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~The Almega CorpoRrATiON

607 C Country Club Drive
Bensenville, lllinois 60106
Phone: (312) 595-0175

July 5, 1985

Inland Steel Company
3210 Watling Street
East Chicago, Indiana- 46312

Attention: Mr. Mike Turner (8-140)

Subject: Plant 2: No. 4 Coke Car
: Particulate and Visible Emissions Testing
June 25, 26, 27 & 28, 1985
Inland P.O. No. 5N¥X 37288
TAC Project I-5987: Proposal #P85-140

Genflemen:

INTRODUCTION

Particulate emission testing and opacity observations were con-
ducted on the No. 4 coke car at Plant 2 of Inland Steel in East Chicago,
Indiana on June 25, 26, 27 and 28, 1985. .

The purpose of this test series was to determine the degree of
compliance of this new source with the applicable emission codes.

Stack emission test methods followed those detailed in Title 40,
Code of Federal Regulations (40: CFR) (Ref. 1).

Emission testing was conducted by staff of The Almega Corporation
using an Andersen Samplers, Inc¢., USEPA Method 5 sampling train.

The No. 4 coke car was operated normally by Inland Steel personnel
who also recorded coke production rates.

Representatives of the USEPA Region V were present at times during
the testing: Mr. Joseph V. Miceli of JACA Corporation,. a contractor to
USEPA, was also present during the test series.

This report summarizes the test methods, procedures and findings
of this test series. Attached as appendices is a complete documenta-
tion of all procedures, field test and laboratory analysis data,
calculation summaries and equipment calibrations and certifications.

SUMMARY OF TEST METHQODS

Particulate emission testing and visible emissions observations
were conducted on the new No. 4 coke car at Plant 2 of Inland Steel
on June 25 through 28, 1985.
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Particulate emission testing of this high pressure drop venturi
scrubber exhaust associated with the No. 4 coke car was conducted
using an Andersen Samplers, Inc., USEPA Method 5 sampling train follow-
ing the procedural requirements as detailed in Title 40: Code of
Federal Regulations (Ref. 1).

Visible emissions observations were made by a certified observer
from either Almega or Inland throughout the test series.

Particulate emission testing was conducted using the three samp-
ling ports set into the narrow side of this short tapered 58.5 x 29.5
in. I.D. rectangular stack exhaust of the venturi scrubber. The
exhaust stack geometry was dictated by the minimal clearances avail-
able for this code car.

The test protocol requested included particulate sampling at 24
points, 8 points on each of three traverses. Sampling at each point
was conducted for one complete coke push. This involved commencing
particulate sampling as the push commenced and terminating particulate
sampling as the coke car entered the quench tower.

The selection and location of the particulate sampling points for
this exhaust test followed Method 1 (Ref. 1) included in Appendix A.
Specifically, sampling was conducted at each of 24 points as detailed
above for typical sampling times ranging from 2 to 3 minutes. Samp-
ling times were recorded to the nearest second.

The gas velocity was determined using an S type pitot tube and
followed Method 2 (Ref. 1) included in Appendix B. A 0 to 5 in. W.G.
Magnehelix draft gauge was used.

Exhaust gas Orsat samples were taken following Method 3 (Ref. 1)
included in Appendix C for determination of COz, Oz and molecular
weight.

The exhaust gas moisture was determined following Method 4 (Ref. 1)
included in Appendix D.

Particulate concentration and emission rate was determined follow-
ing Method 5 (Ref. 1) included in Appendix E. The gas velocity and
moisture determination were conducted simultaneously with the particu-
late emission testing.

The particulate catch included nozzle, probe, cyclone and pre-
filter washings and filter particulates as detailed in Method 5.

A stainless steel sampling probe and nominal 3/16 in. I.D. (0.185
in. I.D. actual) stainless steel sampling nozzle was used for each
test repetition.
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SUMMARY OF TEST FINDINGS

Findings of this test series for the Method 3 particulate emis-
sion testing are summarized in Table 1. The Method 9 opacity obser-
vations made by Almega are summarized in Tables 2 and 3 for the tests
of June 27 and 28 respectively.

The Method 5 field test data, laboratory analyses and calculation
summaries are included in Appendix F. The Method 9 field opacity
observation data is included in Appendix G and equipment calibrations
and certifications are included in Appendix H.

DISCUSSION OF TEST FINDINGS

‘Based upon this test series the following comments are made:

1. Particulate emission testing followed EPA Methods 1 through 5,

the only exception being the sampling time at each sampling
point. Of necessity the sampling time at each point covered
the time interval from commencing the coke push to the time
the car entered the coke guench tower.

2. The Method 5 train pumping rate (AH) was set using the initial
velocity (AP) and stack gas temperature (Ts).

3. The first test repetition conducted on Tuesday 25th June was
considered to be suspect due to an avalanche of hot coke
burning through the umbilical sampling cord close to the
sampling box: consequently it was decided to conduct three
more test repetitions on June 26, 27 and 28.

4, This report documents particulate emission concentrations
(grains/dscf) and emission rates (1bs/hr) . Inland Steel will
calculate emissions in lbs/ton coke based upon the coke pro-
duction rates.

5. For the second test repetition there were three sampling points
with zero velocity. Consequently sampling was not conducted
at these points. Stack exhaust gas velocity and volume flow
is based on a 24 point average: however calculation of the
isokinetic rate is based upon the total time and average
velocity for the 21 points actually sampled. Measurable
velocities did however occur at all 24 points for test repe-
titions three and four.

6. Opacity observations were made on the hood of the gas cleaning
car only as requested for the prior test series of June 4, 5,
6 and 7.
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7. Again it should be noticed there are a number of opacity obser-
vations which could not be made due to either:

(1) observer location on the west side of this battery
and the sun position or

(2) other obstructions or interferences

CONCLUSION

Particulate emission testing and opacity observations were con-
ducted on the No. 4 coke car at Plant 2 of Inland Steel in East Chicago,
Iindiana on June 25, 26, 27 and 28, 1985,

Emission testing was conducted following the Title 40 Code of
Federal Regulations (Ref. 1) and included protocol modifications as
requested and conducted on other similar coke cars in the past.

Findings of this test series indicate the following particulate
emission data:

Particulate Particulate
Test Concentration Emissions
Repetition # Date grains/dscf lbs/hr
2 June 26, 1985 0.02539 8.321
3 June 27, 1985 0.04127 16.73
4 June 28, 1985 0.03059 12.60

This report summarizes the test methods, procedures and findings
of this test series together with a discussion of certain salient items.
Attached as Appendices is a comprehensive documentation of field test
and laboratory analyses data, calculation summaries and equipment
calibrations and certifications.

The Almega Corporation is pleased to have been of service to
Inland Steel and wishes to thank those involved for their patience and
assistance during the performance of these tests.

Respez;fully submitted,

THE ALMEGA qghPORATION"“'
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SUMMARY OF EMISSION TEST DATA

, - s et

TABLE: 1l

PLANT: inland Steel, East Chicago, Indiana

LOCATION: Scrubber Stack: No. 4 Coke Car

OPERATORS: J. Lehmann, S. Trier and M. Anderson

REPETITION #: 2 3 4

TEST DATE: 6/26/85 6/27/85 6/28/85

TEST TIME: 1:42-6:52PM 8:55-3:35PM 3:48-3:13PM

STACK GAS o

Temperature, average F 152.3 l46.2 142.7

Velocity averagesfps 68.32 84.65 86.17
y Volume flow x 10~ scfh db 2.293 2.836 2.883

(:; acfm 49110 60850 61940

Moisture % 9.528 9.761 10.54

PARTICULATE SAMPLE |

Time, mins. 47.33 61.19 60.61

Volume scf db 31.961 41.777 45.954

Particulates collected, mg 52.6 111.75 91.1

Isokinetic Ratio, I% 99.27 92.74 101.3

PARTICULATE .

Concentration grains/scf db 0.02539 0.04127 0.03059

8.321 16.73 12.60

Emissions lbs/hr
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STATIONARY SOURCES
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'Federal Register / Vol. 48, No. 191 / Friday, September 30, 1983 / Rules and Regulations
_

ENVIRONMENTAL PROTECTION
AGENCY

40 CFR Part 60
[AD-FRL 2387-6]

Standards of Performance for New
Stationary Sources; Appendix A:
Traverse Point Revislons to Method 1

AGENCY: Environmental Protection
Agency (EPA). _
ACTION: Final rule.

sumMMAaRY: This document revises
method 1, “Sample and Velocity
Traverses for Stationary Sources,” of
Appendix A of 40 CFR Part 60 to
decrease the minimum number of
required traverse points. This action is
being taken because several studies
have shown that the number of traverse
pointa can be reduced from those now
specified without sacrificing accuracy.
The intended effect of this final rule is to
have those saurces subject to standards
of performance specifying the use of
Method 1 to use the revised method.
This change would reduce the sampling
time and possibly the cost of testing.
EFFECTIVE DATE: September 30, 1983,
Under Section 307(b)(1) of the Clean Air
Act, judicial review for the revisions is
available only by the filing of a petition
for review in the U.S. Court of Appeals
for the District of Columbia Circuit
within 60 days of today’s publication of
this rule., Under Section 307(b)(2) of the
Clean Air Act, the requirements that are
the subject of today's notice may not be
challenged later in civil or criminal
proceedings brought by EPA to enforce
these requirements,

ADDRESS: Docket. A docket, number A~
82-07, containing information
considered by EPA in the development
of the promulgated revisions, is
available for public inspection between
8:00 a.m. and 400 p.m., Monday through
Friday, at EPA's Central Docket Section
(LE-131). West Tower Labby, Callery 1,
401 M Street, S.W., Washington, D.C.
20460. A reasonable fee may be charged
for copying. .
FOR FURTHER INFORMATION CONTACT:
Roger T. Shigehara, Emission
Measurement Branch, Emission
Standards and Engineering Division
{MD-19), U.S. Environmental Protection
Agency, Research Triangle Park, North
Carolina 27711, telephone (919) 451-
2237.

SUPPLEMENTARY INFORMATION:
Revisions

Method 1, “Sample and Velacity
Traverses for Stationary Sources."” is
being revised because several studies

have shown that the number of traverse
points can be reduced from those now
specified without sacrificing accuracy.
This change would reduce the sampling
time and possibly the cost of testing.

These revisions would apply to those
sources subject to the standard of
performance specifying the use of
Method S for the measurement of
particulate matter emissions or Method
2 for velocity measurements, including
standards that have already been
promulgated. This rulemaking would not
impose any additional emission
measurement requirements on any
facilities. Rather, the rulemaking would
simply revise a test method associated
with emission measurement
requirements that would apply
irrespective of this rulemaking.
Public Participation

The revisions were proposed and
published in the Federal Register on
QOctober 28, 1982 (47 FR 47867). Public
comments were solicited for 60 days
after proposal. A public hearing was
offered to provide interested persons the
opportunity for oral presentation of
data, views, or arguments concerning
the proposal, but no person requested to
speak. Twelve comment letters were
received,

Significant Comments and Changes to
the Proposed Revisions

All 12 commenters favored the
proposed revisions, commenting that the
proposed rule would simplify test
protocol, reduce costs and times of tests,
increase opportunities to obtain
complete tests under environmental and
process constraints, and reduce costs of
installing ports for rectangular stacks.
Three of the commenters, however, felt
that the figures were difficult to read.
One suggested using algebraic
expressions, and the other two
commenters suggested using step
functinns for the figures and addressing
rectangular stacks.

EPA has reviewed the commenters’
suggested equations and modifications
to the figures and felt that the step
functions would be simpler. In
modifying the figures, EPA noticed a
slight discrepancy between Figures 1-1
and 1-2; between 7 and 8 duck
diameters (or equivalent diameters)
downstream, the particulate traverse
required less traverse points (12 peints)
the velocity traverse (16 points).
Therefore, Figure 1-2 (velocity
traverses) was altered to require 12
points. To simplify further this figure,

the minimum number of points between -

6 and 7 diameters was reduced from 18
to 12 for stack diameters (or equivalent
diameters) greater than 0.61 m (24 in.).

EPA feels that this latter change would
not affect significantly the accuracy of
velocity measurements.

Docket

The docket is an organized and
complete file of all the information
considered by EPA in the development
of this rulemaking. The docket is a
dynamic file, since material is added
throughout the rulemaking development.
The docketing system is intended to
allow members of the public and
industries involved to identify readily
and locate documents so that they can
intelligently and effectively participate
in the rulemaking process. Along with
the statement of basis and purpose of
the proposed and promulgated revisions
and EPA responses to significant
comments, the contents of the docket
will serve as the record in case of
judicial review (Section 307(d){7)(A}).

Miscellaneous

Under Executive Order 12291, EPA
must judge whether a regulation is
“major” and, therefore, subject to the
requirement of a regulatory impact
analysis. This regulation is not major
because it will not have an annual effect
on the economy of $100 million or more;
it will not result in a major increase in
costs or prices; and there will be no
significant adverse effects on
competition, employment, investmenl.
productivity, innovation, or or: the
ability of U.S.-based enterprises to
compete with foreign-based enterprises
in domestic or export markets.

Pursuant to the provisions of 5 U.S.C.
605(b}, | hereby certify that the altached
rule will not have a significant economic
impact on small entities, because the

" revisions do not impose any additional

testing cost. In fact, in some cases. cost
may be reduced.

List of Subjects in 40 CFR Part 60

Air pollution control, Aluminum,
Ammonium sulfate plants, Asphalt.
Cement industry, Coal. Copper, Electric
power plants, Glass and glass products,
Grains, Intergovernmental relations.
Iron, Lead, Metals, Metallic Minerais,
Motor vehicles, Nitrig acid plants, Paper
and paper products industry, Petroleum,
Phosphate. Sewage disposal. Steel,
Sulfuric acid plants, Waste treatment
and disposal, Zinc, Tires, Incorporation
by Reference, Can surface coating,
Sulfuric acid plants.
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Dated: September 22, 1883. amended by revising Method 1 as 2. By adding Citations 7 through 12 to
William D. Ruckelshaus, follows: . Section 3 (Bibliography) as follows:
Administrator. . . N
1. By revising Figure 1-1 and Figure 1-  Appendix A—Reference Methods '-
PART 60—{AMENDED] 2.0 of Fevising Ce .
Appendix A of 40 CFR Part 60 is Method 1. Sample and Velocity Traverses for
' _ - Stationary Sources
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e b o N.C. Publication No. EPA-800/2-76-170. June
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- I B -, 8.Brooks, EF., and R1. Williams. Flow and
E ° m Gas Sempling Mamual. U.S. Environmental
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g 1976.93 p. ‘
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DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE 8) 1’; l-iawksley.!;.c.w.. S. Badzioch, and ].H.
Figure 1-1. Minimum number of traverse points for particulate trlvaru:s. gaaes.l“t!.:e‘ad&::head. E;;lmu%rﬂg‘:;h
oL . - Coal Utilisation Research Association, 1961.
DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A) p- 128133, -
. 12 Knapp, K.T. The Namber of Sampling £
wr 10 18 20 2% Points Needed for Representative Source O
J | U | | I Sampting. In: Proceedings of the Fourth
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RECTANGULAR STACKS OR DUCTS Tl ISTURBANCE Environment, Theodore, L., et al. [ed.).
2wl A - Dayton, Dayton Section of the American
g .} | BeeasuRcwent Institute of Chemical Engineers. October 3-7,
g d . 1976, p. 563-568.
= ’ ' (Secs. 111, 124, and 301(a) of the Clean Air
2 20— - Act, as amended (42 U.S.C. 7411, 7414, and
g ] 7601(a})
5 DISTURBANCE
k - IFR Doc_ 83-25377 Filad S-25-83: 845 em]
- B BILLING CODE $560-80-I0 '
; 16 STACK DIAMETER > 0.69 m (24 in.)
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Z o[- 1 8 onss —
STACK DIAMETER =0.30 TO 0.61 m (1224 in.)
0 | ! ! ! [ 1 ]
2 3 4 ) 3 ? [] 9 0

DUCT DIAMETERS DOWNSTREAM FAOM FLOW DISTURBANCE (DISTANCE B)

Figure 1-2. Minimum number of traverse points for velacity tnonparticulate) traverses.
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1. Principle and Applicabilily

1.1 Principle. To aid in the representa-
tive 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 di-
rection ls selected, and the cross-section of
the stack is divided into a number of equal
areas. A traverse point is then located
within each of these equal areas.

1.2 Applicability. This method is applica-
ble to flowing gas streams in ducts, stacks,
and flues. The method cannot be used
when: (1) flow is cyelonic or swirling (see
Section 2.4), (2) a stack is smaller than
about 0.30 meter ('2 in.) in diameter, or
0.071 m* (113 in." cruss-zectional area. or (3)
the measurement site is less than two stack
or duct diameters downstream or less than a
half diameter upstream from a flow disturb-
ance.

The requirements of this method must be
considered before construction of a new fa-
cility from which emissions will be meas-
ured: failure to do s0 may require subse-
quent aiterations to the stack or deviation
from the standard procedure. Cases involv-
ing variants are subject to approval by the
Administrator. U.S. Environmental Protec-
tion Agency. '

2. Procedure

2.1 Selection of Measurement Site. Sam-
pling or velocity measurement is 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 2 visible flame. If necessary.
an alternative location may be selected, at a
position at least two stack or duct diameters
downstream and 2 half diameter upstream
from any flow disturbance. For a rectangu-
lar cross section. an equivalent dlameter
(D,) shall be calculated from the following
equation, to determine the upstream and
downstream distances:

2LW

D= 1+wy

where L=length and W=width.

2.2 Determining the Number of Traverse
Points,

2.2.1 Particulate Traverses. When the
cight- 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 equiv-
alent diameters) greater than 0.61 meter (24
in.); (2) eight, for circular stacks with diam-
eters between 0.30 and 0.61 meter (12-24
in.); (3) nine., for rectangular stacks with
equivalent diameters between 0.30 and 0.61
meter (12-24 in.).

METHOD 1.—SAMPLE AND VELOCITY TRAVERSES
FOR STATIONARY SOURCES

When the eight- and two-diameter crite-
rion 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 chosen
measurement site to the nearest upstream
and downstream disturbances, and divide
each distance by the stack diamcter or
equivalent diameter. to detzrmine the dis-
tance in terms of the number of duct diame-
ters. Then, determine from Figure 1-1 the
minimum number of iraverse points that
corresponds: (1) to the number of duct di-
ameters 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 eircu-
lar stacks the number is 2 multiple of 4, and
for rectangular stacks. the number is one of
those shown in Table 1-1,

TABLE 1-1. Cross-sechon igyoul for rectangular SLacks
Matnx layout

Number of iraverse points:

In3
4x3
4xd
Sxd
Sxb
x5
&x6
Tué
77

*
DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A)

0.5 1.0 15 20 25
50 ! T 1 ! T ! '
Tir-;mswaaANcs
A
o | LMEASUREMENT| ™
s SITE

MINIMUM NUMBER OF TRAVERSE POINTS

* FROM POINT OF ANY TYPE OF
DISTURBANCE (BEND. EXPANSION. CONTRACTION, ETC.)

: i |

1 \DISTURBANCE

0 1 1
2 3 4

5 6 7

8 9 10

*
DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE B)

Reprinted from CFR Title 40 dated July 1980

pages 283~ 289




The Almega CorporaTion

DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A)
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MINIMUM NUMBER OF TRAVERSE POINTS
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A
i o | [MEASUREMENT
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\DISTURBANCE !

20 ;
10 -
0 1
2 3 a 5 6 7 8 9 10

DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE B)

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

2.2.2 Velocity (Non-Particulate) Tra-
verses, When velocity or volumetric flow
rate is Lo be determined (but not particulate
matter), the same procedure as that for par.
ticulate traverses (Section 2.2.1) is followed,
except that Figure 1-2 may be used instead
of Figure 1-1.

2.3 Cross-sectional Layout and Location
of Traverse Paints.

2.3.1 Circular Stacks. Locate the traverse
points on two perpendicular diameters ac-
cording to Table 1-2 and the example shown
in Figure 1-3. Any equation (for examples,
see Citations 2 and 3 in the Bibliography)
that gives the same values as those in Table
1-2 may be used in lieu of Table 1-2.

TRAVERSE
POINT

% of diameter

For particulate traverses, one of the diam-
eters must be in a plane containing the
greatest expected concentration variation,
e.p.. after bends, one diameter shall be in
the plane of the bend. This requirement be-
comes less critical as the distance from the
disturbance Increases; thetrefore, other di-
ameter Incations may be used, subject to ap-
proval of the Administrator,

In addition for stacks having diameters
greater than 0.61 m (24 in.) no traverse
points shall be located within 2.5 centi-
meters (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 ¢m (0.50 in.) of the stack walls.
To meet these criteria, observe the proce-
dures given below.

2.3,1.1 Stacks With Diameters Greater
Than 0.61 m (24 in.). When any of the tra-
verse points as located in Se~tion 2.3.1 fall
within 2.5 cm (1.00 in.) of the stack walls, re-
locate them away from the stack walls to:
(1) a distance of 2.5 cm (1.00 in.). or (2) a
distanee equal to the nozzle inside diameter.
whichever is larger. These relocated tra-
verse points (on each end of a diameter)
shall be the "adjusted” traverse points.

Whenever two successive traverse points
are combined to form a single adjusted tra-
verse point, treat the adjusted point as two
separate traverse points, both in the sam-
pling (or velocity measurement) protedure,
and in recording the data.

DISTANCE.

I B W -

4.4
14.7
29.5
705
85.3

956

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

Reprinted from CFR Title 40 dated July 1980
poges 283 - 289
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Tabie 1-2. LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS
(Percent of stack diameter from inside wall to traverse point)

Traverse

point

n:n:b:r Number of traverse points on a diameter

diameter| 2 | 4 |6 | 8 J 10| 12 [ [e | 18] 2 [2 |2
1 4.6 6.7] 4.4 3.2| 2.6] 21 1.8 Vv.6] V.4] V3] 1]
2 85.4) 26.0}14,6|10.5]| B8.2| 6.7 5.7] 4.9] 4.4| 3.9 3.5] 3.2
3 75.0§29.6)19.4|14.6[11.8| 9.9{ 8.6| 7.5] 6.7] 6.0 5.5
4 93.3]70.8(32.3]22.6]|17.7 |14.612.5|10.9|.9.7| 8.7 ] 7.9
g 85.4)67.7134.2|25.0 1201 |16.9] 14.6]12.9111.6 |10.5
6 95.6 | 80.6 | 65.8 | 35.6 [26.9]|22.0118.3|16.5)14.6 |13.2
7 89.5|77.4|64.4|36.628.3]23.6]20.4[18.0|%6.)
8 96.8|85.4| 75.0 [63.4|37.5) 20.6| 25.0 | 21.8 |19.4
9 91.8)82.3|73.1)62.5]|38.2|30.6]26.223.0
10 97,4|88.2|79.9171.7|61.8]38.8[31.5}27.2
1 93.3(85.4 |78.0]70.461.239.3 (32,2
12 97.9|90.1|83.1|76.4(69.4]60.7 |39.8
13 94.3(87.5|81.2|75.068.5|60.2
14 98.2|91.5|85.4179.6|73.8 |67.7
15 95.1|89.1|83.5]78.272.8
16 93.4|92.5|87.182.0(77.0
17 95.690.3185.4 |80.6
18 98.6|93.3]88.4 {83.9
19 96.1{91.3 |86.8
20 93.794.0 189.5
21 96,5 192.1
22 98.9 | 94.5
23 96.8
24 98.9

2.3.1.2 Stacks With Diameters Equal to
or Less Than 0.61 m (24 in.). Follow the pro-
cedure in Section 2.3.1.1, noting only that
any ‘“adjusted” points should be relocated
away from the stack walls to: (1) a distance
. of 1.3 em (0.50 in.); or (2) a distance equal to
the nozzle inside diameter, whichever is
larger.

