Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary
Point and Area Sources. APA42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section. The file name
"ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference may be
from a previous version of the section and no longer cited. The primary source should always be checked.

Background Report Reference

AP-42 Section Number: 12.15

Background Chapter: 4

Reference Number: 19

Title: Stationary Source Sampling Report for
Johnson Controls, Inc., Louisville,
Kentucky

Trigon Engineering Consultants,Inc.

1991



EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



@ e
i0CT 2 11991

AP.CD.

‘M ENGINEERING CONSULTANTS, INC.

7561-B Orr Road . Charlotte, NC 28213 . 704-598-1049

STATIONARY SOURCE SAMPLING REPORT
FOR

JOHNSON CONTROLS, INC.

-

LOUISVILLE, KENTUCKY

RADCO #2 STACK
RADCO #3 STACK
SOUTH APB STACK

Trigon Engineering Consultants,Inc.
Air Monitoring Division
Charlotte, North Carolina
Project #046-91-011

i
i
|
|
i
i
.
1 ,,
1 RADCO #1 STACK
I
I
1
3
1
3
1




~
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INTRODUCTION

Purpose:

The purpose of the sampling was to determine lead emissions for regulatory

compliance purposes.

QOutline of Test Program:

Source sampling was performed at the Johnson Controls, Inc. battery manufacturing

facility in Louisville, Kentucky to determine concentrations and emission rates of

inorganic lead from Pasting Line #1 RADCO #3 Stack, Pasting Line #2 RADCO

#2 Stack, Pasting Line #3 RADCO #1 Stack and the South Auto Post Burner

(APB) Stack. On September 17, IQW@_&W
on RADCO #1 and #2 Stacks. On September 18, 1991 three 2-hour sampling runs

were conducted on RADCO #3 Stack and the South Auto Post Burner Stack.

Test Participants:

Testing was performed by Mr. J. Anthony Blanton, Mr. Jeffery W. Kohlstedt and
Mr. H. David Sides of Trigon Engineering Consultants, Inc.  Testing was
coordinated with Mr. David Brown, Johnson Controls, Inc. Process Engineer, and
plant personnel. Mr. Paul Costangio a representative from the Air Pollution
Control District of Jefferson County was present to observe the test proceedings.

Testing was conducted during normal production hours.




SUMMARY OF RESULTS

Presentation:
Table 1 presents the summary of results from the Pasting Line #3 RADCO #1
Stack. The mean lead concentration was 0.000002 grains per dry standard cubic

foot. The mean lead emission rate was 0.00026 pounds per hour.

Table 2 presents the summary of results from the Pasting Line #2 RADCO #2
Stack. The mean lead concentration was 0.000009 grains per dry standard cubic

foot. The mean lead emission rate was 0.00114 pounds per hour,

Table 3 presents the summary of results from the Pasting Line #1 RADCO #3
Stack. The mean lead concentration was 0.000003 grains per dry standard cubic

foot. The mean lead emission rate was 0.00045 pounds per hour.

Table 4 presents the summary of results from the South Auto Post Burner Stack
The mean lead concentration was 0.000017 grains per dry standard cubic foot. The

mean lead emission rate was 0.000005 pounds per hour.

Detailed sampling results and example calculations are presented in Appendix A;
analytical data is presented in Appendix B; and field data is presented in Appendix
C.

g/ \\




|

Discussion:

Based on the results of the lead sampling, the four processes sampled at the
Johnson Controls, Inc., Louisville, Kentucky battery manufacturing facility were in
compliance with the New Source Performance Standards (NSPS) emission
limitations. For the pasting processes the allowable lead emission rate is 0.00044
grains per dry standard cubic foot. For the Post Burner process the allowable lead

emission rate is also 0.00044 grains per dry standard cubic foot.




TABLE 1

SUMMARY OF RESULTS, LEAD SAMPLING
PASTING LINE #3 RADCO #1 STACK

Run Number

Date

Percent Isokinetic

Avg. Stack Temperature, °F
Stack Gas Flow Rate, DSCFM *
Stack Gas Flow Rate, ACFM

Lead:

E

Concentration, mg

Concentration, gr/dscf

Emission Rate, Ibs/hour

68°F, 29.92 inches Hg

1
09/17/91
95.20
88.92
14957.76
15860.33

0.0088
0.000001
0.000169

2
09/17/91
94.79
94,58
14511.20
15695.58

0.0118
0.000002
0.000228

3
09/17/91
96.13
97.42
15349.62

'16615.64

0.0198
0.000003
0.000380




TABLE 2
SUMMARY OF RESULTS, LEAD SAMPLING
PASTING LINE #2 RADCO #2 STACK

Run Number 1 2 3
Date 09/17/91 09/17/91 09/17/91
Percent Isokinetic 92.40 96.10 93.92
Avg. Stack Temperature, °F 89.21 91.88 97.50
Stack Gas Flow Rate, DSCFM * 14137.69 14600.44 14088.54
Stack Gas Flow Rate, ACFM 14972.55 15675.86 15307.58
Lead:

Concentration, mg 0.0366 0.1136 0.0178

-Concentration, gr/dscf 0.000006 000018 0.000003

Emission Rate, Ibs/hour 0.000775 0.002274 0.000356

*  68OF, 29.92 inches Hg




TABLE 3
SUMMARY OF RESULTS, LEAD SAMPLING
PASTING LINE #1 RADCO #3 STACK

Run Number 1 2 3
Date 09/18/91 09/18/91 09/18/91
Percent Isokinetic 96.62 93.93 96.41
Avg. Stack Temperature, °F 81.38 84.38 82.75
Stack Gas Flow Rate, DSCFM * 18128.79 17319.86 16761.5_3
Stack Gas Flow Rate, ACFM 19088.71 18407.82 17908.33
Lead:

Concentration, mg 0.0137 0.036 0.0168

Concentration, gr/dsct 0.000002 0.000005 0.000002

Emission Rate, Ibs/hour 0.000277 0.000737 0.000327

* 68OF, 29.92 inches Hg




TABLE 4

SUMMARY OF RESULTS, LEAD SAMPLING
SOUTH AUTO POST BURNER STACK

~ Run Number 1
Date 09/18/91
Percent Isokinetic 95.10
Avg. Stack Temperature, °F 141.60
Stack Gas Flow Rate, DSCFM * 31.38
Stack Gas Flow Rate, ACFM 36.84
Lead:

Concentration, mg 0.0702
Concentration, gr/dscf 0.000012
Emission Rate, Ibs/hour 0.000003

*  68°F, 29.92 inches Hg

2
09/18/91
94.84
144.63
31.34
36.89

0.14
0.000025
0.000007

3
09/18/91
98.06
142.38
29.73
35.33

0.0793
0.000014
0.000004




PROCESS DESCRIPTION

The Johnson Controls, Inc., Louisville, Kentucky battery manufacturing facility
operates pasting lines to produce positive and negative plates. Lead grids from the
grid casting department are coated with a lead oxide/suifuric acid paste and then

flash dried and stacked. The emissions from each pasting line are collected by the

corresponding RADCO vacuum filter. Pasting Line #1 is vented to RADCO #3,

Pasting Line #2 is vented to RADCO #2, and Pasting Line #3 is vented to
RADCO #1. Air passes through each RADCO and return air passes through the
Hastings Baghouse before returning to the Pasting area. Exhaust’ géses pass from
the Pasting area to a LD. fan, RADCO, and stack to the atmosphere. A RADCO is
a high volume, two stage HEPA fiiter with the capacity to continuously clean the

main filter bank while operating. Figure 1 details the flow diagram for the Pasting
Line/RADCQ process.

In the Auto Post Burner process a small amount of molten lead is poured into a
mold on the terminal tops of each battery to form a terminal post. This process is

used primarily for top terminal type batteries. Emissions from the APB lines are

vented uncontrolled to the atmosphere via a fan and common stack. Figure 2

details the flow diagram for the APB process.

Johnson Controls has provided information regarding production during the

sampling. This data can be found in Appendix D - Process Data.
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Flow Diagram
Pasting Lines #1, #2, and #3
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South Auto Post Burner (APB)
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SAMPLING AND ANALYTICAL PROCEDURES

General:

Sampling and analytical procedures used were those recommended by the U.S.
Environmental Protection Agency (EPA) and the Air Pollution Control District of
Jefferson County. Due to the high analytical accuracy required for these lead
samples, the laboratory determined total lead concentration (ug) by diluting each
sample as necessary to bring it into optimum range of the calibration curve. This
procedure is outlined in Reference Method 12 paragraph 5.4.1. Complete details
are found in the Code of Federal Regulations, Title 40, Part 60, Appendix A,
Methods 1 through 4, and Method 12.

Sampling Points:

The dimensions of the stack and the location of the sampling points are detailed in
Figures 3 and 4. The stack cross section for the RADCO Lines #1, #2 and #3
were divided into 24 equal areas. The ports were labeled A and B. Each point was
sampled for a period of 5.0 minutes which yielded a total test time of 120 minutes
per run. The stack cross section for the South APB Line was divided into 8 equal
areas. The ports were labeled A and B. Each point was sampled for a period of

7.5 minutes twice which yielded a total test time of 120 minutes per run.

11
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The number of velocity sampling points were determined according to EPA Method
1. Velocity measurements were determined according to EPA Method 2.  Gas
composition was based on the emission of normal air concentrations for CO,, O,,
CO, and N, which yields a dry molecular weight of 28.836 1b/lb mole basis. This
was confirmed using a Fyrite gas analyzer. Moisture content was determined
according to EPA Method 4. Sampling and analysis for lead was determined
according to EPA Method 12.
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South APB Stack
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APPENDIX A

SAMPLING RESULTS AND EXAMPLE CALCULATIONS




SUMMARY OF RESULTS

PASTING LINE #3 RADCO #1 STACK
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SUMMARY OF RESULTS

METHOD 12 INORGANIC LEAD

Johnson Controls Inc. Louisville, Kentucky

Radco #1 Stack
Run Number
Date:
TT - NetTime of Test
PB - Barometric Pressure, in Hg.
PS - Stack Pressure, Absolute

DPS - Avg. Delta P Sqrd.

VSTD - Volume Sampled at Stand. Cond.

T™ - Avg.Gas Meter Temp Deg. F
TS - Avg. Stack Temp. Deg. F
VS - Avg. Stack Velacity, ft/s

QA - Actual Gas Volume Flow, (acfm)

QS - Gas Volume Flow, Dry Std. Cond. (dscfm)
QSW - Gas Volume Flow, Wet Std. Cond. (wscfm)

MWD - Avg. Mole. Wt. Dry Stack Gas #/#

MW - Mole. Wt. Stack Gas #/#
PERI - Percent Isokinetic
AS - AreaStack, ft2

CP - Pitot Tube Constant

1
09/17/91
120
29.75
29.7794
0.82
102.63
86.20
88.92
4737
15860.33
14957.76
15184.14
28.84
28.67
95.20
5.58

0.84

2
09/17/91
120
29.5
29.5294
081
99.14
94.40
04.58
46.88
15695.58
14511.20
14748.19
28.84
28.66
94.79
5.58

0.84

3
09/17/91
120
29.5
29.5294
0.85
105.49
95.02
97.42
49.63
16615.64
15349.62
15533.17
28.84
28.71
96.13

5.58

0.84
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SUMMARY OF RESULTS
METHOD 12 INORGANICLEAD

Johnson Controls Inc. Louisville, Kentucky
Radco #1 Stack

DN - Sample Nozzle Diameter

P02 - Percent 02 Dry

PCO02 - Percent CO2 Dry

PMV - Percent Moisture in Stack

VMV - Volume of Water Vapor at Std. Cond.

MD - Mole Fraction of Dry Gas

FMF - Lead Concentration, Mg.

CAN - Lead Concentration, gr/dscf

CAT - Lead Concentration, gr/acf

CAW - Lead Emission Rate, ibs/hr

FMP - Net Sampling Points

0.248 0.248
20.9 20.9
0 0
1.491 1.607
155 1.62

09845  0.9838
0.0088  0.0118
0.000001  0.000002
0.000001  0.000002
0.000169  0.000228

24 24

1.182

1.26

0.9874

0.0198

0.000003

0.000003

0.000380

24




SUMMARY OF RESULTS
METHOD 12 INORGANIC LEAD

Johnson Controls Inc. Louisville, Kentucky

Radco #1 Stack

Example Calculations Run 1

Pressure of Stack, Absclute inches Hg.
PS = PB - Static Pressure inches Hg. =

Volume of Dry Gas Sampled at Standard Cond.
17.64* VM * (PB + PM / 13.6)
™ + 460

Volume of Water At Standard Cond.
VMV = 0.04709 * VW =

Percent Moisture in Stack Gas
100 * VMV

PMV = =
VMST + VMV

Mole Fraction of Dry Gas
100 - PMV
MD ] =
100

Average Molecular Weight of Dry Stack Gas
MWD = 0.44 * %C02 + 0.32 * %02 + 0.28 * (100 - %C02 - %02) =

Molecular Weight of Stack Gas
MW = MWD * MD + [18 *(1 -MD)] =

Stack Gas Velocity at Stack Cond.
VS = 5129.4 * CP * DPS * SQRT (TS + 460)/(PS * MW) =

29.7794

102.6323

1.5533

1.4909

0.9845

28.8360

28.6744

47.3726




SUMMARY OF RESULTS
METHOD 12 INORGANICLEAD

Johnson Controls Inc. Louisville, Kentucky
Radco #1 Stack
Stack Gas Volumetric Flow At Stack Cond.
QS * (TS + 460)

QA = =
17.64 * PS * MD

Stack Gas Volumetric Folw at Standard Cond. Dry
0.123* VS *PS *MD
QS = =
TS + 460

Stack Gas Volumetric Flow at Standard Cond. Wet
QSW = QS * [1/(1-(PMV /100))]

Percent Isokinetic
1039 * (TS + 460) * VMSTD
PERI = =
VS*TT *PSMD *DN * DN

Lead Loading -- Probe, Impingers, and Filter
(At Standard Conditions gr/dscf)
CAN = 0.0154 * FMF / VMSTD =

Lead Loading -- Probe, Impingers, and Filter
(At Stack Conditions gr/acf)
17.64* CAN *PS *MD
TS + 460

Lead LB/hr -- Probe, Impingers, and Filter
(AT Standard Conditions)
CAW = 0.00857 * CAN * QS =

* Standard Conditions = 68 degrees F, 29.92 inches Hg.

15860.33

14957.76

15184.14

95.1958

0.0000

0.0000

0.0002




SUMMARY OF RESULTS

PASTING LINE #2 RADCO #2 STACK
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SUMMARY OF RESULTS

METHOD 12 INORGANIC LEAD

Johnson Controls Inc. Louisville, Kentucky

Radco #2 Stack
Run Number
Date:
TT - Net Time of Test
PB - Barometric Pressure, in Hg.
PS - Stack Pressure, Absolute

DPS - Avg. Delta P Sqrd.

VSTD - Volume Sampled at Stand. Cond.

T™ - Avg. Gas Meter Temp Deg. F
TS - Avg. Stack Temp. Deg. F
VS - Avg. Stack Velocity, fi/s

QA - Actual Gas Volume Flow, (acfm)

QS - Gas Volume Flow, Dry Std. Cond. (dscfm)
QSW - Gas Volume Flow, Wet Std. Cond. (wscfm)

MWD - Avg. Mole. Wt. Dry Stack Gas #/#

MW - Mole. Wt. Stack Gas #/#
PERI- Percent Isokinetic
AS - Area Stack, f12

CP - Pitot Tube Constant

1
09/17/91
120
29.74
29.7694
0.78
88.18
85.14
89.21
44.72
14972.55
14137.69
14321.83
28.84
28.70
92.40
5.58

0.84

2
09/17/91
120
29.48
29.5094
0.81
96.29
91.42
91.88
46.82
15675.86
14600.44
14791.71
28.84
28.70
96.10
5.58

0.84

3
09/17/91
120
29.37
29.3994
0.78
93.07
95.06
97.50
45.72
15307.58
14088.54
14245.29
28.84
28.72
93.92

5.58

0.84
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SUMMARY OF RESULTS
METHOD 12 INORGANIC LEAD

Johnson Controls Inc. Louisville, Kentucky
Radco #2 Stack

DN - Sample Nozzle Diameter

P02 - Percent 02 Dry

PC02 - Percent C02 Dry

PMV . Percent Moisture in Stack

VMYV - Volume of Water Vapor at Std. Cond.

MD - Mole Fraction of Dry Gas

FMF - Lead Concentration, Mg.

CAN - Lead Concentration, gr/dsct

CAT - Lead Concentration, gr/acf

CAW - Lead Emission Rate, lbs/hr

FMP - Net Sampling Points

0.24 0.242
20.9 209
0 0
1.286 1.293
1.15 1.26

0.9885 0.9874

0.0366 0.1136

0.000006  0.000018

0.000006  0.000017

0.000775  0.002274

24 24

1.100

1.04

0.9896

0.0178

0.000003

0.000003

0.000356

24
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SUMMARY OF RESULTS
METHOD 12 INORGANICLEAD

Johnson Controls Inc. Louisville, Kentucky

Radco #2 Stack

Example Calculations Run 1

Pressure of Stack, Absolute inches Hg.
PS = PB - Static Pressure inches Hg. = 29.7694

Volume of Dry Gas Sampled at Standard Cond.
17.64* VM * (PB + PM/ 13.6)

.l VYSTD = = 88.1764
™ + 460
. Volume of Water At Standard Cond.
' VMV = 0.04709 * VW = 1.1485
i Percent Moisture in Stack Gas
el 100 * VMV
N PMV = = 1.2858
VMST + VMV
I Mole Fraction of Dry Gas
| 100 - PMV
l MD = = 0.9885
100 :

Average Molecular Weight of Dry Stack Gas
MWD = 0.44 * %C02 + 0.32 * %02 + 0.28 * (100 - %C02 - %02) = 28.8360

Molecular Weight of Stack Gas
MW = MWD *MD + [18 *(1 -MD)] = 28.6967

Stack Gas Velocity at Stack Cond.
VS = 5129.4 * CP * DPS * SQRT (TS + 460)/(PS * MW) = 44,7209




- Em

SUMMARY OF RESULTS
METHOD 12 INORGANIC LEAD

Johnson Controls Inc. Louisville, Kentucky

Radco #2 Stack

Stack Gas Volumetric Flow At Stack Cond.
QS * (TS + 460)

QA = =
17.64 * PS * MD

Stack Gas Volumetric Folw at Standard Cond. Dry
0.123* VS *PS*MD

QS = =
TS + 460

Stack Gas Volumetric Flow at Standard Cond. Wet
QSW = QS * [1/(1-(PMV / 100))]

Percent Isokinetic
1039 * (TS + 460 ) * VMSTD

PERI =

VS*TT *PSMD *DN *DN-

Lead Loading -- Probe, Impingers, and Filter
(At Standard Conditions gr/dscf) -
CAN = 0.0154 * FMF / VMSTD =

Lead Loading -- Probe, Impingers, and Filter
(At Stack Conditions gr/acf)
17.64 * CAN * PS * MD

CAT = =
TS + 460

Lead LB/hr -- Probe, Impingers, and Filter
(AT Standard Conditions)
CAW = 0.00857 * CAN *QS =

* Standard Conditions = 68 degrees F, 29.92 inches Hg.

