nation of the yaw
position of the probe. This is usually a |ine extending the
| ength of the probe and aligned with the inpact opening. To
determ ne the accuracy of neasurenents of the yaw angl e,
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. Wth
a protractor or other angle neasuring device, neasure the
angl e indicated by the yaw angle indicator on the three-
di rensi onal probe. This should be wwthin 2° of 0°. Repeat
this neasurenment for any other points along the |ength of
the pitot where yaw angl e neasurenents could be read in
order to account for variations in the pitot markings used

to indicate pitot head positions.
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12.0 Data Analysis and Calculations.

12.1 Nonencl at ur e.

L = | ength

n = total nunber of traverse points.

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

Ruvg = average resultant angle, degree.

R = resul tant angle at traverse point i, degree.
Sy = st andard devi ati on, degree.

w = wi dt h.

Y, = yaw angle at traverse point i, degree.

12.2 For a rectangul ar cross section, an equival ent
di aneter (D)) shall be cal culated using the follow ng
equation, to determ ne the upstream and downstream
di st ances:

_2(@L) W)
L +W

Eq. 1-1
12.3 If use of the alternative site selection
procedure (Section 11.5 of this nethod) is required, perform
the follow ng cal cul ati ons using the equations bel ow the
resul tant angle at each traverse point, the average
resultant angle, and the standard deviation. Conplete the
calculations retaining at | east one extra significant figure

beyond that of the acquired data. Round the values after

the final cal cul ati ons.
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12.3.1 Calculate the resultant angle at each traverse
poi nt :
R = arc cosine [(cosine Y;)(cosine P)] Eq. 1-2
12.3.2 Calculate the average resultant for the
nmeasur enent s:
Rw = X R/n Eq. 1-3

12. 3.3 Calculate the standard devi ati ons:

n
2
221 (Rj- Ra\/g) Eq. 1-4

(n-1)

d-

12.3.4 Acceptability Criteria. The measurenent
| ocation is acceptable if R,, < 20° and S§; < 10°.
13.0 Method Performance. [ Reserved]
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
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TABLE 1-1. CROSS- SECTI ON LAYQUT FOR

RECTANGULAR STACKS

Nunber of tranverse points

| ayout

Matri x

12 .
16 .
20 .
25 .
30 .
36 .
42 .

49 .

o o o g »~ b~ W

o o o g A~ b~ W W

\‘
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Figure 1-2. Minimum number of traverse
points for velocity (nonparticulate)
traverses.
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TABLE 1-2

LOCATI ON OF TRAVERSE PO NTS I N Cl RCULAR STACKS
(Percent of stack diameter frominside wall

to traverse point)

Traverse Nunmber of traverse points on a dianeter
Poi nt

Nunmber on 2 4 6 8 10 12 14 16 18 20 22 24
a Di aneter

1. 14. 6 6.7 4.4 3.2 2.6 2.1 1.8 1.6 1.4 1.3 1.1 1.1
2 . 85.4 25.0 14. 6 10. 5 8.2 6.7 57 4.9 4.4 3.9 3.5 3.2
3. 75.0 29.6 19. 4 14. 6 11.8 9.9 8.5 7.5 6.7 6.0 5.5
4 . 93.3 70. 4 32.3 22.6 17.7 14. 6 12.5 10. 9 9.7 8.7 7.9
5 . 85.4 67.7 34. 2 25.0 20.1 16. 9 14. 6 12.9 11. 6 10. 5
6 . 95. 6 80. 6 65. 8 35.6 26.9 22.0 18. 8 16. 5 14. 6 13.2
7 . 89.5 77. 4 64. 4 36. 6 28.3 23.6 20.4 18.0 16. 1
8 . 96. 8 85.4 75.0 63. 4 37.5 29.6 25.0 21.8 19. 4
9 . 91.8 82.3 73.1 62.5 38. 2 30. 6 26. 2 23.0
10 97. 4 88. 2 79.9 71.7 61.8 38.8 31.5 27.2
11 93.3 85.4 78.0 70. 4 61.2 39.3 32.3
12 97.9 90.1 83.1 76. 4 69. 4 60. 7 39.8
13 94. 3 87.5 81.2 75.0 68. 5 60. 2
14 98. 2 91.5 85.4 79.6 73.8 67.7
15 95.1 89.1 83.5 78.2 72.8
16 98. 4 92.5 87.1 82.0 77.0
17 95. 6 90. 3 85.4 80. 6
18 98. 6 93.3 88. 4 83.9
19 96. 1 91.3 86. 8
20 98.7 94.0 89.5
21 96. 5 92.1
22 98. 9 94.5
23 96. 8
24 99.9
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Traverse Distance
Point % of diameter

44
147
295
705
853
956

cnrwNE

Figure 1-3. Example showing circular stack cross
section divided into 12 equal areas, with location of
traverse points.

O
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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.