23.2 Rectangular Stacks. Determine the
number of traverse points as explained in
Sections 2.1 and 2.2 of this method. From
Table 1-1, determine the grid configuration.
Divide the stack cross-section into as many
equal rectangular elemental areas as tra-
verse points, and then locate a traverse
point at the centroid of each equal area ac-
cording to the example in Figure 1-4.

If the tester desires to use more than the
minimum nomber 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 flnal matrix
need not be balanced. For example, if a 4x3
“minimum number of points; matrix were
expanded to 36 points, the final matrix
could be 9x4 or 12x3, and would not neces-
sarily have to be 6x6. After constructing the
final matrix, divide the stack cross-section
into as many equal rectangular, elemental
areas as traverse points, and locate a tra-
verse point at the centrold of each equal
area.

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

2.4 Verification of Absence of Cyclonic
Flow. In most stationary sources, the direc-
tion of stack gas flow is essentially paraliel
to the stack walls. However, cyclonic flow
may exist (1) after such devices as cyclones
and inertial demisters following venturi
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.

Level and zero the manometer. Connect a
Type S pitot tube to the manometer. Posi-
tion the Type S pitot tube at each traverse
point, in succession, 5o that the planes of
the face openings of the pitol tube are per-
pendicular to the stack cross-sectional
plane:; when the Type S pitot tube is in this
position, it is at “0* reference.” Note the dif.
ferential pressure (Ap) reading at earh tra-
verse point. If a null (zero) pitot reading is
obtained at 0" reference at a given traverse
point, an acceptable flow condition exists at

—— ' I
1 |
e | ° | ®© I e
I I I
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| | 1
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[l 1 1

Figure 1 4. Example showing rectangular stack cross
section dvided into 12 equal areas, with a traverse
point at centroid ot each area.

that point. If the pitot reading is not zero at
0" reference. rotate Lhe pitot tube (up to
+ 80" yaw angle). until a null reading is ob-
tained. Carefully determine and record the
value of the rotation angle (a) to the near-
est degree. After the null technique has
been applied al each traverse point, calcu-
late the average of the absolute values of «.
assign « values of 0° to those points for
which no rotation was required, and include
these in the overall average. If the average
value of « is greater than 10, 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 tra-
Verses.
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APPENDIX B

DETERMINATION OF STACK GAS VELOCITY AND
VOLUMETRIC FLOW RATE (TYPE S PITOT TUBE)







1. Principle and Applicabilily

1.1 Principle. The average gas velocity in
a stack is determined from the gas density
and from measurement of the average veloc-
ity head with a Type S (Stausscheibe or re-
verse type) pitot tube.

1.2 Applicability. This method is applica-
ble for measurement of the average velocity
of a gas stream and for quantifying gas
flow.

This procedure is not applicable at mea-
surement sites which fail to meet the erite-
ria of Method 1, Section 2.1. Also. the
method cannot be used for direct measure-
ment in cyclonic or swirling gas streams;
Section 2.4 of Method 1 shows how to deter-
mine cyclonic or swirling flow conditions.
When unacceptable conditions exist. alter-
native procedures, subject to the approval
of the Administrator, U.S. Environmental
Protection Agency, must be employed to
make accurate flow rate determinations. ex-
amples of such alternative procedures are;
(1) to install straightening vanes: (2) to cal-
culate the total volumetric flow rate stoi-
chiometricaily, or (3) to move to another
measurement site at which the flow is ac-
ceptable.

2. Apparatus

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

2.1 Type 8 Pitot Tube. The Type S pitot
tube (Figure 2 1) shall be made of metal
wubing (e.g. stainless steel). b is recommend-
cd that the external tubing diameter di-
mension D Figure 2 2h) be between 0.48
and 0.95 centimeters (%, and = inch). There
shall be an cqual distance from the base of
cach leg of the pitot tube to its face-opening
plane (dimensions P, and P, Figure 2 -2b); it
is recommended that this distance be be-
tween .05 and 150 times Lhe external
-tubing diameter, The face openings of the
pitot tube shall. preferably. be aligned as
shown in Pigure 2-2; however, slight misa-
lignments of the openings are permissible
(0 Figure 2-3),

The Type 8 pitot tube shall have a known
cocfficient, determined as outlined in See-
tion 4. an identification number shall be as
signed Lo the pitot tube: this number shall
be permanently marked or engraved on the
body of the tube.
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METHOD 2—-DETERMINATION OF StacKk Gas
VELOCITY AND VOLUMETRIC FLow RATE
(TYPE S PrroT TURE) .
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Figure 2-1. Type S pitot tube manometer assernbly.

A-5iDE PLANE

FACE

PLANES
(a

v OPENING ™

¢ —_—- - — NOTE
LONGITUDINAL 0y A iy ‘_:i_ 1.05Dy = P 150D,
TURE AXIS B Pg Pa:Pg
B-SI0E PLANE
b)
A ORB _J

(c)

Figure 2.2 Properly constructed Type S pitot tube, shown i (a) end wiew face opening planes perpendicular 10 ransvarse ax:
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Figure 2-3. Types of tace-opemng misaignment that can result from held use or improper construction of Type § prot tubes.
Those will not affact the basehne vaiue of Cp(s) $0 long as o) and a2 < 107, Bl and B2 < 5". 7 < 0.32cm (/B ) and w <
0.08 em (1/32 m.) (citation 11 Section 6). ’ .
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A standard pitot tube may be used instead
of a Type 8, provided thal it meets the
specifications of Sections 2.7 and 4.2; note,
however, that the static and impact pres-
sure holes of standard pitot tubes are sus-
ceptible Lo plugging in particulate-laden gas
streams. Therefore, whenever a standard
nitot tube is used to perform a traverse, ade-
quate proof must be furnished that the
openings of the pitot tube have not plugged
up during the traverse period; this can be
done by taking a velocity head (Ap) reading
al the final traverse point. cleaning out the
impact and static holes of the standard
pitot tube by “back-purging’ with pressur-
ized a.r, and then taking another Ap read-
ing. If the Ap readings made before and
after the air purge are the same /+5 per-
cent), Lthe traverse is acceptable. Otherwise,
reject the run. Note that if ap at the final
traverse point is unsuitably low, another
point may be selected. If “back-purging’” at
regular intervals is part of the procedure,
then comparative Ap readings shall be
taken, as above, for the last two back purges
at which suitably high Ap readings are ob-
orved,

2.2 Differential Pressure Gauge. An in-
HJined manometer or equivalent device is
used. Most sampling trains are equipped
with a 10-in. (water column) inclined-verti-
cal manometer, having 0.01-in. H,O divisions
on the 0-to l-in. inclined scale, and 0.1-in.
H,O divisions on the 1. to 10-in. vertical
scale. This type of manometer (or other
gauge of equivalent sensitivity) is satisfac-
tary for the measurement of Ap values as
low a5 1.3 mm (0.05 in.) H,O. However, a dif-
ferential pressure gauge of greater sensitiv-
ity shall be used (subject to the approval of
the Administrator), if any of the following
is found to be true: (1) the arithmetic aver-
age of all Ap readings at Lthe traverse points
in the stack is less than 1.3 mm (0.05 in.)
H,O; (2) for traverses of 12 or more points,
more than 10 percent of the individual ap
readings are below 1.3 mm (0.05 in.) H,O: (3)
for traverses of fewer than 12 points, more
than one Ap reading is below 1.3 mm (0.05
in.) H,O. Citation 18 in Section 6 desecribes
commercially available instrumentation for
the measurement of low-range gas veloci-
ties.

As an alternative to criteria (1) through
(3) above, the following calculation may be
performed to determine the necessity of
using a more sensitive differential pressure
gauge: -

Z"\l“ : K
rlv__l'l

Z Vag,

r

where:

Ap,  Individual velocity head reading at a
traverse point, mm H,Q (in. HO).

n: Tolal number of traverse points.

K -0.13 mm H.O when metric units are used
and 0.005 1n H.(O when English units are
used.

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 differenlial 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 pres-
sure gauge, compare Ap readings of the
gauge with those of a gauge-oil manometer
al a minimum of three points, approximate-
ly representing the ringe of Ap values in the
stack. If. at each point, the values of Ap as
recad by the differential pressure gauge and
gauge-0il manometer agrev to within 5 per-
cent. the differential pressure gauge shall
be considered (o he in proper calibration.
Otherwise, the test series shall either be
voided. or procedures to adjust the meas-
ured Ap values and final results shall be
used subject to the approval of the Adminis-
trator.

2.3 Temperature Gauge. A thermocou-
ple, liquid-filled bulb thermometer, bimetal-
lic thermometer, mercury-in-glass thermom-
eter. or other gauge. capable of measuring
temperature Lo witkin 1.5 percent of the
minimum absclute stack temperature shall
be used. The temperature gauge shall be at-
tached to the pitot tube such that the
sensor Lip does not touch any metal: the
gauge shall be in an interference-free ar-
rangement with respect to the pitot tube
face openings (see Figure 2-1 and also
Figure 2-7 in Section 4). Alternate positions
may be used if the pitot tube-temperature
gauge system is calibrated according to the
procedure of Section 4. Provided that a dif-
ference of not more than 1 percent in the
average velocity measurement is introduced,
the temperature gauge need not be attached
to the pitnt tube: this alternative is subject
to the approval of the Administrator,

2.4 Pressure Probe and Gauge. A piezo-
meter tube and mercury- or water-filled U-
tube manometer capable of measuring stack
pressure to within 2.5 mm (0.1 in.) Hg is
used. 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 als0 be used as the pres-
sure probe.

2.5 Barometer. A mercury, aneroid, or
other barometer capable of measuring at-
mospheric pressure to within 2.5 mm Hg
(0.1 in. Hg) may be used. In many cases, the
barometric reading may be obtained from a
nearby national weather service station. in
which case the station value (which is the

absolute barometric pressure) shail be re-
quested and an adjustment for elevation dif-
ferences between the weather station and
the sampling point shall be applied at a rate
of minus 2.5 mm (0.1 in.) Hg per 30-meter
(100 foot) clevation increase or vice-versa
for clevation decrease.

2.6 Gas Density Determination Equip-
ment. Method 3 equipment. if needed (see
Section 3.6, to determine the stack gas dry
molecular weight, and Reference Method 4
or Method 5 equipment for moisture con:
tent determination: other methods may be
used subject to approval of the Administra-
Lor.

2.7 Calibration Pilot Tube. When calibra-
tion of the Type § pitol tube is necessary
(s0e Section 4), a standard pitot tube is used
as a reference. The standard pitot tube
shall, preferably. have a known coefficient,
obtained vither (1) directly from the Nation-
al Bureau of Standards. Route 270, Quince
Orchard Road, Gaithersburg, Maryland, or
(2) by cilibration against another standard
pitot tube with an NBS-traceable coefl[i-
cient. Alternatively, a standard pitot tube
{esigned according to the critena given in
27.1 through 2,7.5 below and illustrated in
Pigure 2-4 (see also Citations 7. 8. and 17 1n
Section 6) may be used. Pitot tubes designed
aceording Lo these specifications will have
baseline coefficients of about 0.99 - 0.01.

2.7.1 Hemispherical (shown in Figure 2
4), ellipsoidal, or conical tip.

272 A mimimum of six  diameters
straight run (hased upon D. the vxternal di-
ameter of the tube) between the tip and the
static pressure holes,

273 A mitumum of cight diameters
straight run helween the static pressurce
holes and the centertine of the external
tube, following the 90 degree bend.

2.7.4 Static pressure holes of equal sive
tapproximately 0.1 D), equaly spaced in a
piezometer ring configuration.

2.7.5 Ninety degree bend, with curved or
mitered junction,

2.8 Differential Pressure Gauge for Type
8 Pitot Tube Calibration. An inclined mano-
meter or equivalent is used. If the single-ve-
locity calibration technique is employed (see
Section 4.1.2.3), the calibration differential
pressure gauge shall be readable to the
nearest 0.13 mm H,O (0.005 in. H,0). For
multivelocity calibrations, the gauge shall
be readable to the nearest 0.13 mm H.Q
(0.005 in H,0O) for Ap values between 1.3 and
25 mm H,0 (0.05 and 1.0 in. H,O), and to
the nearest 1.3 mm H.O (0.05 in. H.O) for
Ap values sbove 25 mm H.O (1.0 in. H,(O). A
special. more sensitive gauge will be re-
quired to read Ap values below 1.3 mm H,O
[0.05 in. H,O) (see Citation 18 in Section 6).
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Figure 2-4. Standard pitot tube design specifications. \\J—Y- -

3. Procedure

3.1 Set up the apparatus as shown in
Figure 2-1. Capillary tubing or surge tanks
installed beiween the manometer and pitot
tube may be used to dampen Ap fluctu-
ations. It is recommended. bul not reguired,
that a pretest leak-check be conducted, as
follows: (1) blow through the pitot impact
opening until at least 7.6 cm (3 in.) H:O ve-
locity pressure 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 pres.
sure side, except using suction to obtain the
minimum of 7.6 cm (3 in.) H;O. Other leak-
check procedures, subject to the approval of
the Administrator may be used.

3.2 Level and zero the manometer. Be-
cause the manometer level and zero may
drift due to vibrations and temperature
changes, make periodic checks during the
traverse. Record all necessary data as shown
in the example data sheet (Figure 2-3),

3.3 Moeasure the veloecity head and tem-
perature at the traverse points specified by
Method 1. Ensure that the proper differen-
tial pressure gauge is being used for the
range of Ap values encountered (see Section

2.2). If it is necessary Lo change to a more .

sensitive gauge, do so0, and remeasure the Ap
and temperature readings at each traverse
point. Conduct a post-test leak-check (man-
datory), as described in Section 3.1 above, Lo
validate the traverse run.

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

3.5 Delermine the atmospheric pressure.

3.6 Determine the stack gas dry molecular
weight. For combustion processes or proc-
esses that emit essentially CO., O, CO, and
N,, use Method 3. For processes emitting es-
© sentially air, an analysis need not be con-

!

CURVED OR
MITERED JUNCTION

_HEMISPHERICAL -

ducted; use a dry molecular weight of 29.0,
For other processes, other methods, subject
to the approval of the Administrator, must
be used.

3.7 Obtain the moisture content from
Reference Method 4 (or equivalent) or from
Method 5.

3.8 Determine the cross-sectional area of
the stack or duct ot the sampling location.
Whenever possible, physically measure the
stack dimensions rather than using blue-
prints.

4. Calibration

4.1 Type S Pitot Tube. Before its initial
use. carefully examine the Type 5 pitot
tube in top, side, and end views to verify
that the face openings of the tube are
aligned within the specifications illustraled
in Figure 2-2 or 2-3. The pitot tube shall
not be used if it fails to meet these align-
ment specifications.

After verifying the face opening align.
ment, measure and record the following di-
mensions of the pitot Lube: (a) the external
tibing diameter (dimension D, Figure 2-2b).
and (b) the base-to-opening plane distances
(dimensions P, and P, Figure 2-2b). If D, is
between 0.48 and 0.95 cm (%1« and % in.) and
if P, and P, are equal and between 1.05 and
1.50 D, there are two possible options: (1)
the pitot tube may be calibrated according
to the procedure outlined in Sections 4.1.2
through 4.1.5 below, or (2) a baseline (isolat-
ed tube) coefficient value of 0.84 may be as-
signed to the pitot tube, Note, however, that
if the pitot tube is part of an assembly, cali-
bration may still be required, despite knowl-
edge of the baseline coefficient value (see
Section 4.1.1).

If D, P,, and P. ar. outside the specified
limits, the pitot tube must be calibrated as
outlined in 4.1.2 through 4,1.5 below.

€
E
e
STATIC
HOLES
( ~0.1D) [ X 1) -
<
E
e

4.1.1 Type S Pitot Tube Assemblies,
During sample and velocity traverses, the
isolated Type 5 pitot tube is not always
used: in many instaneces, the pitot tube is
used in combination with other source-sam-
pling components (thermocouple, sampling
probe, nozzle) as part of an “assembly.” The
presence of other sampling components can
sometimes affect the baselii.e value of the
Type S pitot tube coefficient (Citation 9 in
Section 6), therefore an assigned (or other-
wise 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 rela-
tive placement of Ll.e components in the as-
sembly is such tha. aerodynamic interfer-
ence effects are eliminated. Figures 2-6

through 2-8 illustrate interference-free
component arrangements tor ‘L'ype S pitot

tubes having external tubing diameters be-
tween (.48 and 0.95 em (Y and " in). Type
8 pitot tube assemblies that fail to meet any
or all of the specifications of Figures 2-6
through 2-8 shall be calibrated according Lo
the procedure outlined in Sections 4.1.2
through 4.1.5 below., and prior to calibra-
tion, the values of the intercomponent spac-
ings (pitot-nozzle, pitot-thermocotpie, pitot-
probe sheath) shall be measured and record-
od.

NoTte.— Do not use any Type S pitot tube
assembly which is constructed such that th?
impact pressure opening plane of the pitot
tube is below the entry plane of the nozzle
(see Figure 2-6b).

4.1.2 Calibration Setup. If the Type 8
pitot tube is to be calibrated, one leg of the
tube shall be permanently marked A, and
the other, B. Calibration shall be done in a
flow system having the following essential
design features:
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DATE

RUN NO.

STACK DIAMETER OR OIMENSIONS, m(in.)
BAROMETRIC PRESSURE, mm Hg (in. Hg)
CROSS SECTIONAL AREA, m2(t12)

OPERATORS

MTOT TUBE1.D.NO.
AVG. COEFFICIENT Cp =
LAST DATE CALIBRATED

SCHEMATIC OF STACK
CROSS SECTION

Stack Temperature
Traverse Vel. Hd., Ap Pg -
Pt. No. mm (in.) H30 1, 2C (°F) T, O (R} |mmHylmHg | V &p
Average

Figure 2.5. Velocity traverse data.
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o TYPE SPITOT TUBE

22190 cm (34 in) FOR Dy * 1.3 cm (1/2 in)

To.
SAMPLING NOZZLE i T

A. BOTTOM VIEW: SHOWING MINIMUM PITOT-NOZZLE SEPARATION.

SAMPLING SAMPLING STATIC PRESSURE
PROBE NOZZLE ?’\ / OPEHIHG PI.AHE
IMPACT PRESSURE

..... N/

NDZ2LE ENTRY
PLANE E
& SIDE VIEW: TO PREVENT PITOT TUBE |
FROM INTERFERING WITH GAS FLOW '
STREAMLINES APPROACHING THE
NOZ2LE, THE IMPACT PRESSURE
OPENING PLANE OF THE PITOT TUSE
SHALL BE EVEN WITH OR ABOVE THE :
NOZZLE ENTRY PLANE. WrIs2em !

TYPES
MTOT TUBE

ﬂ in)
THERMOCOUPLE n THERMOCOUPLE

Z *190cm (3/4 in.)
TYPE SMTOT TUBE @ TYPESPITDS ﬂllE

Figure 2.7. Proper thermocouple placement 1o prevent interference;
D¢ between 0.48 and 0.95 cm (3/16 and 3/8 in.).

D¢ TYPESPITOT TUBE O

| 1] |
' SAMPLE PROBE |~et— Y 27.62¢m (3in.) “‘—""1'

] MUM_ |

Figure 2-8. Minimum pitot-sample probe separation needed to prevent interference;
D¢ between 0.48 and 0.95 cm (3/16 and 3/8 in.).
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4,1.2,1 The flowing gas stream must be
confined to a duct of definite cross-sectional
area, either circular or rectangular. For cir-
cular cross-sections, the minimum duct di-
ameter shall be 30.5 cm (12 in.): for rectan-
gular cross-sections, the width (shorter side)
shall be at least 25.4 cm (10 in.).

4.12.2 The cross-sectional area of the
calibration duct must be constant over a dis-
tance of 10 or more duct diameters. For a
rectangular cross-section, use an equivalent
dlameter, calculated from the following
equation, to determine the number of duct
diameters:

AR
agantion 2
where:
D, = Equivalent diameter
L=Leng.h
W=Width

To ensure the presence of stable, fully de-
seloped flow patterns at the calibration site,
or “test section,” the sile must be located at
least eight diameters downstream and two
diameters upstream from the nearest distur-
bances. .

Note.—The eight- and two-diameter crite-
ria are not absolute; other test section loca-
tions may be used (subject to approval of
the Administrator), provided that the flow
at the test site is stable and demonstrably
parallel to the duct axis.

4.1.2.3 The flow system shall have the ca-
pacity to generate a test-section veloeity
around 915 m/min (3,000 ft/min). This ve-
locity must be constant with time to guaran-
tee steady flow during calibration. Note that
Type S pitot tube coefficients obtained by
single-velocity calibration at 915 m/min
(3,000 ft/min) will generally be valid to
within +3 percent for the measurement of
velocities above 305 m/min (1,000 ft/min)
and to within +§ to 6 percent for the mea-
surement of velocities between 180 and 305
m/min (600 and 1.000 ft/min). If a more
precise correlation between C, and velocity
is desired. the flow system shall have the ca-
pacity to generate at least four distinet,
time-invariant test-section velocities cover-
ing the veloeity range from 180 to 1,525 m/
min (600 to 5,000 ft/min). and calibration
data shall be taken at regular velocity inter-
vals over this range (see Citations 9 and 14
in Section 6 for details).

4.1.2.4 Two entry ports, one each ‘or the
standard and Type S pitot tubes, shall be
cut in the test section; the standard pitot
entry port shall be located slightly down-
stream of the Type S port, so that the
standard and Type S :mpact 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 plex-
iglas or some other transparent material.

4.1.3 Calibration Procedure. Note that
this procedure is a general one and must not
be used without first referring to the special
considerations presented in Section 4.1.5.
Note also that this procedur~ applies only
to single.velocity calibration. To obtain cali-
bration data for the A and B sides of the
Type 8 pitot tube, proceed as follows:

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

4.1.3.2 Level and zero the manometer,
Turn on the fan and allow the flow to stabi-
lize. Seal the Type 8 entry port,

4.1.3.3 Ensure that the manometer is
level and zeroed. Position the standard pitot
tube at the calibration point (determined as
outlined in Section 4.1.5.1), and align the
tube so that its tip is pointed directly into
the flow. Particular car should be taken in
aligning the tube to aveoid yaw and pitch
angles. Make sure that the entry port sur-
rounding the tube is properly sealed.

4.1.3.4 Read A“,, and record its value in a
data table similar (o the one shown in
Pigure 2-9. Remove the standard pitot tube
from the duct and disconnect it from the
manometer. Seal the standard entry port.

4.1.3.5 Connect the Type S pitot tube to
the manotmeter. Open the Type 8§ entry
port. Check the manometer level and zero.
Insert and align the Type 8 pitot tube so
that its A side impact opening is at the same

PITOT TUBE IDENTIFICATION NUMBER:

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.

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

4.1.3.7 Repeat steps 4.1.3.3 through
4,1.3.6 above until three pairs of Ap readings
have been obtained.

4.1.3.8 Repeat steps 4.1.3.3 through
4.1.3.7 above for the B side of the Type 8
pitot tube,

4.1.3.9 Perform calculations, as deseribed
in Section 4.1.4 below,

4.1.4 Calculations.

4.1.4.1 For each of the six pairs of Ap
readings (i.e., three from side A and three
from side B) obtained in Section 4.1.3 above,
calculate the valur of the Type S pitot tube
coeffficient as follows:

DATE: e

CALIBRATED BY:

“A" SIDE CALIBRATION
Npgd S Ps)
cm H20 em H20 OEVIATION
AUN NO. (. H20) {in. H201 Cpis) | Cpis) - CplA)
1
2
3
Cp (SIDE A)
8" SIDE CALIBRATION
Npgd Apgs)
cm H20 cm H20 DEVIATION
RAUN NO. (in. H20} (in. H20) Cpis) Cpls) - CplB)
1
2
3
Cp (SIDE B)

AVERAGE DEVIATION = «(AORB) -

3
T |cptsi-Epta 0R B) |

=~4— MUST BE <0.01

3

Cp (SIDE A}~ Cp (SIDE B) |~—MUST BE < 0.01

Figure 2-9. Pitot tube calibration data.
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where:

Cruy=Type S pitot tube coefficient

Coiue =Standard pitot tube coefficient. use
0.99 if the coefficient is unknown and
the tube is designed according to the eri-
teria of Sections 2.7.1 to 2.7.5 of this
method.