14972.55

14137.69

14321.83

92.3964

0.0000 ov

0.0000

0.0008 ./
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SUMMARY OF RESULTS

PASTING LINE #1 RADCO #3 STACK




SUMMARY OF RESULTS

METHOD 12 INORGANICLEAD

Johnson Controls Inc. Louisville, Kentucky

Radco #3 Stack
Run Number 1 2 3
Date: 09/18/91  (9/18/91 09/18/91
TT - Net Time of Test 120 120 120
PB - Barometric Pressure, in Hg. 29.62 29.49 29.44
PS - Stack Pressure, Absolute 29.6494 29.5194 29.4694
DPS - Avg. Delta P Sqrd. 0.99 0.95 0.93
l‘ VSTD - Volume Sampled at Stand. Cond. 118.23 111.65 113.67
I T™ - Avg. GasMeter Temp Deg. F 85.58 97.17 89.73
_ TS - Avg. Stack Temp. Deg. F 81.38 84.38 82.75
l VS - Awg. Stack Velocity, ft/s 57.02 54.98 53.49
l QA - Actual Gas Volume Flow, (acfm) 19088.71 18407.82  17908.33
I QS - Gas Volume Flow, Dry Std. Cond. (dscfm) 1812879 1731986 1676153
, QSW - Gas Volume Flow, Wet Std. Cond. (wscfm) 18448.51 17614.84 17159.22
I! MWD - Avg. Mole. Wt. Dry Stack Gas #/# 28.84 28.84 28.84
MW . Mole. Wt. Stack Gas #/# 28.65 28.65 28.58
PERI- Percent Isokinetic 96.62  93.93 96.41
AS - Area Stack, ft2 5.58 5.58 5.58
CP - Pitot Tube Constant 0.84 0.84 0.84
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SUMMARY OF RESULTS
METHOD 12 INORGANICLEAD

Johnson Controls Inc. Louisville, Kentucky
Radco #3 Stack

DN - Sample Nozzle Diameter

P02 - Percent 02 Dry

PCO02 - Percent C02 Dry

PMV . Percent Moisture in Stack

VMYV - Volume of Water Vapor at Std. Cond.

MD - Mole Fraction of Dry Gas

FMF - Lead Concentration, Mg.

CAN - Lead Concentration, gr/dscf

CAT - Lead Concentration, gr/acf

CAW - Lead Emission Rate, Ibs/hr

FMP - Net Sampling Points

0.24 0.242
20.9 20.9
0 0
1.733 1.675
2.09 1.90

0.9791 0.9810

0.0137 0.036

0.000002  0.000005

0.000002  0.000005

0.000277  0.000737

24 24

0.245
20.9
0

2.318

2.70 |

0.9730

0.0168
0.000002
0.000002

0.000327

24




SUMMARY OF RESULTS
METHOD 12 INORGANIC LEAD

Johnson Controls Inc. Louisville, Kentucky

Radco #3 Stack
Example Calculations Run 1

Pressure of Stack, Absolute inches Hg.
PS = PB - Static Pressure inches Hg. =

Volume of Dry Gas Sampled at Standard Cond.
17.64* VM * (PB + PM/13.6)
V31D = =
™ + 460

Volume of Water At Standard Cond.
VMV =0.04709 * VW =

Percent Moisture in Stack Gas
100 * VMV

PMYV = =
VMST + VMV

Mole Fraction of Dry Gas
100 - PMV
m - —
100

Average Molecular Weight of Dry Stack Gas
MWD = 0.44 * %C02 + 0.32 * %02 + 0.28 * (100 - %C02 - %02) =

Molecular Weight of Stack Gas
MW = MWD *MD + {18 *(1-MD)] =

Stack Gas Velocity at Stack Cond.
VS =5129.4 * CP * DPS * SQRT (TS + 460)/(PS * MW) =

29.6494

118.2344

2.0852

1.7331

0.9791

28.8360

28.6482

57.0153




SUMMARY OF RESULTS
METHOD 12 INORGANICLEAD

Johnson Controls Inc. Louisville, Kentucky
Radco #3 Stack
Stack Gas Volumetric Flow At Stack Cond.
QS* (TS +460)

QA = =
17.64 * PS*MD

Stack Gas Volumetric Folw at Standard Cond. Dry
0.123* VS*PS*MD
QS = =
TS + 460

Stack Gas Volumetric Flow at Standard Cond. Wet
QSW = QS * [1/(1-(PMV/100))]

Percent Isokinetic
1039 * ( TS + 460 ) * VMSTD
PERI = =
VS*TT*PSMD *DN * DN

Lead Loading -- Probe, Impingers, and Filter
(At Standard Conditions gr/dscf)
CAN = 0.0154 * FMF / VMSTD =

Lead Loading -- Probe, Impingers, and Filter
(At Stack Conditions gr/acf)
17.64 * CAN *PS *MD
CAT = =
TS + 460

Lead LB/hr -- Probe, Impingers, and Filter
(AT Standard Conditions)
CAW = 0.00857* CAN* QS =

* Standard Conditions = 68 degrees F, 29.92 inches Hg.

19088.71

18128.79

18448.51

96.6176

0.0000

0.0000

0.0003




SUMMARY OF RESULTS

SOUTH APB STACK
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SUMMARY OF RESULTS
METHOD 12 INORGANICLEAD

Johnson Controls Inc. Louisville, Kentucky
South APB Stack

Run Number

Date:

TT - Net Time of Test

PB - Barometric Pressure, in Hg.

PS - Stack Pressure, Absolute

DPS - Avg. Delta P Sqgrd.

VSTD - Volume Sampled at Stand. Cond.

T™™ - Avg. Gas Meter Temp Deg. F

TS - Avg.Stack Temp. Deg. F

VS - Avg. Stack Velocity, ft/s

QA - Actual Gas Volume Flow, (acfm)

QS - Gas Volume Flow, Dry Std. Cond. (dscfm)

QSW - Gas Volume Flow, Wet Std. Cond. (wscfm)

MWD - Avg. Mole. Wt. Dry Stack Gas #/#

MW . Mole. Wt. Stack Gas #/#

PERI - Percent Isbkinetic

AS - AreaStack, ft2

CP - Pitot Tube Constant

1
09/18/91
120
29.61
29.6093
0.12
87.33
81.50
141.60
7.03
36.84
31.38
32.00
28.84
28.63
95.10
0.0873

0.84

2
09/18/91
120
29.49
29.4893
0.12
86.96
88.25
144.63
7.04
36.89
31.34
31.75
28.84
28.70
94.84

0.0873

0.84

3
09/18/91

120

29.44

29.4393

0.11

85.30

80.50

142.38

6.75

3533

29.73

30.47

28.84

28.57

98.06

0.0873




SUMMARY OF RESULTS
METHOD 12 INORGANIC LEAD

Johnson Controls Inc. Louisville, Kentucky
South APB Stack

DN - Sample Nozzle Diameter

P02 - Percent 02 Dry

PC02- Percent CO2 Dry

PMV - Percent Moisture in Stack

VMV . Volume of Water Vapor at Std. Cond.

MD . Mole Fraction of Dry Gas

FMF - Lead Concentration, Mg.

CAN - Lead Concentration, gr/dscf

CAT - Lead Concentration, gr/acf

CAW - Lead Emission Rate, Ibs/hr

FMP - Net Sampling Points

0.625 0.625
20.9 209
0 0
1.924 1.288
1.71 1.13

0.9829 0.9887

0.0702 0.14

0.000012  0.000025

0.000011  0.000021

0.000003  0.000007

16 16

0.625
20.9
0
2439
2.13
0.9787
0.0793
0.000014
0.000012

0.000004

16
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SUMMARY OF RESULTS
METHOD 12 INORGANIC LEAD

Johnson Controls Inc. Louisville, Kentucky

South APB Stack

Example Calculations Run 1

Pressure of Stack, Absolute inches Hg.
PS = PB - Static Pressure inches Hg. =

Volume of Dry Gas Sampled at Standard Cond.
17.64* VM * (PB + PM/ 13.6)
VSTD = =
™ + 460

Volume of Water At Standard Cond.
VMYV = 0.04709 * VW =

Percent Moisture in Stack Gas
100 * VMV

PMV = =
VMST + VMV

Mole Fraction of Dry Gas
100 - PMV
MD = =
100

Average Molecular Weight of Dry Stack Gas

MWD = 0.44 * %C02 + 0.32 * %02 + 0.28 * (100 - %C02 - %02) =

Molecular Weight of Stack Gas
MW = MWD *MD + [18 *(1 -MD)] =

Stack Gas Velocity at Stack Cond.
VS = 5129.4 * CP * DPS * SQRT (TS + 460)/(PS * MW) =

29.6093

87.3273

1.7133

1.9242

0.9829

28.8360

28.6275

7.0335




SUMMARY OF RESULTS
METHOD 12 INORGANIC LEAD

Johnson Controls Inc. Louisville, Kentucky
South APB Stack
Stack Gas Volumetric Flow At Stack Cond.
QS * (TS + 460)

QA: =
17.64 * PS* MD

Stack Gas Volumetric Flow at Standard Cond. Dry
0.123*VS*PS*MD
QS = =
TS + 460

Stack Gas Volumetric Flow at Standard Cond. Wet
QSW = QS * [1/(1-(PMV / 100})]

Percent Isokinetic
1039 * (TS + 460 ) * VMSTD
PERI = =
VS*TT *PSMD * DN * DN

Lead Loading -- Probe, Impingers, and Filter
(At Standard Conditions gr/dscf)
CAN = 0.0154 * FMF / VMSTD =

Lead Loading - Probe, Impingers, and Filter
(At Stack Conditions gr/acf)
17.64 * CAN * PS *MD

CAT =
TS + 460

Lead LB/hr -- Probe, Impingers, and Filter
(AT Standard Conditions) '
CAW = 0.00857 * CAN*QS =

* Standard Conditions = 68 degrees F, 29.92 inches Hg.

36.84

31.38

32.00

95.1015

0.0000

0.0000

0.0000




APPENDIX B

ANALYTICAL DATA




. Oxford Laboratories, Inc.

7461-B ORR ROAD

CHARLOTTE, NC 28213

M12-1
M12-2
M12-3
M12-4
M12-5
M12-6

[ QS PURE S I

ead, as Ph, Total ug
ead, as Pb, Total ug

ead, as Pb, Total ug

S G B I N AN G S AN B SN BN A e

TRIGON ENGINEERING CONSULTANTS INC. P.O.

ATTENTION: JEFFREY KOHLSTEDT

Analytical and Consulting Chemists

09-23-91 1316 South Fifth Street
09-30-91 Wilmington, N.C. 28401
(919) 763-9793

DATE RECEIVED
DATE REPORTED
91wW308se

PAGE 1 OF 3

SAMPLE DESCRIPTION: PROJECT 046-91-005

# AM-5039
RESULTS
L -2 = 4 -1 £
8.50 10.5 20.5 32.5 112 18
8.50 13.5 18.5 32.0 113 18.
9.50 11.5 20.5 33.5 116 17.




l Oxford Laboratones’ Inc. Analytical and Consulting Qhemlsts
DATE RECEIVED 09-23-91 1316 South Fifth Street
DATE REPORTED 09-30-%1 Wilmington, N.C. 28401

91W3086 (919) 7639793

PAGE 2 OQOF 3

TRIGON ENGINEERING CONSULTANTS INC. P.O. # AM-5039
7461-B ORR ROAD
CHARLOTTE, NC 28213

ATTENTION: JEFFREY KOHLSTEDT

SAMPLE DESCRIPTION: PROJECT 046-91-005

7. M12-7
8. M12-8
9. M12-9
10, M12-10
11. M12-11
12, M12-12
RESULTS
1 _8 9 10 11 12
ead, as Phb, Total ug 14.0 36.0 17.0 69.0 139 79.
ead, as Pb, Total ug 13.5 35.0 15.5 71.5% 138 78.
ead, as Pb, Total ug 13.5 37.90 18.0 70.0 143 80.

il NS N N SN AN N O G- S A BN A S = am




l Oxford Laboratories, Inc. Analytical and Consulting Qhemlsts
DATE RECEIVED 05-23-91 1316 South Fifth Street

DATE REPORTED 09-30-951 Wilmington, N.C. 28401

l 91W3086 (919) 763-9793

PAGE 3 OF 3

TRIGON ENGINEERING CONSULTANTS INC. P.O. # AM-5039
7461-B ORR ROAD
CHARLOTTE, NC 28213

ATTENTION: JEFFREY KOHLSTEDT

SAMPLE DESCRIPTION: PROJECT 046-91-005

13. FILTER BLANK A
14. FILTER BLANK B
15. 0.1N HNO3 BLANK
16. SPIKE OF #5 % RECOVERY

RESULTS
13 _14  _15  _16
ﬁ'.ead, as Pb, Total ug <5.00 <5.00 <5.00 103%
Lead, as Pb, Total ug <5.00 «<5.00 <5.00 107%
lead, as Pb, Total ug <5.00 <5.00 <5,00 110%

'OTB: SEE ATTACHED NOTE REGARDING METHOD 12 PROCEDURES.

(Roger Sfersd

ROGER C. OXFORD, CHEMIST




OXfOI‘d Laboratories, Inc. Analytical and Consulting Chemists

DATE RECEIVED 1316 South Fifth Street
DATE REPORTED Wilmington, N.C. 28401

i
|
' (919) 763-9793
|
i

lNOTE: ALL OF THESE RESULTS WERE GENERATED BY METHOD 12. THE
ONLY MODIFICATICON TO THE METHOD IS THE FINAL VOLUME OF
50ml IN PLACE OF A 250ml F.V. BY EVAPQRATING THE FINAL
FILTRATE TO DRYNESS AND RECONSTITUTING IN 10% HNO3 ACID.
WE ARE CONTROLLING THE ACID MATRIX BETWEEN SAMPLES AND
STANDARDS. METHOD 12 IS VERY LAX ON THIS POINT.
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EPA METHOD 12 - DETERMI

NATION OF INORGANIC LEAD EMISSIONS

FIELD DATA SHEET

RIN NUMBER f
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Sample Box Mumber i Assumed 7 Moisture ¢y, Post—tast Pitot <0.1 @39 1In. Hg

Probe Number

i

P Orsat System =, .+

C Factor

Filcer Number

v, 7o

Avg 4P Y Tedlar Bag # /=
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K
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EPa MSTHOD 12 - DETZRMINATION OF INORGANIC LEZaD EMISSIONS
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12 - DETERIMINATION OF INORGANIC LzaD EMLSSLONS
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EPA METBOD 12 - INORGANIC LEAD DETERMINATION - DATA ANALYSIS

CLIENT/CITY . Jhiso? (o ttits In:c// cusvs Jh=  PROJECT NUMBER @C/ﬁ— Fi~00y

SAMPLING LOCATION LAgre 4| 3 7acic SAMPLE DATE “L( 7-9(

CLEAN-UP BOX NUMBER =+t RecoveRY paTz 1 ! 179!
LABORATORY CUSTODY: DATE REC'D T/19/91 REC'D BY {'/]L\;" I LOCKED? -~
Run Number i 2. 3 \
Sample Box Number 1 2 3 \
Probe Number 1 2 3

Filter Number M12 - Mi2 = 3 Mi2 -3 Mi2 -

ANALYSIS OF MOISTURE RECOVERY

Reagent Recovery Container # M12 - '\ A MI2 =7 A M12 - 3 A Mi2'- A

Description of Reagent ~ S ol e Cleav A

Reagent Laevel Marked o L s ;

Final Volume, ml 14 pali 26 ‘

Inicial Volume, ml RY-X= e Dot

Net Condensed Volume, ml t 3 i 5 5
y

Silica Gel Recovery Cont. # Miz - \ 8 M12 - 2-B MI2 - 3 B Ml2 - B

% Silica Gel Spent ‘ A &C % sc 9, >

Final Weight, g 2o 213 4 A5

Inicial Weighe, g 2w 20 T

Net Adsorbed Water, g 3o A 05

TOTAL REAGENT COLLECTED, ml o3 aocaSfidon  conB8in cmamnas

ANALYSYS OF INORGANIC LEAD RECOVERY
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EPA METHOD 12 - INORGANIC LEAD DETERMINATION ~ DATA ANALYSIS

CLIENT/CITY Xpnisen’ (rizen (s _‘Z/_vb/zﬂf;uué PROJECT NUMBER (¥{~9/-00S5™
7

SAMPLING LOCATION fan o # D Srac ¢ SAMPLE DATE _ 9 /7 /5
CLIAN-UP BOX NUMBER <t | RECOVERY DATE = /)3 [a
LAZORATORY CUSTODY: DATE REC'D _9//9 /3, rec'p ay (il LOCKED?

SO EaSEERASSES NSNS TS SE SIS OANRSSSIETIOESSAAZONIISIITARSMIAOTAIZ AT ISDITION OIS BN ST T

Run Number 1 z 3
Sample Box Number ~f < & \
Probe Number o <~ A \
Filter Number M12 =« ML2 =< Mi2 -4 ML2 =
ANALYSIS OF MOISTURE RECOVERY

Reagent Recovery Container # Mi2 -4 A M12 -5 A M12 -6 A RMIZ - A
Description of Reagent o la vl clepr o= oy, \
Reagent Level Marked VT v ot ot \
Final Volume, ml 21 227 Lol !
Inicial Volume, ml L g oe S \
Net Condensed Volume, ml It 7 [ \

\
Silica Gel Recovery Cont. #  M12 =¥ B MI2 -3 B Mi2 -6 B M13 - B
% Silica Gel Spent =7 << $q |
Final Weight, g 1%y 2/9.% 2.0 \
Initial Weighe, g Sy by 2o \

Net Adsorbed Water, g 2. 17.4 180 :
TOTAL REAGENT COLLECTED, ml ... 204 .. .20 2 S S
ANALYSIS OF INOERGANIC LEAD RECOVERY
Filter Recovery Container M2 -4 ¢ M12 -S C M2 -(p ¢ Ml2 - c

Particulace Description BHewz Uis'ble Nyt Uz Jole N amnve o, b \
Filter Concainer Sealed? e - - \
Probe Rinse Concalner # Mi2 -} D M12 -5 D Ml12 =4 D MLZX D
Liquid Level Marked? -~ ! “ o \

\

For final lead determinmation see the Appendix for Laboratory Data.