Ap,..=Velocity head measured by the stand-
ard pitot tube, em H,O (in. H.O)

Ap,=Velocity head measured by the Type S
pitot tube, em H,O (in H,0)

4.1.4.2 Calculate C, (side A), the mean A-
side coefficient, and C, (side B), the mean B-
side coefficlent: caleulate the difference be-
tween these two average values,

4.1.4.3 Calculate the deviation of each of
the three A-side values of Cun from C, (side
A), and the deviation of each B-side value of
Cuw from C, G, (side B). Use the following
cquation:

Devintion = Cpn—Cy(A or B)

Fquntion 2-3

The Almega CorpoRATION

4,144 Calculate 5, the average deviation
from the mean, for both the A and B sides
of the pitot tube. Use the following equa-
tion:

:’ —
3 NCun—Cul A or 1))

o (side A or B)= ! X

Fquation 2-4

4.1.4.5 Use the Type S pitot tube only if
the values of & (side A) and § (side B) are
lesm than or equal to 0.01 and if the absolute
value of the difference between G, (A) and
C, (B) is 0.01 or less,

4.1.5 BSpecial considerations.

4.1.5.1 Selection of calibration point.

4.1.5.1.1 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 Sections 4.1.3
and 4.1.4 above. The Type & pitot coeffi-
cients so obtained, ie., C, (side A) and C,
(side B), will be valid, so long as either: (1)
the isolated pitot tube is used; or 2) the

ESTIMATED IxW

SHEATH =

BLOCKAGE DUCT AREA
(%)

/

EXTERNAL
SHEATH

pitot tube is used with other eomponents
(nozzle, thermocouple, sample probe) in an
arrangement that is free from aerodynamic
interference effects (see Figures 2-6
through 2-8).

4.1.5.1.2 For Type S pitot tube-thermo-
couple combinations (without sample
probe), select a calibration point at or near -
the center of the duet, and follow the proce-
dures outlined in Sections 4.1.3 and 4.1.4
above. 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 arrange-
ment (Figures 2-6, and 2-8).

4.1.5.1.3 For assemblies with sample
probes, the calibration point should be lo-
cated at or near the center of the duet; how-
ever, insertion of ua probe sheath into &
small duct may cause significant cross-sec.
tional area blockags and yield incorrect co-
efficient values (Citation 9 in Section 6).
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 theoreti-
cal blockage, as determined by a projected-
area model of the probe sheath, is 2 percent
or less of the duet cross-sectional area for
assemblies without external sheaths (Figure
2-10a), and 3 percent or less for assemblies
with external sheaths (Figure 2-10b).

x 100

Figure 2-10. Projected-area models for typical pitot tube assemblies.
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4.1.5.2 Por 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 specifi
cation illustrated in Figure 2-8a), the value
of Caun depends upon the amount of free-
space between the tube and nozzle, and
therefore is & 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-veloeity calibration technique is ac-
ceptable for this purpose, even though the
larger nozzie sizes (>0.635 cm or ' in.) are
not ordinarily used for isokinetic sampling
at velocities around 915 m/min (3,000 {t/
min), which is the calibration velocity: note
also that it i3 not necessary to draw an iso-
kinetic sample during calibration (see Cita-
tion 19 in Section 6).

4.1.5.3 For a probe assembly conztructed
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 Pigure
2-2 or 2-3, however, and must have an aver-
age deviation (5) value of 0.01 or less (see
Section 4.1.4.4).
Figure 2-10. Projected-area models for typi-
cal pitot tube assemblies,

4.1.6 Pield Use and Recalibration.

4,1.6.1 Field Use.

4.1.6.1.1 When a Type S pitot tube (iso-
lated tube or assembly) is used in the field.
the appropriate coefficient value (whether
assigned or obtained by calibration) shall be
used Lo perform velocity caleulations. For
calibrated Type S pitot tubes, the A side co-
efficient shall be used when the A side of
the tube faces the flow, and the B side coef-
ficient shall be used when the B side faces
the flow; alternatively, the arithmetic aver-
age of the A and B side coefficient values
may be used, irrespective of which side faces
the flow.

4.1.6.1.2 When a probe assembly is used
to sample a small duct (12 to 36 in. in diame-
ter), the probe sheath sometimes blocks a
significant part of the duct cross-section.
causing a reduction in the effective value of
C.w. Consult Citation 9 in Section 6 for de-
tails. Co.aventional pitot-sarapling probe as-
semblies are’ not recommended for use in
ducts having inside diameters smaller than
'2 inches (Citation 16 in Sectlon 6).

4.1.6.2 Recalibration,

4,1.6.2.1 1lsolated Pitot Tubes. After cach
firld 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 or 2-3, it can be assumed that the
baseline coefficient of the pitot tube has not
changed. If, however, the tube has been
damanged to the extent that it no longer
meets the specifications of Figure 2-2 or 2-
3. the damage shall either be repaired to re-
store proper alignment of the facc openings
or the tube shall be discarded.

4.1.6.2.2 Pitot Tube Assemblies. After
each field use, check the face opening align-
ment of the pitot tube, as in 3ection
4,1.6.2.1: also, remeasure the intercompon-

ent spacings of the assembly. If the inter-
component 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 open-
ing alignment is no longer within the speci-
fications of Figures 2-2 or 2-3, either repair
the damage or replace the pitot tube (cali-
brating the new assembly, If necessary). If
the intercomponent spscings have changed,
restore the original spacings or recalibrate
the assembly.

4.2 Standard pitet tube (if applicable). If
a standard pitot tube is used for the velocity
traverse, the tube shall be constructed ac-
cording to the criteria of Section 2.7 and
shall be assigned a baseline coefficient value
of 0.99. If the standard pitot tube is used as
part of an assembly, the tube shall be in an
interference-free arrangement (subject (o
the approval of the Adininistrator).

4.3 Temperalure Gauges. After each
field use, calibrate dial thermometers,
liquid-filled bulb thermometers, thermocou-
ple-potentiometer systems. and other
gauges at a temperature within 10 percent
of the average absolute stack temperature.
For temperatures up to 495° C (761" F), use
an ASTM mercury-in-glass reference ther-
mometer. or equivalent, as a reference: al-
ternatively, cither a reference thermocouple
and potentiometer (calibrated by NBS) or
thermometric fixed points, e.g., ice bath and
boiling water (corrected for barometric pres-
sure) may be used. For temperatures above
405 C (761" F). use an NBS-calibrated refer-
ence thermocouple-potentiometer system or
an alternale reference, subject to the ap-
proval of the Adminiitrator.

If, during calibrat.on, the absolute tem-
peratures measured with the gauge being
calibrated and the reference gauge agree
within 1.5 percent, the temperature data
taken in the field shall be considered valid.
Otherwise, the pollutant emission test shall
rither be considered invalid or adjustments
(if appropriate) of the test results shall be
made. subject to Lhe approval of the Admin-
istrator.

4.4 Barometer. Calibrate the barometer
used against a mercury barometer,

5. Calculetions

Carry out calculations, retaining at least
one extra decimal figure beyond that of the
acquired data. Round off figures after final
caleulation.

5.1 Nomenclature.

A Cross-seclional area of stack, m* (ft*).

B.. Water vapor in the gas stream (from
Method 5 or Reference Method 4), pro-
portion by volume.

C, - Pitot tube coefficient. dimensionless.

K, = Pitol tube constant,

a7 m [lg,_g/-mull-)(mm Pl 2
e (K tnnn Ha0)

-

for the metric system and

740 Il (1h lli-lmvll(')( in. ”1.'.)]"'-'
gt (1) Cin. 11LO)

for the English system.

M.=Molecular weight of stack gas, dry basis
({see Section 3.6) g/g-mole (Ib/1b-mole).
M,=Molecular welght of stack gas, wet
basis, g/g-mole (Ib/lb-mole).
=M: (1-Bys) +18.U By
Equation 2-5

P - Barometric pressure at measurement
site. mm Hg (in. Hg).
P, =Stack static pressure, mm Hg (in. Hg).

P.= Absolute stack gas pressure, mm Hg (in.
Hg).
= Pw + P'
Equation 2-6

P,.=Standard absolute pressure, 760 mm
He (29.92 in. Hg).

Q.= Dry volumetric stack gas flow rate cor-
rected to standard conditions, dscm/hr
(dscf/hr).

t, -~ Stack temperature, "C (‘F),

7. - Absolute stack temperature, *K, CR).

273 + &, for metric
Equation 2-7
460 + ¢, for English
- Equation 2-8

T., - Standard absolute temperature, 293 "K
(528'R)

v, = Aver~ge stack gas velocity, m/sec (ft/
sec).

A, = Velocity head of stack gas, mm H,O (in.

200

..600 = Conversion factor, sec/hr.

18.0 = Molecular weight of water. g/g-mole
(1b/1b-mole).

5.2 Average stack gas velocity.

7’!(.\'.]
1M,
Equation 2-9

", K ,,(.',,( \ .r’l)nvl b

5.3 Average stack gas dry volumetric flow
rate.

Qua=3,600 (1-1:,.).,,,4( Tou )(_:_

Tl(.\'ll = ad

Equation 2-10
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APPENDIX C

GAS ANALYSIS FOR CARBON DIOXIDE,
EXCESS AIR AND DRY MOLECULAR WEIGHT
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1. Principle and Applicability

1.1 Principle. A gas sample is extracted
from a stack, by one of the f{ollowing meth-
ods: (1) single-point. grab sampling: (2)
single-point, integrated sampling; or (3)
multi-point, integrated sampling. The gas
sample i1s analyzed for percent carbon diox-
ide (CO,.. percent oxygen (0,). and. If neces-
sary, percent carbon monoxide (CO). If a
dry molecular weight determination is to be
_nade, either an Orsat or a Fyrite ' analyzer
:nay be used for the analysis: for excess air
or emission rate correction factor determi.
nation, an Orsat analyzer must be used.

1.2 Applicability. This method is applica-
ble for determining CO, and O, concentra-
tions, excess air. and dry molecular weight
of a sample from a gas stream of a fossil-
fuel combustion process, The method may
also be applicable to other processes where
it has been determined that compounds
other than CO,, Q. CO, and nitrogen (n,)
are not present in concentrations sufficient
to affect the results.

Other methods, as well as modifications to
the procedure described herein, are alse ap-
plicable for some or all of the above deter-
minations. Examples of specific methods
and medifications include: (1) a multi-point
sampiling method using an Orsat analyzer ta
analyze indilvidual grab samples obtained at
each point; (2) a method using CO. or Q,
and stoichiometric calculations to determine
dry molecular weight and excess air; (3) as-
signing a value of 30.0 for dry molecular
weight, In lieu of actual meacurements, for
processes burning natural gas. coal. or oil.
These methods and maodifications may be
used, but are subject to the approval of the
Administrator, U.8. Environmental Protec-
tion Agency.

2, Apparatus

As an alternative to the sampling appara-
tus and systems described herein, other
sampling systems (e.g., liquid displacement)
may be used provided such systems are ca-
pable of obtaining a representative sample
and maintaining a constant sampling rate,
and are otherwise capable of yielding ac-
ceptable results. Use of such systems Is sub-
iect to the approval of the Administrator.

2.1 Grab Sampling (Figure 3-1).

2.1.1 Probe. The probe should be made of
stainless steel or borosilicate glass tubing
and should be equipped with an in-stack or
out-stack filter tc remove particulate matter
(a plug of glass wool is satisfactory for this
purpose). Any other materials inert to O,
CQ,, CO, and N. and resistant to tempera-
ture at sampling conditions may be used for
the probe; examples of such material are
aluminum. copper, quartz glass anc Teflon.

2.1.2 Pump. A one-way squeeze bulb, or
equivalent, is used to transport the gas
sample to the analyzer,

2.2 Integrated Sampling (Plgure 3-2).

2.2.1 Probe. A probe su¢ch as that de-
scribed in Section 2.1.1 is suitable.

2.2.2 Condenser, An air-cooled or water-
cooled condenser, or other condenser that
will not remove O,, CO,, CO, and N,, may be
used to remove excess moisture which would
interfere with the operation of the pump
and flow meter.

2.2.3 Valve. A needle valve Is used to
adjust sample gas flow rate,

'Mention of trade names or specific prod-
ucts does not constitute endorsement by the
Environmental Protection Agency.
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2.2.4 Pump. A leak-free, diaphragm-type
pump, or equivalent, is used to transport
sample gas to the flexible bag. Install a
small surge tank between the pump and
rate meter to eliminate the pulsation effect
of the diaphragm pump on the rotameter.

2.25 Rate Meter. The rotameter, or
equivalent rate meter, used should be capa-
ble of measuring flow rate to within +2 per-
cent of the selected flow rate. A flow rate
range of 500 to 1000 cm?/min is suggested.

2.2.6 Flexible Bag. Any leak-free plastic
(e.g., Tedlar, Mylar, Teflon) or plastic-
coated aluminum (e.g. aluminized Mylar)
bag, or equivalent, having a capacity con-
sistent with the selected flow rate and time

METHOD 3—-GAS ANALYSIS FOR CarBoN D1oX-
IDE, OXYGEN, EXCESS AIR, AND Day MoLEC-
ULAR WEIGHT

length of the test run, may be used. A ca-
pacity in the range of 55 to 90 liters is sug-
gested.

To leak-check the bag, connect it to a
water manometer and pressurize the bag to
§ to 10 cma HO (2 to 4 n. H,O). Allow to
stand for 10 minutes. Any displacement in
the water manometer indicates a leak. An
alternative leak-check methoed is to pressur-
ize the bag to 5 to 10 em H4O (2 to 4 in. H,O)
and allow to stand overnight. A deflated bag
indicates a leak,

2,27 Pressure Gauge. A water-filled U-
tube manometer, or equivalent, of about 28
cm (12 in.) iz used for the flexible bag leak-
check.

/ PROBE FLEXIBLE TUBING
sy 1
‘\ -TO ANALYZER
FILTER (GLASS WOOL) —
SQUEEZE BULB
Figure 3-1. Grab sampling train,
RATE METER
VALVE
SURGE TANK
AIR.COOLED :
CONDENSER 7N ;
PRUBE i ——u_3 |
FILTER
{ELASS WOOL) |
QUICK DISCONNECT
VALVE o

RIGID CONTAINER

8AG

.

Figure 3-2. Integrated gas-sampling train.
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2.2.8 Vacuum Gauge. A mercury mano-
meter, or equivalent, of at least 760 mm Hg
(30 in. Hg) is used for the sampling train
leak-check.

2.3 Analysis. For Orsat and Fyrite ana-
lyzer maintenance and operation proce-
dures, follow the instructions recommended
by the manufacturer, unless otherwise spec-
ified herein.

2.3.1 Dry Molecular Weight Determina-
tion. An Orsat analyzer or Fyrite type com-
bustion gas analyzer may be used,

2.3.2 Emission Rate Correction Factor or

_Excess Air Determination. An Orsat analyz-
er must be used. For low CO, (less than 4.0
‘pereent) or high O, (greater that 15.0 per-
cent) concentrations, the measuring burette
of the Orsat must have at least 0.1 percent
subdivisions.

3. Dry Molecular Weight Determination

Any of the three sampling and analytical
procedures described below may be used for
determining the dry molecular weight.

3.1 Single-Point, Grab Sampling and
Analytical Procedure,

3.1.1 The sampling point in the duct
shall either be at the centroid of the cross
sectlon or at a8 point no closer to the walls
than 1.00 m (3.3 ft), unless otherwise speci-
fied by the Administrator.

3.1.2 Set up the equipment as shown in
Figure 3-1, making sure all connections
ahead of the analyzer are tight and leak-
free. If and Orsat analyzer is used, it is rec-
ommended that the analyzer be leaked-
checked by following the procedure in Sec-
tion 5; however, the leak-check is optional.

3.1.3 Place the probe in the stack, with
the tip of the probe positioned at the sam-
pling point; purge the sampling line. Draw a
sample into the analyzer and immediately
analyze it for percent CQ, and percent O..
Determine the percentage of the gas that is
N: and CO by subiracting the sum of the
percent CO, and pereent Q, from 100 per-
cent. Calculate the dry molecular weight as
indicated In Section 6.3.

3.1.4 Repeat the sampling, analysis, and
calculation procedures, until the dry molec-
ular weights of any three grab sampies
differ from their mean by no more than 0.3
g/g-tnole (0.3 lb/lb-mole). Average these
three molecular weights, and report the re-
sults to che nearest 0.1 g/g-mole (lb/lb-
mole).

3.2 Single-Point, Integrated Sampling
and Analytical Procedure,

3.2.1 The sampling point in the duct
shall be located as specified in Section 3.1.1.

3.2.2 Leak-check (optional) the flexible
bag as in Section 2.2.6. Set up the equip-
ment as shown in Figure 3-2. Just prior to
sampling, leak-check (optional) the train by
placing a vacuum gauge at the condenser
inlet, pulling a vacuum of at least 250 mm
Hg (10 in. He), plugging the outlet at the
quick disconneet, and then turming off the
pump. The vacuim should remain stable for
at least 0.5 minute. Evacuate the flexible
bag. Connect the probe and place it in the
stack, with the tip of the probe positioned
at the sampling point; purge the sampling
line. Next, connect the bag and make sure
that all conncctions are tight and leak free.

3.2.3 Sample at a constant rate. The sam-
pling run should be simultaneous with, and
for the same total length of time as, the pol-
lutant emission rate determination. Collec-
tion of at least 30 liters (1.00 ft*) of sample
gas is recommended; however, smaller vol-
umes may be collected, If destred.
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3.24 Obtain one integrated flue gas
sample during each pollutant emission rate
determination. Within 8 hours after the
sample is taken, analyze it for percent CO,
and percent O, using either an Orsat analyz.
er or & Fyrite-type combustion gas analyzer.
If an Orsat analyzer is used, it is recom-
mended that the Orsat leak-check described
in Section 5 be performed before this deter-
mination; however, the check is optional.
Determine the percentage of the gas that is
N. and CO by subtracting the sum of the
percent CO, and percent O, from 100 per-
cent, Calculate the dry molecular weight as
indicated in Section 6.3.

3.2.5 Repeat the analysis and calculation
procedures until the individual dry molecu-
lar weights for any three analyses differ
from their mean by no more than 0.3 g/g-
mole (0.3 lb/lb-mole). Average these three
“molecular weights, and report the resuits to
the nearest 0.1 g/g-mole (0.1 1b/1b-mole).

3.3 Multi-Point, Integrated Sampling and
Analytical P1ocedure,

3.3.1 Unless otherwise specified by the
Administrator, g minimum of eight traverse
points shall be used for circular stacks
having diameters less than 0.61 m (24 in.), a
minimuem of nine shall be used for rectangu
lar stacks having equivalent diameters less
than 0.61 m (24 in.), and a minimum of
twelve traverse points shall be used for all
other cases. The traverse points shall be lo-
cated according to Method 1, The use of
fewer points is subject to approval of the
Administrator.

3.3.2 Pollow the procedures outlined in
sections 3.2.2 throught 3.2.5, except for the
following: traverse all sampling points and
sample at each point for an equal length of
time. Record sampling data as shown in
Figure 3-3.

4. Ewmission Rate Correction Facttor or
Ezxcess Air Determination

Nore.—A Fyrite-type combustion gas ana-
lyzer is not acceptable for excess air or emis-
sion rate correction factor determination,
unless approved by the Administrator. If
both percent CO, and percent Q, are meas- .
ured, the analytical results of any of the
three procedures given below may also be
used for calculating the dry molecular
weight.

Each of the three procedures below shall
be used only when sp.ecified in an applicable
subpart of the standards. The use of these
procedures for other purposes must have
specific prior approval of the Administrator.

4.1 Single-Point, Grab Sampling and
Analytical Procedur:. :

4.1.1 The sampliag point in the duct
shall either be at the centroid of the cross-
section or at a point no closer to the walls
than 1.00 m (3.3 ft), unless otherwise speci-
fied by the Administrator.

4.1.2 Set up the egquipment as shown in
Figure 3-1, making sure all connections
ahead of the analyzer are tight and leak.
free, Leak-check the Orsat analyzer accord-
ing to the procedure deseribed in Section 5.
This leak-check is mandatory.

4.1.3 Place the probe in the stack, with
the tip of the probe positioned at the sam-
pling point, purge the sampling line. Draw a
sample into the analyzer. For emission rate
correction factor determination, immediate-
ly analyze the sample, as outlined in Sec:
tions 4.1.4 and 4.1.5, for percent CQ. or per-
cent Q. If excess air is desired, proceed as
follows: (1) immediately analyze the sample,
as in Sections 4.1.4 and 4.1.5, for percent
CO,, O,, and CO; (2) determine the percent.
age of the gas that is N, by subtracting the
sum of the percent CO,, percent O,, and per-
cent CO from 100 percent; and (3) calculate
percent excess air as outlined in Section 6.2.

TIME TRAVERSE Q ‘
PT. 1pm % DEV.2
AVERAGE
a a-a avg
%DEV= (—g=') 100 (MUST BE <10%)

Figure 3-3. Sampling rate data.
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414 To insure complete absorption of
the CO, Q. or if applicable, CO, make re-
peated passes through each absorbing solu-
tion until two consecutive readings are the
same. Several passes (three or four) should
be made between readings. (If constant
readings cannot be obtained after three con-
secutive readings, replace the absorbing so-
lution.)

4,1.5 After the analysis is completed,
leak-check (mandatory) the Orsat analyzer
once apain, as deseribed in Section 5. For
the results of the analysis to be valid, the
Orsat analyzer must pass this leak test
before and after the analysis. NoTe.—Since
this single-point, grab sampling and analyt-
ical procedure in normally conducted in con-
junction with a single-point, grab sampling
and analytical procedure for a pollutant,
only one analysis is ordinarily conducted.
Therefore, great care must be taken to
obtain a valid sample and analysis. Al-
though in most cases only CO, or O, is re-
quired, it is recommended that both CO,
and O, be measured, and that Citation 5 in
the Bibliography be used to validate the
analytical data.

4.2 Single-Point, Integrated Sampling
and Analytical Procedure.

4.2.1 The sampling point in the duct
shall be located as specified in Section 4.1.1.

4.2.2 leak-check (mandatory) the flexi-
ble bag as in Seetion 2.2.6. Set up the equip-
ment as shown in Figure 3-2. Just prior to
sampling, leak-check (mandatory) the train
by placing a vacuum gauge at the condenser
inlet, pulling a vacuum of a least 2560 mm Hg
(10 in. Hg), plugging the outlet at the quick
disconnect, and then turning off the pump.
The vacuum shall remain stable for at least
0.5 minute. Evacuate the flexible bag. Con-
nect the probe and place it in the stack,
with the tip of the probe positioned at the
sampling point, purge the sampling line.
Next, connect the bag and make sure that
all connections are tight and leak free.

4.2.3 Sample at a constant rate, or as
specified by the Administrator., The sam-
pling run must be simultaneous with, and
for the same total lengh of time as, the pol-
lutant emission rate determination. Collect
at least 30 liters (1.00 ft» of sample gas.
Smaller volumes ruay be collected, subject
to approval of the Administrator.

4.2,4 Obtain one integrated flue gas
sample during each pollutant emission rate
determination. For emission rate correction
factor determination, analyze the sample
within 4 hours after it is taken for percent
CO, or percent O, (as outlined in Sections
425 through 4.2.7). The Orsat analyzer
must oe leak-check (see Section 5) betcre
the analysis. If excess alr is desired. proceed
as follows: (1) within 4 hours after the
sample is taken, analyze it (as in Sections
4.2.5 through 4.2.7) for percent CO,, O, and
CO: (2) determine the percentage of the gas
that is N, by subtracting the sum of the per-
cent CO,, percent O, and percent CO from
100 percent; (3) calculate percent excess air,
as outlined in Section 6.2.

4.2.5 To insure complete absorption of
the CO, O, or if applicable. CO. make re-
peated passes through each absorbing solu-
tion until two consecutive readings are the
same. Several passes (three of four) should
be make between readings. (If constant
readings cannot be obtained after three con-
secutive readings, replace the absorbing so-
lution.)

4,26 Repeat the analysis until the fol-
lowing criteria are met.

4.2.6,1 For percent CO,, repeat the ana-
iytical procedure until the results of any
three analyses differ by no more that (a) 0.3
percent by volume when CQO, is greater than
4.0 percent or (b) 0.2 percent by volume
when CO, is 1 than or equal to 4.0 per-
cent. Average the three acceptable values of
percent CO, and report the resuits to the
nearest 0.1 percent,

4.2.6.2 For percent O, repeat the analyt-
ical procedure until the results of any three
analyses differ by no more than (a) 0.3 per-
cent by volume when O, is less than 15.0
percent or (b) 0.2 percent by volume when
0O, is greater than or equal to 15.0 percent.
Average the three acceptable values of per-
cent O, and report the results to the nearest
0.1 percent.,

4.2.6.3 For percent CO, repeat the ana.
lytical procedure until the results of any
three analyses differ by no more than 0.3
percent. Average the three acceptable
values of percent CO and report the results
to the nearest 0.1 percent.

4.2.7 After the analysis is completed,
leak-check (mandatory) the Orsat analyzer
once again, as described in Section 5. For
the results of the analysis to be valid, the
Orsat analyzer must pass this leak test
before an after the analysis. Note: Although
in most instances only CO; or O, is required,
it is recommended that both CO, and O, be
measured, and that Citation 5 in the Bib-
liography be used to validate the analytical
data.

4.3 Multi-Point, Integrated Sampling and
Analytical Procedure.

4.3.1 Both the minimum number of sam-
pling points and the sampling point location
shall be as specified in Section 3.3.1 of this
method. The use of fewer points than speci-
fied is subject to the approval of the Admin-
istrator.

4.3.2 PFollow the procedures outlined in
Sections 4.2.2 through 4.2.7, except for the
following: Traverse all sampling points and
sample at each point for an equal length of
time. Record sampling data as shown in
Figure 3-3.

5. Leak-Check Procedure for Orsat Analyzers

Moving an Orsat analyzer ({requently
causes it to leak. Therefore, an Orsat ana-
lyzer should be throughly leak-checked on
site before the flue gas sample is introduced
into it. The procedure for leak-checking an
Orsat analyzer is:

5.1.1 Bring the liquid level in each pi-
pette up to t..e reference mark on the capil-
lary tubing and then close the pipette stop-
cock. :

5.1.2 Raise the leveling bulb sufficiently
to bring the confining liquid meniscus onto
the graduated portion of the burette and
then cluse the manifold stopcock.

5.1.3 Record the meniscus position.

5.1.4 Observe the menicus in the burette
and the liquid level in the pipette for move-
ment over the next 4 minutes.

5.1.5 For the Orsat analyzer to pass the
leak.check, two conditions must be met,

5.1.5.1 The liquid level in each pipette
must not fall below the bottom of the capil-
lary tubing during this 4-minute interval.

5.1.5.2 The meniscus in the burette must
riot change by more than 0.2 ml during this
4.minute interval.

5.1.6 If the analyzer fails the leak-check
procedure, all rubber connections and stoyp-
cocks should be checked until the cause of
the leak is identified. Leaking stopcocks
must be disassembled. cleaned. and re-

greased. Leaking rubber connections must
be replaced. After the analyzer is reassem-
bled, the leak-check procedure must be re-
peated.

8. Calculations
8.1 Nomencilature.

M.,’=Dry molecular weight, g/g-mole (1b/1b-
mole).

9, EA = Percent excess air. )

%,C0,=Percent CO, by volume (dry basis).

9,0, =Percent O, by volume (dry basis),

7,C0O = Percent CO by volume (dry basis).

7,N,=Percent N, by volume (dry basis).

0.264 =Ratio of O, to N, in air, v/v.

0.280 =Molecular weight of N, or CO, divid-
ed by 100,

0.320=Molecular weight of O, divided by
100.

0.440 =Molecular weight of CO, divided by
100.

6.2 Percent Excess Air. Calculate the per-
cent excess air (if applicable), by substitut-
ing the appropriate values of percent O,
CO, and N, (obtained from Section 4.1.3 or
4.2.4) into Equation 3-1.

= ’\=[ ] %(_)2_—0 ‘l_%yc_()_ ) ___] 100
N 0.264 9% N1 ( %0, —0.5 7,C0)
* Equation 3-1

NoTE.~The equation above assumes that
ambient air is used as the source of O, and
that the fuel does not contain appreciable
amounts of N, (as do coke oven or blast fur-
nace gases). For those cases when apprecia-
ble amounts of N, are present (coal, oil, and
natural gas do not contain appreciable
amounts of N,) or when oxygen enrichment
is used, alternate methods, subject to ap-
proval of the Administrator, are required.

6.3 Dry Molecular Weight. Use Equation
3-2 to calculate the dry molecular weight of
the stack gas
Ms=0.440(%COy) + 0.320( %0, +

0.280( %N, + %CO)
Equation 3-2

Note.—The above equation does not con-
sider argon in air (about 0.9 percent, mole-
culars weight of 37.7). A negative error of
about 0.4 percent is introduced. The tester
may opt to include argon in the analysis
using procedures subject to approval of the
Administrator.

7. Bibliography

1. Altshuller. A. P. Storage of Gases and
Vapors in Plastic Bags. International Jour-
nal of Air and Water Pollution. 6:75-81.
1963.

2. Conner, William D. and J. 8. Nader. Air
Sampling with Plastice Bags. Journal of the
American Industrial Hygiene Association.
25:291-297. 1964,

3. Burrell Manual for Gas Analysts, Sev-
enth edition. Burrell Corporation, 2223
Fifth Avenue, Pittsburgh, Pa. 15219. 1951.

4, Mitchell, W. J. and M. R, Midgett. Field
Reliability of the Orsat Analyzer. Journal
of Air Pollution Control Association 26:491-
495. May 1976.

5, Shigehara, R. T., R. M. Neulicht, and
W. 8. Smith, Validating Orsat Analysis Data
from Fossil FPuel-Fired Units. Stack Sam-
pling News. 4(2):21-28, August, 1976.

Reprinted from CFR Title 40 dated July 1980

pages 310- 315







The Almega CorporaTion

APPENDIX D

DETERMINATION OF MOISTURE IN STACK GASES







1. Principle and Applicability

1.1 Principle. A gas sample is extracted
at a constant rate from the source; moisture
is removed from the sample stream and de-
termined either volumetrically or gravime-
trically.

1,2 Applicability. This method is applica-
ble for determining the moisture content of
stack gas.

Two procedures are given. The first is a
reference method, for accurate determina-
tions of moisture content (such as are
needed to calculate emission data). The
second Is an approximsation method, which
provides estimates of percent moisture to
aid in setting isokinetic sampling rates prior
to a pollutant emission measurement rui.
The approximation -method described
herein is only a suggested approach; alter-
native means for approximating the mois-
ture content, e.g., drying tubes, wet bulb-dry
bulb techniques. condensation techniques,
stoichiometrie caleulations, previous experi-
ence, ete., are also acceptable.

The reference method is often conducted
simultaneously with a pollutant emission
measurement run; when it is, calculation of
percent lsokinetic, pollutant emission rate,
ete., for the 1un shall be based upon the re-
sults of the reference method or its equiva-
lent: these calculations shall not be based
upon the resuits of the approximation
method, unless the approximation method
is showr, to the satisfaction of the Adminis-
trator, U.S. Environmental Protection
Agency, to be capable of yielding resuits
within 1 percent H.O of the reference
method.
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NoTE—~The reference method may yield
questionable results when applied to satu-
rated gas streams or to streams that contain
water droplets. Therefore, when these con-
ditions exist or are suspected. a second de-
termination of the moisture content shall
be made simuitaneously with the reference
method, a5 follows: Assume that the gas
stream is saturated. Attach a temperature
sensor [capable of measuring to *=1° C (2*
1 to the reference method probe. Measure
the stack gas temperature at each traverse
point (zsee Section 2.2.1) during the refer-
ence method traverse; calculate the average
stack gas temperature, Next, determine the
moisture percentage, either by: (1) using a
psychrometric chart and making appropri-
ate corrections if stack pressure is different
from that of the chart, or (2) using satura-
tion vapor pressure tables. In cases where
the pyschrometric chart or the saturation
vapor pressure tables are not applicable
(based on evaluation of the process), alter-
nate methods, subject to the approval of the
Administrator, shall be used.

2. Reference Method

The procedure described in Method 5 for
determining moisture content is acceptable
as a reference method.

2.1 Apparatus. A schematic of the sam-
pling train used in this reference method is
shown in Figure 4-1. All components shall

be maintained and calibrated according to .

the proceaure outlined in Method 5.

METHOD 4—DETERMINATION OF MOISTURE
CoxNTENT IN STACR GASES

2.1.1 Probe. The probe is constructed ¢f
stainless steel or glass tubing, sufficiently
heated to prevent water condensation, and
is equipped with a filter, either In-stack
(e.g., & plug of glass wool inserted into the
end of the probe) or heated out-stack (e.g.,
a5 described in Method 5), to remove partic-
ular matter.

When stack conditions permit, other
metals or plastic tubing may be used for the
probe, subject to the approval of the Admin-
istrator.

21.2 Congenser. The condenser consists
of four impingers connected in series with
ground glass, leak-free fittings or any simi-
larly leak-free non-contaminating fittings.
The first, third, and fourth impingers shall
be of the Greenburg-Smith design, modified
by repiacing the tip with a 1.3 centimeter
(% Inch) ID glass tube extending to about
1.3 cm (% in.) from the bottom of the flask.
The second impinger shall be of the Green-
burg-Smith design with the standard tip.
Modifications (e.g.. using flexible connec-
tions between the impingers, using materi-
als other than glass, or using flexible
vaeuum lines to connect the filter holder to
the condenser) may be used, subject to the
approval of the Administyator.

The first two impingers shall contain
known volumes of water, the third shall be
empty, and the fourth shall contain 2
known weight of 6- to 16-mesh indlcating
type silica gel, or equivalent desiceant. If
the silica gel has been previously used, dry
at 175" C (350° F) for 2 hours. New silica gel
may be used as received. A thermometer, ca-

CONDENSER-ICE BATH SYSTEM INCLUDING
SILICA GEL TUBE -7

STACK
- FILTER
errver N stack AV, WALL

OR QUT OF STACK)

THERMOMETERS VACUUM
GAUGE

BY-PASS VALVE

ORIFICE

MAIN VALVE

METER AIR-TIGHT
PUMP

1

o

Figure 4-1. Moisture sampling rain-reterence method.
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pable of measuring temperature to within 1°
C (2* ™), shall be placed at the outlet of the
fourth impinger, for monitoring purposes.

Alternatively, any system may be used
(subject to the approval of the Administra-
tor) that cools the sample gas stream and
allows measurement of both the water that
has been condensed and the moigture leav-
ing the condenser, each to within 1 ml or 1
g. Acceptable means are to measure the con-
densed water, either gravimetrieally or volu-
metrically, and to measure the moisture
leaving the condenser by: (1) monitoring the
temperature and pressure at the exit of the
condenser and using Dalton's law of partial
pressures, or (2) passing the sample gas
stream through a tared silica gel (or equiva-
lent desiecant) trap, with exit gases kept
below 20° C (68° F), and determining the
weight gain.

If means other than silica gel are used to
determine the amount of moisture leaving
the condenser, it is recommended that silica
gel (or equivalent) still be used between the
condenser system and pump, to prevent
moisture condensation in the pump and me-
tering devices and to avoid the need to make
corrections for moisture in the metered
volume.

2.1.2 Cooling System. An ice bath con-
teiner and crushed ice (or equivalent) are
used to aid in condensing moisture.

2.1.4 Metering System. This system in-
cludes a vacuum gauge, leak-free pump,
thermometers capable of measuring tem-
perature to within 3* C (5.4° F), dry gas
meter capable of measuring volume to
within 2 percent, and related equipment as
shown in Figure 4-1. Other metering sys-
tems, capable’ of maintaining a constant
sampling rate and determining sample gas
volume, may be used, subject to the approv-
al of the Administrator.

2.1.5 Barometer. Mercury, aneroid, or

other barometer capable of measuring at-

mospheric pressure to within 2.6 mm Hg
(0.1 in. Hg) may be used. In many cases, the
barometric reading may be obtained from a
nearby national westher service station, in
which case the station value (which is the
absolute barometric pressure) shall be re-
wuested and an adjustment for elevation dif-
ferences between the weather station and
the sampling point shall be applied at a rate
of minus 2.6 mm Hg (0.1 in. Hg) per 30 m
(100 ft) elevation increase or vice versa for
elevationh decrease.

2.1.6 Graduated Cylinder and/or Bal-
ance. These items are used to measure con-
densed water and moisture caught in the
silica gel to within 1 ml or 0.5 g. Graduated
cylinders shall have subdivisions no greater
than 2 ml. Most laboratory balances are ca-
pable of weighing to the nearest 0.5 g or
less. These balances are suitable for use
here.

2.2 Procedure. The following procedure
is written for a condenser system (such as
the impinger system described in Section
2.1.2) incorporating volumetric analysis to
measure the condensed moisture, and silica
gel and gravimetric analysis to measure the
moisture leaving the condenser.

2.2.1 Unless otherwise specified by the
Administrator, a minimum of eight traverse
points shall be used for eircular stacks
having diameters less than 0.61 m (24 in.), &
minimum of nine points shall be used for
rectangular stacks having equivalent diame-
ters less than 0.61 m (24 in.), and a mini-
mum of twelve traverse points shall be used
in all other cases. The traverse points shall
be located according to Method 1. The use
of fewer points is subject to the approvel of
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the Administrator, Select a suitable probe
and probe length such that all traverse
points can be sampled. Consider sampling
from obposite sides of the stack (four total
sampling ports) for large stacks, to permit
use of shorter probe lengths. Mark the
probe with heat resistant tape or by some
other method to denote the proper distance
into the stack or duct for each sampling
point. Place known volumes of water in the
first two impingers. Weigh and record the
weight of the silica gel to the nearest 0.5 g,
and transfer the silica gel to the fourth jm-
pinger; alternatively, the silica gel may first
be transferred to the impinger, and the
weight of the silica gel plus impinger record-

ed.

2.2.2 Select a total sampling time such
that a minimum total gas volume of 0.60
sem (21 sef) will be collected, at 2 rate no
greater than 0.021 m?¥/min (0.75 efm). When
both moisture content and pollutant emis-
sion rate are to be determined, the moisture
determination shall be gimuitaneous with,
and for the sume total length of time as, the
pollutant emission rate run, unless other-
wise specified in an applicable subpart of
the standards.

2.2.3 Set up the sampling train as shown
in Figure 4-1. Turn on the probe hegster and
(If appsicable) the filter heating system to
temperatures of about 120° C (248' P), to
prevent water condensation ahead of the
condenser; allow time for the temperatures
to stabilize. Place crushed ice in the ice bath
container. It is recommended, but not re-
quired, that a leak check be done, as follows:
Disconnect the probe from the first im-
pinger or (if applicable) from the filter
holder. Plug the inlet to the first impinger
(or filter holder) and pull a 380 mm (15 in.)
Hg vacuum; a lower vacuum may be used,
provided that it is not exceeded during the
test. A leakage rate in exeess of 4 percent of
the average sampling rate or 0.00057 m?¥/
min (0.02 cfm), whichever is less, is unaccep-

table. Following the leak check, reconnect .

the probe to the sampling train.

2.2.4 During the sarapling run, maintain
a sampling rate within 10 percent of con-
stant rate, or as specified by the Admin!s.
tiator. For each run, record the data re.
quired on the example data sheet shown in
Figure 4-2. Be sure to record the dry ges
meter reading at the beginning end end of
each sampling time increment and when.
ever sampling is halted. Take other appro-
priate readings at each sample point, at
least once during each time increment.

2258 To begin sampling, position the
probe tip at the first traverse point. Imme-
diately start the pump and adjust the flow
to the desired rate. Traverse the cross sec-
tion, sampling at each traverse point for an
equal length of time. Add more ice and, if
necessary, salt to maintain a temperature of
less 20° C (68° F) at the silica gel outlet.

22,6 After collecting the sample, diseon-
nect the probe from the filter holder (or
from the first impinger) and conduct a leak
check (mandatory) as deseribed in Section
2.2.3. Record the leak rate. If the leakage
rate exceeds the allowable rate, the tester
shall either reject the test results or shall
correct the sample volume as in Section 6.3
of Method 5. Next, measure the volume of
the moisture condensed to the nearest ml.
Determine the increase in weight of the
silica gel (or silica gel plus impinger) to the
nearest 0.5 g. Record this information (see
example data sheet, Figure 4-3) and calcu-
late the moisture percentage, as described in
2.3 below.
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2.3 Caleulations, Carry out the following
caleulations, retaining at least one extra
decimal figure beyond that of the acquired
:l_a.ta.. Round off figures after final calcula-

ion.

IMPMNGE: SILICA GEL
VOLUME, WEIGHT,
ml L]
FINAL
WITIAL
OIFFERENCE

Figute 4-3. Analytical data - reference method.

23.1 Nomenclature.

B »=Proportion of water vapor, by volume,
in the gas stream.

M=Molecular weight of water, 18.0 g/g-
mole (18.0 1b/1b-mole).

Pa=Absolute pressure (for this method,
same as barometric pressure) at the dry
gas meter, mm Hg (in. Hg).

Pys=5Standard absolute pressure, 760 mm
Hg (29.92 In. Hg).

R=Ideal gas constant, 0.06236 (mm Hg)
(m3»/(g-mole) ("E) for metric units and
21.85 (in. Hg) (ft9/(lb-mole) C"R) for
English units. -

T.=%bsolute temperature at meter, 'K
"R).

T.a=Standard absolute temperature, 293°
K (528°R).

Vu=Dry gas volume mesasured by dry gas
meter, dem (def).

AV a=Incremental dry gas volume measured
by dry gas meter at each traverse point,
dem (def).

V muy=Dry gas volume measured by the dry
gas meter, corrected to standard condi-
tions, dscm (dscf),

Vacwn=Volume of water vapor condensed
c:;frected to standard conditions, sem
(sef).

Vg = VoOlume of water vapor collected in
silica gel corrected to standard condi-
tions, sem (sef).

V,=Final volume of condenser water, ml.

Vi=Initial volume, if any, of condenser
water, ml.

W .=Final weight of silica gel or silica gel
plus impinger, g.

W=Initial weight of silica gel or silica gel
plus impinger, g.

Y =Dry gas meter calibration factor.

p«=Density of water, 0.9982 g/ml (0.002201
1b/ml).

2.3.2 Volume of water vapor condensed.

(Vr=VipaliTou
lJlDll‘lw
=K( "'r' 1)

Vet =

Feuation 4 1
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where:

K,=0.001333 m¥/mi for metric units
=0.04707 ft/ml for Englizsh units

2.3.3 Volume of water vapor collected in
gilica gel.

Wy W) RT

"N’ll‘lh" =

where:
K ,=0.3858 "K/mm Hg for metric units
=17.64 *‘R/in. Hg for English units

Note.—1If the post-test lead rate (Sectlon
2.2.6) exceeds the allowable rate, correct the
value of V. in Equation 4-3, as described in
Section 6.3 of Method 5.

2.3.5 Moisture Content.

2.3.6 Verification of constant sampling
rate. For each time increment, determine
the AV .. Calculate the average. If the value
for any time increment differs from the
average by more than 10 percent, reject the
results and repeat the run.

3. Approzimation Method
The approximation method described

Pyl below is presented only as a suggested
=Ky(We-—-W)) method (see Section 1.2),
Keuntion 4 2 v v 3.1 Apparatus
Buu= we aeh) + Viess out) 3.1.1 Probe. Stainless steel glass tubing,
Vire otad + Viese o) T Vin (o sufficiently heated to prevent water conden-
where: Equation 4—4 sation and equipped with a filter (either la-
K ;=0,001335 m*/g for metric units - stack or heated out-stack) to remove partic-
=20.04715 {t%/g for English units ' . ulate matter. A plug of glass wool, inserted
23.4 Sample gas vclume. Nort.~In saturated or moisture droplet- into the end of the probe. is a satisfactory
. laden gas streams, two calculations of the filter.
moisture content of the stack gas shall be 3.1.2 Impingers. Two midget impingers,
(P (Taet) made, one using a value based upon the each with 30 ml capacity. or equivalent,
Vawn=VuY -P" 7‘,"— saturated conditions (see Section 1.2), and 3.1.3 Ice Bath. Container and ice, to aid
(Paa)(Tm) another based upon the results of the im- in condensing moisture in impingers.
v v VuPm pinger ansalysis. The lower of these two
=K;3Y o values of B . shall be considered correct.
Equation 4-3
PLANT
OCATION,
OPERATOR
OATE
RUN NO.
AMIENT TEMPENATURE.
BAROMETRIC PRESSURE
PRODE LENGTH ortt)
SCMEMATIC OF STACK CAOSS SECTION
PRESSURE TEMPERATUAE
M{FFERENTIAL METER GAS SAMPLE TEMPERATURE OF GAS
AL . HEADING AT DAY GAS METER LEAVING
SAMPLING STACK ORIFICE METER | GAS SAMPLE CORDENSEA OR
TAAVERSE FOINT TiME TEMPERATURE (AH), ! voLysE AV INLET OUTLET LAST SMMINGER,
BUMBER (6), mim. 9% (%F) waiin) N30 wd (13} wd i) | (Yiy), °C (*F) (u_.;.i.'c('ﬂ oC (%F)
] = =
T g
|
+ -
|
.
I
1
TOTAL Aw. Aw.
AVERAGE Aw.

Figure 4-2. Field moisture determination-reference method.
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3.14 Drying Tube. Tube packed with
new or regenerated 6- to 16-mesh indicating-
type silica gel (or equivalent desiceant), to
dry the sample gas and to protect the meter
and pump.

3.1.5 Valve. Needle valve, to regulate the
sample gas flow rate,

3.1.6 Pump. Lesk-free, diaphragm type,
or equivalent, to pull the gas sample
through the train.

3.1.7 Volume Meter. Dry gas meter, suffi-
ciently accurate to measure the sample
volume within 2%, and calibrated over the
range of flow rates and conditions actually
encountered during sampling.

3.1.8 Rate Meter. Rotameter, to measure
t.?e flow range from 0 to 3 Ipm (0 to 0.11
cfm).

. 3.1.2 Graduated Cylinder. 25 ml.