Remarks/Comments: IJJV\H/
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EPA METHOD 12 —~ INORGANIC LEAD DETERMINATION -~ DATA ANALYSIS

CLIENT/CITY Donben/ (ol Tnic /Lewseifle PROJECT NUMBER (4/(~T/-CC5~

SAMPLING LOCATION Fanca £ 3 Srask SAMPLE DATE 9/iv /5.
CLEAN-UP BOX NUMBER Al RECOVERY DATE < Jje |G

J
LABORATORY CUSTODY: DATE REC'D & /1919, REC'D BY 0&(“-&, LGCXED?

oo AR SSS SNSRI RIaSSSESERINSSISOOEN IS SIS I IS WO TIE ITTT T s A

Run Number ] Z = o
Sample Box Number / Z 2 A
Praobe Number ! 2- =z \
Filter Number M12 -7 Ml2 - ¢ ML2 -9 M1Z S

AN

ANALYSIS OF MOISTURE RECOVERY

Reagent Recovery Container # M12 -7 & ML2 =< A M12 -9 A M12 - A
Description of Reagent £ e AP J- B ¢ feral \
Reagent Lavel Marked -’ - - \
Final Volume, ml A ells 2373 \
Inicial Volume, ml 20 200 Zot \
Net Condensed Volume, ml 1% iy 33 \

\
Silica Gel Recovery Cont. # MI2 -7 B Ml2 -¢ B M12 -9 B H‘KZ - B
% Silica Gel Spent ot < 7y ' gc % \
Firal Weight, g 236, 3 222, Y 229§ \
Inicial Weighr, g 7 23 Toi. 204 \
Net Adsorbed Water, g 26.3 23, 2.4 4

TOTAL REAGENT COLLECTED, ml  ..95L3 o0 . 90:d e amdalidemms  =acacsssdas

ANALYSI1S OF INOEBGANIC LEAD BECQVERY

Filter Recovery Container # Mi2 -7 ¢C Ml12 -9 C Ml2 -5 C Ml.‘k— C
Particulate Description A 130 e g e i g Ao = 187587 \
Filger Container Sealed? e - ~ \
" Probe Rinse Container # M12 -7 D M12 -8 D M12 -9 p M12 -\ D
. / \

Liquid Level Marked? v —

\

For final lead detaermination see the Appendix for Laboratory Data.

Remarks/Comments: /\jw
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MITECD 2
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DETEZRMINATION OF CTCLONIC FLOW

LY

ZJ (iSviel E

Plazce J’CHM_R/\/ Ccnﬂ&:u I nve Cizy
Saapling Locazioa Se-bv, .o CFpin
Ruwx Data %/ 4y Time 72
Cparacars 7 -0 Azt 2ac Tamp, ~Ff 72
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EPA METHOD 12 - DETERMINATION OF INORGANIC LEAD EMISSIONS
FLELD DATA SHZIET = Ducts 4" to 12" Diamecar

|

CQMPANY NAME jQ;-/AKM.f _ K’/M/T/ZALS TAIC

DATE § /% )5/

CITY/STATE /. puSir/ 7€ L’j )'/

OPERATCRS T AR

SAMPLING LOCATION { fud TH A PR STack

Ambient Temperature, °F  7¢ NMOGRAPH SET-UP LEAR CHECKS

Barcmetric Pressure, in. Bg 2% &y AH@ |9  Gamma = 1.00 Pre—test poos @ In. Hg
Static Pressure, in. HZO ~4 ey Metar Temp. 3FC 3 Post—tastpy o0y @ ié In. Hg
Meter Box Nuxmber 7. o.eul ’ Stack Temp. 3% O Pre—rastc Picor <0.1 @3, In. Hg

Sample Box Mumber % Assumed % Moisture 2.5 % Post—tast Pitot <0.1 @3¢ In. Hg
Probe Number 4 log.gif C Factor wvm% ‘ Orsat Svstem Ly Hé

Filter Number & - - Avg 4P  dout & oMce Tedlar Bag # nJjA

Nezzle Mumber  2.0.0/0 Raf. 8P B 14" " - Tedlar Bag Laakcheck Wi
Nozzle Dlametar (.1.25 ' Noz. Dia. Desired 0.6% Probe Temp. Setzing j«=  °F

Start Tire AY3ZC Finish Time /O Y% Cbsarver

PTTOT ORIFICE DRY GAS |

DRY GAS READING SEITING 4 H METER AMP | STACK | FILTER | D¢P.

SAMPLE [ CLOCX | METER AP V. Hy0 TEMP. OF vactM | TEMP. | BOX | TEMP

POINT | TDME Cu.Fr. ™. Héo IDEAL | ACTUAL | INLET | OUTLET | IN. HG 3 OF °r
R:"A

0.99 (6) (7) GweE- | (1) 3) | &

=
Ao pLSos lppd [ oisl 2@ | 2.8 Tr 1 70 U A T8 25y | gL
& [rnde [aos trorn! 2.8% 1 as¢ | 77 ey 1 T Tidu T 26 L3
15 p71, 70 |gwitslopmt] 2oas | 23 1 F3 75 | i _ _
NS [pmg3.s¢{ergd o 237 12 (3 [0 I T - T S Y AN - S - X
Cal pee el (20 o 231 203 g3 | oAy - ! ] ag
7. HeG 500 e (D03 | 230 220 | %5 "3
Hs~ Toc.ag 22 Towrx! .75 1 73 gl 79 S e Vi%e [JsoT | &k
P

2S Iin, 30 0ic | g2l t.9¢ | 12& | €7 e -
Nl 7l ER Al el 9 T i o5 V€3 | ki T3 ug TRAST [ei "
25 176,72 1gpir toeixl T4g9n | 1.9 2y QT 2, 1r¥L 1Ay (5L T
RS 7oL aleeic| orsif 1i7gm | 1,25 &8 | «3 T
T TepisTooier 220 T o000 26| 5 | 2
377 f73Fil T ool cordl 1< VI e B8 [ £330 T2 U IYr 1Y g5 T <
/ 2 .
=

TR e b
:

R T N T o B T i Al B
D5 1746 1915017 [gwis]| 760 179 | ge T o3 T 205

. 1./.7 — __ZC‘:'DLr ..... 3
i.'g T e P T Tp—— T A e —— T T T ——
} - - T

B ) NN LV g';w-eu‘\‘

......

..........

Qo Was | - | gls| ik




‘Nozzle Diameter .+ i 7%

2 — DETERMINATION OF INORGANIC LEAD EMISSICNS

EPA METHOD 1
FLELD DATA SHIZT - Ductcs 4" to 12" Diameczar

-
L

COPANY NE  Jo¥nsen (o Lects T : ‘ RUN NUMBER

CITY/STATE. L v t7 i ¥ ‘ MTE 975y

SAMPLING LOCATION 3, w405 STAk ' OPERATORS 34

Ambient Temperature, °F  €* NOMOGRAPH SET-UP LEAR
Barometric Pressure, in. Hg _2>7.45 AH@ .4/ _ Gamma = 1.00 Pre—test pooo @ _;— In. Hg
Static Pressure, in. Hy0 - 3¢ Meter Temp. _ 48 O°F  Postc—test yoit @ &.0 In. Hg
Meter Box Mumber  Beo o4y ‘ Stacic Temp. j oid Pre~test Pitot <0.1 @322 In. Eg
Sample Box Number &~ Assumed % Moisture 2. Post-test Picot <0.1 @351In. Hg

Probe Number FLRTAIA ) C Factgor ~ | 1o Orsat System ./ A
Filver Mumber r' I -1/ Avg AP ©IF & rogd e Tedlar Bag # e
Nozzle Mumber 2u¢ o0 o ' ' Ref. 4P c.etll Tedlar Bag Leakcheck AA
5 Noz. Dia. Desirsd o &% Probe Temp. Seciing e F

Start Tims [ C 577 Finish Time [ 34 A, ' Chserver

PTIOT ORIFICE RY AS .
DRY GAS READING SETTING 4 H METER RMP STACK | FILTER | I#P.
SAMPLE | CLOCK | MEIER ap IN. H20 TRMP. °F VACULM |- TEMP. BCX TEMP

POINT | TDME Cu.Ft. IN. Hy0 TDEAL | ACTUAL | INLST | OUTLET | IN. HG op of op
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EPA METHOD 12 - DETERMINATION OF INORGANIC LEAD EMISSIONS
FLELD DATA SHEZET - Duces 4" to 12" Diamecer

—— ) -

CQPAY E Do mMrny LA/ TS TAC RN MR LS
.- yi .

cesmte  Lrmsolle KV DATE /s /s,
SAMPLING LOCATION Seutdd APR  STHSC OPERATORS __Savd
Aubient Temperature, F _FQ NOMOGRAPH SET-UP LEAR CHECKS
Barometric Pressure, in. Hg 28] L 4H@ )9 Gama=1.00 Pre—test OJ.co¥ € /& In. Hg
Static Pressure, in. Hy0 _—p o1 Meter Tem. & °fF  Posttast g po# @ 5 _ In. Hg
Merer Box Mumber Jec kS Stack Temp. 1 ¥» Pre—tesc Piror <0.1 @ 3¢/ In. Eg
Sample Box Mumber « Assumed X Moisture 2y Pogc—test Pitor 0.1 @__c, In. Hg
Probe Mumber i 20 -pi7 C Factor [ 1o Orsat System 1-:, 2.k
Filcer Member ,w-1-/7 Avg 8P p o4 3 o a4c> Tedlar Bag # Al

Ref- 4 P__Q QIZS-

Noz. Dia. Desired 0LLS

Nozzle Number 2o O
‘Nozzle Diamerer w.t:ig

Tedlar Bag Leakcheck 4!
Probe Temp. Setting ; ¢ ¢ OF

Fe S

7]

G!/.,Q Z

Start Time 3 /)2 %

L1780

Finish Time

1634

Chserver

PLTOT ORIFICE DRY GaS
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EPA METHOD 12 — INORGANIC LEAD DETERMINATION - DATA ANALYSIS

CLIENT/CITY Jesacsew Comaecs Tvr // S VAL PROJECT NUMBER /§~9/- da5—
SAMPLING LOCATION Swuth APB Srack SAMPLE DATE 9 /Luw/sy

CLEAN-UP BOX NUMBER ¥/ RECOVERY DATE 9//4/7,
LABORATORY CUSTODY: DATE REC'D I/ |5, REC'D BY 05,.( Z LOCKED?
Run Number ! 3 \

4
Sample Box Number s =

Probe Number . = = ‘ N
Filter Number M12 =2 M2 - ML2 =7 Ml2 -

Y

ANALYSIS OF MOISTURE RECOVERY

Reagent Recovery Container # M12 =17 A M12 =1 A M12 -7 A MI2 = A
Description of Reagent ({Lewr - e Al o Jopor?

Reagent Lavel Marked e ~ >

Final Volume, ml 2i$ ¢ L 2254

Inicial Volume, nl > pC _Jew S0

Net Condensed Valume, ml / 8.0 g 40

Silica Gel Recovery Cont. # M12 =T B Ml2 -} B M12 -'Z- B M12.- B
% Silica Gel Spent LS % 707 43 \
Final Weight, g 218 ¢ 2,51 2743

Inicial Weight, g P 200 Ctod

Net Adsorbed Warer, g & /< S 2

P

ANALYSTIS OF INORGANIC LEAD RECOVERY

Filter Recovery Container # Ml2 -/ C M12 =Y ¢ M12 = /2C MI2.- C
Particulace Description Newg Visihlo N VVSBLET il vw = Vidide :
Filcer Contalner Sealed? el - -~ \
Probe Rinse Container # M12 =2 D M1Z -1 D Ml12 -/3D - M12 -\. D
Liquid Lavel Marked? - - — S

For final lead determination see the Appendix for Laboratory Data.

Remarks/Comments:




APPENDIX D
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APPENDIX E

CALIBRATION DATA




QUALITY ASSURANCE AND EQUIPMENT CALIBRATION PROCEDURES

General. Each item of field or laboratory test equipment purchased or constructed
by Trigon Engineering Consultants is assigned a unique, permanent identification
number. New items for which calibration is required are calibrated before initial
field use. Equipment whose calibration status may change with use or with time is
inspected in the field before testing begins, and again upon return from each field
use. When an item of equipment is found to be out of calibration, it is adjusted and
recalibrated or retired from service. All equipment is pericdically recalibrated in
full, regardless of the outcome of these regular inspections.

Calibrations are conducted in accordance with U.S. EPA specifications. Trigon
follows the calibration procedures outlined in EPA Reference Methods, and those
recommended in the Quality Assurance Handbook for Air Pollution Measurement
Systems: Volume III. When the Reference Methods are inapplicable, Trigon uses
methods such as those prescribed by the American Society for Testing and Materials

(ASTM).

Data obtained during calibrations are recorded on standardized forms, which are
verified for completeness and accuracy by the Quality Assurance Director. Data
reduction and subsequent calculations are performed using Trigon’s in-house
computer facilities. Calculations are generally performed at least twice as a check
for accuracy. Copies of calibration data are included in each test or project report.

Inspection and Maintenance. An effective preventative maintenance program is
necessary for equipment to ensure quality prior to, during, and following every test.
Each item of equipment returm'ng from the field is inspected before it is returned to
storage. During the course of these inspections, items are cleaned, repaired,
reconditioned, and recalibrated where necessary.

Each item of equipment transported to the field for a test project is inspected again
prior to being packed. Trigon performs these quality assurance checks prior to
departure for the project site to detect equipment problems which may occur during
periods of storage. Trigon transports adequate back-up equipment to each project
so as to avoid any unforeseen circumstances.

Caljbration. Source sampling equipment that require calibration include nozzles,
Fitot tubes, thermometers, flow meters, dry gas meters, and barometers. The
ollowing sections detail the calibration procedures followed by Trigon for each item.

Calibration data for the specific items of equipment used for this project follow.

Nozzles. Each probe nozzle is uniquely and permanently identified at the time of
purchase or fabncation, and it is calibrated before initial field use and prior to each
test. The inside diameter of the nozzle is measured to the nearest 0.001 inch using
a digital micrometer. Five measurements are made using different diameters each
time. If the difference between the high and the low numbers dces not exceed
0.004 inch, the average of the five measurements is used. If the difference exceeds
this amount, or when the nozzle becomes nicked, dented, or corroded, the nozzle is
reshaped, sharpened, and recalibrated. Regardless of usage, all nozzles are
inspected and recalibrated on a yearly basis.




Pitot Tubes. All Type S pitot tubes are constructed and calibrated in strict
accordance with the procedures contained in EPA Reference Method 2. A Type S
pitot tube will have a coefficient of 0.84 +0.02. A standard pitot tube will have a
coefficient of 0.99. Each pitot tube is visually inspected prior to any field use. If
the inspection indicates damage, it is recalibrated. Regardless of usage, all pitot
tubes are inspected and recalibrated on a yearly basis.

Drv_Gas Meter and Orifice. Each metering system receives a full calibration at the
time of purchase and annually, thereafter. Post-test calibrations are performed after

each source test. If the calibration factor, Y (gamma), deviates by less than five
percent from the initial value, the test data are acceptable. If Y deviates by more
than five percent, the meter is recalibrated and the meter coefficient (imutial or
recalibrated) that yields the lowest sample volume for the test runs is used.
Standard practice at Trigon is to recalibrate the dry gas meter anytime Y is found to
be outside the range of 0.98 < Y < 1.02

Barometer. Each field barometer is calibrated to agree within +0.1 inches Hg of a
reference aneroid barometer. The barometric pressure is corrected for pressure and
temperature. Prior to and following each field test the field barometer is verified.

Thermometers. Each new thermometer, pryometer and thermocouple purchased or
fabricated by Trigon is calibrated in strict accordance with U.S. EPA Protocol

Calibration tolerance limits are as follows:

Impinger Thermometers +1°C
Dry Gas Meter Thermometers +3°0C
Stack Thermocouples +1.5% of absolute temperature

All thermometers and thermocouples are inspected and calibrated prior to and
following each field test. Regardless of usage, all thermometers and thermocouples
are.inspected and recalibrated on a yearly basis.

Laboratory Equipment.  Trigon Engineering Consultants has a written quality
assurance document that covers calibration and maintenance of laborato

equipment. This includes calibration of each analytical balance against Class
weights. Calibration of thermometers, barometers, and wet test meters are traceable
to N.B.S. A copy of our quality assurance document may be obtained by written

request.




—

——

PRETEST - POSTEST CALIBRATION CHECKS
Thermometers, Thermocouples, & Barometer

Client/City:

Tesr&ers Coroes _77!/6/ /Lc\ sy

Calibrator: . ThJ¥ Pretest Date: G /o /s Postest Date: 7 /-p r9/

Reference Thermometer # /2 4-/A L Reference Barometer # Z00.-n07

Pretest Postest
Temp., 5F | Ref Temp.. °F em ef Temp.. OF
Omega 880 DB <! g! 5 7
Omega 830 WB | %’ g 75 7 7
Omega 880 H — -
Dial DB # —_ — — -
Dial WB #
DGM In/Out #:ir &/ rll 77 -~ 7
DGM In/Out #.vc &/ <! T } -
Impinger # §T ¥/ 8 | 77
Impinger #2 i 51 e =7
[mpinger #3 ¢ 5 ! 7 77
Impinger #4 R 5 ! i 77
Impinger #3 ol v f 7 & i >
Impinger #6 <5 gf et i
Filter Box #1 20 51 75 1 -
Filter Box #2 81 4' < i 74 r 27
ilter Box #3 ! st 74 -7
Filter Box #4 Al 1 < | 177 77
Filter Box #5 g1 | §i i) 7
ilter Box #6 QU I Tl 76 77
Probe #zeeced ) 3/ 5! 75 77
Probe # zec ewsvr c! < } 3 75 77
Probe # zes ~won (0} i 5/ i — 7
Probe # .o o5t 3 lﬁ g ! /b 77
Probe # - gz-ora (s </ v ( 77 77
Probe #,..-0/7f} P X 777 7Y
Pitot # rec.ote 5") £/ 77 .-,-/
Pitot # —F ——
DG Ty flur # 06T s/ v 77 i,
DG Sa fppg W C6? ?f 'di ‘7"‘? _{.‘}
Pretest Postest
Reference Barometer 2.3/ in. Hg 25,34 in. Hg
Field Barometer 29. 30 in. Hg 2%, 32 in. Hg
Difference B/ in. Hg Nl in. Hg

Was the pretest field barometer reading correct?
Was the postest field barometer reading correct? (within + 0.1 in. Hg
If yes, no correction necessary for

Was recalibration required? Yes )
calculations when the field barometer has a lower reading; if the reference barometer is

lower, subtract the difference from the field data readings for the calculations.