3.1.10 Barometer. Mercury, aneroid, or
other barometer, as described in Section
2.1.5 above.

3.1.11 Vacuum Gauge. At least 760 mm
Hg (30 in. Hg) gauge, to be used for the sam.
pling leak check,

3.2 Procedure.

3.2.1 Place exactly 5 ml distilled water in
each impinger.

HEATED PROBE

The Almega CorporaTion

Leak check the sampling train as follows:
Temporarily insert a vacuum gauge at or
near the probe inlet; then, plug the probe
inlet and pull a vacuum of at least 250 mm
Hg (10 in. Hg). Note, the time rate of
change of the dry gns meter dial; alterna-
tively, a rotameter (0-40 cc/min) may be
temporarily attached to the dry gas meter
outlet to determine the leakage rate. A leak
rate not in excess of 2 percent of the aver-
age sampling rate is acceptable,

Note.—Carefully release the probe inlet
plug before turning off the pump.

3.2.2 Connect the probe, insert it into the
stack, and sample at a constant rate of 2
lpm (0.071 cfm). Continue sampling until
the dry gas meter registers about 30 liters
(1.1 £t or until visible lquid droplets are
carried over from the first impinger to the
second. Record temperature, pressure, and
dry gas meter readings as required by
Figure 4-5.

3.2.3 After collecting the sample, com-

bine the contents of the two impingers and-

measure the volume to the nearest 0.5 ml.
3.3 Calculations. The ealculation method
presented is designed to estimate the mois-
ture in the stack gas: therefore, other data,
which are only necessary for accurate mois-
ture determinations, are not collected. The
followirg equations adequately estimate the
moisture content, for the purpose of deter-
mining isokinetic sampling rate settings.

SILICA GEL TUBE

FILTER

(GLASS WOOL)

\CE BATH

RATE METER

3.3.1 Nomenclature.

B.==Approximate proportion, by volume,
of water vapor in the gas stream leaving
the second impinger, 0.025.

Bue=Water vapor in the gas stream, propor-
tion by volume.

M.=Molecular weight of water, 18.0 g/g-
mole (18.0 1b/Ib-mole).

Py=Abhsolute pressure (for this method,
same a5 barometric pressure) at the dry
gas meter,

Py.=Standard absolute pressure, 760 mm
Hg (20,92 in, Hg).

R=Ideal gas constant, 0.06236 (mm Hg)
(m¥/(g-mole) ("K) for metric units and
21.85 (in. Hg) ({1?)/1b-mole) (‘R) for Eng-
lish units.

Tw=Absolute temperature at meter, ‘K ("R).

Twe=Standard absolute temperature, 203° K
(528" R).

V,=Final volume of impinger contents, ml.

Vi=1nitial volume of impinger edntents, ml.

Vm=Dry gas volume measured by dry gas
meter, dem (def).

Vmway=Dry gas volume measured by dry gas
meter, corrected to standard conditions,
dscm (dsef).

Veewy=Volume of water vapor condensed,
cor{eer.ed to standard conditions, sem
(sef).

pe=Density of water, 0.9982 g/ml (0.002201
1b/ml).

Y =Dry gas meter calibration facter.

3.3.2 Volume of water vapor collected.

where: .

V= (Vf_ V_I')Pr_ltTll ]
e Paa M.
=Ry (V=1
Fyguation 4-5

-

DRY GAS
METER

MIDGET IMPINGERS

Figure 4-4. Moisture-sampling train - approximation method. \../
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COMMENTS

o LOCATION
TEST
DATE
OPERATOR

BAROMETRIC PRESSURE

CLOCK TIME

GAS VOLUME THROUGH
METER, (Vm),
m3 (#13)

RATE METER SETTING
m3/min. (#t3/min.)

METER TEMPERATURE.
Oc (°F)

Figure 4-5. Field moisture determination - approximation method.

K,=0.001333 m?*ml for metric units
=0.04707 1t3/ml for English units.
3.3.3 Gas volume.

P, Tau
Ve (ot = V"(l"_....) ( 7._')

LY

Tm

Iiguation 4-6

where:
K,=0.3858 "K/mm Hg for metric units
=117.64 "R/in. Hg for Englisk. units
3.3.4 Approximate moisture content.

VI‘G
V-rc + V- (wtd) + Bﬂ
__,__.,..".__Vrc_
- Vu-c + V- (atd)
Equation 4-7

B,,=

+(0.025)

Reprinted from CFR Title 40 dated July 1980

4. Calibration

4.1 For the reference method, calibrate
equipment as specified in the following sec-
tions of Method 5 Section 53 (metering
system); Section 5.5 (temperature gauges);
and Section 5.7 (barometer). The recom-
mended leak check of the metering system
(Section 5.6 of Method 5) also applies to the
reference method. For the approximation
method, use the procedures outlined in Sec-
tion 5.1.1 of Method 6 to calibrate the me-
tering system, and the procedure of Method
5, Section 5.7 to calibrate the barometer,
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1. Principle and Applicability

1.1 Principle, Particulate matter is with-
drawn isokinetically from the source and
collected on a glass fiber filter maintained
at a temperature in the range of 120x14* C
(248+25" ) or such other temperature as
specified by an applicable subpart of the
standards or approved by Administrator,
U.S. Environmental Protection Agency, for
a particular application. The particulate
mass, which includes any material that con-
denses at or above the filtration .empera-
ture, is determined gravimetrically after re-
moval of uncombined water.

1.2 Applicability. This method is applica-
ble for the determination of particulate
emissions from stationary sources.

2. Apparatus

2.1 Sampling Train. A schematic of the
sampling train used in this method is shown
in Pigure 5-1. Complete construction details
are given in APTD-0581 (Citation 2 in Sve-
tion T): commercial models of this train are
also avallable. For changes from AFPTD-
0581 and for allowable modifications of the
train shown in Figure 5-1, see the following
subsections.

tMention of trade names or specific prod-
uct does not constitute endorsement by the
Environmental Protection Agency.

TEMPERATURE SENSOR
Lo PROBE
, THERMOMETER
< TeMPERATURE TEATED AREA
PITOT TUBE SENSOR FILTER HOLDER

PROBE

STACK

The operating and maintenance proce-
dures for the sampling train are described in
APTD-0576 (Citation 3 in Section 7). Since
correct usage is important in obtaining valid
resuits, all users should read APTD-0576
and adopt the operating and maintenance
procedures outlined In it, unless otherwise
specified herein. The sampling train con-
sists of the following components:

21.1 Probe Nozzle. Stainless steel (316)
or glass with sharp, tapered leading edge.
The angle of taper shall be 30° and the
taper shall be on the outside to preserve a
constant internal diameter. € probe
nozzle shall be of the button-hdok or elbow
design, unless otherwise specitied by the Ad-
ministrator. If made of stainless steel, the
nozzle shall be constructed from seamless
tubing; other materials of construction may
be used, subject to the approval of the Ad-
ministrator.

A range of nozzle sizes suitable for isokin-
etic sampling should be available, e.g., 0.32
to 1.27 em (% to % in.)—or larger if higher
volume sampling trains are used—inside di-
ameter (ID) no2zles in increments of 0.16 cm
(% in.). Each nozzle shall be calibrated ac-

METHOD 5—DETERMINATION OF PARTICULATE
Enmiasrons PROM STATIONARY SOURCES

cording to the procedures outlined in Sec-
tion 5.

2.1.2 Probe Liner, Borosilicate or quartz
glass tubing with a heating system capable
of maintaining a gas temperature at the exit
end during sampling of 120+14° C (248+25°
), or such other temperature as specified
by an applicable subpart of the standards or
approved by the Administrator for a partic-
ular application. (The tester may opt to op-
erate the equipment at a temperature lower
than that specified.) Since the actual tem-
perature at the outlet of the probe is not
usually monitored during sampling, probes
constructed acrcording to APTD-0581 and
utilizing the calibration curves of APTD-
0576 (or calibrated according to the proce-
dure outlined in APTD-0576) will be consid-
ered acceptable.

Either borosilicate or quartz glass probe
liners may be used for stack temperatures
up to about 480° C (900° F) quartz liners
shall be used for temperatures between 480
and 900° C (900 and 1,650" F). Both types of
liners may be used at higher temperatures
than specified for short periods of time, sub-
ject to the approval of the Administrator.
The softening temperature for borosilicate
is 820" C (1,508° F), and for quartz it is 1,500"
C (2,732 F).

IMPINGER TRAIN OPTIONAL, MAY BE REPLACED

BY AN EQUIVALENT CONDENSER

THERMOMETER

CHECK
VALVE

VACUUM
| LINE
REVERSE-TYPE ;
MITOT TUBE |
PITOT MANOMETER IMPINGERS
ORIFICE Q
s
O \
VACUUM
GAUGE
THERMOMETERS / MAIN VALVE
DRY GAS METER AIR-TIGHT
PUMP
_Fig'uie 5-1. Particulate-sampling train L1 OmRile—ed
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Whenever practical, every effort should
be made to use borosilicate or quarts glass
probe liners, Alternatively, metal liners
(e.g., 316 stainless steel, Incoloy 825,2 or
other corrosion resistant metals) made of
seamiess tubing may be used, subject to the
approval of the Administrator.

2.1.3 Pitot Tube. Type 8, as described in
Section 2.1 of Method 2, or other device ap-
proved by the Administrator. The pitot tube
shall be attached to the probe (as shown in
Figure 5-1) to allow constant monitoring of
the stack gas veloeity. The impact (high
pressure) opening plane of the pitot tube
shall ke even with or above the nozzie entry
plane (see Method 2, Figure 2-6b) during
sampling. The Type S pitot tube assembly
shall have 2 known coefficlent, determined
as outlined in Section 4 of Method 2.

2.1.4 Differentia Pressure Gauge. In-
clined manometer or equivalent device
(two), as described in Section 2.2 of Method
2. One manometer shall be used or velocity
head (Ap) readings, and the other, for orifice
differentia pressure .

2.1.5 PFilter Holder. Borosilicate glass,
with a glass frit filter support and a silicone
rubber gasket. Other materials of construe-
tion (e.g., stainless steel, Teflon, Viton) may
be used, subject to approval of the Adminis-
trator. The holder design shall provide a
positive seal agminst leakage from the out-
side or around the f{ilter. The holder shall
be attached immediately at the outlet of the
probe (or eyclone, it used).

2.1.6 Filter Heating System. Any heating
systemn capable of maintaining a tempera-
ture around the filter holder during sam-
pling of 120x14' C (248+25" F), or such
other temperature as specified by an appli-
cable subpart of the standards or approved

by the Administrator for a particular appli-

cation. Altermatively, the tester may opt to
operate the equipment at a temperature
lower than that specified. A temperature
gauge capable of measuring temperature to
within 3° C (5.4* F) shall be installed so that
the temperature around the filter- holder
can be regulated and monitored during sam-
pling. Heating systems other than the one
shown in APTD-0581 may be used.

2.1.7 Condenser. The following system
shall be used to determine the stack gas
moisture content: Four impingers connected
in series with leak-free ground glass fittings
or any similar lesk-free non-contaminating
fittings. The first, third, and fourth im-
pingers shall be of the Greenburg-Smith
design, modified by replaeing the tip with
1.3 em (% in.) ID glass tube extending to
about 1.3 em (3% in.) from the bottom of the
flask. The second impinger shall be of the
Greenburg-Smith design with the standard
tip. Modifications (e.g., using flexible con-
nections between the impingers, using mate-
rials other than glass, or using flexible
vacuum lines to connect the filter holder to
the condenser) may be used, subject to the
approval of the Administrator. The first and
second impingers shall contein known quan-
tities of water (Section 4.1.3), the third shall
be empty, and the fourth shall contain a
known weight of silica gel, or equivalent
desicecant. A thermometer, capable of meas-
uring temperture to within 1° C (2 F) shall
be placed at the outlet of the fourth im-
pinger for monitoring purposes.

Alternatively, any system that cools the
sample gas stream and allows measurement
of the water condensed and moisture leav-
ing the condenser, each to within 1mlor 1 g

The Almega CorporaTion

may be used, subject to the approval of the
Administrator. Acceptable means are to
measure the condensed water either gravi-
metrically or volumetrically and to measure
the moisture leaving the condenser by: (1)
monitoring the temperature and preasure at
the exit of the condenser and using Dalton's
law of partial pressures; or (2) passing the
sample has stream through a tared silica gel
(or equivalent desiccant) trap with exit
gases kept below 20* C (68" F) and determin-
ing the weight gain.

If means ovher than silica gel are used to
determine the amount of moisture leaving
the condenser, it is recommended that silica
gel (or equivalent) still be used between the
condenser system and pump to prevent
moistur: condensation in the pump and me-
tering uevices and to avold the need to make
corrections for moisture in the metered
volume,

NoTe.—If a determination of the particu-
late matter collected In the impingers is de-
gired in addition to moisture content, the
impinger system described above shali be
used, without modification. Individual
States or control agencies requiring this in-
formation shall be contacted -as to the
sample recovery and analysis of the im-
pinger contents.

2.1.8 Metering System. Vacuum gauge,
leak-free pump, thermometers capable of
measuring temperature to within 3" C (5.4*
¥), dry gas meter capable of measuring
volume to within 2 percent, and related
equipment, as shown in Figure 5-1. Other
metering systems capable of maintaining
sampling rates within 10 percent of isokine-
tic and of determining sample volumes to
within 2 percent may be used, subject to the
approval of the Administrator. When the
metering system is used in conjunction with
8 pitot tube, the system shall enable checks
of isokinetic rates.

Sampling trains utilizing metering sys-
tems designed for higher flow rates than
that decribed in APTD-0581 or APDT-0576
may be used provided that the specifica-
tions of this method are met.

2,19 Barometer. Mercury anerold, or
other barometer capable of measuring at-
mospheric pressure to within 2.5 mm Hg
(0.1 in. Hg). In many cases the barometric
reading may be obtained from a nearby na-
tional weather service station, in which case
the station value (which is the absolute
barometric pressure) shall be requested and
an adjustment for elevation differences be-
tween the weather station and sampling
point shall be applied aiL a2 rate of minus 2.5
mm Hg (0.1 in. i¥g) per 30 m (100 ft) eleva-
tion increase or viee versa for elevation de-
crease. .

2.1.10 Gas Density Determination Equip-
ment. Temperature sensor and pressure
gauge, as described in Sections 2.3 and 2.4 of
Method 2, and gas analvzer, if necessary, as
described in Method 3. The temperature
sensor shall, preferably, be permanently at.
tached to the pitot tube or sampling probe
in a fixed configuration, such that the tip of
the sensor extends beyond the leading edge
of the probe sheath and does not touch any
metal. Alternatively, the sensor may be at-
tached just prior to use in the field. Note,
however, that if the temperzture sensor is
attached in the field, the sensor must be
placed in an interference-free arrangement
with respect to the Type S pitot tube open-
ings (see Method 2, Figure 2-7). As & second
alternative, if a difference of not more than

pages 325-342

1 percent in the average veloeity mesasure-
ment is to be introduced, the temperature
gauge need not be attached to the probe or
pitot tube. (‘This alternative is subject to the
approval of the Administrator.)

2.2 Sample Recuovery. The following
items are needed.

2.2.1 Probe-Liner and Probe-Nozzle
Brushes. Nylon bristle brushes with stain-
less steel wire handies. The probe brush
shall have extensions (at least as long as the
probe) of stainless steel, Nylon, Teflon, or
similarly inert materianl. The brushes shall
be properly sized and shaped to brush out
the probe liner and nozzle, :

2.2.2 Wash Bottles—Two. Glass wash
bottles are recommended: polyethylene
wash bottles may be used at the option of
the tester. It is reeornmended that acetone
not be stored in polyethylene bottles for
longer than a month.

223 Glass Sampile Storage Containers.
Chemically resistant, borosilicate glass bot-
tles, for acetone washes, 500 ml or 1000 ml.
Serew cap liners shall either be rubber-
backed Teflon or shall be constructed so as
to be leak-free and resistant to chemical
attack by acetone, (Narrow mouth glass bot-
tles have been found to be less prone to
leakage.) Alternatively, polyethylene bottles
may be used, -

2.24 Petri Dishes. For f{ilter samples.
glass or polyethylene, unless otherwise spec-
ified by the Administrator.

2.2.5 Graduated Cylinder and/or Bal-
ance. To measure condensed water to within
1 ml or 1 g. Graduated cylinders shall have
subdivisions no greater than 2 ml. Most lab-
oratory balances are capable of weighing to
the nearest 0.5 g or less. Any of these bal-
;.l;c:s is suitable or use here and in Section

2.2.6 Plastic Storage Containers. Air-
tight containers to store silica gel.

2.2.7 Funnel and Rubber Policeman. To
aid in transfer of silica gel to container; not
necessary if silica gel is weighed in the field.

2.2.8 Funnel. Glass or polyethylene, to
aid in sample recovery.

2.2 Analysis. For analysis, the following
equipment is needed.

2.3.1 Glass Weighing Dishes. -

2.3.2 Desiceator.

2.3.3 Analytical Balance. To measure to
within 0.1 mg.

2.3.4 Balance. To measure to within 0.5 g.

2.3.5 Beakers. 250 ml.

2.3.6 Hygrometer. To measure the rela-
tive humidity of the laboratory environ-
ment.

2.3.7T Temperature Gauge. To measure
the temperature of the laboratory environ-
ment.

3. Reagents

3.1 Sampl.ag. The reagents used in sam-
pling are as follows:

3.1.1 PFilters. Glass fiber filters, without
organic binder, exhibiting at least 99.95 per-
cent efficiency (<0.05 percent penetration)
on 0.3-micron dioctyl phthalate smoke parti-
cles. The filter efficiency test shall be con-
ducted in accordance with ASTM standard
method D 2986-71. Test data from the sup-
plier’'s quality control program are suffi-
cient for this purpose.

3.1.2 8iliea Gel. Indicating type, € to 16
mexh. If previously used, dry at 175* € (350°
F) for 2 hours. New silica gel may be used as
received. Aliernatively, other types of desic-
cants (equivalent or better) may be used,
subjeet to the approval of the Administra-
tor.

Reprinted from CFR Title 40 dated July 1980
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3:1.3 Water. When analysis of the mate-
rial caught in the impingers is required, dis-
tilled water shall be used. Run blanks prior
to field use to eliminate a high blank on test

samples.

3.1.4 Crushed Ice.

3.1.5 Stopcock Grease, Acetone-insoluble,
heat-stable silicone greaze. This is not nec-
essary if screw-on connectors with Teflon
sleeves, or similar, are used. Alternatively,
other types of stopcock grease may be used,
subject to the approval of the Administra-
tor.

3.2 Sample Recovery. Acetone-reagent
grade, <0.001 percent residue, in glass bot-
tles—is required. Acetone from metal con-
tainers generally has & high residue blank
and should not be used. Sometimes, suppli-
ers transfer acetone to glass bottles from
metal containers; thus, acetone blanks shall
be run prior to field use and only acetone
with low blank values (<0.001 percent) shall
be used. In no case shall a blank value of
greater than 0.001 percent of the weight of
acetone used be subtracted from the sample
weight.

3.3 Analysis. Two reagents are required
for the analysis:

3.3.1 Acetone. Same as 3.2,

3.3.2 Desiccant. Anhydrous caleium sul-
fate, indicating type. Alternatively, other
types of desiccants may be used, subject to
the approval of the Administrator. "

4. Procedure

4.1 Sampling. The complexity of this
method is such that, In order to obtain reli-
able results, testers should be trained ard
experienced with the test procedures.

4.1.1 Pretest Preparation. All the compo-
nents shall be maintained and calibrated ac-
cording to the procedure described in
APTD-0576, unless otherwise specified
herein.

Weigh several 200 to 300 g portions of
silica gel in air-tight containers to the near-
est 0.5 g Record the total weight of the
siliea gel plus container, on each container,
As an alternative, the sllica gel nced not be
preweighed, but may be weighed directly in
the impinger or sampling holder just prior
to train assembly.

Check filters visually against light for ir-
regularities and flaws or pinhole leaks.
Label filters of the proper diameter on the
back side near the edge uging numbering
machine Ink. As an alternstive, label the
shipping containers (glass or plastic petrl
dishes) and keep the filters in these contain-
ers at all times except during sampling and
weighing. :

Desiceate the fllters at 20+5.6° C (68%10°
F) and ambient pressure for at least 24
hours and weigh at intervals of at least 6
hours to a constant weight, Le., 0.5 mg
change from previous weighing, record re-
sults to the nearest 0.1 mg. During each
weighing the fllter must not be exposed to
the laboratory atmosphere for a period
greater than 2 minutes and a relative hu-
midity above 50 percent. Alternatively
tunless otherwise specified by the Adminis-
trator), the filters may be oven dried at 105°
C (220" P) for 2 to 3 hours, desiccated for 2
hours, and weighed. Procedures other than
those described, which account for relative
humidity effects, may be used, subject to
the approval of the Administrator.

4.1.2 Preliminary Determinations. Select
the sampling site and the minimum number
of sampling points according to Method 1 or
as specified by the Administrator. Deter-
mine the stack pressure, temperature, and

the range of velocity heads using Method 2;
it is recommended that a leak-check of the
pitot lines (see Method 2, Section 3.1) be
performed. Determine the moisture content
using Approximation Method 4 or its alter-
natives for the purpose of making isokinetic
sampling rate settings. Determine the stack
gas dry molecular weight, as described In
Method 2, Section 3.6; if integrated Method
3 sampling is used for molecular weight de-
termination, the integrated bag sample
shall be taken simultaneously with, and for
the zame total length of time as, the partic-
ulate sample run.

Select a nozzle size based on the range of
veloeity heads, such that it Is not necessary
to change the nozzle size in order to main-
tain isokinetic sampling rates, During the
run, do not change the nozzle size. Ensure
that the proper differental pressure gauge
iz chasen for the range of velocity heads eu-
countered (see Section 2.2 of Method 2),

Select a suitable probe liner and probe
length such that all traverse points can be
sampled. For large stacks, consider sampling
from opposite sides of the stack to reduce
the length of probes,

Select 2 total sampling time greater than
or equal to the minimum total sampling
time specified in the test procedures for the
specific industry such that (1) the sampling
time per polnt is not less than 2 min (or
some greatelr time Interval as specifled by
the Administrator), and (2) the sample
volume taken (corrected to standard condi-
tions) will exceed the required minimum
total gas sample volume. The latter is based
on an anproximate average sampling rate.

It Is recommended that the number of
minutes sampled at each point be an integer
or an integer plus one-half minute, in order
to avoid timekeeping errors. The sampling
time at each point shall be the same.

In some cirumstances, e.g., batch cycles, it
may be necessary to sample for shorter
times at the traverse points and to obtain
smaller gas sample volumes. In these cases,
the Administrator's approval must first be
obtained.

4.1.3 Preparation of Collection Train.
During preparation and assembly of the
sampling train, keep all openings where con-
tamination can oc¢cur covered until jusi
prior to assembly or until sampling is about

to begin.

Place 100 ml of water in each of the first
two impingers, leave the third impinger
empty, and transfer approximately 200 to
300 ¢ of preweighed silica gel from its con-
tainer to the fourth impinger. More silica
gel may be used, but care should be taken to
ensure that it is not entrained and carried
out from the impinger during sampling.
Place the container in a clean place for later
use in the sample recovery. Alternatively,
the weight of the silica gel plus impinger
may be determined to the nearest 0.5 g and
recorded. '

Using a tweezer or clean disposable surgi-
cal gloves, place a labeled (identified) and
weighed fliter in the filter holder. Be sure
that the filter is property centered and the
gasket properly placed so as to prevent the
sample gas stream from circumventing the
filter. Check the fiiter for tears after assem-
bly is completed.

When glass liners are used, install the se-
lected nozzle using a Viton A O-ring when
stack temperatures are less than 260" C
(500" F) and an asbestos string gasket when
temperatures are higher. See APTD-0576
for details. Other connecting systems using
either 316 stainless steel or Teflon ferrules
may be used. When metal liners are used,

install the nozzle as above or by a leak-free
direct mechanical connection. Mark the
probe with heat resistant tape or by some
other method to denote the proper distance
irto the stack or duct for each sampling

point.