No

Yes ./ No

within + 0.1 in. Hgg Yes_/ No
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Console Number: 300-045 Date: 07/22/91 Barometric Pressure: 29.328 Calibrated by: JWK

CONTROL CONSOLE CALIBRATION

Gas Volums Tamperatures Time
Crifice Weot Test Dry Cas  Wat Tast Dry Gas Matar
Setding Meter Meter Meter Inlet Cutlet Avenge Q
o H V. \A t, ty teo ty Y sHg
in. Hy a 2 °p °p °p °p minutes in. Hy
0.5 L] 811 81.38 100.8 94.3 97.3 123 1.008 1.820
1.0 ] 5.09 81.35 97.8 93.0 95.25 9.30 1.008 1.912
1.8 10 10.25 8l.4 104.3 96.5 100.50 18,46 1.008 1.943
20 10 1027 81.8 108.0 97.5 102.78 13.47 1.007 1.956
3.0 10 10.29 818 111.5 8.5 108.0 10,98 1.006 1.928
4.0 10 10.32 818 .l 15.0 99.5 107.25 947 1.005 1.308
Tolerances Y = 1.00 +/-0.08 AH@ = 1.84 +/-028 Avarsge  1.008 1911
Yand 5 H@ are calculatad as follows:
2
Vw Pb(td + 480) 0.0317 H (tw + 460) O
T= = 1.00 AH@ = [ 1 = 1811
Vd (Pb + AH/IS.S)(tw + 460) Pb (td + 46Q) Vw
5 (29.328) (97.5 + 480) 0.0317 (0.5 (81.35+ 460) (2.9 2
05 Y= AH@ = [ ]
5.11 (29.328 + 0.0368) (81.38+ 460) 29.328 (97.5 + 4680) g
5 (29.328) (95.25 + 460} 0.0NT7 (1.0} {81.35+ 460) 9.3 e
10 Y= aH@= [ ]
5.09 (29.328 + Q.0737) (81.35+ 4€0) 29.328 (95.28 + 460) S
10 (29.328) (100.3 + 480) 0.0317 (1.9} (81.4 + 480) 18.46 3
15 Y= sH@ = [ ]
1025 (29.229 + 0.110) (Bl.4 + 480) 29.328 (100.3 + 460) 10
10 (29.328) (102.78+ 460) 0.0317 (2.0) (81.5 + 460) 1347 3
20 Y= AH@ = ( 1
10.27 (29.328 + 0.147) (81.5 + 460) 29.228 (102.73+ 460) 10
10 (29.328) (105.00 + 4860) 0.0317 ¢3.0) (81.3 + 460) 10.98 2
30 Y= AH@ i ]
10.29 (29.328 + 022]) (8.5 + 480) 29.328 (103.00 + 460) 10
10 (29.328) (107.25 + 460) 0.0317 (4.0) (815 + 460) 9.47 2
40 Y= AH@ = { ]
10,32 (29.328 + 0.294) ('BI.S + 460) 29.328 (107.25 + 460) 10

A
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Console Number: 300-067 Date: 08/08/91 Barometric Pressure: 29.275 Calibrated by: JWK

CONTROL CONSOLE CALIBRATION

Cas Voluma Temperatures Time
Qrifice Wet Test DryGas  Wat Test Dry Gas Metar
Satding Mater Matar Matar Inlat Qutlat Averagae Q
a8 v, vy t, ty ty, ty Y aHg
n. Hy0 2 ad o % °F o minutas in. Hy0
0.5 8 5.10 79.5 92.5 873 90.0 12.38 0,998 1.901
1.0 5 3.11 80.0 97.3 805 94,00 9.30 1.001 1.972
1.5 10 10.26 20.0 99.5 31.5 95.50 18.41 0.999 2.025
2.0 10 10.29 80.0 104.0 94.0 99.0 13.22 1.001 1.874
3.0 10 10.31 80.0 107.0 95.3 101.28 10.58 1.001 1.882
4.0 10 10.30 80.0 109.0 $5.0 103.8 9.31 1.001 1.946
Tolerances ¥ =100 +/-0.05 sHg =184 +/-028 Average  1.000 1.950
Yand , H@ ara calculated as follows:
2
V,, Pylty + 460) 0.0317 H (t, +460) O
Y= = 1.00 aHg = [ ] = 1580
V, (B, + AH/I38)(t + 460) P, (1, + 460) v,
5 (29.275) (90.0 + 460) 0.0317 (0.9) (79.5 + 460) 12.88 °
05 Y= sH@ = { 1
8.10 (29.275 + 0.0368) (79.5 + 460) 29.275 (90.0 + 460) 3
§ (29.275) (94.0 + 460) 0.0317 (1.0) (80.0 + 460) 9.3 2
10 Y= AH@ = — 1
5.11 (29375 + 0.0737) (80.0 + 460) 29.275 (94.0 + 460) 5
10 (29.275) (¥5.8 + 480) 0.0317 (1.9) {80.0 + 46Q) 15.41 2
13 Y= aH@ = [ ]
: 10.26 (29.275 + 0.110) (80.0 + 460} 29275 (96.5 + 460) 10
10 (29.275) (99.0 + 460) 0.0317 (2.0) (30.0 + 450) 1322 2
20 Y= al@= [ 1
10.29 (29373 + 0.147) (80.0 + 460) 29278 (89.0 + 450) 10
10 (29.275) (10125 + 460) 0.0317 (3.0) (80.0 + 460) 10.85 3
30 Y= sAH@ = { 1
10.31 (28.275 + 0.221) (80.0 + 450) 29275 (101.28 + 460) 10
10 (29.279) (1023 + 460) 0.0317 (4.0) (80.0 + 480) 9.31 2
40 Y= AH@ = [

10.30 (29.275 + 0.294) (80.0 + 450)

29275 (102.3 + 460)

10




Data: 05/09/91
Calivrator: JAB

STANDARD PITQT TUBE CALIBRATION
I.D. Numbker: 3200-001 Mcdel Number: 16C-13

0.245" Diametar

it
e

r 18.375 '*I
i — =
. I
0.250" Diameter —= |+
— || — _0__-315" Dizmetar StaticH ,
Prassurs Imcact (Tozal)

1 -

/

Prassura

Eight 0.035" Diametar Static Pressure Holes,
Equally Spaced in a Piezometer Ring Configuration

0.120" Diameter

Impact

The calibrat

Hola

ion of standard pitot tubes is in accordance with EFA Referencs

Method 2, Section 2.7. This pitot tube has been calidratad as outlined in
Saction 2.7 and the specifications are listed below.

2.7.1
2.7.2
2.7.3
2.7.4

2.7.5

Hemispherical Tip
8.6 diameters (A minimm of six diameters st*a:.ght un

between the tip and static prassure holes.)

16.3 diameters (A minimm of eight diameters straight run
between the static pressure holes and the centerline of
the external tube, following the 90 degrees bend.)

0.035" (This is the diameter of the eight static pressurs
holes, equally spaced in a piezometer ring configuration.)
90°%urve kend
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TYPE S PITOT TUBE CALIBRATION FORM
Date: 05/09/91 Calibrator: JAB

Specifications:
A.) Pitot tube assembly must be level
B.) If pitot tube is damaged explain under comments section.
C. z—AsmTandw—AsmO(<003125)
D.) a <10° and B <5°

&D Length 2;° 2,° B;° B,° Y° O° Ain zin w,in. Pp,in Pg,in D in
0

200019 22 05 05 05 05 1.0 05 0937 00164 00082 0468 0.469 0375
200002 4 05 05 00 15 15 1.0 0953 0.0250 0.0166 0476 0.476 0.375

200003 6 15 05 1.0 05 05 05 0.547 0.0008 0.0008 .0473 0473. 0375

200004 3¥ 05 15 1.0 0.0 00505 0938 0.0008 0.0082 0468 0468 0.375
200005 3 00 05 00 05 05 0.5 0947 00083 0.0083 0473 0473 0375
200006 3 10 00 00 1.5 05 12 0944 0.0080 0.0200 0.472 0472 0.368
200015 3 10 1.0 20 15 05 05 0940 0.0080 0.0080 0.469 0470 0.369
200016 3 1.0 20 1.0 1.0 1.8 1.4 0940 00300 0.0230 0.469 0469 0372
200017 3 20 25 20 3.0 15 1.0 0.943 0.0250 0.0165 0471 0470 0.369
200.007 5 15 00 05 1.0 0.4 11 0935 0.0070 00180 0.467 0467 0.367
200008 5° 12 10 08 05 25 10 0929 00410 0.0308 0465 0.464 0.369
200009 5 05 05 15 05 1.0 05 0.929 00160 0.0082 0469 0469 0.375
200010 7 15 05 05 05 1.0 1.0 0941 0.0160 . 0.0164 0.470 0470 0.367
200011 7 10 05 05 1.0 00517 0937 0.0008 0.0278 0468 0468 0.360
200012 7 15 20 00 1.0 15 1.0 0942 0.0247 0.0164 0471 0471 0368
200013 10’ 1.0 05 15 0.0 05 1.8 0950 0.0080 0.0298 0.475 0475 0.360
200.014 10 1.0 05 1.5 1.0 2.0 1.8 0.947 0.0330 00296 0473 0474 0375

Comments: Pitot tubes were purchased new from Nutech Corporation.

Pitot tubes requiring calibration: None 7|v




NOZZLE
LD.
NUMBER

300.010
300.011

300.012
300.013

1

2
300.014 (3
300.01

5
s
%

300.01

300.018 (1
300.019 (2
300.020 (3

300.021 (1
300.022 (2
33

§
E

1
300.025 (2
300.026 (3

300.027
300.028

1
2
300.029 (3

%
|

where:

(@) Diz34,
D = maximum difference between any two diameters, (in.) D < 0.004 in.

¥

NOZZLE CALIBRATION

SET ONE

DATE CALIBRATED: 05/09/91

0.375
0.376
0.374

0.313
0.310
0.310

0.248
0.248
0.247

0.188
0.187
0.187

D2
(in-)

0.750

0.624

0.497
0.498
0.498

0.440
0.441
0.433

0.375
0.376
0.374

0.311
0.308
0.311

0.248
0.247
0.247

0.188
0.186
0.187

within 0.001 in.

CALIBRATED BY: JAB

NOZZLE DIAMETER(a)

D3 D4 D5

) () (=)
3/4" NOZZLES

0.750 0.750 0.750
5/8" NOZZLES

0.625 0.625 0.624
1/2" NOZZLES

0.497 0.498 0.497

0.500 0.499 0.500

0.499 0.497 0.498
7/16" NOZZILES

0.440 0.439 0.440

0.439 0.43% 0.440

0.431 0.430 0.430
3/8" NOZZLES

0.374 0.375 0.375

0.375 0.375 0.376

0.373 0.374 0.375
5/16" NOZZLES

0.313 0.312 0.312

0.308 0.310 0.310

0.310 0.309 0.310
1/4" NOZZLES

0.249 0.248 0.249

0.248 0.248 0.249

0.248 0.248 0.247
3/16" NOZZLES

0.186 0.187 0.186

0.185 0.187 0.185

0.188 0.185 0.185

= average of Dl’ D2, D3, D4, and Ds

Diff
(b)

0.002
0.001

0.001
0.002

-0.002

0.001
0.002
0.002

0.001
0.001
0.002

0.002
0.002
0.002

0.001
0.002
0.001

0.002
0.002
0.003

5 = five different nozzle diameters, (in.); each diameter must be

Davg(c)
(in.)

0.750
0.625

0.497
0.499

- 0.498

0.440
0.440 -
0.431

0.375
0.376
0.374

0.312
0.309
0.310

0.243
0.248
0.247

0.187
0.186




NQOZZLE

LD.

NUMBER

300.051
300.052
300.053

300.054
300.055
300.056

300.057
300.058
300.059

300.060
300.061
300.062

where:

g
g
3
g

(@) Di12345

&

D

avg

DATE CALIBRATED: 05/09/91

(in.)

0.493
0.455
0.497

0.369
0.371
0.369

0.240
0.241
0.246

0.180
0.179
0.180

D2
(in)

0.495
0.497
0.499

0.181
0.179
0.181

NOZZLE CALIBRATION

SET TWO

NOZZLE DIAMETER(a)

D3 D4
(in.) (in.)

1/2" NOZZLES
0.493  0.494
0.495  0.497

. 0.498  0.498

3/8" NOZZLES
0370  0.370
0371 0370
0370  0.369

1/4" NOZZLES
0.240 0239
0242  0.242
0245  0.244

3/16" NOZZLES
0.180  0.180
0.179  0.179
0.180  0.181

D5
(in.)

0.493

0.497
0.498

0.369
0.371
0.370

0.239
0.241
0.246

0.180
0.179
0.180

CALIBRATED BY: JAB

Diff
(®)

0.002
0.002
0.002

0.001

0.002

0.001

0.001
0.001
0.002

0.001
0.000
0.001

= five different nozzle diameters, (in.); each diameter must be
within 0.001 in.

D = maximum difference between any two diameters, (in.) D < 0.004 in.

= average of Dy, D, D3, Dy, and D5

Davg (c)
(i)

0.494
0.496
0.498

. 0.369

0371 -
0370

0.240
0.242
0.245

0.180
0.179
0.180
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TEMPERATURE SENSOR CALIBRATION FORM

STACK THERMOMETERS
Tolerance: +1.5% of Absolute Temperature
Date: 06/27/91 Barometric Pressure, In. Hg.: 29.53
Ambient Temperature °C: 27.3 - Reference Thermometer Number: ITS-90
Calibrator:
Reference Thermocouple

Thermocouple/ Reference Thermometer Potentiometer Temperatyre
Thermometer Point # Source? Temperature Teméverature Difference

LD. # oc ° Yo

2’ Pitot Tube

200.019 1 Ice Water 1.8 1.5 0.15
2 Water Bath 95.7 96.0 -0.08
3 QOil Bath 180.0 178.0 0.44

4’ Pitot Tube
200.002 1 Ice Water 1.2 14 -0.07
2 Water Bath 86.5 86.9 -0.11
3 Oil Bath 194.0 192.9 0.24

6’ Pitot Tube
200.003 1 Ice Water 1.7 1.5 0.07
2 Water Bath 88.0 87.7 0.08
3 (il Bath 179.0 178.6 0.08

2 Type of calibration system used.
b Temperature Difference Calculation:

(Ref. Temp.C + 273) - (Test Temp.9%C + 273)

X 100 < 1.5% A‘ '
Ref. Temp.°C + 273

TRIGON
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TEMPERATURE SENSOR CALIBRATION FORM
STACK THERMOMETERS

Tolerance: +1.5% of Absolute Temperature

. Date: 06/27/91 Barometric Pressure, In. Hg.: 29.53
Ambient Temperature °C: 27.3 Reference Thermometer Number: ITS-90
Calibrator: :
. Reference Thermocouple
Thermocouple/ Reference Thermometer Potentiometer Temperatyre
I Thermometer Point # Source? Tem%erature Temgerarure lef‘;rcnce
LD. # )

l DGM Thcrmocouple In
‘ 300.035 Ice Water 0.9 1.1 -0.07
2 Water Bath 97.7 98.1 -0.12
3 Oil Bath 184.7 184.9 -0.04
l DGM Thermocouple - Out
300.035 Ice Water 0.7 0.6 0.04
2 Water Bath  198.5 98.2 0.08
l 3 Oil Bath 1843 184.9 013
- DGM 'I'hermocouple In
300.045 Ice Water 0.7 0.4 0.11
' 2 Water Bath  104.0 104.7 -0.19
3 Oil Bath 163.5 164.2 -0.16
DGM Thcrmocouple Out
300.045 {ce Water 0.7 0.5 0.07
l 2 Water Bath  104.0 105.1 -0.30
3 Oil Bath 165.3 166.2 -0.21
DGM Thermocouple In
l 300.067 Ice Water 1.6 2.0 -0.15
2 Water Bath 99.4 99.0 0.11
Oil Bath 164.8 165.7 -0.21
l DGM Thermocouple Out
W 300.067 Ice Water 1.7 2.0 -0.11
. 2 Water Bath 99.6 100.0 -0.11
3 QOil Bath 165.8 166.5 0.16

a T of calibration system used.
b emperature Difference Calculation:

: .