Set up the train as in Figure 5-1, using f
necessary) a very light coat of silicone
grease on all ground glass joints, greasing
only the outer portion (see APTD-0576) to
avoid possibility of contamination by the
silicone grease. Subject to the approval of
the Administrator, a glass cyclone may be
used between the probe and filter holder
when the total particulate catch is expected
to exceed 100 mg or when water droplets are
present in the stack gas.

Place crushed ice around the impingers.

4.1.4 Leak-Check ures.

4.1.4.1 Pretest Leak-Check. A pretest
leak-check is recommended, but not re-

.quired. If the tester opts to conduct the pre-
test leak-check, the following procedure
shall be used.

After the sampling train has been assem-
vled, turn on and set the filter and probe
heating systems at the desired operating
temperatures. Allow time for the tempera-
tures to stabilize. If a Viton A O-ring or
other leak-free connection is used in assem-
bling the probe nozzle to the probe liner,
leak-check the train at the sampling site by
plugging the nozzle and pulling a 380 mm
Heg (15 in. Hg) vacuum.

Nore.—A lower vacuum may be used, pro-
vided that it is not exceeded during the test.

It an asbestos string is used, do not con-
nect the probe to the train during the leak-
check. Instead, leak-check the train by first
plugging the inlet to the filter holder
(eycone, if applicable) and pulling a 380 mm
Hg (15 in. Hg) vacuum (see Note immediate-
ly above). Then connect the probe to the
train and leak-check at about 25 mm Hg (1
in. Hg) vacuum: alternatively, the probe
may be leak-checked with the rest of the
sampling train, in one step. at 380 mm Hg
(15 in. Hg) vacuum. Leakage rates in excess
of 4 percent of the average sampling rate or
0.00057 m?¥/ min (0.02 cfm), whichever is less,
are unacceptable.

The following leak-check instructions for
the sampling train described in APTD-0576
and APTD-0581 may be helpful. Start the
pump with bypass valve fully open and
coarse adjust valve, completely closed. Par-
tially open the coarse adjust valve and
slowly close the bypass valve until the de-
sired vacuum is reached. Do not reverse di-
rection of bypass value; this will cause water
to back up into the filter holder. If the de-
sired vacuum is exceeded, either leak-check
at this higher vacuum or end the leak-check
as shown below and start over.

When the leak-check is completed, first
slowly remove the plug from the inlet to the
probe, filter holder, or cyclone (if applica-
ble) and immediately turn off the vacuum
pump. This prevents the water in the im-
pingers from being forced backward into the
filter holder and silica get from being en-
trained backward into the third impinger.

4.1.4.2 Leak-Checks During Sample Run.
If, during the sampling run, a component
(e.g., filter assembly or impinger) change be-
comes unecessary, a leak-check shall be con-
ducted immediately before the change is
made. The leak-check shall be done accord-

" ing to the procedure outlined in Section

4.1.4.1 above, except that it shall be done at
a vacuum equal to or greater than the maxi-
mum value recorded up to that point in the
test. If the .eakage rate is found to be no
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greater than 0.00057 m¥/min (0.02 efm) or 4
percent of the average sampling rate
(whichever is less), the results are accept-
able, and no correction will need to be ap-
plied to the total volume of dry gas metered;
if. however, a higher leakage rate is ob-
tained, the tester shall either record the
leakage rate and plan to correct the sample
volume as shown In Section 6.3 of this
method, or shall void the sampling run.

Immediately after component - changes,
leak-checks are optional; if such leak-checks
are done, the procedure outlined in Section
4.1.4.1 ahove shall be used.

4.1.4.3 Post-test Leak-Check. A leak-
check iz mandatory at the conclusion of
each sampling run. The leakcheck shall be
done in accordance with the procedures out-
lined in Section 4.1.4.1, except that it shall
be conducted at a vacuum equal to or greai-
er than the maximum value reached during
the sampling run. If the leakage rate is
found to be no greater than 0.00057 m®/min
(0.02 ¢fm) or 4 percent of the average sam-
pling rate (whichever is less), the results are
acceptable, and no correction need be ap-
plied to the total volume of dry gas metered.

If, however, & higher leakege rate is ob-
tained, the tester shall either record the
leakage rate and correct the sample volume
as shown in Section 6.3 of this method, or
shall void the sampling run.

4,1.5 Particulate Train Operation.
During the sampling run, maintain an iso-
kinetic sampling rate (within 10 percent of
true isokinetic unless otherwise specified by
the Administrator) and a temperature
around the filter of 120+14" C (248:25° P,
or such other temperature as specified by
an applieable subpart of the standards or
approved by the Administrator.

For each run, record the data required on
a data sheet such as the one shown in
Figure 5-2. Be sure to record the initial dry
gas meter reading. Record the dry gas meter
readings at the beginning and end.of each
sampling time increment, when changes in
flow rates are made, before and after each
leak-check, and when sampling is halted,
Take other readings required by Figure 5-2
at least once at each sample point during
each time increment and additional read.
ings when significtnt changes (20 percent
variation in velocity head readings) necessi-
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tate additional adjistments in flow rate.
Level and zero the manometer. Because the
manometer level and zero may drift due to
vibrations and temperature changes, make
periodic checks during the traverse.

Clean the portholes prior to the test run
to minimize the chance of sampling deposit-
ed material. To begin sampling, remove the
nozzle cap, verify that the filter and probe
heating systems are up to temperature, and
that the pitot tube and probe are properly
positioned. Position the nozzle at the first
traverse point with the tip pointing directly
into the gas siream. Imwmediately start the
pump and adjust the flow to isokinetic con-
ditions. Nomographs are available, which
aid in the rapid adjustment of the isokinetic
sampling rate without excessive computa-
tions. These nomographs are designed for
use when the Type S pitot tube coefficient
is 0.85+0.02, and the stack gns eguivalent
density (dry molecular weight) is equal to
29+4. APTI-0576 details the procedure for
using the nomographs. If C and M, are out-
side the above stated ranges do not use the
nomographs unless appropriate steps (see
Citation 7 in Section 7) are taken to com-
pensate for the deviations.

PLANT AMEIENT TEMPERATURE —
LOCATION BAROMETRIC PRESSURE
OPERATOR ASSUMED MOISTURE, %
DATE PROBE LENGTH, m (i1
RUN NO. NOZZLE IDENTIFICATION NO ——.
SAMPLE BOX NO AVERAGE CALIBRATED NOZZLE DIAMETER, emiin__
METER BOX N0, PROBE HEATER SETTING
METER AHg LEAK RATE m3/min,(chm)
C FACTOR PROBE LINER MATERIAL
PITOT TUBE COEFFICIENT, Cp SCHEMATIC OF STACK CROSS SECTION STATIC PRESSURE, mm Hg lin. Hp).
FILTER NO.
PRESSURE
DIFFERENTIAL
. ACROSS GAS SAMPLE TEMPERATURE o
sTACK | VELOCITY | ORIFICE ' AT DRY GAS METER LEAVING
SAMFLING | VACUUM | TEMPERATURE| HEAD METER GAS SAMPLE ' FILTER HOLDER| CONDENSER OR
TRAVERSE POINT TIME mm Hg {Ts) 14rg). mm Hz0 VOLUME INLET OUTLET | TEMPERATURE. | LAST IMPINGER,
NUMBER ol min. | finHg) | ec(oF) |mmiiniz0] (in. 1g0) m3 ft3) *c (*h | *c ("R °C (°F) | C(*F)
I
TOTAL Avg. Avg.
AVERAGE Avg.

Figure 5<2. Particulate field data,
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When the stack Is under significant nega-
tive pressure (height of impinger stem),
take care to close the coarse adjust valve
before inserting the probe into the stack to
prevent water from backing into the filter
holder. If necessary, the pump may be
turned on with the coarse adjust valve
closed.

When the probe s In position, block off
the openings around the probe and porthole
to prevent unrepresentative dilution of the

gas stream.

Traverse tue stack cross-section, as re-
quired by Method 1 or as specified by the
Administrator, being careful not to bump
the probe nozzle into the stack walls when
sampling near the walls or when removing
or inserting the probe through the port.
holes: tais minimizes the chance of extract-
ing deposited material,

During the test run, make periodic adjust-
ments to keep the temperature around the
filter holder at the proper level; add more
ice and, if necessary, salt to maintain a tem-
perature of less than 20° C (68" F) at the
condenser/silica gel outlet. Also, periodical-
ly check the level and zero of the mano-
meter.

If the pressure drop across the filter be-
comes too high, making isokinetic sampling
difficult to maintain, the filter may be re-
placed in the midst of a sample run. It is
recommended that another complete filter
assembly be used rather than attempting to
change the filter itself, Before a new filter
assembly is installed, conduct a leak-check
(see Section 4.1.4.2). The total particulate
weight shall include the summation of all
filter assembly catches.

A single train shall be used for the entire
sample run, except in cases where simulta-
neous sampling is required in two or more
separate ducts or at two or more different
locations within the same duct, or, in cases
where equipment failure necessitates a
change of trains. ln all other situations, the
use of two or more trains will be subject to
the approval of the Administrator.

Note that when two or more trains are
used, separate analyses of the front-half
and (if applicable) impinger catches from
each train shall be performed, unless identi-
cal nozzle sizes were used on all trains, in
which ‘case, the front-half catches from the
individual trains may be combined (as may
the impinger catches) and one analysis of
front-half catch and one analysis of '‘m-
pinger catch may be performed. Consuilt
with the Administrztor for detalis concern-
ing the calculation of results when two or
more trains are used.

At the end of the sample run, turn off the
coarse adjust valve, remove the probe and
nozzle from the stack, turn off the pump,
record the final dry gas meter reading, and
conduct 2 post-test leak-check, as outlined
in Section 4.1.4.3. Also, leak-check the pitot
lines as described in Method 2, Section 3.1;
the lines must pass this leak-check, in order
to valldate the velocity head dats.

4.1.6 Calculation of Percent Isokinetic.
Calculate percent isokinetic (see Calcula-
tions, Section 6) to determine whether the
run was valid or another test run should be
made. If there was difficulty in maintaining
isokinetic rates due to source conditions,
consult with the Administrator for possible
variance on the Isokinetic rates.

4.2 Sample Recovery. Proper cleanup
procedure begins as soon as the probe is re-
moved from the stack at the end of the sam-
pling period. Allow the probe to cool.

When the probe can be safely hendled,
wipe off all external particulate matter near
the tip of the probe nozzle and place a cap
over it to prevent losing or gaining particu-
late matter. Do not cap off the probe tip
tightly while the sampling train is cooling
down as this would create a vacuum in the
filter holder, thus drawing water from the
impingers into the filter holder.

Before moving the sample train to the
cleanup site, remove the probe from the
sample train, wipe off the silicone grease,
and cap the open outlet of the probe. Be
careful not to lose any condensate that
might be present. Wipe off the silicone
grease from the filter inlet where the probe
was fastened and cap it. Remove the umbill-
cal cord from the last impinger and cap the
impinger. If a flexible line is used between
the first impinger or condenser and the
filter holder. disconnect the line at the
filter holder and let any condensed water or
liquid drain into the impingers or condens-
er. After wiping off the silicone grease, cap
off the filter holder outlet and impinger
inlet. Either ground-glass stoppers, plastic
caps, or serum caps may be used to close
these openings.

“Transfer the probe and filter-impinger as-
sembly to the cleanup area. This area
should be clean and protected from the
wind so that the chances of contaminating
or losing the sample will be minimized.

Save a portion of the acetone used for
cleanup as a blank. Take 200 mi of this ac-
etone directly from the wash bottle being
used and place it in a glass sample container
labeled “‘acetone blank.”

Inspect the train prior to and during dis-
assembly and note any abnormal conditions.
Treat the samples as follows:

Container No. 1. Carefully remove the
filter from the filter holder and place it in

_its identified petri dish container. Use a pair

of tweezers and/or clean disposable surgical
gloves to handle the filter. If it is necessary
to fold the filter, do so sueh that the partiic-
ulate cake is inside the fold. Carefully trans-
fer to the petri dish any particulate matter
and/or filter fibers which adhere to the
filter holder gasket, by using a dry Nylon
bristle brush and/or a sharp-edged blade.
Seal the container.

Container No. 2. Taking care to see that
dust on the outside of the probe or other ex-
terior surfaces does not get into the sample,
quantitatively recover particulate matter or
any condensate from the probe nozzle,
probe fitting, probe liner, and front half of
the filter holder by washing these compo-
nents with acetone and placing the wash in
a glass container. Distilled water may be
used Instead of acetone when approved by
the Administrator and shall be used when
specified by the Administrator; in these
cases, save a water blank and follow the Ad-
ministrator's directions on analysis. Perform
the acetone rinses as follows:

Carefully remove the probe nozzle and
clean the inside surface by rinsing with ac-
etone from a wash bottle and brushing with
a Nylon bristle brush. Brush until the ac-
etone rinse shows no visible particles, after
which make a final rinse of the inside sur-

face with acetone.

Brush and rinse the inside parts of the
Swagelok fitting with acetone in a similar
way until no visible particies remain.

Rinse the probe liner with acetone by tilt-
ing and rotating the probe while squirting
acetone into its upper end so that all inside
surfaces will be wetted with acetone, Let the
acetone drain from the lower end into the
sample container. A funnel (glass or poly-
ethylene) may be used to aid on transfer-
ring liguid washes to the container, Follow
the acetone rinse with a probe brush, Hold
the probe in an Inclined position, squirt ac-
etone into the upper end as the probe brush
is being pushed with a twisting action
through the probe: hold a sampie container
underneath the lower end of the probe, and
catch any acetone and particulate matter
which is brushed from the probe. Run the
brush through the probe three times or
more until no visible particulate matter Is
carried out with the acetone or until none
remains in the probe liner on visual inspec-
tion. With stainless steel or other metal
probes, run the brush through in the above
prescribed manner at least six times since
metal probes have small crevices in which
particulate matter can be entrapped. Rinse
the brush with acetone, and quantitatively
collect these washings in the sample con-
tainer. After the brushing, make a final ac-
etone rinse of the probe as described above.

It is recommended that two people be
used to clean the probe to minimize sample
losses. Between sanpling runs, keep brushes
clean and protected from contaminations.

Afte: ensuring that all joints have been
wiped clean of silicone -grease, clean the
Inside of the front half of the filter holder
by rubbing the surfaces with a Nylon bristle
brush and rinsing with acetone. Rinse each
surface three times or more if needed to
remove visible particulate. Make a final
rinse of the brush and filter holder. Careful-
ly rinse out the glass cyclone, also (if appli-
cable). After all acetone washings and par-
ticulate matter have been collected in the
sample container, tighten the lid on the
sample container so that acetone will not
leak out when it is shipped to the labora-
tory. Mark the height of the fluid levcel to
determine whether or not leakage occured
during transport. Label the container to
clearly identify its contents.

Container No. 3. Note the color of the in-
dicating silica gel to Jetermine if it has been
completely spent and make a notation of its
condition. Transfer the silica gel from the
fourth impinger to its originzi containes
and seal. A funnel may make it easier to
pour the silica gel without spilling. A rubber
policeman may be used as an aid in remov-
ing the silica gel from the impinger. it is not
necessary to remove the small amount of
dust particles that may adhere to the im-
pinger wall and are difficult to remove.
Since the gain in weight is to be used for
moisture calculations, dn not use any water
or other liguids to transfer the silica gel. If
a balance i5 available in the field, follow the
procedure for container No. 3 in Section 4.3.

Impinger Water. Treat the impingers as
follows; Make a notation of any color or
film in the liquid cateh. Measure the liquid
which is in the first three impingers to
within =1 ml by using a gradusated cylinder
or by weighing it to within =0.5 g by using a
balance (if one is available). Record the
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volume or weight of liquid present. This in-
formation is required to calculate the mois-
ture content of the effluent gas.

Discard the liquid after measuring and re-
cording the volume or weight, unless analy-
sis of the impinger catch is required (see
Note, Section 2.1.7).

If a different type of condenser {5 used,
measure the amount of moisture condensed
either volumetrically or gravimetrieally.

Whenever possible, containers should
shipped in such a way that they remain up-
right at all times,

4.3 Analysis. Record the data required on
a sheet such as the one shown in Pigure 5-3.
Handle each sample container as follows:

Container No. 1. Leave the contents in the
shipping contsiner or transfer the filter and
any loose particulate from the sample con-
tainer to a tared glass weighing dish. Desie-
cate for 24 hours in a desiceator coataining
anhydrous caleiurn sulfate. Weigh to a con-
stant weight and report the results to the
nearest 0.1 mg. For purposes of this Section,
4.3, the term “constant weight” means a dif-
ference of no more than 0.5 mg or 1 percent
of total weight less tare weight, whichever is
greater, between two consecutive weighings,
with no less than 6 hours of desiceation
time between weighings.

Alternatively, the sample may be oven
dried at 105* C (220° ¥) for 2 to 3 hours,
cooled in the desiccator, and wédighed to a
constar-t weight, unless otherwise specified
by the Adwministrator. The tester may also
opt to oven dry the sample at 105" C (220"
) for 2 to 3 hours, weigh the sample, and
use this weight es a final weight,

Container No. 2. Note the level of liquid in
the container and confirm on the analysis
sheet whether or not leakage occurred
during transport. If a noticeable amount of
leakage has occurred, either void the sample
or use methods, subject to the approval of
the Administrator, to correct the final re-
sults. Measure the liguid in this container
either volumetrieally to +1 ml or gravime-
trically to =0.5 g. Transfer the contents to a
tared 2560-ml beaker and evaporate to dry-
ness at ambient temperature and pressure.
Desiceate for 24 hours and weigh to a con-
stant weight. Report the results to the near-
est 0.1 mg.

Conteiner No. 3. Welgh the spent silica
gel (or silica gel plus impinger) to the near-
est 0.5 ¢ using & balance. This step may be
conducted in the field.

"“Acetone Blark"™ Container. Measure ac-
etone in this container either volurnentrical-
ly or gravimetrically. Transfer the acetone
to a tared 250-mi beaker and evaporate to
dryness at ambient temperature and pres-
sure. Desiccate for 24 hours and weigh to a
constant weight. Report the results to the
nearest 0.1 mg.

Note.—At the option of the tester, the
contents of Container No. 2 as well as the
acetone blank container may be evaporated
at temperatures higher than ambient. If
evaporation is done at an elevated tempera-
ture, the temperature must be below the
boiling point of the solvent; also, to prevent
“bumping,” the evaporation process must be
closely supervised, and the contents of the
beaker must be swirled occasionally to
maintain an even temperature, Use extreme
care, as acetone is highly flammable and
has a low flash point,
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Plant
Date
Run No.
Filter No.
Amount liquid lost during transport .
Acetone biank volume, mi
Acetone wash volume, mi

Acetone hlank cnnunmtinﬁ, myg/mg (equation 54}

Acetone wash blank, mg (equation 5-5)

CONTAINER

WEIGHT OF PARTICULATE COLLECTED,

mg

NUMBER
FINAL WEIGHT

TARE WEIGHT

WEIGHT GAIN

Less acetone blank

Weight of particulate matter

VOLUME OF LIQUID
WATER COLLECTED
IMPINGER - SILICA GEL
VOLUME, WEIGHT,
ml, a9
_——
FINAL
INITIAL
LIQUID COLLECTED
TOTAL VOLUME COLLECTED 9" mi

¥ CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT
INCREASE BY DENSITY OF WATER (19/ml).

Figure 5-3. Analytical data.
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5, Calibration

lMal.l'lt..u.in a laboratory log of all calibra-
tions.

5.1 Probe Nozzle. Prube nozzles shull he
celibrated before their initial use in the
field. Using a micrometer, measure the
inside diameter of the nozzle to the nearest
01.025 mm (0.001 in.). Make three separate
measurements using different diameters
each time, and obtain the average of the
measurements. The difference between the
high and low numbers shall not exceed 0.1
mm (0.004 in). When nozzles become
nicked, dented, or corroded, they shall be
reshaped, sharpened, and recalibrated
before use. Each nozzle shall be permanent-
ly and uniquely identified.

5.2 Pitot Tube. The Type S pitot tube as-
sembly shall be calibrated according to the
procedure outlined in Section 4 of Method

2.

5.3 Metering Sy:tem. Before its initial
use in the field, the metering system shall
be calibrated acconiing to the procedure
outlined in APTD-0578. Instead of physical-
1y adjusting the dry gas meter dial readings
to correspond to the wet test meter read-
ings, calibration factors may be used to
mathematically correct the gas meter dial
readings to the proper values. Before cali-
brating the metering system, it is suggested
that a leak-check be conducted. For meter-
ing systems having diaphragm pumps, the
normal leak-check procedure will not detect

AUBBER  STOPPER

TUBING

leakages within the pump. for these cases
the fnllowing leak-check procedure is sug-
gested: make a 10-minute calibration run at
0.0057 m /min (0.02 cfm); at the end of the
run, take the difference of the measured
wet test meter and dry gas meter volumes;
divide the difference by 10, to get the leak
rate. The leak rate should not exceed
0.00057 m ¥/min (0.02 cfm),

After each field use, the calibration of the
metering system shall be checked by per-
forming three calibration runs at a single,
intermediate orifice setting (based on the
previous field test), With the vacuum set at
the maximum value reached during the test
series. To adjust the vacuum, insert a valve
between the wet test meter and the inlet of
the metering system. Calculate the average
value of the calibration factor. If the call-
braiion has changed by more than § per-
cent, recalibrate the meter over the full
range of orifice settings, as outlined in
APTD-0576.

Alternative procedures, e.g., using the ori-
fice meter coefficients, maybe used, subject
to the approval of the Administrator.

Nore—I1f the dry gas meter coefficient
values obtained before and after a test
series differ by more than § percent, the
test series shall either be voided, or calcula-
tions for test series shall be performed using
whichever meter coefficlent value (.e.,
before or after) gives the lower value of
total sample volume.

ORIFICE

. L4

BLOW INTO TUBING
UNTIL MANOMETER
READS 5TO 7 INCHES

WATER COLUMN ORIFICE

MANOMETER

> P
L

VENT

i
[DRY TEST METER

Pigure 54. Leak check of meter box.

BY-PASS VALVE

——— < .'.1 Y -

ey,

54 Probe Heater Calibration. The probe
heating system shall be calibrated before its
Initial use in the fieid according to the pro-
cedure outlined in APTD-0576. Probes con-
structed according to APTI)-0581 need not
be calibrated if the calibration curves in
APTD-0578 are used.

5.5 Temperature Gauges. Use the proce-
dure in Section 4.3 of Method 2 to calibrate
in-stack temperature gauges. Dial thermom-
eters, such as are used for the dry gas meter
and condenser outlet, shall be calibrated
against mercury-in-glass thermometers.

5.6 Leak Check of Metering System
Shown in Pigure 5-1. That portion of the
sampling train from the pump to the orifice
meter should be leak checked prior to initial
use and after each shipment. Leakage after
the pump will result in less volume being re-
corded than is actually sampled. The follow-
ing procedure is suggested (see Figure 5-4)
Cloze the main valve on the meter box.
Insert a one-hole rubber stopper with
rubber tubing atached into the orifice ex-
haust pipe. Disconnect and vent the low side
of the orifice manometer. Close off the low
side orifice tap. Pressurize the system to 15
to 18 ¢cm (5 to 7 in) water column by blow-
ing into the rubber tubing. Pinch off the
tubing and observe the manometer for one
minute. A loss of pressure on the mano-
meter indicates a leak in the meter box:
leaks, if present, must be correected.

5.7 Barometer. Calibrate against a mer-
cury barometer.

VACUUM
GAUGE

/ /

MAIN VALVE
\\\ . CLOSED
o~ AR-TIGHT
e PUMP
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6. Celculations

Carry out calculations, retaining at least
one extra decimal figure beyond that of the
acquired data. Round off figures after the
final calculation, Other forms of the equa-
tions may be used as long as they give equiv-
alent results.

6.1 Nomenclature

A.=Cross-sectional area of nozzle, m* (ft7),

B =Water vapor in the gas stream, propor-
tion by volume.

Ce=Acetone blank residue concentration,
mg/E.

¢=Concentration of particulate matter in
stack gas, dry basis, corrected to stand-
ard conditions, g/dscm (g/dsct).

I'=Percent of isokinetic sampling.

Ly=Maximum acceptable Jeakage rate for
either a ~retest leak check or for a leak
check following a component change;
equal to 0.0057 m3¥/min (0.02 efm) or 4
percent of the average sampling rate,
whichever is less.

L;=Individual leakage rate observed during
the leak check conducted prior to the
""" component change (i=1, 2, 3...n),
mi/min (efm).

Ly=Leakage rate observed during the post-
test leak check, m¥/min (cfm).

m«=Total amount of pa.rticulat.e matter col-
lected, mg.

M. = Molecula.r weight of water, 18.0 g/g-
mole (18.01b/1b-mole).

e =Mass of residue of acteone after evapo-
ration, mg.

P,,.=Barometric pressure at the sampling
site, mm Hg (in. Hg).

F,=Absolute stack gas pressure, mm Hg (in.
Hg).

P,,=Standard absolute pressure, 760 mm
Hg (29.92 in. Hg).

R=I1deal gas constant, 0.06236 mm Hg-m?3/
*K-g-mole (21.85 in. Hg-ft3/*R-1b-mole).

Tw=Absolute average dry gas meter tem-
perature (see Figure 5-2), 'K ("R).

T,=Absolute average stack gas temperature
(see Figure 5-2), 'K ("R).

Tw=S8tandard absolute temperature, 203" K
(528" R).

Ve =Volume of acetone blank, ml.

Var=Volume of acetone used in wash, ml,

Vi.=Total volume of liquid collected in im-
pingers and silica gel (see Figure 5-3),
ml.

Vm=Volume of gas sample as measured by
dry gas meter, dem (dsef).

Vmway=Volume of gas sample measured by
the dry gas meter, corrected to standard
conditions, dscm (dsef),

Vewn=Volume of water vapor In the gas
sample, corrected to standard condi-
tions, sem (scf).

un=5Stack gas velocity, calculated by Method
2, Equation 2-9, using data obtained
from Method 5. m/sec (ft/sec).

W, =Weight of residue in acetone wash, mg.

Y=Dry gas meter calibration factor.

AH=Average pressure differential across
the orifice meter (see Figure 5-2), mm
H.0 (in. H,0).

p.=Density of acetone, mg/m) (see label on
bottle).
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pr=Dunsity of water, 0.9982 g/ml (0.002201
1b/ml).

0=Total sampling time, min.

0,=8ampling time interval, from the begin-

of a run until the first component

change, min.

6;=Sampling time interval, between two
successive component changes, begin-
ning with the interval between the first
and second changes, min.

6,=Sampling time interval, from the final
(n**) component change until the end of
the sampling run, min,

13.6 =8pecific gravity of mercury.

60=Sec/min.

100=Conversion to percent.

6.2 Aversge dry gas meter temperature
and average orifice pressure drop. See data
sheet (Figure 5-2),

6.3 Dry Gas Volume. Correct the sample

volume measured by the dry gas meter to

standard conditions (20° C, 760 mm Hg or
68" ¥, 29.92 in. Hg) by using Equation 5-1,

Plnr'l'l X 6

m(lu" “ ¥ (T.u.)
nhl

—r vy Pome i (AH/13.6)
=R Val .
Equation 5-1

where;
K,=0.3858 "K/mm Hg for metric units
=17.64 'R/in. Hg for English units

NoTe.--Equation 5-1 can be used as writ-
ten uniless the leakage rate observed during
any of the mandatory leak checks (i.e., the
post-test leek check or leak checks conduct-
ed prior to component changes) exceeds L,.
If L, or ; exceeds L,, Equation 5-1 must be
modified as follows;

(a) Case 1. No component changes made
during sampling run. in this case, replace
Va in Bquation 5-1 with the expression:

Vn—(Ln_Lﬂ)al

(b) Case II. One or more componhent
changes made during the sampling run. In
this case, replace V. in Equation 5-1 by the
expreszion:

[Vm"* (L=~ La)6
_ (I“—L,.)G -_ (Ia,.

la )9,.]
i=Y

and substitute only for those leakage rates
(L, or L) which exeeed L,.
6.4 Volume of water vapor,

Eqaation 5-
) m'....) s

1 ‘(IN" = "le

where:

K,=0.001333 m¥/m]) for metric units
=0.04707 ft*/mi for English units.

6.5 Moisture Lontent,

Y
B . el
‘ n(srd) "'.l w(lnl)

Equation 5-3

Nore—In saturated or water droplet-
laden gas streams, two caleulations of the
moisture content of the stack gas shall be
made, one from the impinger analygis
(Bquation 5-3), and a second from the as-
sumption of aaturated conditions. The lower
of the two values of B. shall be considered
correct. The procedure for determining the
moisture content based upon assumption of
saturated conditions is given in the Note of
Section 1.2 of Method 4. For the purposes of
this method, the average stack gas tempera-
ture from Figure 5-2 may be used to make
this determination, provided that the aceu-
racy of the in-stack temperature sensor is
1"C (2 P).

6.6 Acetone Blank Concentration.

= M
- VI Pa )
Equation 5-4
6.7 Acetone Wash Blank.
Wn = C. Vnr Pa
: Equation 5-5

6.8 Total Particulate Weight. Determine
the total particulate catch from the sum of
the weights obtained from containers 1 and
2 less the acetone blank (see Figure 5-3).
Note.—Refer to Section 4.1.5 to assist in cal-
culation of results involving two or more
fiiter assemblies or two or more sampling
trains,

6.9 Particulate Concentration.

c,=(0,001 g/mg) (Maf Ve (0 )

Equation 5-6
6.10 Conversion Factors:
From To Muitiply by
acf m? 0.02832
o/t g 15.43
g/t orn2 2.205%10°°
/2 o/m? 35.21

6.11 Isokinetiec Varition.
6.11.1 Calculation From Raw Data

100 T [K Vi (Via/Tw) ( Piar+ AH/13.6)]

I=

6()av.P An

Equation -3

Reprinted from CFR Title 40 dated July 1980
pages 325- 342




where:

K,=0.003454 mm Hg-m?¥ml-"K for metric
units.
=0.002689-in. Hg - ft>/ml—"R for English
units. -

6.11.2 Calculation From Intermediate
Values.

J=  TeVmaw Paa 100
T Taat.8 AP, 60(1-8,,)
X 7:"lv"__’-_(onl_)
1 pY,A8(1- B.,)
Equation 3-8

=K

where:

K.=4.320 for metric units
=0.09450 for Englizh units.

6.12 Acceptable Results. If 90 percent /
<110« percent, the results are acceptable.

If the results are low in comparizson to the
standard and I iz beyond the acceptable
range, or, if 7 is less than 90 percent, the Ad-
ministrator may opt to accept the results.
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Use Citation 4 to make judgments. Other-
wise, reject the regults and repeat the test.
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PARTICULATE CALCULATION SUMMARY

e COMPANY : IMAWD STt Nou eaky,  LBun2 ¢lfes
R SOURCE:

. REPETITION NO:

* TEST DATE:

ENGLISH DNITS
(29.92in. Hg 68°F)

] gl‘sel . dscf.

Volume of water vapor in sample at
standard conditiens

Volume of sample at standard
conditions on dry basis

] o o

09337

vmstd

Y

3305 -

0.04707 cu.ft. | v scf.

Vwstd = : 1c =
m
—
Vlc = qhb ml.

Fractional moisture content of stack

gas
v & s } .
Byg = Vustd = 9 8
Vmstd * Vystd
O Particle concentration in stack gas
on dry basis
E015433; Mp = ) 0253‘7 grains/dscf.

c's = Vmstd .

—_ . L]

= 2.205 1076 M, = 2 "l‘? x 10-61bs/dsct
— L
Vmstd
Stack gas volume flow rate on dry basis
0, = 3600 (1-B,.) VcA_ [Tstd . Ps = Z‘ZBﬂ:S' x 10%dscf/hr
-] ws 5% g .-
(Tglavg . Pgog

(A5= 'l'qgsq.ft. VS= Lg.'s\'ft/se('.')
Process rate or BTU rating P, =
Emission rate

0g ¢'s = * g'EZI . lbs/hr

Qs c's = lbs/

Pw

Isokinetic sampling rate

W 0.002669 in.Hg.cu.ft. Poar + AH
1= (1.667 m;Ln m1.9R 3.6
. sec
. G)V_SpsAn qc\
(a_ = e l¥6™] sq.ft. 7 "\ = 27 %

A3z W)
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STACK VOLUME FLOW RATE CALCULATION SUMMARY

e COMPANY: INAND B2 NOg4 - HoN > 6(:.(,({5'5'
. SOURCE:

REPETITION NO:

TEST DATE:

Dry molecular weight of stack gas

Md = 0.44 (%coz) + 0.32_(%02) + 0.28 (%N2 + %CO0)
= 2'?'8% 1b/1b-mole
Molecular weight of stack gas, wet basis
" 218
Ms = M4 (1-B_,.) + 18 B, = 3l . lb/lb-mole
Pitot tube coefficient
C_ (from calibration curve) = 084 . ]
P ‘ 2 Peua® ng,)/ 24 Poutr S SvERAL.
Average velocity head of stack gas, inches H,0 ;:*"‘"_1‘:“" sda R Qg
v S—
(/Ap ) avg. = W2l - / o9 -
. 1
C5 Average absolute stack gas temperature - 7
(Tg) avg. = __SX3  or + 460 - 6123 op

Absolute stack gas pressure

Pg = Py + (Sstatic Pressure/13.6) = 29‘35' in. Hg

Stack gas velocity
PR
(Vg) avg. = (85.49) C, (YAp ) avg (T,) avg.

Ps Hs é
= 7‘3-0‘7. ‘ 8%'/5.30”
Stack gas volume flow rate
60 Vg Ag = c¥q\ujécfm

‘Stack gas volume flow rate, dry basis

' T . P
Qs = 3,600 (1_Bws) Vg Ag _ std s
. N (Ts) avg . Pstd

= x 106dscf/t







PARTICULATE FIELD DATA | © 4 vormi

PUANT__LAaoL. 20D AMBIENT TEMPERArunE_ﬁ_S,_E
DATE 6/ 7’"‘ s~ gaROMETRIC PRessure 2980
2 Wnonﬁea_-‘," P17# 2 assUMED MOISTURE, %_ N7

% drarontia. Lobiwee  prose Lenam, -MM

" SCHEMATIC OF STACK

DESTURBANCE
SAMPL

1

[
A

£ srack no. Lend W T NozziE DIAMETER, n_ Os L 8§
RUN NO 2 - STACK DIAMETER, hw L '
2 DaTunsase
| SAMPLE BOX NO. PROBE HEATER SETTING \ o]
METER BOX NO. 1_? {L =+ HEATER BOX sETTING_ZS¥ (= CROSS SECTION —
METEHAH@%WW@ "ﬁﬁop racton__©, 84 PRE TEST LEAK CHECKS
Y= [,Gﬁ’U AEF  Futer no & g"l METER _€2:-06] @ 26 in Hg
me stanT=__Le¢ 47 Pm Firer Tare weiaht b6 7O o ¢ prots Q@ 2«8 _inH0
elsth srmni ) _ : C. 1’ ORSAT
(B [ ar (e ] an [ (o] o | o |
# ‘4:-‘& +| - nHD °F in Ha0 Phras e .in Hz0 fi. Inlgt°F | Outlet °F F - Tomp. °F (inHg) | -
an\A - |44, 04+, 4% . 03 1 F50.08 (81,93 f/0. | 170.]125C | 2O, </, e 13T
s1eS| 2| 5S04+ 4 (lag. | 3.0 2 ctlxls |39 2z, | qr0. 265, | Fe. | <Fe [FS
oAU ED | Gt | 54 | TS | ED) 2.8 Y5 a5 sec, | s0e, 2357 FO,| 8.0 |Aa
o oo S oa] 4 258 15 [Alr] 78 | 7. zee.| PO . 0112
ol T 4404 /55 | LS 1228l LR [ SF8| 95| 95, [252.] est ¢ 0. |22
3 blacsk | j§B 48 (2300 2./ |47 2G| 2so(2e0, o | 3%
| F B Ot /2. |4 | [,68 £ F 88T | F2.] 20, | 256 | L8 25718
yeg e Tses (758 (1o [2F0L ol hes) |92, 95, 12351 68, 15.9 @
g'i—?) 1(5:454—01’4- /5"71' @ll /l?% a#% %@‘ q.z' ~ ?OI 2353 5‘3- ) /e. A) IE
wros| |4 Rs - [ [4F | | [, 5T 2.0 [15.5%] 90,| e | ZIS| Lo Z.o €
.ﬁ,:@--;,q-#mig; Lo L7 2,75 Z.® [s1533| o5 | g=,1228,) &%.| §:2 g
,q-,;s’ ; {-,30_;-5'54-1,,; 5. (2.5 250 2.6 [[#.3°| 9% | 75 ]|25S:] 62, |80 |77
s _STs 7t liG | [44 o |2, 03440 19495 92 | 22265, | 44, (%0 LY
el Clpade (ST/SE | 2.5 LA SC1 % O 191,50 P | 20,1245, | en. 1/0.0 |/
hovh Haz w144, | 3.3 2,957 3.8 |24 42| os:| F2.|266 | £2.1/6.0 92
f’u“;:’si___@ Sl (4| (49, | 15— 1193 [ F |25 26| @2.| ge.|25%. | L=~ o/
aie e | SOFROG| (el 02 12,65 0,25 Fad Zo.|260, | 43 |<hd &L
el 2| e RO E| /5] 1O [ L&5] L2 gz.|268, | £5. | 3.0 &/
v [ phzghesler, [ 1.0 [2.43] (> 9%, | 255, | Lé. | 2-C |H
Mt 4 [IUROL [ 266- | 1.0 [ 158 LT T . [2e0.| 8. [ 20 |5
Pl b [sTiofad,s 760 W] 200! (4 S| S0 1250, 69.] 5.0 &,
S 3 ' -{-ﬂe( (32 1 _0.C Ud '56.4-4’-& Z&i 22 I AR |
pas ] 1 : : Oalt o [Sownlsbs e L - |zmseal o s T "rf‘i‘“
i [a el [, BrSviglfs (oo G| | e
FoolE TR Lo Chack pRRS Tov ity o .ooS‘C'm OSTTE§TLEAKQHECKS 30—
Time ”ds_‘ ' T oy ) ' METER-_e.d.rgl @ /56 nHg 7.
*cl\ '-""""-"“‘/5“’*’1“' Lo aaagy N\ oPTOTS @ . T .
e L be 7 z0.ec35(& M*H-;-_:_,_ R [y 1S9 . ORSAT : _
' "‘i, S IMBINGER . %' 7¢ Gi-< :
FINAL 1. 1. EYVAT S — I
INITIAL fv:,,;g Jeo] = | .‘z;fcs‘: T L : _ W ﬁs_ﬁﬂsli‘\_ﬁﬁtﬁ
LIQUID COLLECTED | =~ | <. . =] &3 Caet .o ' fp——t— S REE I
TOTAL VOLUME COLLECTED, | _ " %~ | @ 4
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PARTICULATE ANALYTICAI, DATA FORM

COMPANY: _ Tplond Steel RUN NUMBER: 2

LOCATION: (,.3Y RELATIVE HUMIDITY: a5

DATE; b~26-85 _ ACETONE DENSITY ‘(}E)_ i 0785 )
LIQUID LEVEL MARKED AND CONTAINER SEALED?

ACETONE BLANK RESIDUE CONCENTRATION (Ca) ~D

ACETONE RINSE VOLUME (Vaw) Alo

BLANK RESIDUE IN ACETONE RINSE (wWa) = Ca.Vaw.Pa = ~h

NOTE: 1IN NO CASE SHOULD A BLANK RESIDUE 0.0l mg/g OR 0.001 % OF THE
WEIGHT OF ACETONE USED BE SUBTRACTED FROM THE SAMPLE WEIGHT.

DATE AND TIME OF WEIGHING 6127/8’5' n# GROSS WT. /10031-{5,53
T N - rd
DATE AND TIME OF WEIGHING Gl2alss le4 GROSS WT. ‘co3uid+la]
v [gs WA (50 3¢%7 J
AVERAGE GROSS WT. 24303
LESS BLANK RESIDUE (Wa) ND
TARE WT'. _ JOO307.)
WEIGHT OF PARTICULATE IN ACETONE RINSE RSt

DATE AND TIME OF WEIGHING ‘[77135'“"4,5;1035 FILTER WT. (é%’?f;l)

loA ¥ .
DATE AND TIME OF WEIGHING L[quB’S‘ 0 GROSS FILTER WT. L,‘Eﬁ ?},
=L T
AVERAGE GROSS WT. - 68508
FILTER TARE WT. L4G.0O
WEIGHT OF PARTICULATE ON FILTER .08

WEIGHT OF PARTICULATE IN ACETONE RINSE

TOTAL WEIGHT OF PARTICULATE 52.6 °

v

INITIALS OF ananysT Ck - 9%

g/ml
mg/g

ml
mg

mg
mg
mg
mg
mg

mg

mg
mg
mg
mg
mg
mg

mg
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PARTICULATE CALCULATION SUMMARY

INLA-ALD No 4 <AR

COMPANY:;
SOURCE:
REPETITION NO:
TEST DATE:

ENGLISH DNITS
(29.92in. Hg 68°F)

Volume of sample at standard
conditions on dry basis

Vmsta = [E7 65]

7

Lom 3

o(21(8s

P +_ AH
l bar T13.8§ = dscf.
T
= 049377 m
Volume of water vapor in sample at
standard conditions
A.5lqg .
Vwstd = 0.04707 cu.ft. v = scf,
—_— l¢
ml
Vlc = 9% ml.
Fractional moisture content of stack
gas
= . ‘
Byg = Vustd = q7él

Vmstd * Vwstd
Particle concentration in stack gas
on dry basis

grains/dscf.

c's

E:01543%;] Mp
Vmstd

= 2.205 1076 M,

N

0
3
o

x 10°61bs/dscf

Vmstd

Stack gas volume flow rate on dry basis

. 2336

0. = 3600 (1-B,.) V,A_ |Tstd . °s

x losdscf/hr

s
(Tglavg . Pg.q

(Ag= "'bssq.ft. V= ft/sec)
Process rate or BTU rating P =
Emission rate lb."lz _
Qg c's = lbs/hr
Qg c's = l1bs/
Pw
Isokinetic sampling rate
7367
- ‘ 0.002669 in. Hg.gu.ft. lc Vm Y{ Poar + AH
I = 1.667 mln ml."R 13 6
sec
OV P A,
6125-7 l ) 2

(a_ = -ml?(,? sg.ft.) =
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STACK VOLUME FLOW RATE CALCULATION SUMMARY

“~  COMPANY: INAND  Nod  cAR Ron R INAEL] es

o SOURCE:
REPETITION NO:
TEST DATE:

Dry molecular weight of stack gas

Mg = 0.44 (3€O3) + 0.32 (%03) + 0.28 (8N, + 3CO)
2% ¥4 - 1b/lb-mole

Molecular weight of stack gas,’ wet basis

Ms = Ma (1-B, ) + 18 BwS",s = 2118 1b/1l1b-mole
Pitot tube coefficient |

c. (from galibration'curve) . = D'?ﬁ‘
Average velocity head of stack gas, inches H,0

(/A5 ) avg. _ - 372, .

C, Average absolute stack gas temperature - ". _

(Tg) avg. = 1 #6'2- oF 4 460 = bob2 . °Rr
Absolute stack gas pressure - .

Pg = Py + (static Pressure/13.6) = 29'57- in. Hg

Stack gas velocity .
L5
(Vg) avg. = (85.49) C, (YAp ) avg I///('1'5) avg.

' Pg M
§4-65 - ft/sec.
Stack gas volume flow rate
60 Vg A . o= _éo?S'O acfm
Stack gas volume flow rate, dry basis
' - T . P
. Q, = 3,600 (1-B,,) Vg Ag std s
' - (Tg) avg . Pgig

. = x 108ascf/







PARTICULATE FIELD DATA

PLANT_ LN LAMD D7 * AMBIENT TEMPERATURE . 3.C-
pate_ &, 272, _ 85 BAROMETRIC PRESSURE 218D
ATION._ @ \onT 2 ASSUMED MOISTURE, %t
- F . \ ¢ ) L '
| GV ERATORLN fi~ Liedud  PROBE LENGTH, n2 wt
" stack no. Lo~ £4']. : NOZZLE DIAMETER, = 10.31

RUN NO 5 “ " STACK DIAMETER, .,.Mﬂ“ l '

SAMPLE BOX NO. I\ ~ PROBE HEATER SETTING

METER BOX NO. - ' HEATER BOX SETTING_ 25°F
| METER He - 2,243 _ L ACp FACTOR __0.£4

Y= O ?‘7‘3,4 - ”:l'_f‘ FILTER NO.__2_ .
TIME START= & 5?14”1

FILTER TARE WEiGHT _ £ €6:9 o

4

CROSS SECTION

CFE

METER
PITOTS

o OHSAT s

ilap= &H
PRE TEST LEAK CHECKS

<0‘,_€43 @ - 2 in Hg

o @« 3 IO

el | . ravTs ‘;' Static - .’J--l:_'; T Ar 4
yiAell b Q .| Pressuie LR

# - F- | inH |[Tim€

] F TR |4 -k _ Iy

AR .

5" ol ! 3é.6,60_
In Hz0 )

. Tm

. Tm
Inlet °F | Qutlet °F.

%

20,

go, [

3

it A |sr ok | Taf | i 3. 434 [, 7 |5hel
K-

K3

85~

22

pagl 2% iot (139, 12,0 12.59] 2.5 |82
2 [redohe | 144, 1 2,8 (28857 Y a1, 8%

g

%5

20,

83

5.9 15
£z
1S

L

TealheZ [ 151 2012451 2.3 45733 |

€8

€ Lo-

Tl |42 | 2.5 [3.524 2.5 |48.67|

4,

S8,

+

R
vy

“
W7 e PHo T /53 12,0 {2,400 2.3 [45.78
=
A
=

-, 6| [ | 2.0 12,93 2.3.150,£7

G,

%

90,
<

.

Sl B |2dadrad | (3 | 407 zo] £/ 1gLIL]

7S, |

- 97,

S

Y]

gl si Jouniliedig, Lrg |25 AC ]

= X
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00
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LlanreglEgas| 4.

5123812 8 |58Be?

9Z-

o

124738 [ues]

g,

92,

géo.| LS I g0

A agieia 1157 |

S5 (PR Ae 15 | 25D | 2503512358

- Qé};:-

o |-

A 8 |l

% \rgrae v L b

. S %
RerelL (/52 | 4o |2, 4% 50 G498, | FST | 240.| 6Fi| 0"
(3.2 . 12.551 3.8 [e2.0/ | 98, | 95712605 o120

O SR (5 25 |

-
v

"2-'-'5“"-_? [0 5O bY

s, I~ 27|

Sl
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2,5010. 5K 121,10
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a.