Ref. Temp.PC + 273) - (Test Temp.9°C + 273
( P ) P ) X 100 < 1.5%

Ref. Temp.°C + 273

P/ \\




TEMPERATURE SENSOR CALIBRATION FORM
STACK THERMOMETERS
Tolerance: +1.5% of Absolute Temperature

Barometric Pressure, In. Hg.: 29.53

Date: 06/27/91
Reference Thermometer Number: ITS-90

Ambient Temgerat‘ure 0C: 273

WY G ) N G N e

Ref. Temp.9C + 273

Calibrator:
Reference Thermocouple
Thermocouple/ Reference Thermometer Potentiometer Temperatyre
Thermometer Point # Source? Temperature Temé)erature Difference
LD. # °C ° %
Omega HH-82 Dry Bulb
100.002 1 Ice Water 4.8 6.1 -0.47
2 Water Bath 90.0 91.3 -0.36
3 Oil Bath 182.0 181.4 -0.13
Omega HH-82 Wet Bulb _
100.003 1 Ice Water 4.2 5.0 0.29
2 Water Bath ~ 90.0 91.7 -0.36
3 Oil Bath 182.0 181.1 0.20
Bimetallic Dial Dry Bulb
100.004 1 Ice Water 16.0 16.3 -0.10
2 Water Bath 90.0 90.5 -0.14
3 Oil Bath 180.8 181.3 -0.11
Bimetallic Dial Wet Bulb
100.005 1 Ice Water 0.4 0.6 -0.07
2 Water Bath  90.0 90.4 -0.11
3 Qil Bath 181.9 182.5 -0.13
Bimetallic Dial Wet Bulb
100.006 1 Ice Water 0.5 0.6 -0.03
2 Water Bath 90.0 90.4 -0.11
- 3 Oil Bath 184.4 183.2 0.26
Bimetallic Dial Dry Bulb
© 100.007 1 Ice Water 16.0 16.2 -0.07
2 Water Bath 90.0 90.5 -0.14
3 Oil Bath 184.0 182.7 0.28
Omega HH-82 High Temp
100.008 1 Oil Bath 194.0 192.9 0.24
2 Furnace 1015.3 1014.2 0.09
3 Furnace 1750.4 1748.7 0.08
% Type of calibration system used.
Temperature Difference Calculation:
ef Temp.%C + 273) - (Test Temp.°C + 273
® P )- ¢ P ) X100 < 15%




TEMPERATURE SENSOR CALIBRATION FORM
STACK THERMOMETERS
Tolerance: +1.5% of Absolute Temperature
Date: 06/27/91 Barometric Pressure, In. Hg.: 29.53
Ambient Temperature °C: 27.3 Reference Thermometer Number: ITS-90
Calibrator: J&/K
Reference Thermocouple
Thermocouple/ Reference Thermometer Potentiometer Temperatyre
Thermometer Point # Source? Temperature Temé)crature Difference
LD. # °C ° %
Umbilical Adaptor
300.030 (1) 1 Ice Water 0.5 0.4 0.04
2 Water Bath  89.0 89.7 -0.19
3 Oil Bath 180.0 178.2 0.40
Umbilical Adaptor
300.031 (2) 1 Ice Water 0.9 1.0 . -0.04
2 Water Bath  89.0 50.0 -0.28
3 Oil Bath 180.0 178.1 0.42
Umbilical Adaptor
300.032 (3) 1 Ice Water 1.1 1.2 -0.04
2 Water Bath 89.0 89.9 -0.25
3 Oil Bath 180.0 178.2 0.40
Umbilical Adaptor
300.042 (4) 1 Ice Water 2.3 2.4 -0.04
2 Water Bath ~ 90.0 90.4 -0.11
3 Oil Bath 162.0 159.3 0.62
Umbilical Adaptor
300.043 (3) 1 Ice Water 2.4 2.7 -0.11
2 Water Bath  90.0 90.7 -0.19
3 Oil Bath 162.0 160.8 0.28
Umbilical Adaptor
300.044 (6) 1 Ice Water 1.5 1.8 -0.11
) 2 Water Bath ~ 90.0 90.7 -0.19
3 Oil Bath 162.0 162.8 -0.18
2 Type of calibration system used.
o Temperature Difference Calculation:
ef. Temp.°C + 273) - (Test Temp.C + 273
® i ) 1 ) X 100 < 1.5%
Ref. Temp.2C + 273




TEMPERATURE SENSOR CALIBRATION FORM

STACK THERMOMETERS
Tolerance: +1.5% of Absolute Temperature
Date: 06/27/91 Barometric Pressure, In. Hg.: 29.53
Ambient Temperature °C: 27.3 Reference Thermometer Number: ITS-90
Calibrator:
Reference Thermocouple
Thermocouple/ Reference Thermometer Potentiometer Temperatyre
Thermometer Point # Source? Temperature Temé)erature Difference
ILD. # oC 0 %
3’ Probe (1)
200.004 1 Ice Water 1.0 1.2 0.07
2 Water Bath 85.0 85.4 011
3 Oil Bath 174.0 173.4 0.13
3’ Probe (2)
200.005 1 Ice Water 1.0 1.1 0.04
2 Water Bath  86.0 85.7 0.08
3 Oil Bath 189.0 188.2 0.17
3’ Probe (3)
200.006 1 Ice Water 1.1 1.4 -0.11
2 Water Bath 82.0 81.7 0.06
3 Qil Bath 194.0 192.9 0.24
3’ Probe (4)
200.015 1 Ice Water 1.5 1.8 0.11
2 Water Bath 87.0 87.7 -0.19
3 Oil Bath 194.0 192.9 0.24
3’ Probe (3)
200.016 1 Ice Water 1.5 1.7 -0.07
2 Water Bath 87.0 87.4 -0.11
3 Oil Bath 185.0 184.6 0.09
3’ Probe (6)
200.017 1 Ice Water 1.5 1.8 0.11
2 Water Bath 85.0 85.2 -0.05
3 Oil Bath 194.0 193.6 0.09
2 Type of calibration system used.
b Temperature Difference Calculation:
ef. Temp.9C + 273) - (Test Temp.fC + 273
R P )= ( p ) X 100 < 15%

Ref. Temp.°C + 273




EVER READY THERMOMETER CO., New York, N.Y. 10157

Liquid-in-Glass Thermometer
l ITS-90
Marked - ERTCO
I Instrumenr No. 1019
. o
l Thermometer Scale Range -1 to 51°c in 0.1 divisions
Tested for
. ERTCO
RESULTS OF TEST
Thermometer .
' Reading Correction
' o
l 0.00°¢ 0.00 C
b]
10.00 + .06
l 20.00 .00
. 30.00 - .03
l 37.00 - .0l
l 40.00 - .01
' 50.00 - .01
If the correction is preceded by a + sign, it should be added to the thermometer reading;
_ if it is preceded by a — sign, it should be subtracted from the thermometer reading to obtain the
temperature. To use the corrections properly, reference should be made to the notes on the
reverse side of this sheet.
l Test No. 140098 EVER READY THERMOMETER CO.
. Date 1-36-90 Certified by 2




Measurement Controls, Inc.
Gas Meter Remanufacturing and Sales

August 13, 1990

Lamb Industrial Consultants, Inc.
7561 B Orr Reoad
Charlotte, North Carclina 28213

Dear Mr. Blanton,

This is to certify that your AL-20 Wet Test Meter,
Serial % 11088, has been calibrated with an American

five foot bell prover, Serial # 2260. It is traceable
to the National Bureau of Standards, reference no. 106870,
| PI- Tape.

The registered proof at a flow rate of 60 cubic feet
per minute is 1.002

Sincerely,

rry B. Lane
Measurement Controls, Inc.

102 8. Main Street L P.O. Box 997 L Huntersville, NC 28078 [ (704) 875-2034




RINICO’

Bulletin D-01-82

Suoe'seaes D-2.74 & 0-11-73

Meteorological Instruments
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NATIONAL WEATHER SERVICE TYPE
MERCURIAL BAROMETERS

Usable up to 900 metres (3,000 feet)

The Natignal Weather Servica iyce Zarcmeter is PRINCO's highest
Ggrace mercurial tarcmeter, [t is used gy weather sarvices and
airpors the wortd over, Tne glass ke has 2 uniform insica
diameatar of 7 mm for constant cagillary geprassicn throughout the
length of the scale. Scales ara 32t at the factary by comparison
with a barometer cartified by the National Bureau of Standards, and
read the local pressure without the necessity of ccrrecting for
capillary deprassion. The vernier can be smoothly and precisaly set
bty means of a rack and pinion drive, controlled by a knurled
adjusting knob. White plastic backgreunds on the mounting panet
facilitate observation of the Fartin iype cisterrt and mercury column.
The vernier has a sighting edge, frent and raar, to avoid parallax.

A suscension oracket and an acjusiable rng clamp for the cistermn
hoid the bargmetar firmly in the vertical pesition on the mounting
panel. A gual scale Cealsius/Fanrenheit thermometar with a - 25 to
S0*C/~10 1o 120°F range indicates the proper temperature to be
usad for temperature carractions. An instruction bcaklet witl
infarmation for understanding and preger use of the barometer is
‘supclied with 2ach instrument, Comgigte corraction tables for
tempearature and gravity are included.

This baroemetar is accurat2 0 =0.3 mo, 0.2 mm, or 0.01 inch of
mercury when carafuily set anc reac, anc after temperatura and
gravity corraciicns have been apclied. For greatest accuracy a
Certificate of Calibration may be obtained and the corraction
contained therain also applied. Each Nationai Weather Service
barometar has a serial number.

The rugged construction of the Naticnal Weather Service type
bararmetar is such that it ¢an be shicged safaly by United Parcel
Servica or express. The kidskin bag, in the Fartin type reservair,
dampens mercury column oscillaticns during shipment. The lower
part of the glass tube is narrowed down to minimize mercury
weight, and is protected by foam cushions, thus offering added
resigtance to damage during shipment, The cistern may be cgened
in the field for cleaning of the cistern glass and cistern mercury. The
barometer contains approximately 8§30 grams (1.5 pounds) of mercury
total. it is shipped completely assembled, filled with mercury and
ready to use. Mounting panel dimensions are 19 x 76 x 1072 mm
{374 x 3 x 42 inches). The shipging weight is 5 kg {11 pounds) and box
- dimensians are 235 x 250 x 1197 mm (9 x 10 x 47 inches;. '

Catalog Number Scales

-—3»453 inch and millimetre
45381 inch and millibar
453M8 millibar and millimetre
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A Whatman Whatman

b

-

Laboratory Division

Whatman Inc

9 Bridewell Placs,

Clifton, New Jersay 07014
Talephone: 201-773-5800

Fax: 201-472-63949 Telex: 133426
Cabie: WHATMAN

March 26, 1991

MR. TONY BLANTON

LAMB INDUSTRIAL CONSULT., INC.
7561-B ORR ROAD

CHARLOTTE, NC 28213

Dear Mr. Blanton,

Per cur conversation earlier today, I am enclosing a copy of
the Technical Information Sheet for Whatman Grade 934-AH
glass microfibre paper.

I trust this will be satisfactory. Should you require any
additional information, please contact me at any time.

Sincerely,

Elaine Heilweil
Divisional Technical Services Manager

North America

EH/em
Enclosure
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Specialty Products Division -

Whatman Paper Limited
Springfield Mill,

Maidstone, Kent ME14 2LE
Telephona: (0622) 592022

Fax: (0622) 691428 Talex: 96113

ATE OF AN SI

CUSTOMER : Lamb Industrial Consult
GRADE 934-AH
BATCH No : Q87057A
PROPERTY MEAN
Basis Weight, lbs 40
/24 x 36ins ream

Thickaass, ins 0.0139
Wet Tensile, g/inch 400

16

Gurley, sec/300em?3/1sq inch

-7

Mt

I A Gilbert \y
Q. inspector

20th March 195!

M C Lacey
. Divisinnal Quality MIZuase: - Evrepe

e

p—, ] .
Poghugmat ot Fropacel No. 108799,
-l gy B, b | s,
I . B Lagranss Ao, 2079 Misdaiars,

i Kew ME1SOLE o
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METROD L —BaMPLE AND VELOCITY TRAVERSES
POR STATIONARY SOURCES

1. Principle and Applicability

1.1 Principle. To sid in the represents-
tive measurement of pollutant emissions
and/or Lotal volumetric flow rate from s
stationary source, & measurement site where
the effluent stream Is flowing in & known di-
rection iz selected, and the cross-section of
the stack ls divided into & 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
whern (1) flow ls cyclonic or swirling (see
Bection 24). {(2) 3 stack is amailer than
about 0.30 meter (12 in.) In diameter, or
0.071 m? (113 in.® cross-sectiona)l area, or (3)
the measurement site {3 less than two stack
or duct diameters downstream or less than a
half diameter upstream (rom a flow disturb-
ance.

The requirements of this methnd must be
considered before construction of s new fa-
cility from which emissions will be meas-
ured; faflure to do 30 may require subse-
quent miterstions to the stack or deviation
from the standard procedure. Cases involv.
ing variants are subfect to approval by the
Administrator, U.8. Environmental Protec-
tion Agency.

2. Procedure

2.1 S8election of Measurement Site. Sam-
pling or velecity meaxurement is performed
at a site located at least eight stack or duct
diameters downatream and two diameters
upstream from any flow disturbance such as
a bend. expansion, or contraction in the
stack, or from a visible flame. If necessary,
an alternative location may be selected, at 2
position at least two stack or duct diameters
downstream and a half dlameter upstream
from any flow disturbance. For A rectangu-
lar cross section, an equivalent diameter
(D) shall be caiculated from the {ollowing

equation, to determine the upstream and
downstream distances:

LW
D, =
(L+W)

where Lalength and W=width.

An slternative procedure is avallable for
determining the acceptabllity of & measure-
ment location not meeting the criteria
above. Thia precedure. determination of gas
fow angles at the sampling peints and com-
paring the results with acceptability crite-
ria, is described In Section 2.5.

[2.] amended by 51 FR 20288, June 4,
1986}

2.2 Determining the Number of Traverse
Points.

[Appendix A, Method 1]

Published by THE BUREAU OF NATIONAL AFFAIRS, INC., Washington, 0.C. 20037




1
1
i,
5 |
[N

SUCT DIAMETEAS DOWNSTREAM FROM FLOW DISTURBANCE® (DISTANCE B)

. Figere 131. Minimum number of traverse-points for perticyiate traverses.

[Method 1—Figure 1-1 revised by 52 FR 34639, September 14, 1987]

2.2.1 Particulate Traverses. Whcn the
eight- and two-diameter critcrion 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 0.81 meter (12-24
in.); ¢(3) nine, for rectangular stacks with
equivalent diameters between 0.30 and 0.51
meter (12-24 in.).

When the eight- and two-dlameter crite-
rion cannot be met, the minimum ntumber
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 diameter or
equivalent diameter, to determine the dis-
tance in terms of the number of duct dlame-
ters. Then, determine from Figure 1-1 the

minimum number of traverse 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, ar » grester value, so that for circu-
lar stacks the number is a multiple of 4, and
for rectangular stacks, the number is one of
those shown In Table 1-1.

TABLE 1-1. CROSS-SECTION LAYOUT FOR
RECTANGULAR STACKS

Number of raverse points [ Mot smyout

12
18

BABRNS
YERRERZER

[Appendix A, Method 1]
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DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANMCE (DISTANCE A)
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.. Figure 1-2. Minimum number of traverse points for velocity (nonparticulate) traverses.

" [Method 1—Figure 1.2 revised by 52 FR 34639, September 14, 1987]

222 Velocity (Non-Particulate) Tra- In addition for stacks having diameters
verses, velocity or wolumetric flow greater than 041 m (24 In) no traverse
rate is to be determined (but not particulate shall be located within 218 centime-
matter), the same procedure as that for par- ters (1.00 in.) of the stack walls; and for
ticulate traverses (Section 3.2.1) is followed, stack diameters equal to or less than 0.81 m
except that Figure 1-2 may be used instead {24 In.), Do traverse points shall be located
of Pigure 1-1. within 1.3 cm (0.50 in.) of the stack walla,
23 Cross-eectional Layout and Loeation To meet these criterfs, observe the proce-
of Traverse dures given below.

23.1 Circular Stacks. Locate the traverse 2311 Stacks With Diameters QGrester _
points ¢t two diameters ac- - Than 0.81 m (M in.). When any of the tra-

in Pigure 1-3. Any equation {for examples, within 2.5 em (1.00 in.) of the stack walls, re-
see Citations 2 and 3 tn the Bibliography) locate them away from the stack walls to:
that gives the same values as those in Table (1) & distance of 2.5 cma (100 in.%; or (D &
1-2 may be used in lieu of Table 1-2. distance oqual to the nossls inside dlameter,
Por particulate traverses, one of the diam- whichever (s larger. These relocated tra
eters must be In a plane containing the verse ts (on each end of a diameter)
expected concentration variation, shall be the “adjusted” traverse pointa.
.8, after bends, one diameter shall be In . Whenever two sucoessive traverse points
the plane of the bend, This requirement be- are combined to form a single adjusted tra-
comes less critical as the distance from the verse point, treat the adjusted point as two
ore, other di- separate traverse points, both in the sam-
locations may be used, subject to ap- pling (or velocity messurement) procedure,
proval of and in recording the data.
[Appendix A, Method 1)
11-27-87 Published by THE BUREAU OF NATIONAL AFFAIRS, INC., Washington, D.C. 20037 F
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Figure 1-3. Example showing circular stack cross section divided into 12 equal areas,

with jocation of traverse points indicated.

[Method 1 —Figure 1-3 revised by 52 FR 34639, September 14, 1987]

TABLE 1-2. LOCATION OF TRAVERSE POINTS iN CIRCULAR STACKS
[Percant of stach demeter from rwide wall 10 Fevene point]

Number of ireverss points on & demeler—
Traverse poim mumbw on & d
: 2 4 [} [ 0|12 14 18| 180|222 M
1 48| 471 44| 32 28| 21| 18| 18| 14] 13] 11| 11
2 884 | 25041 148 | 108 82 [ ¥4 87 49 44 8| 33| 12
3 MO 08| 94| 146 118 29| S 15| a7| 60| &5
4 833} 704 | 323 | 228 | 177 | 148 125]| D8] B7 AT T8
3 054|677 342 | 20| 201 | 80| t48) 128 | 118] 105
] 960 | 0065 058 | J5a | 289 20| 148 | a5 | t48| 122
4 S [ T74 | 44 [ 8] A3 | 8| M4 ]| 00| 181
a P50 | 044 | TS50 64| VS| B8] [0 ] 184
-2 Me| I | S| B2| X8| =2 | B0
10 4| 002 N T 10| WMB| NS | 272
n I S4] 0| TO4| St2 ] 303 | I
12 P79 90| 81| M4 | 84| 007 | WS
1 M3 W5| 812| 50| W5 | 602
14 02| N5 884 08| 78| 677
13 M| eS| m2) 728
14 4| 025) 071 | 820 770
7 o546 | 903 | 854 | B0O
18 [ TR -FRQ FRN -1
19 | N3 | Mms
-] L7 | 4.0 | B
4] a5 | a2
2 0.0 | sl
2 9.5
24 [ 1]
2.3.1.2 Stack With Diamaeters Equal to or Lams Than If the tester desires 10 use more than the mintmum stack walls is not expected to arise with rectangular
0.81 m (24 in.] Follow the procedure (n Section 28.1.1, aumber of traverse points, expand the “minimm num-  stascks. If this problem shoukd ever arips, tha Adminie-
noting only that any “sdjusted”™ points should be relo- hnotmmpdnu’nnﬂ:[m'l‘lblol-llbjl% trator must be contacted for resolution of the maitar.
cated sway from the walls i [1) & distance of 1.3 the extra traverse paints skong one or the other or 1.4 Verification of Absence of Cyclonic Flow. [n moat
cm {0.50 In.} or (2] s distance squal to the ncrzle inside  legs of the matric the final matrix need not be bel-  sationary sowrces, the direction of stack gus flow is
dismetar, whichever Is larger. anced. For exampls, i a 4x3 “mintmum oumber of  smsential parallel to the stack wells Howaver, cyclonic
232 Rectanguisr Stacks. Determine the number of mfmuhmmnddwhﬂnd flow may axint (1) sfter sch devices ss cytiones and
trevarsa points &8 in Sections L1 und 22 of matrix could bhe 0X4 or 12x3, and not necesmarily  inertial demistery wenturl scrubbers, or (2] In
this mathod, From Tabls 1-1, determine the grid con- have to be 8x8 Afer constrocting the finsl matrix.  sacks having tangential or other duct configura-
figuration. the stack cross-section into as many  divide the stack crom-section into ss many equal rec-  lions which bnd to induce swirling in thase instances,
equal sismental srens w Teverss points  tangular, elementsl sress ¢a traverse pointa, snd locate  the prosence or sbeence of cyclonic flow i the sam-
snd then locats & treverse point to the centroid of each & trsverse point ot the centrold of equal ares. pling locstion: must be determined. The following tach.
equal arsa sccording to the example by Figure 14 The situation of trevarse peints being too closs tothe  niques are accaptable for this determination.

Environment Reporter

{Appendix A, Method 1)
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Figure 1-4. Exam showing rectanguiar stack
cross section dive into 12 equal areas, with a
fraverss point &t centroid of each area.

Level and zero the manometer. Connect a Type
S pitot tube to the manometer. Position the Type
S pitot tube at each traverse point, in succession,
so that the planes of the face openings of the pitot
tube are perpendicular to the stack cross-sectional
plane; when the Type S pitot tube is in this
position, it is at *0° reference.” Note the differ-
ential pressure (3 p) reading at each traverse
point. If a nul] (zera) pitot reading is obtained at
0" reference at a given traverse point, an accept-
able flow condition exists at that poimt. If the
pitot reading is not zero at 0”7 reference, rotate
the pitot tube (up 10 +90° yaw angle), until a
aull reading is obtained. Carefully determine and
record the value of the rotation angle (a) to the
nearest degree. After the null techmique has beer
applied at each traverse point. calculate the aver-
age of the absolute values of a; 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 g is greater than 20°, the
overall flow condition in the stack is unacceptable
and alternative methodology. subject to the ap-
proval of the Administrator, must be used to
perform accurale sample and velocity traverses.

The alternative procedure described in Sec-
tion 2.5 may be used to determine the rotation
anb‘g'!’u in lieu of the procedure described
above.

|2.4 amended by 51 FR 20288, June 4,
1986; 52 FR 34639, September 14, 1987]
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Method 1A—Sample and Velocity Traverses
for Stativnary Sources with Small Stacks or
Ducts

[Added by 54 FR 12622, March 28, 1989]

t. Applicability and Principle

1.1 The applicability and principle of this
method are identical to Method 1, except this
method's applicability is limited to stacks or
ducts less than about 0.30 meter (12in.} in
diametar or 0.071 m? (113 in.?) in cross-
sectional area, but equal to or greater than
about 0.1¢ meter {4 in.) in diameter or 0.0081
m? (1257 in.?} in cross-sectional area.

1.2 {n these small diemeter stacks or
ducts, the conventional Method § stack
assembly (consisting of a Type S pitot tube
attached to a sampling probe, equipped with
a nozzle and thermocouple) blocks a
significant portion of the cross section of the
duct and causes inaccurate measurements.
Therefore, for particulate matter (PM)
sampiing in small stacks or ducts, the gas
velocity is measured using a standard pitot
tube downstream of the actual emission
sampling site. The straight run of durt
between the PM sampling and velocity
measurement sites allows the flow profile,
temporarily disturbed by the presence of the
sampling probe, to redevelop and stabilize.

1.3 The cross-sectional layout and
location of traverse pointa and the
verification of the absence of cyclonic flow
are the same as in Method 3, Sections 2.3 and
2.4, respectively. Differences from Method 1.
except as noted, are given below.

2 Procedure

21 Selection of Sampling and
Measurement Sites,

211 ™M Measurements. Select o PM
sampling site located preferably at least 8
equivalent stack or duct diameters
downstream and 10 equivalent diameters
upstream from any flow disturbances such as
bends, expansions, or contractions in the
stack, or from a visible flame. NexL, locate
the velocity measurement site 8 equivalent
diameters downstream of the PM sampling
site. See Figure 1A-1. If such locations are
not available, select an alternative PM
sampling site that is at least 2 equivalent
stack or duct diameters downstream and 2'4
diameters upstreum from any flow
disturbance. Then, locate the velocity
measurement sita 2 equivalent diameters
downstreem from the PM sampling site.
Follow Section 2.1 of Method 1 for calculuting
equivalent dicmeters for a rectangular cross
section.

[Appendix A, Method 1A]
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212 PM Sampling (Steady Flow) ar only
Velocity Measurements. For PM sampling
when the volumetric flow rate in a duct is
constant with respect 1o time. Section 2.1 of
Method 1 may be followed, with the PM
sampling and velocity measurement
performed at one location. To demonsirate
that the low rate is constant (within 10
percent} when PM measurements are made,
perform complete velocity traverses befare
and after the PM sampling run. and calculate
the deviation of the flow rate derived after
the PM sampling ran from the one derived
befors the PM sampling run. The PM
sampling run i» acceptable if the deviation
does not exceed 10 percent.

22 Determining the Number of Traverse
Points.

2.21 PM Sampling. Use Figure 1-1 of
Method 1 to determine the number of traverse
poinis to use at both the velocity
Mmeasurement and PM sampling locationa.
Before referring to the figure, however,
determins the distances between both the
velocity measurement and PM sampling sites
to the nearest upstream and downsiream
disturbances. Then divide each distancs by
the stack diameter or equivalent diameter to
express the distances in terms of the number
of duct diemeters. Naxt, determine the
number of traverse points from Figure 1-1 of
Method 1 corresponding to each of these four
distances. Choose the highest of the four
numbers of traverse points (or a greater
number) so that, for circular ducts, the
number is & multiple of four, and for
rectangular ducts, the number is one of thoae
shown in Table 1-1 of Methad 1. When the
optimum duct diameter location criteria can
be satisfied, the minimum number of traversa
points required is eight for circular ducts and

. nine for rectangular ducis.

222 PM Sampling (Steady Flow) or
Velocity Measurements. Use Fi; 1-20of
Method 1 to determine the of traverse
points, following the same procsdure used for
PM sampling traverses as ibed in
Section 2.2.1 of Method 1. When the optimum
duct diameter location criteria can be
satisfied, the minimum number of traverse
points required is eight for circular ducts and
aine for rectangular ducts.

3 Bibliography

1. Sams as in Method 1, Section 3, Citations
1through 6.

2 Vollaro, Robert F. Recommended
Procedure for Sample Traverses in Ducts
Smaller Than 12 Inches in Diamster. U.S.
Environmental Protection Agency, Emission
Measurement Branch, Research Triangle
Park, North Carclina. Janusry 1977.

MrTHOD 2-Drmnmn¢'m or Stacx Gas
VILOCITY AND VoLUMETRIC Frow Rartx
(Tyre 8 Prror TUBE)

1. Principle and Applicability

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 (Stausschelbe or re-
verse type) pitot tube.

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

5-5-89

This procedure is not applicable at meas-
urement sites which (ail to meet the criteria

of Method 1, Section 2.1. Also, the method:

cannot be used for direct measurement In
cyclonic or swirling gas streams; Section 2.4
of Method 1 shows how to determine cy-
clonic or swirling Now conditions. When un-
acceptable conditions exist, alternative pro-
cedures, subject to the approval of the Ad-
ministrator. U.S. Environmental Protection
Agency, must be employed to make accurate
flow rate determinations; examples of such

1.80 - 3.54 cm®
19.75- t.0in.}

4 QO =
kN

|-1¢n din)* l

slternative procedures are; (1) to install
straightening vanes: {2) to calculate the
total volumetrie flow rate stoichlometrical-
ly. or (3) to move to another measurement
site at which the flow is acceptable.

2. Apparalus )

Specifications for the apparatus are given
below. Any other apparatus that has been
demonstrated (subject to approval of the
Administrator) 1o be capable of meeting the
specifications will be considered acceptable.

TEMPERATURE SENSOR

/
— =

TYPE SMITOT TURE

' *SUGGESTED (INTERFEREMCE FREE)
MTOT TUBE - THERMOCOUPLE SPACING

7

LEAK-FREE
CONNECTIONS

MANOMETER

Figure 2.1. Type S pitot tube manometer assembly.

2.1 Type 8 Pitot Tube. The Type S pitot
tube (Figure 2-1) shall be made of metal
tubing (e.g. stainless steel). It is recommend-
ed that the external tubing diameter (di-
mension Iy Flgure 2-2b} be between 0.43
and 0.85 centimeters (% and % inch). There
shall be an equal distance from the base of
each leg of the pitot tube to Ita face-opening
plane (dimensions P, and P, Pigure 2-2b); it
{s recommended that this distance be be-
tween 1.05 and 130 times the external

tubing diameter. The face openings of the
pitot tube shail, preferably, be aligned as
shown in Pigure 2-2; however, slight mis-
alignments of the openings are permissible
(see Figure 2-3).

The Type S pitot tube shall have a known
coefficient, determined as cutlined in See.
tion 4. an identification number shall be as-
signed to the pitot tube; this number shall
be permanently marked or engraved on the
body of the tube,

[Appendix A, Method 2]
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TRANSVERSE
TUBE AXIS !

FACE
o OPENING —*
PLANES
(a)
A-$IDE PLANE
{ s g —. NOTE:
LongiTugivaL 0, A A 105 0,< # <1500,
TUBE AXIS | N 8 s taery
BSIDE PLANE

1))

S e S

(3]

Figure 2-2. Properly constructed Type S pitot tube, shown in: (a} end view, face opening planes perpendiculat
1o transverse axis; (b) 10p view; face opening pianes parailel 1o longitudinal axis; (¢) side view: both legs of
equal length and centerlines coincident, when viewed from both siges. Basaline coetficient values of 0.54
-nay be assigned 1o pitot tubes construcied this way.
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TRANSVERSE
TUBE AXIS

LONGITUDINAL
TUBE AXIS ™~ /4

Figura 2-3. Types of face-opening misali

A standard pitot tube may be used instead
of a Type 8, provided that it meets the spec-
iffcations of Sections 2.7 and 4.2; note, how-
ever, that the static and impact prossure
holes of standard pitot tubes are susceptible
10 plugging in particulate-laden gas streams.
Therefore, whenever a standard pitot tube
is used to perform a traverse, adequate
proof must be furnished that the openings
of the pitot tube have not plugged up
during the traverse period: this can be done
by taking a velocity head (Ap) reading at
the final traverse point, cleaning out the
impact and static holes nf the standard
pitot tube by “back-purging” with pressur.
ized air, and then taking another Ap read-
ing. If the aAp readings made before and
after the air purge are the same (35 per-
cent), the traverse is acceptable. Otherwise,
reject the run, Note that if Ap at the final
traverse point is unsuitably low, another

5-5-89 -

that can result irom fisid use or improper

point may be selected. If “back-purging” at
regulsr Intervals is part of the procedure,
then comparative Ap readings shall be
taken, as above, for the last two back purge:
at which suitably high Ap readings are ob-
served.

2.2 Diflerential Pressure Gauge. An in-
clined manometer or equivalent device Is
used. Most sampling trains are equipped
with a 10-in. (water column) lnclined-verti-
cal manometer, having 0.01-in. H,O divisions
on the 0-to l-in. inclined scale, and 0.1-in.
H,Q divisions on the 1- to 10-in. vertical
scale. This type of manometer (or other
gauge of equivalent sensitivity) i3 satlsfac.
tory for the measurement of Ap values as
low a3 1.3 mm (0.0 in.) H,0. However, a dif-
ferential pressure gauge of greater sensitivi-
ty shail be used (subject to the approval of
the Administrator), if any of the following
s found to be true: (1) the arithmetic aver-
age of all Ap readings at the traverse points

. e misalignment construction of
Type S pitot tubes. Thase will not affect the baseline value of Cpis) so jong as al and a2 10°, 41 and 82
5°.2 0.32cm (1/8 in.) and w 0.08 cm (1/32 in)) (citation 11 in Section 8).

i the stack is less than L3 mm (0.05 in.}
H.0; (2) for traverses of 12 or maore points.
more than 10 percent of the individual ap
readings are below 1.3 mm ¢0.03 in.) H.O: (3}
for traverses of fewer than 12 points, more
than ane Ap reading Is below 1.3 mm (0.05
in.) H.Q. Citation 18 in Section § describes
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:

M
VAR +K
==l
where:

ap =Individual velocity head reading at a
traverse point, mm 1,0 (in. H.0),

n=Total number of traverse points.

K=0.13 mm H,O when metric units are used
and 0.005 in 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.
Nore: 1f differential pressure gauges other
than inclined manometers are used {(e.g.
magnehelic gauges), their callbration must
be checked after each test series. To check
the calibration of a differential pressure
guuge, compare Ap readingzs of the gauge
with those of a gauge-oil manometer at a
minimum of three points, spproximately
representing the range of Ap values In the
stack. If, at each point, the values of Ap a5

read by the differential pressure gauge and
Fauge-oil manometer agree to within § per-
cent, the differential pressure gauge shall
be considered to be in proper calibration.
Otherwise, the test series shall either be
voided, or procedures to adjust the 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 meuasuring
temperature Lo within 1.5 percent of the
minimum absoiute stack temperature shalil
be used. The temperature gauge shall be at-
tiched to the pitoi tube such that the
sensor tip does not touch any metsal; the
gauge shall be in an interference-free ar.
rangement with respect to the pitot tube
face openings (see Figure 2-1 and also
Pigure 2-7 in Section 4). Alternate pasitlons
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 pitot tube; this alternative Is subject
to the approval of the Administrator.

2.4 Pressure Probe and Gauge. A piezom-
eter tube and mercury- or water-fliled U-
tube manometer capable of measuring stack
pressure to within 2.5 mm (0.1 in.! Hg iz
used. The statie tap of a standard type pitot
tube or one leg of a Type 8 pitot tube with
the face opening planes positioned parallel
to the gus flow may also be used as the pres-
sure probe,
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2.3 Barometer. A mercury, aneroid, or
other barometer capable of messuring 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) shall be re-
Quested and an adjustment for elsvation dif-
(erences between the weather station and
the sampling point shalt be applied at a rate
of minus 2.5 mm (0.1 in.) Hg per 30-meter
(100 foot} elevation increase or vice-versa
{or elevation decreass

[The second 2.5 was added by 5t FR
20288, June 4, 1986]

25 Alternative Measurement Site
Selection Procedure. This alternative applies
1o sources where measurement locations are
lees than 2 equivalent steck or duct diametars
downstream or lesa than % duct diemeter
upatream from a flow disturbance. The
alternative shouid be limited to ducts larger
than 24 in. in diamater where blockage and
wall effects are minimal. A directional flow-
sensing probe is used to measure pitch and
yaw angles of the gas flow at 40 or more
traverse points; the resyltant angle is
calculated and compared with accaptable
criteria for mean and standard deviation.

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

251 Apparatus.

2511 Directicnal Probe. Any directional
prabe, such as United Sexsor Type DA Three-
Dimensional Directional Probe, capable of
measuring both the pitch and yaw angles of
gas flows is acceptable. (Note: Mention of
rade name or specific products does not
conatitute endorsement by the US.
Environmental Protection Agency.) Assign an
identification aumber to the directional
probe. and permanently mark o engrave the
number on tha body of the probe. The
pressure holes of directional probes are
susceplible to plugging when used ‘n
particulate-laden gas streams. Therefore, a
system for cleaning the pressure holes by
"back-purging” with pressurized air is
required,

2.5.1.2 Differential Pressure Gauges.
Inclined manometars, U-tube manometars, or
other differential pressure gauges (e.g..

gauges) that maet the
specifications described iz Method 2, § 2.2

Nots.~If the differential pressure gauge
produces both negative and positive readings,
then both negative and positive pressure
readings shail be calibrated at a minimum of
three points as specified in Mathod 2. § 2.2.

252 Traverse Points. Use & minimum of
40 traverse points for ducts and 42
pointa for rectangular ducts for the gas flow
angie determinations. Follow § 23 and Table
1-1 or 1-2 for the location and laycut of the
traverse points, If the measurement location
is determined to be geceptable according to -
the critaris- in this aiternative procadure, use
the samea traverse point number and locations
for sampling and velocity measurements.

253 Measurement Procedure.

2531 Prepare the directions] probe and
differential pressure gauges as recommended
by the manufacturer. Capillary tubing or
surge tanks may be used to dampen pressute
fluctuations. It is reconnended; bt Het
required, that a-pratestisak check be
conducted. To perforara leak check,
pressurize or use suction on the impact -
opening until a reading of at least 78-¢cm (3 |

calculations retaining at laast ona extra
significant figure beyond that of the acquired
data. Round the values after the final
caiculations.
2541 Calculate the resultant angle at
each traverse point: '
R,marc cosine [[cosine Y](cosina P;]]  Egq.
1-2
Where:
Rij = Resuitant angle at traverse paint {,
degree.
Y,=Yaw angls at traverse point |, degree.
P =Pitch angle st traverse point i, degres.
254.2 Calculate the average resuitant for
the measurements:

IR

A

= Eq. 1-3

whaerae:

R = Average resultant angle, degree.
n = Total number of traverse points.

[2.5.4.2 corrected by 51 FR 29104, August 14,
1986

2.5.4.3 Calculate the standard deviations:

\/ o

£ Ry

3 1«1

d —-lﬁqj_ €q. 1-4

in.} H:O registers on the diffarantial pressure  {25.4.3. Eq. 1-4 corrected by 51 FR 29104, Au-

gauge, then plug the impact opening. The
pressure of a leak-free system will remain,
stable for at least 15 seconds.

2532 Lavel and zero the manomaters.
Since the manometer level and zero may drift
because of vbrations and temperature °
changes. periodically check the leval and-
zero during the traverse.

2533 Position the probe at the

. appropriate locations (n tha gas stream. and

rotate until zero deflection is indicated for the
yaw angle pressure gauge. Determine and
record the yaw angle. Record the pressure
gauge readings for the pitch angle, and
determine the pitch angle from the calibration
curve. Repeat this procedurs for each -
traverse point. Complets a “back-purge” of
the pressure lines and the fmpact
prior to measurements of each traverse point.

A post-test chack as described in § 253.1
is raquired. If the criteria for a leak-free
system are not met, repair the equipment. and
repeat the flow angle measurements.

2.54 Calculats the resultant angle at sach
traverse point, the average resultant angle,
and the standard deviation using the
following equations. Complets the

Environment Reporter

gust 14, 19886|

Where: ]
8. = Standard deviation, degres.

255 The measursment location is
accaptable if R <20° and $4<10°

256 Caiibratlon. Ush & tiow system ag
described in Secticns 4.2.2.1 and'4.1.2.2 of
Method 2 In addition: the flow system shail
have the capacity. to generaiz two test-
section velocities: one between 365 and 730
m/min {1200 and 2400 fi/njin) and cne -
betwesn 730 and 1380 m/min (24@Fand 0
ft/miw). -

2.5.8.1 Cut two ennz &om in the test sec-
tion. The axes through the entry ports shail
be ﬂarpendicular to each other and intersect
in the centroid of the test section. The ports
should be alongated slots parallel to the axis
of the lest section and of sufficient length to
allow measurement of pitch angles while
maintaining the pitot head position at the
test-section centroid. To facilitate alignment
of the directional probe during calibration,
the test section should be constructed of plex-
iglass of some ather transparent material. All
calibration measurements should be made at
the same point in the test section, preferably
at the centroid of the test-section.