L 4 F_¥'
. -
-J‘ . 4,

:-‘_.__‘:. .., 1,’ ., R
-2 VOLUME OF uQuip |
" WATERGOLLECTED . | . *

] b

FINAL
INTTIAL

LIQUID COWLECTED | 4 » |- D= ]
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PARTICULATE ANALYTICAL DATA FORM

COMPANY : MAND ST RUN NUMBER:

DATE AND TIME OF

DATE AND TIME OF

DATE AND TIME OF

DATE AND TIME OF

\_.- REMARKS

3

LOCATION: A AL RELATIVE HUMIDITY: Ak
DATE: el (&5 ~ ACETONE DENSITY (Pa): 1857
LIQUID LEVEL MARKED AND CONTAINER SEALED? B
ACETONE BLANK RESIDUE CONCENTRATION (Ca) Py
ACETONE RINSE VOLUME (Vaw) 420
BLANK RESIDUE IN ACETONE RINSE (Wa) = Ca.Vaw.Pa = O

loA

— —
weIGHING - (9€ o  Gross wr.

WEIGHING Ul'l?s" GROSS WT.

AVERAGE GROSS WT.
LESS BLANK RESIDUE (Wa)
TARE WT.

WEIGHT OF PARTICULATE IN ACETONE RINSE

o A
Lo/

wereamvg 1 les GROSS FILTER WT.

WEIGHING -1P>(?sh GROSS FILTER WT.

AVERAGE GROSS WT.

FILTER TARE WT.

WEIGHT-OF PARTICULATE ON FILTER

WEIGHT OF PARTICULATE IN ACETONE RINSE

TOTAL WEIGHT OF PARTICULATE

NOTE: IN NO CASE SHQULD A BLANK RESIDUE 0.0l mg/g OR 0.001 % OF THE
WEIGHT OF ACETONE USED BE SUBTRACTED FROM THE SAMPLE WEIGHT.

qq019.g

e 02.0:0

Sq0l9:-9

ND

9% qub b

738

704 2

To43

704.25

ceg-o

TS

s

INITIALS OF ANALYST

<A

g/ml
mg/g

ml
mg

mg
mg
mg

mg

‘g

mg

mg
mg
mg
mg
mg
mg

my
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PARTICULATE CALCULATION SUMMARY

COMPANY: | INLA RS O Na -  SARL Rors 4 6(13(?5

SOURCE:
REPETITION NO:
TEST DATE:

ENGLISH DNITS

Volume of sample at standard
¢onditions on dry basis

(29.92in. Hg 68°F)
]:7 sil 'Pbar

] = -4§ qs_j’-' dsef.
_ 62937

Volume of water vapor in sample at
standard ceonditions

Vmstd

Y

' iR
Vustd = 0.04707 cu.ft. Vlc = S 43 scf.
ml
-
Vlc = ”b ml.

Fractional moisture content of stack
gas

. 16SY-.

= v -
Bys = wstd =
Vmstd * Vustd
Particle concentration in stack gas

on dry basis : ' .
E015439_E___, Mn = ' OBDSCI ' grains/dsct.
c's Vastd

<3711 x 10-61bs/dscft

2.205 1078 M,
Vmstd

Stack gas volume flow rate on dry basis

. 2.9

0, = 3600 (1-B,.) VoA  |Tseta . s = x 10%ascf/nr
(Tglavg . P g

Age L AQsq. £, ve= ft/sec)
Process rate or BTU rating P, =
Emission rate

Qg ¢'s - = (2 '60 lbs/hr

Qg c's = 1bs/

PW

Isokinetic sampling rate

0.002669 in.Hg.cu.ft. Vie ) * Vm ¥ Poar + AH
I = (1.667 min ) T_. ml.“R T 13.6

sec

OVSPSAH

(An = omtﬁe-? sg.ft.) . = %







The Almega CORPORATION

STACK VOLUME FLOW RATE CALCULATION SUMMARY

COMPANY: L IVEAR N® 4 <AL PISN <
SOURCE:

REPETITION NO:

TEST DATE:

Dry molecular weight of stack gas

My = 0.44 (%COp) + 0.32 (%03) + 0.28 (%N, + %CO)
28 4.

61231 =4y

1b/l1b-mole

Molecular weight of stack gas, wet basis

g7 .70
Ms = Md& (1-B, ) + 18 B, ' = 7

l1b/lb-mole

Pitot tube coefficient

D84

C. (from galibration'curve) =

Average velocity head of stack gas, inches H,0

(YBp ) avg. _ = [4oo

Average absolute stack gas temperature

o

(Tg) avg. = 1427 oF + 460 = é(:’2'7

Absolute stack gas pressure

P, =P + (Static Pressure/l3.6)_ =

-] b
Stack gas velocity

237
(Vg) avg. = (85.49) CP (YAp ) avg ///?T

) avg.

-] Ms

|

‘?(7"7'
7

2962— in. Hg

ft/sec.

Stack gas volume flow rate

60 Vg A | -

Gigao:

acfm

Stack gas volume flow rate, dry basis

T P

Q. = 3,600 (1-B,.) Vg Ag std - Fs

X losdscf/l







PARTICULATE FIELD DATA

PLANT Z N esrth> STl
oare_C T8 BT
¢ }.QC{ATION Ol Z %

CPERATOR o) & b L"‘d\- Ll ity

STACK NO.

RUN NO 4

2

SAMPLE BOX NO.

LTI I T

: op— "
AMBIENT TEMPEHATUHE_'-!.LE -

1‘ NORTH

BAROMETRIC pressure 2,55

ASSUMED MOISTURE, %__'\lﬂ.g_

PROBE LENGTH, 6 91?4471(
NOZZLE DIAMETER, n_ O &5~

o rap
STACK DIAMETER, n Se & fran [[55’ SK2%S

PROBE HEATER SETTING

SCHEMATIC OF STACK -

METER BOX No.— T HEATER BOX SETING_ =5 © CROSS SECTION
METER s Hg — 2. —"‘6'7'_3. Ace ractor__C ? 4O ch b PRE TEST LEAK CHECKS
Cy= e _"'IC‘I?) FILTER NO. : MHEH(@.CMC‘E‘LZS’.E in Hg
TIME START= g 4'9 A ' FILTER TARE wenen-rr_é-gc_l:& mg. PITOTS e @ ! InH0
“Leck - s Spmple ORsAT
b, PR e L | ar [4F] an B | o [om | o | ae [ [%
7 '! # = igdl - nha °F in He0 MR inH0 | n2 Injét’F | Outlet"F | o Temp. o | (nHO)
& OZ-T |4 e o [1TE, [3-5 |2, 404z [pa 45| Fo. [ (S l22s.[ 5O | F, | &
F4l 2| teflelo [13%. (3.0 |22 3.5 8854 | =4, (68, |AVS | 52 | £, =
ol =g L 149 (Le | 2.60]Z2 [66.93] Fo.] é&. 270, |2, [2, [5°
2% | dhmefdlo | 146, | UF |2.60] 2,0 6184 &3 | ¥8:|26e.| g0 | 7. |s%
R[S las2ihng | (45, (2,0 (25D 2. ¢ Jel32] 8] &C.[2%6, | FO LT |5
5] AL SHod |13, |20 | 2.55] 2.4 keSb| €5, £z.|2739,] 5. |<2 |7
3. Heribrert it | L5760 .'-f ‘P@#M €2 sc.| 220, €T 7., B4
ﬁnﬁ?-**% -2;};552 '{-ﬁ'.ﬁ:— {?5- ,:ﬂ 7 ‘__L__'ZS hbﬂ-ibs- . ‘35’-' gs—‘ 2Z7C ""':_5-" </[-0 /’
2 TP zres st f (&t 4 (2,35 48 PSRl ~ES.| 80.| 29| 55,170 12,
ot [l Seegleliy (140, | %5 [5.28|4, 2 [5se ] £8.] 8S.] 250 &9-12.0 |5/
weg Sl duell [ (44 [3C | 2, 5 5 & 24 | 90| E&lacel g2 | 2. ¢ #/
;;";_tj}: .ai_-:;{_f'_g_a 1, 1 [31. 3_‘-_{'—__- 2 ga- d"‘:‘--”)b" A g&, 84- 3—..#0- W%F{",C 4: C}_é—
PSR R 1A [1AB. 2.8 | L6046 [13:4%3] 26 | B 1230l 651 5.0 €.
poA| 44 [iag, |4 (2.6 5,5 124l 881 &S 1z240.| §T. | S.C |
S5t ﬂ-ﬂ'}?,,’ﬂrfi—(tir Teo. | 3.0 |2. 95| =.L 1agus] % | Bl 2d40) £F | 2:C 8]
2ot P 3B BR G 30, | .S 12851 1, & 200 | 28 e&:| 255, £€/. | £ [V
108 G| [$125ke3 | 137 | 62 | 2.35-| 028 BZBiF 28] ©5.1230,| £*, 1 </C |3
e[ 7| sAHTO S [\Lld L& (2301125 [236] E2.| &5 2132 &3, T YACHVE
20 [ 3 (4R % | (55, [ D (2,5 . 2 [28.LY. Geo | £5,[248.] 637 1<L:O 23
e |29l O D g, | B | 2.48] 2,2 |24 H go| CEIEFLIIZL|<[D 2
2685 | & P Ao | 1ol | 254247 3.0 |:29.3H G0.] B0240.1560.1 2.0 &
sief Lylxtiilb gy | 2571248 3.0 G390, B 230, | 5% | 2.0 |5
Y= 2L U0 S 153 | O 2,52 "‘0495'*33;'_-?: E8 Es. | z5=5] e | <Lle |&
st 8 Sredie s lyce. 102 | [1SF 6,25 BS.323 "9/ | 22,250 6z2. |l @ |1z
: T ay . |26eb @@W?_"{-' < Woo| 6ot [2sED) [arazr| - Nase N
s T TR,
: e . : G ‘-01‘5‘" METERL 2. OO/ @ O Mg,
4l fzf?"’§€?-it_;ef2 . IR POTS €@ Fe /7
o v*‘f@ﬁ L 613 A1 qs?IMPINGEFl F - L
\‘._',.a\lw& /OLUME GF LQUID--| " - FvoLuMEm v SIIGAGELf..(" ot LT
. WATER COLLECTED SR 2’-. g ey WEIGHT OHSATMEASUHE.MENT ~TIME
- INTAL |/ Ve /o] o= |- -
T ~LiQUID COLLECTED )
"7 TOTAL VOLUME COLLECTED qz, =« | 22

L eI o el ';;--.I.—‘j o







The Almega CorporaTion

PARTICULATE ANALYTICAL DATA FORM

COMDPANY: INEANND  ST8si- ' RUN NUMBER: <+

LOCATION: T ¢ RELATIVE HUMIDITY: 45 3
DATE: 2% (8BS ACETONE DENSITY (Pa): .85 7 g/ml
LIQUID LEVEL MARKED AND CONTAINER SEALED? -

ACETONE BLANK RESIDUE CONCENTRATION (Ca) MO mg/g
ACETONE RINSE VOLUME (Vaw) 755 ml
BLANK RESIDUE IN ACETONE RINSE (wa) = Ca.Vaw.Pa = ~D mg

NOTE: 1IN NO CASE SHOULD A BLANK RESIDUE 0.01 mg/g OR 0.001 $ OF THE
WEIGHT OF ACETONE USED BE SUBTRACTED FROM THE SAMPLE WEIGHT.

DATE AND TIME OF WEIGHING 'ﬂ' I?S‘ Lo/ GROSS Wr. teo 271§ mg
DATE aND TIME OF WEIGHING 7 (>l¢s” lo& GROSS WT. b mg
AVERAGE GROSS WT. 758 mg

LESS BLANK RESIDUE (Wa) iy mg

O ' TARE WT. 1 eD 2 mg
WEIGHT OF PARTICULATE IN ACETONE RINSE b0 mg

DATE AND TIME OF WEIGHING 2, (‘ZS‘ to*  GROSS FILTER WT. £e\.T mg
DATE AND TIME OF WEIGHING ‘ﬂ.)-(ﬁs* 10%  GROSS FILTER WT. égl. Y mg
| AVERAGE GROSS WT. Y mg

FILTER TARE WT. £$0-7 - mg

WEIGHT OF PARTICULATE ON FILTER R0 mg

WEIGHT OF PARTICULATE IN ACETONE RINSE mg

TOTAL WEIGHT OF PARTICULATE AU\  mg

{_ REMARKS

INITIALS OF ANALYST S A







607 C Country Club Drive
Bensenville, lllinois 60106
Phone: (312) 595-0175

BLANK ANALYTICAL DATA FORM

PLANT ;n’anOL Steel

Sample Location Pusl .cqr'-H-'""

Relative Humidity =)

Liquid level marked and container sealed Ye s

Density of acetone (P,) 17957 9/ml
Blank volume (Vz) | ' : 106 ml
Date and time of wt 411 G AMA Gross wt 93174.3 _ mg
Date and time of wt f~)2 [|PM Gross wt 9317Y4,3 mg
Average gross wt '93I7L/,_3 mg
Tare wt 93174.3 mg
Weight of blank (my) - & mg
Ca = a = ( ) = O mg/g

Va Pa T ) ( )

Noté: In no case should a blank residue greater than 0.0l mg/g or
0.001% of the blank weight be subtracted from the sample '

weight.
Filters . - Filter number
Date and time 6f wt Gross wt mg
Date and time of wt ' Gross wt 3 _ mg
Average gross wt mg
Tare wt .mg -
Difference wt g

Note: Average difference must be less than 15 mg or 2% of total
sample weight whichever is greater.

REMARKS

‘Signature of analyst - Cl£-
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APPENDIX G

VISIBLE EMISSIONS OBSERVATIONS







The Alw;eq,n CorporarTion

INLAND STEEL

#4 Gas Cleaning Car Hood Opacity
6/26/85

Almega Corporation observer mot available. All Opacity readings taken by
Inland Steel Company Visual Emissions Observer.







The Almega CorpoRraTioN

TABLE 2 ' INLAND STEEL
™ #4 Gas Cleaning Car Hood Opacity
U 6/27/85
Push # Battery # Qven # Average % Opacity
1 7 3 Readings not possible due to sun
position.
2 7 23 "
3 7 : 33 "
4 7 43 16.7
3 7 53 Readings not possible due to battery
emissions blowing over hood.
6 7 63 "
7 7 73 5.8
8 7 83 4.1
9 7 93 Readings not possible due to other
battery emissions obscuring view.
10 7 5 "
C?’ 11 7 25 ' "
12 7 35 ' "
13 7 45 "
14 7 55 _ "
15 7 65 4,2
16 7 75 6.7
17 7 85 No reading possible due to battery
emissions and dust obscuring view.
18 7 : 95 _ "
19 7 7 7.5
20 7 17 3.3
21 7 : 27 4,2
22 7 37 No reading possible due to other |
battery emissions obscuring view.
{:: 23 7 57 _ 2.5
' 24 6 64 3.3
25 : 7 67 4,2

‘Push #23, oven #57 not sampled by testing crew.
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The Almega CorpoRraTioN

™ TABLE 3 INLAND STEEL
e #4 Gas Cleaning Car Hood Opacity
& 6/28/85
Push # Battery # Oven # Average 7% Opacity
. :
2
3
4 Readings for Push #1 through Push #8 carried out
5 by Inland Steel Company Visual Emissions Observer.
6
7
8
9 7 21 Readings not possible due to
‘ sun position.
O 10 7 31 T
11 7 41 "
12 _ 7 51 ' "
13 7 61 . "
14 ' 7 71 "
15 7 81 "
16 7 91 "
17 7 3 6.7
18 7 13 _ 2.5
19 7 23 2.5
20 7 33 6.7
21 7 43 5.0
22 7 53 _ 2.5
¢ 23 7 63 4.0

24 6 ' 12 2.5
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APPENDIX H

Q EQUIPMENT CALIBRATIONS AND CERTIFICATIONS







607 C Country Club Drive
Bensenville, lllinois 60106
Phone: (312) 595-0175

July 5, 1985

This is to certify that B. W. Jackson was recertified for Visual
Determination of The Opacity of Emissions from Stationary Sources on
May 23, 1985 at a school held by Cook County Environmental Control in

Maywood, Illinois.
At this time, certificates of gualification have not been issued.

Should you have any questions regarding the recertification,
please contact Mr. W. Franek, Cook County Environmental Control at

865~6165.
' THE ALMEGA CORPORATION

Eric Aynsley,|Ph.D.
President

EA:dml







" Date S// 7,/ <4

B The Almega CORPORATION

STACK TEMPERATURE SENSOR CALIBRA

Thermocouple number

TION DATA FORM

/775/{"//50#‘[’!'7 Cas 1u

Ambient Temperature 7 0 OF Barometric pressure 62‘73— in. Hg.
Calibrator C?I" Reference: Mercury-in-glass b
Other
REFERENCE b REFERENCE THERMOCOUPLE
POINT b SOURCE THERMOMETER POTENTIOMETER TEMPERATURE |
NUMBER (Specify) TEMPERATURE,OF TEMPERATURE, ©F DIFFERENCE, %
. /S
Par ling 2 (28 F 211°F - 8
Water
) _ 3 3 O/f : ‘
Tece 32 O,F’ 20 Py
Water

a gvery 50°F for each reference point.

? Type of calibration system used.

O
- - F
X 4

OF + 460) - (test thermom temp, OF + 46&

< E%ef temp,

ref temp,

OF + 460

Quality Assurance Ha

100-¢1.5%.

ndbook M2-2.10







((\Date 5//:-/? (

STACK TEMPERATURE SENSOR CALIBRATION DATA FORM

The Almega CorpoRATiON

Thermocouple number /7767(6/’ 5_@1"'#"7 Gas OQut

Ambient Temperature 70 OF Barometric pressure A {2 in. Hg.
Calibrator C,7/ Reference: Mercury-in-glass _L—""
' ‘Other
REFERENCE REFERENCE THERMOCOUPLE
POINT b SOURCE b THERMOMETER POTENTIOMETER TEMPERATURE c
NUMBER (Specify) | TEMPERATURE,CF | TEMPERATURE, ©F | DIFFERENCE, y
Ly, ! o/l .
boling 2 12-°F 210°F 307
Water
i -3 ;{OF: . ﬁ///@%
s Tee 32°F |
Weder

a gvery 50°F for each reference point.

b Type of calibration system used,

S

F ref temp, °F + 460) - (test thermom temp, °F + 466] iOO-<1 567
ref temp, OF -+ 460 N

Qiality Assurance Handbook M2-2.10
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The Almega CORpORATION

TEMPERATURE SENSOR CALIBRATION DATA FORM

e‘_,% QWM& GA
« “vate - 3[“‘35 Thermocouple number 3
Ambient Temperature Sf7 OF BRarometric pressure 5?q-t( in. H?
Calibrator e Reference: Mercury-in-glass -
Othef
REFERENCE b REFERENCE THERIMOCOUPLE ] )
POINT b SOURCE THERMOMETER POTENTIOMETER TEMPERATURE ;
NUMBER (Specify) TEMPERATURE, °F | TEMPERATURE, OF DIFFERENCE,
:fj.. - o "% 2 Z 5 ¢ - O
- 2 ¢
Iy ] t
[=lg - o%.
€l
| (> /¢
o & 277 2,77 % :

a gvery 50°F for each reference point.

P Type of calibration system used.

0 Lret temp, OF + 460) - (test thermom temp, °F + 460 _j0g (1.5
ref temp, OF + 460 J A

Quality Assurance Handbook M2-2.10







The Almega CORpORATION

[4

Magnehelic calibration Data —5_77457
[
Qﬂ s

Date:' ‘lﬂvz fo_lg?gr . Calibrated by: 77
- /- > \
DWyegk Sl #= 8ET 3 BB F°

Magnehelic #: 14‘7%K1
0___5"’ l,'—,,(_)cao’e_lw "w.g.

gggnehelic range:

Test Readings - "w.g.
Magnehelic Manometer
&. 5P 2,57
/. O x-yi
@ "7_0 . L @r :7‘/ )
o3 7 | 05
| O . 20 O
’\J-—CC’ ) o- o8 o SR SIS L N Sy . - 0' aé’ "‘ .-
" 4.- é e T e i :. T TiLT T T RS ..'.."4'&'5'-"‘:'- s ot -
(

”QTE







Calibrated by:_ o,
Pitobe number: |7 P
‘ . Date: 25D
TI"'E AI.MEQA CORPORATION Manufacturer: S';_r((_.
Effective length: 76

»
. e
¥ . TYPE S PITOT TUBE INSPECTION DATA FORM
Pitot tube Assembly level?‘ yes no
Pitot tube openings damaged? yes (explain below) ~To
oy = | 0( <100), ay = [/ 0 (<100, By = _2- (5%,
B, = / 0¢ <50)
Ty = [ °, o= L 0, a=_,60(5 em (in.)
z =2 siny = Nt a7 em (in.); <0.32 cm (<1/8 in.).,
w=A sin 0 = C) cm (in.); <0.08 cm (¢1/32 in.).
© Py ., 333 cm (in.) Py 53 = em(in.)
Dy = _.3—50 cm (in.)
v I/
Comments: 94’7) 1
Calibration reguired? yes L—"no

, Quality Assurance Handbook M2-1.7
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The Almega CorpORATION

NOZZLE CALIBRATION DATA FORM

/ .
é/+/§{ ' Calibrated by’ ’31;/

Nozzle ' ' Nozzle Diameter® _
Identification D1 Dor . D3" ‘ ap,P p €
Number “mm (in.) mm (in.) mm (in.) mm (in.) avg
ZP 0.,3§/’_ | 0'f€5< C)./gE; o ¢9-/%Sﬁ
Gf}ea s -
where:
aDl,Z,B = three different nozzles diameters, mm (in.); each diameter
must be within (0.025 mm) 0.001 in.
g b AD = maximum difference between any two diameters, mm (in.),
N ~ AD=(0.10mm) 0.004 in. ' ' :
¢ Davg = average of Dl, Dz' and Dj.

Quality Assurance Handbook
M5-2.6
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The Almega CorpORATION

STACK TEMPERATURE SENSOR CALIBRATION DATA FORM

1o
Thermocouple number j%%’/ﬂﬁ#y,@;m/&
-

|

325
WX |

3la£‘.

I
Ambient Temperature 7q OF  Barometric pressure Q?é in. Hg.
Calibrator C,-I/ Reference: Mercury-in-glass &
' Other
REFERENCE b REFERENCE THERIMOCOUPLE _
POINT b SOURCE . THERMOMETER - POTENTIOMETER TEMPERATURE'C
NUMBER (Specify) TEMPERATURE, OF TEMPERATURE, OF | DIFFERENCE, 7
© . 1O9 30 /o
By | Q125F Q(0F | 307
eV

‘.;2007_0

a gvery 50°F for each reference point.

b__ Type of calibration system uéed.

ref temp, “F + 460

Ve E:ef temp, °F + 460) - (test thermom temp, OF + 466'

1

.100 <1 5%.

Quality Assurance Handbook M2-2.10







The Almega CORpPORATION

STACK TEMPERATURE SENSOR CALIBRATION DATA FORM

13(
3 O |
' Date [{"/Q"g{ ' Thermocouple number Sr 2l g{vlﬁmﬁ&:&’:
[ ¥ g v
Ambient Temperature '77€7 OF Barometric pressure =9 ¢ in. Hg.
.
Calibrator C./ Reference: Mercury-in-glass L—"
Other
- REFERENCE b REFERENCE THERMOCOQUPLE
POINT b SOURCE THERMOMETER - - POTENTIOMETER TEMPERATURE c
NUMBER (Specify) TEMPERATURE,OF | TEMPERATURE, OF | DIFFERENCE, "7

bokiy | 2/a% | 2147 | 307
it - |

Jee 320F 3306|207
Wi |

a gEyery 50°F for each reference point.

_P_Type of calibration system used.

ref temp, OF + 460

s E}ef temp, Op + 460) - (test thermom temp, OF + 46& .100 <1.5%
Quality Assurance Handbook M2-2.10