[Appendix A, Method 2]
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2.5.8.2 To ensure that the gas flow is parsl-
lel to the central axis of the test section, foi-
low the procedure in Section 2.4 for cyclonic
flow determination to measurs the gas flow
angles at the centroid of the tast section from
two test located at 90° apart. The ?:
flow angle measured in each port must
=2° of 0°. Straightening vanes should be in-
stalled, if necessary, to meet this criterion.

2543 Piich Angle Calibration. Performa
calibration traversa to the
manufacturer’s recommended protocol in 5°
increments for angles fhom —80° to 4+-60° at
ane velocity in each of the two tunges
specified above. Aversage the pressure-ratio
values obtained for sach angis inr the two
Aow ranges, and plot a calibrticn curve with
the average values of the pressure ratio {or
other suitable measurement factor as
recommended by the manufacturer) versus
the pitch angle. Draw a smooth line
the data paints. Plot aldo the dam wilues for
each raverse point. Determine the
differences between the measured date
values and the angle from the calibration,
curve st the sgme pressure mm
difference at each compartson must ﬂ:in
2Z° for angles betwhen 07 and w‘md'wi
3° for angles between 40" and 80"

2584 -Yaw Angle Calibration” Mark tha
three-dimensional probe to allow the:
detarmination of the yaw positioa of the-
probe. This is usually & line axtending the
length of the probe snd afligned with the
impact opening. To determing the accuracy 6
meummmuafthng:w e, only the 2ero
or null position need be calilbrated a9
follows. Place the direcfional probe in theYest
section, and ratate the probe untik the zaro
position la found. With s protracior ox other

device, moasure the angle,

.hd:utedhylheynwanghlndimtmmlh!
three-demensional

probe. This should be

- within * of 0", Rs‘peluhhlnn_l for

myothupoinhalonuthchnsthdlhcplbf
yaw angle measurements could be

read in ordsr to account for variationstn the

pitot markings medtolndlolwpmlhud

positions.

2.6 Gas Density Determination Egquip-
ment. Methed 3 equipment, If needed (see
Section 3.8), 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 Administrs-
tor.

2.7 Calibration Pliot Tube. When calibra-
tion of the Type S pitot tube is necexaary
(see Section 4), a standard pitot tube is used
as a reference. The standard pitot tube
shall, preferably, have a known coefficient,
obtained either (1) directly from the Natlon-
al Bureau of Standards, Route 270, Quince
Orchard Road, Gaithersburg, Maryland, or
(2) by calibration againat another standard

5-5-89

pitot tube with an NBS-traceable coeffl.
clent. Alternatively, a standard pitot tube
designed according to the criteria given in
2.7.1 through 2.7.5 below and {1lustrated in
PFigure 2-4 (see also Citations 7, 8, and 17 in
Section §) may be used. Pitot tubes deaigned
according to these specifications will have
baseline coetfficients of about 0.88+0.01.

2.7.1 Hemispherical (shown in PFigure 2-
4), ellipsoldal, or conical tip.

272 A minimum of six diameters
straight run (bazed upon D, the extermnal di-
ameter of the tube} between the tip and the
static pressure holes,

273 A minimum of eight diameters
straight run between the static pressure
holes and the centerline of the external
tube, following the 50 degree bend.

2.7.4 Stalic pressure holes of equal size

i {

{approximately 0.1 D). equally spaced in a
piezometer ring configuration.

2.7.53 Ninety degree bend, with curved or
mitered jurnction.

2.8 Differential Pressure Gauge for Type
S Pitot Tube Calibration. An Inclined ma-
nometer or equivalent is used. If the single-
velocity calibration technique is employed
(see Section 4.1.2.3), the calibration differ-
ential pressurc gauge shall be readable o
the nearest 0.13 mm H,O (0.005 in, H.O).
FPor multivelocity calibrations, the gauge
shall be readable to the nearest 0.13 mm
H.O (0.005 in K,0) for Ap values between 1.3
and 25 mm H,Q (0.05 and 1.0 In. H0), and
to the nearest L3 mm H,O (0.08 in. H,0) for
Ap values above 25 mm H,O (1.0 in. H,0). A
special, more sensitive gauge will be re-
quired to read Ap values below 1.3 mm H,O
{0.0% In. H,O) (see Citation 18 In Sectlon 6).

{ { 32

-
CURVED OR -
MITERED JURCTION i
H

STATIC

NOLES
{~010) i .
.
HEMISPNERICAL ~ 3

™

\N.J_J. .

Figure 2-4.- Standard pitot tube design specifications.

3. Procedure

not 8
od. as follows (1) hlow threugh the pitot mpact
opening until st lsast 7.6 cm [3 in.] HZO velocity

preasire registers on the manomaster: then, close off
tluimpld opening. The presure shall remain
ublcloratluli!nuuuh;(lldo!h.mfonha
static pressure side, axcept using suction to obtain
the minimum of 7.8 cm [8 in.) HyO. Other leak-
chack procedures. subject to ths approval of tha

chenhdurlnsthameno.kmdl neCamry
dats as shown in the example dats shest (Figure 2-
5k

3.3 Measure the velocity head and temperature
at the traverse paints specifisd by Method 1. En-
sure that the proper diffsrential pressure gauge is
being used for the nge of Ap valuss encountered
(see Soction 22] If it is necessary to changs to s
more sensitive gauge, do s0, and remessure the Ap
and tempersture resdings st each travarse point.
Canduct s post-lest leak-check [mandstory], as de-
acribed in Section 3.1 above. to validata the ta-
verse run.

3.4 Mesasure ths static pressure in the stack. One
radlngismllynd-qmur.

3.5 Determine the atmospharic premirs.

[Appendix A, Method 2
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PLANT

BATZ

STACK DIAMETER OR QIMENSIONS, mfia)
BARCMETAIC PRESSURE, mom Hpfiw Ry
CROSS SECTIONAL AREA, mdind)
OFERATORS
MTOT TUSEL.D. NO.

AV, COEFFICIENT, Cp =

LAST DATE CALIBRATED

SCHEMATIC OF STACK
CROSS SECTION

Tewwurn
L4 1Y

Jact Timporstary
) L% '

Wl Hi Lo

)
me (in} W28

- Wy {m My

Var

Asscage

16 D::ﬂmimr.heuukmdrymalmurudlm. For com-
bustion pr or that emit
CO. and N2, use Method 3, F iz

Y » I

P 'y

gurs 25, Valocity raverms data,

nal tubing diameres (dimension Dy, Figure 2-2b); and (9) the
bay. ing plane di (dimensions P4 and Pg, Figure
4:20). If Dy is berween 0.48 and 0.95 an (3716 and 341 1.} and

air, AR analysis need 0ot be conducted: use & dry Moloatay il P4 nnd Pgare cqual and between 1.05 iad 130 Dy, thee sre
weight of 29.0. For odher 3, other method: bject 1o (wo possibl i (1) tha pitot tube may be calibrated accor-
the app of the Admini '« MUSt be used, ding o the proced utlined in Secty 4.1.2 through 4,1.3

1.7 Obeain the from Ref, Mecthod 4  DElow. of (2) s buseline (isclated twbe) coefTicicnt vaiue of 0.54

{or equivalent) or from Method §.

3.8 Derermine ihe cross-sectional area of ihe stack or duct at
the ling location. Whencver it measure

4 Cdibeaion )
4.1 Type S Phiot Tube. Befoer its initial use,

may be asignéd to the pitot tyube, o that
pi:atuh:‘uunof:nmbly.nﬁbrmmyuul
quired.duphctmhduormemcud ienl value
seui?‘bl'”' P, fled limits, the
if Dy Py, and '8 are outside the speci imits, the pitor
%ﬁmhnﬁhﬂnwﬂhﬁh&ljwtl.s

Note, however,

the Type S pitod tube in 1op, ude.mmdviem:omilymu
:neruommpdme:ubemaﬁmdﬂhinmw-
fmiomillul&r_lledinﬁm!-!w!-].mpitumhmunu
be used if it fails to mect these alignment specifications.
Alter verifying the [ace pening ali and
record the follovang dimentions of the pitod tube: (a) the exier-

Envircnmen Reporter

¥ 0ot be valid {or & given amembly, The

cocflicen: values will be identical only

of tw in the biy

i interference effects are cllminased,

through 2-8 illusirase interference-free component
&rangements for Type S pitot tubey having external tubin

diameiers between 0.40 and 0.95 cm {3/16 and 3/8 in.), ‘l'ymé

be calibrated according 1o
4.1.2 through 4.1.3 below,
_lndpioﬂonﬁbminq.tmnlmaruuimummm-
Ing3 (puot-nozzie, pirot-th uple, pitol-prode sheath) shall
be measnred end recorded.

NOTE.—Do nwl;‘nr Type § pitot tube axsembly 'hfhth:
consirocted siach impmmwenvuﬁupluno
mlmhhbdo-mmmofunmx&thm

4.12 Calibration Setup.

If the Type S pirot tube is 10 be

calibrazed, one u!:hc:ub:shﬂlhpumulymtda\.

and the other, B. Calibrati hall be done in & flow system hav-

b;hrdh-h'mhlﬁs‘nfm
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o TYPE STOT TURE
12100 e {34 ia) FOA Oy~ 1.3 cm (1/7 i)
T
SAMPLING NOZZLE i S
A. BOTTOM VIEW: SHOWING MINKAUM MITOT-NOZZLE SEPANATION,
SAMPLING SAMPMLING STATIC PRESSURE
PROBE NOZZLE CPENING PLANE
IMPACT PRESSURE
/ OPENING PLANE
TYPES : . — — .
MTOT TUSE
 NOZILE ENTRY «
MANE E .
- - - 4 -
L SIOE VIEW: TO PREVENT MITOY TURE |
FAOM INTERFERING WITH GAS FLOW ’
STREAMLINES APPROACHING THE
KOZZLE, THE IMPACT PRESSURE
OPERING PLANE OF THE MITOT TUBE
SHALL B EVEN WITH OR ABOVE THE
NOZZLE ENTRY PLANE.
Figure 2-6. Proper pitot tube-sampling nozzle configuration o prevent asrodynamic interference;
buttonhook-type nozzie; centers of nozzie and pitot opening aligned; Dy batween 0.48 and 0.95 cm
{3/16 and 3/8 in.}.
[Figure 2-8 amended by 52 FR 34639, September 14, 1987]
[Appendix A, Method 2]
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THERMOCOUPLE
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Figure 2-7. Proper thermocouﬁle placement to prevent interference;
Dy between 0.48 and 0.95 ¢m (3/16 and 3/8 in.).

TYPE S PITOT TUGE

U _:'
I A 1 ||

|
[
[
I
| SAMPLE PROBE |wa—— Y >2.62cm (3in.) ——

Figure 2-8. Minimum pitot-sample probe separation needed to prevent interference;
. Dt between 0.48 and 0.95 ¢cm (3/16 and 3/8 in.).

4.1.21 The flowing gas stream must be
conflned te 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.).

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

LW Equation 2.1
= uation
(L+ W)
where:
D,=Equivalent diameter

L=Length
Wa=Width

To ensure the presence of stable, fully de-
veloped flow patterns at the calibration site,
or “test section,” the aite must be located at
least eight diameters downstream and two
diameters upstresm from the npeareat dis-
turbances.

Nore The eight- and two-diameter crite-
ria are not ahsolute; other test section loca-
tiona may be used (subject to approval of
the Administrator), provided that the flow
at the test site is stable and demonstirably
parallel to the duct axia.

4.1.2.3 The flow system shall have the ca-
pacity to generate a test-section velocity

(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 +5 to 8 percent for the meas-
urement of velocities between 180 and 305
m/min (600 and 1,000 {t/min). If & more
precise correlation between G, and velocity
s desired, the flow system shall have the ca-
pacity to generate st least four distinet,
time-invariant test-section velocities cover-
ing the velocity range from 180 to 1,523 m/
min (600 to 5,000 ft/min), and calibration
data ahall be taken at regular velocity inter-
vals over this range (see Citations 9 and 14
In Section 6 for detalls).

4.1.24 Two entry ports, one each for the

around 915 m/mirn (3,000 ft/min). This ve- standard and Type 3 pitot tubes, shall be
locity must be constant with time to guaran- Cut in the test section; the standard pitot
tee steady flow during calibration. Note that entry port ahall be located alightly down-

Type 8 pitot tube coefficients obtained by stream of
single-velocity calibration at 913 m/min standard and

the Type 8 port, so that the
Type S Impact openings will

[Appendix A, Method 2]
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tie in the same cross-sectional plane during
calibration. To facilitate alilgnment of the
pitot tubes during calibration, it is advisable
that the test section be constructed of plex-
Iglas or some other transparent matertal.

4.1.3 Calibration Procedure. Note that
this procedure i3 a general one and must not
be used without {irst referring to the special
considerations presented In Section 4.1.5.
Note also that this procedure applies only
to single-velocity callbration. To obtain cali-
bration data for the A and B sides of the
Type S pitot tube, proceed as follows:

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

4132 Level and zero the manometer.
Tum on the fan and allow the flow to stabi-
lize. Seal the Type 8 antry 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 tow. Particular car should be taken in
aligning the tube to avoid yaw and pitch
angles. Make sure that the entry port sur-
rounding the tube is properly seaied.

4.1.3.4 Read A’ and record its value in a
data table similar to the one shown In
Flgure 2-9. Remove the standard pitot tube
from the duct and disconnect it [rom the
manometer. Seal the standard entry port.

4.1.2.5 Connect the Type S pitot tube to
the manometer. Open the Type S entry
port. Check the manometer level and zero.
Insert and align the Type 3 pitot tube so
that its A side impact opening s at the same
point as was the standard pitot tube and is

pointed directly into the flow, Make sure
that the entry port surrounding the tube iz
properly sealed.

4.1.3.8 Read Ap, and enter iLs value (n the
data table. Remove the Type 3 pitot tube
from the duct and disconnect it {rom the
manometer.

4.1.37 Repeat steps 4.1.3.3 through
4.1.2.6 above until three pairs of Ap readings
have been obtained.

4133 Repeat steps 4.1.3.3 through
4.1.3.7 above for the B side of the Type S
pitot tube.

4.1.3.9 Perform calculations, as described
in Section 4.1.4 below.

4.1.4 Calculations

4.14.1 Por each of the six pairs of Ap
readings (ie., three from side A and three
from side B) obtained in Section 4.1.3 above,
caleulate the value of the Type S pitot tube
coeffficient as foilows:

PITOT TUBE IDENTIFICATION NUMBER: DATE:
CALIBRATED BY:
A" SIDE CALIBRATION
Apad LY-Th)
em H30 em H20 DEVIATION
. AUN NO. {in. H20) {in. H20) Cols) Cats) - CplA)
1
2
3
‘ Cp SIDE A)
"8 SIDE CALIBRATION
Apgd bp .
. cm H20 em H20 DEVIATION
1
2
|
Ty (SIDE 8)
3 -
T |cptad-Tyth OR B}
AVERAGE DEVIATION » u{ADRD) = ~— MUST 8E <0.01

3

| p 1SIDE A) -y (SIDE ) |a—MUST BE <0.00

5-5-89

Figure 2.9, Pitot tube calibration data.
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F3D
('r-m=c'r-ur.n V JP}:

Iguation 2-2

where:

Cow=Type S pitot tube coefficient

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

ap.,=Velocity head measured by the stand-
arg pitot tube, cm H,O tin. H.O)

4p, = Velocity head measured by the Type 3
pitot tube, cm 2.0 (In H.O?

4.1.4.2 Calculate C; (side A}, the mean A-
side coefticient, and t {side B}, the mean B-
side coefficient: calculate the difference be-
(ween these two average values.

[4.1.4.2 amended by 52 FR 34639, Sep-
tember 14, 1987 corrected by 52 FR
42061, November 2, 1987]

4.1.4.3 Calculate the deviztion of each of
the three A-side values of Cuy from G, (side
A), and the deviation 6f each B-side value of
Cow trom T, (side B). Use the following
equation:

Deviation=Cp,,—C.(A or B)
Equation 2-3

[4.1.4.3 amended by 52 FR 34639, Sep-
tember t4, 1987; corrected by 52 FR
42061, November 2, 1987]

4.1.4.4 Calculate 0 the average deviation
from the mean, for both the A and B sides
of the pitot tube. Use the following equa-
tion:

. couple

J ——
;wun—cp(d or 1)

o (side A or B)= 3

Ilquation 24

[4.1.4.4 amended by 52 FR 34619, Sep-
tember 14, 1987]

4.1.4.3 Use the Type S pitot tube only if
the values of - (side A) and « (side B) are
less than or equal to 0.01 and {f the absolute
value of the difference between Cp (A) and
G, (B) is 0.01 or lesx.

[4.1.4.5 amended by 52 FR 34639, Scp-
tember 14, 1987, corrected by 52 FR
42061, November 2, 1987]

4.1.5 Special 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 S pitot coeffl-
cienta so obtained, Le., Cy {side A) and G
(aslde B), will be valid, so long as either: (1)
the isolated pitot tube Is used; or (2) the
pitot tube iz used with other components
(nozzle, thermocouple, sample probe) in an
arrangement that (s free from aerodynamic
Interference effects (see Plgures 3-8
through 3-8).

[4.1.5.1.1 amended by 52 FR 34639, Sep-
tember 14, 1987; corrected by 52 FR
42061, November 2, 1987]

4.1.5.1.2 For Type 8 piltot tube-thermo-
combinations . (without sample
probe), select a calibration point at or near
the center of the duct, 'and follow the proce-
dures outlined in Sections 4.1.3 and 4.1.4
shove. The coefficients 20 obtalned 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 2-8, and 2-3).

Environment Reportar

4.1.5.1.3 For assemblies with sample
probes, the calibration point should be lo-
cated at or near the center of the duct; how-
ever, Inzertion of a probe sheath (nto &
small duct may cause significant cross-sec-
tional ares blockage and yield Incorrect co-
efficlent values (Citation § in Section 8).
Therefore, to minimize the blockage effect,
the calibration point may be a few Inches
off-center if necessary. The actual blockage
cffect will be negligible when the theoreti-
cal blockage, as determined by a projected-
ares model of the probe sheath, is 2 percent
or less of the duct cross-sectional area for
assemblies without external sheaths (Pigure
2-10s), and 3 percent or less for asaemblies
with external sheaths (Pigure 2-10b).

4.1.5.2 For those probe assemblies In
which pitot tube-nozzie Interference s s
(actor (Le., those in which the pitot-ncaxle
separation distance fails to meet the specif]-
cation illustrated in Figure 1-8a), the value
of Cu depends upon the amount of free-
space between the tube and nozzle, and
therefore is a function of nozzle size. In
these instances, separate calibrations shall
be performed with each of the commonly
used nozzle sizes in place, Note that the
single-velocity calibration technique s ac-
ceptable for this purpose, even though the
larger nozzle sizes (»0.635 cm or % In.) are
not ordinarily used for isokinetic sampling
at velocities around 915 m/min (3,000 ft/
min), which is the calibration velocity; note
also that it is not necessary to draw an (so-
kinetlc sample during calibration (see Cita-
tion 19 in Section 6).

4.1.5.3 For a probe assembly constructed
such that its pitot tube is always used in the
same orientation, only one side of the pitot
tube need be calibrated (the side which will
face the flow). The pitot tube must still

meet the alignment specifications of Figure
2-2 or 2-3, however, and must have an aver-

age deviation {e) value of 0.01 or less (see
Section 4.1.4.4).

(4.1.5.3 amended by 52 FR 34639, Sep-
tember [4, 1987]

[Appendix A, Method 2]
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Figure 2-10. Projected-area models for typical pitot tube assemblies.

4148 Pield Use and Recalitiration.

4.1.6.1 Peld Use.

4.16.1.1 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 to perform velocity caiculations. For
calibrated Type 8 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, aiternatively, the arithmetic aver-
age of the A and B side coefficlent values
may be used, irrespective of which side facea
the {low.

41.6.1.2 When a probe assembly is used
to sample a small duct (12 to 38 in. ip disme-
ter), the probe sheath sometimes blocks a
significant part of the duct cross-section,
causing a reduction in the effective value of
Cour Consult Citation 9 in Section 8 for de-
tails. Conventional pitot-sampling probe as-
semblies are not recommended for use in
ducts having inside diameters smaller than
12 inches (Citation 16 In Section 6).

§-5-89

4.1.6.2 Recalibration.

4.1.6.2.1 Isolated Pitot Tubes. After eacn
fleld 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 [llustrated in
Pigure 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
damaged 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 {ace openings
or the tube shall be discarded.

4.18.22 Pitot Tube Assemblies. After
each fleld use, check the face opening align-
ment of the pitot tube, as In Section
4.1.6.21; 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 azsumed that the coefficlent of the
assembly has not changed. If the face open-
ing alignment i3 no longer within the speci-
fications of Figures 3-2 or 2-3, either repair

the damage or replace the pitot tube (cali-
brating the new assembly, If necessary). If
the intercomponent spacings have changed,
restore the original spacings or recalibrate
the assembly.

4.3 Standard pitot 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 1.7 and
shall be azsigned a basellne 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 to
the approval of the Administrator).

4.3 Temperature Gauges. After each
fleld use, calibrate dial thermometers,
lquid-filled bulb thermometers, thermocou-
ple-potentiometer systems, and other
gauges at a ternperature within 16 percent
of the average absolute stack temperature,
For tempersatures up to 405° C (761" P}, use
an ASTM mercury-in-glass reference ther-
mometer, or equivalent, as a reference; al-
ternatively, either a reference thermocoupte
and potentiometer {calibrated by NBS) or

[Appendix A, Method 2]
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thermometric fixed points. e.g.. ice bath and
boiling water (corTected for barometric pres-
Sure) may be used. For temperatiures above
405" C (761* F). use an NBS-calibrated refer-
ence thermocouple-potentiometer system or
an alternate reference, subject to the ap-
proval of the Administrator.

I. during calibration, 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 poilutant emission test shall
either be consjdered invalld or adjustments
(if appropriate) of the test results shall be
made, subject {0 the approval of the Admin-
istrator,

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

5. Calewlations

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

5.1 Nomenclature.

A =Cross-sectional area of stack, m*(ft?,

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

C, = Pitot tube ¢oefficient, dimensionless.

X, =Pitot tube constant.
da.97 m [(gfg moie)(mm Hg) Ltz

see SK) (mm 11,00

for the metric system and

(_lb!lb-mn[e) {in. 1) Yt=

o
&4 S e e noy

for the English system.

M.=Malecular weight of stack gas, dry basis
(see Section 3.6) g/g-mole (1b/1b-mole).

M, =Molecular weight of stack gas., wet
basis. g/g-mole {lb/1b-mole).

=My (1-Ba) +18.0 Ba

Eq. 2-5

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

P, =Stack static presaure, mm Hg (in. Hg).

P, = Absolute stack gas pressure, mm Hg (n,
Hg).

m P+ Py

Equation 2-8

P.,=5tandard absolute pressure, 780 mm
Hg (29.92 In. Hg).

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

L=Stack temperature, ‘C (*P).

T.=Absolute stack temperature, 'K, ("R.).

=273 + & for metric

Equation 2-7

=460+ &, for English
Equation 2-8

Ty =Standard absglute temperature, 293 'K
{528" R)

n=Average stack gas velocity, m/zec (ft/
sec).

A.-g%oclw head of stack gas, mm H,O (in.

).

3,600 =Conversion factor, sec/hr.

18.0=Molecular weight of water, g/g-moile
¢{1b/1b-mole),

3.2 Average stack gas velocity.

V= Kpcn(m)n. Ti'.!'_'
» *
Equation 2-Y

5.3 Average stack gas dry volumetric flow
rate.

T s | A
Qu=3.800(] — B t0sd —— —_—
T wen Py
Equatlon 2-19

To convert Qg from dscm/hr (dscf/hr)
to dscm/min (dscf/min), divide Qg4 by 60.

[5.3 amended by 52 FR 34639, September
14, 1987]
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MEzTHOD 1A-~DIREKCT MEASURKMENT OF GAS
VoLumz THROUGH Prees anp SmaLl Ducrs

L. Applicability and Principle

1.1 Applicability. Thiz method applies to
the measurement of gas flow rates in pipes
and small ducts, either In-line or at exhaust
iﬂ)ﬂg;l%nl. within the temperature range of 0
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1.2 Principle. A gas volume meter is used
to measure gas volume directly. Tempera-
ture and pressure measurements are made
to correet the volume to standard condi-
tions.

2. Apparalus.

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

21 Gas Volume Meter. A positive dis-
placement meter, turbine meter, or other
direct volume measuring device capable of
measuring volume to within 2 percent. The
meter shall be equipped with a tempersture
gauge { % -2percent-of the minimum absolute
temperatire) and 4 pressure gauge (+2.3
mm Hg). The manufacturer's recommended
capacity of the meter shall be sufficlent for
the expected maximum and minimum flow
rates at the sampling conditions. Tempera-
ture, pressure, corrosive characteristics, and
pipe size are factors necessary to consider in
choosing a sultable gas meter.

f2.1 amended by 52 FR 34639, September
13, 1987]

1.1 Barometer. A mercury. anerold, or
other barometer capable of measuring at-
mospheric pressure to within 2.5 mm Hg. In
many cases, Lhe barometric reading may be
obtained from a nearby national weather
service station, in which case the station
value (which is the absolute barometric
pressure) shall be requested, and an adjust-
ment for elevation differences between the
weather station and the sampling point
shail be applied at a rate of minus 25 mm
Hg per 30-meter elevation increase, or vice-
versa for elevation decrease.

2.3 Stopwatch. Capable of measurement
to within | second.

3. Procedure

3.1 [Installation. As there are numercus
types of pipes and smail ducts that may be
subject to volume measurement, it would be
difficuit to deacribe all possible installation
schemes. In general, flange fittings should
be used for all connections wherever possi-
ble. Gaskets or other seal materials should
be used to assure leak-tight connections
The volume meter should be located s¢ as to
aveld severe vibrations and other factors
that may affect the meter calibration.

3.2 Leak Test A volume meter instalied
at a location under positive pressure may be
leak-checked at the meter connections by
using a liquid leak detector solution contain-
ing a surfactant. Apply & small amount of
the solution to the connections. If a leak
exists, bubbles will form, and the leak must
be corrected.

A volume meter installed at a location
under negative pressure ls very difficult o
test for leaks without blocking flow at the
inlet of the line and watching for meter
movement. If this procedure is not possible,
visually check all connections and assure
tight seals.

3.3 Volume Measurement.

3.3.1 Por sources with contihuous, steady
emission flow rates, record the initial meter
volume reading, meter temperaturei(s),
meter pressure, and start the stopwatzh.
Throughout the test period, record the
meter temperature(s) and pressure so thal
average values can be determined. At the
end of the test, stop the timer and record
the elapsed time. the final volume reading.
meter temperature(s), and pressure. Record
the barometric pressure at the beginning
and end of the test run. Record the data on
a table similar to Pigure 2A-1. :

[Appendix A, Method 2A)
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Plant

Date aun Number

Sample Location

Barometric Prassura nm Hg Start Finish
Qperators _
Mater Nuzser Mater Calibration Coefficient

Last Data Calibratac

static
Time Volume grassure 1
_ fieter ‘ Temperature
Runfclock | reading mm Hg °C s
l ;
i |
i
i s
| 5
l Average
_ l Figure 2A-1. Volume flow rate measuremant data.
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3.3.2 For sources with noncontinuous,
non-ateady emission flow rates, use the pro-
cedure In 3.3.1 with the addition of the fol-
lowing: Record all the meter parameters
ang the start and stop times corresponding
to each process cyclical or noncontinuous
event.

4. Calibration

4.1 Volume Meter. The volume meter is
callbrated against a standard reference
meter prior to its Initial use in the fleld. The
reference meter {8 a spirometer or Hquid dis-
placement meter with & capacity consistent
with that of the test meter.

Altarnately, s calibrated. standard pitot
may be used as the reference meter In con-
junction with a wind tunnel assembly.
Attach the test meter to the wind tunnel so
that the total flow passes through the test
rmeter. For each calibmation run, conduct a
4-point traverse along one stack diameter at
a position at least eight diameters of
straight tunnel downstream and two diame-
ters upstream of any bend, inlet, or alr
mover. Determine the traverse point loca-
tions as specified in Method 1. Calcuiate the
reference volume using the velocity values
following the procedure In Method 2, the
wind tunnei cross—.sec'unnn.l area, and the
run time.

Set up the test meter In a conflguration
similar to that- used in the field installation
(l.e.. in relation to the flow moving device).
Connect the temperature and pressure
gauges as they are to be used in the fleld,
Conncet the reference meter at the inlet of
the flow line, { appropriate for the meter,
and begin gaz flow through the system to
condition the meters. During this condition-
Ing operation, check the system for leaks

The calibration shall be run over at least
three different flow ratea. The calibration
flow rates shall be about 0.3, 0.8, and 0.9
times the test meter's rated maximum flow
mte.

For each callbration run, the data to be

-collected include: reference meter initial

and final volume readings, the test meter
(nitial and final volume reading, meter aver-
age temperature and pressure, barometric
pressure, and runt time. Repesat the runs at
each flow rate at least three times.

Calculate the test meter calibration coeffl-
cient, Y.' for each run as follows:

(V= Vo) (8, +273) P
S (Ve VaXta+2TDH ®,+P,)
Eaq. 2A-1

Where:

Y.=Test volume meter calibration coeffl-
cient, dimensionleas,

V,=Relerence meter volume reading, m*

Va=Test meter volume reading, m?

t,=Reference meter average temperature,
*C.

te=Test meter average temperature, 'C.

P, =Barometric pressure, mm Hg.

{=Final reading for run.
(= Initial reading for run.
Compare the three Y, values al esch of

The procedure sbove shaill be performed
st least once for each volume meter. There-
after, an abbreviated calibration check shall
be completed following each fleld test. The
calibration of the volume meter shall be
checked by performing three calibration
runs st » single, intermediate flow rate
(based on the previous fleld test) with the
meter pressure set at the average value en-
countered In the field test. Calculate the av-
erage value of the calibration factor. [f the
calibration has changed by more than § per-
cent, recalibrate the meter over the full
range of flow as deacribed above.

Nore—If the volume meter calibration co-
efficient values obtalned before and after a
test series differ by more than 3 percent,
the test series shall either be voided, or cal-
culations for the test series shall be per-
formed using whichever meter coefficient
value (Le., before or after) gives the greater
value of pollutant emission rate,

4.2 Temperature Gauge. After each test
series, check the temperature gauge at am-
bient temperature, Use an American Soclety
for Testing and Matertals (ASTM) mercury-
in-glazs reference thermometer, Or equiva-
lent, as & reference. If the gauge being
checked agrees within 3 percent (absolute
tempersture) of the reference, the tempers-
ture data collected In the fleld shall be con-
sidered valid. Otherwise, the test duts shall
be considered invalid or sdjustments of the
test resulta shall be made, subject to the ap-
proval of the Administrator.

43 Barometer. Calibrate the barometer
used against a mercury barometer prior to
the field test.

5. Calculations.

Carry out the calculstions, retaining at
least one extra decimal figure beyond that
of the acquired data. Round off figures
after the {inal calculation.
5.1 Nomenclature
P, =Barometric pressure, mm Hg.
P,=Average static pressure in volume
meter. mm Hg.

Q,=Gas fllow rate, m*/min, standard condi-
tions.

Ta=Average absolute meter temperature,
‘K

Va =Meter volume reading, m*.
Ya=Average meter calibration coefficient,
dimensionless,

s=Standard conditions, 20° C and 760 mm

Hg.
9=Elapsed test period time, min.
5.2 Volume.

Ve = 0.3853 Y. (Va—Va FotPed

Ta
Eq. 2A-1
3.3 Gas Flow Rate.
Q == Eq. 2A-3
-]
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MrrHop 1B-—DETERMINATION OF EXHADST
Gas Vorosx Prow Ratx Froum GasoLiwe
VArOR IRCINERATORS

1. Applicability and principle

1.1 Applicability. This method applies to
the messurement of exhaust volume flow
rate from incinerators that process gasoline
vapors consisting primarily of alkanes, al-
kenes, and/or arenes (aromatic hydrocar-
bons). It is assumed that the amount of sux-
{liary fuel is negligible.

1.2 Principle. The Incinerator exhaust
flow rate is determined by carbon balance.
Organic carbon concentration and volume
flow rate are messured at the (ncinerator
inlet. Organic carbon, carbon dloxide (CO,),
and carbon monoxide (CO) concentrations
are measured at the outlet. Then the ratio
of total carbon at the incinerstor inlet and
autlet ls muitiplied by the (niet volume to
determine the exhaust volume and volume
flow rate.

2. Apparatus.

11 Volume Meter. Equipment described
fn Method 2A.

2.2 Organic Analyzers (2). EQuipment de-
scribed In Method 25A or 25B.

P,=Test meter average static pressure, mm {=FPinal reading for test period 23 CO Analyrer. Equipment described (n
Hg. jm=Initinl reading for test period. Method 10.
(Appendix A, Mathod 2B]
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Figure 4-1.

2.1.1 Probe. The probe Is constructed of
stainless steel or glasz tubing, sufficlently
hteated 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 (eg., -
as described in Method $2, to remove partie-
ular matter.

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

trator.

21.2 Condenser. The condenser conaisty
of four impingers connected in series with
ground glass, leak-free fittings or any simij-
larly leak-free non-contaminating fittings.
The first, third, and fourth impingers shall
be of the Greenburg-Smith design, modified
by replacing the tip with & 1.3 centimeter (X
inch) [D glass tube extending to sbout 1.3
em (% in.) from the bottom of the flask. The
second impinger shall be of the Greenburg-
Smith design with the standard tip. Modifl.
cations (e.g.. using flexible connections be-
tween the impingers, using materiais other
than glass, or using flexible vacuum lines to
connect the fliter holder to the condenser)
may be used, subject to the approval of the
Administrator.

The first two impingers shall contain

known volumes of water, the third shall be .

empty, and the fourth szhall contaln a

Jnown weight of §- to 16-mesh indicating

type silica gel, or equivalent desiccant. If
the silica gel has been previously used, dry
at 178* C {350* P) for 2 hours. New silica gel
may be used as received. A thermometer, ca-
pable of measuring temperature to within 1*
C (T* P, shall be placed at the cutlet 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 mofsture leav-
ing the condenser, each to within 1 ml or 1
£ Acceptable means are to measure the con-
densed water, either gravimetrically or volu-
metrically, and t0 messure the molsture
leaving the condenser by: (1) monitoring the
temperature and pressure at the exit of the
candenser and using Dalton’s law of partial
pressures, or (2) passing the sample gas
stream through a tared silica gel (or equiva-
lent desiceant) trap, with exit gases kept
below 20° C (63° F), and determining the
welght gain.

If means other than silica gel are used to
determine the amount of moisture leaving

Environment Reporter

8Y-PASS VALVE

MAIN VALVE

AIR-TIGHT
PUMP

Moisture sampling train-reference methed.

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 svoid the need to make
corrections for moisture in the metered
volume. : )

2.1.3 Cooling Bystem. An lce bath con-
tainer and crushed ice (or equivalent) are
used to aid in condensing moisture.

2.1.4 Metering System. This system in-
cludes a wvacuum gauge, lesk-free pump,
thermometers capable of measuring tem-
perature to within 3* C (5.4° P), dry fas

sampling rate and determining sample gas
volume, may be used, subject to the approv-
sl of the Administrator,

215 Baromater. Mercury, anercld, or
other barometer capable of messuring st-
mospheric preasure to within 3.5 mm Hg
(0.1 in. Hg) may be used. In many cases, the
barometric

which case the station value (which is the
sbsolute barometric preasure) shall be re-
quested and an adjustment for elevation dif-

[Appendix A, Method 4]

114




l‘

120:0522

FEDERAL REGULATIONS

2.4 CO, Analyzer. A nondispersive infra-
red (NDIR) CO. analyzer and supporting
eqQuipment with comparable
&8 CO analyzer described in Method 10.

3. Procedure.

3.1 Iniet Installation. Install a volume
meter in the vapor line to incinerator inlet
actcording to the procedure in Method 1A.
At the volume meter inlet, tnatall & sample
probe as describad in Method 25A. Connect
{0 the probe a leak-tight, heated (if neces-
SAry to prevent condensation) sample lne
(staintess steel or equivalent) and anb organic
anl;lsy;er system as described in Method 25A
or ,

3.2 Exhaust Installation. Three sample
analyzers are required for the incinerator
exhaust: CO., CO, and organic analyzers. A
sample manifold with a single sample probe
may be used. Install a sample probe as de-
scribed Method 25A. Connect a leak-tight
heated sample llne to the sample probe.
Heat the sample line sufficiently to prevent
any condensation.

3.3 Recording Requirements. The output
of each analyzer must be permanently re-
corded on an analog strip chart, digital re-
corder, or other recording device. The chart
speed or number of readings per time unit
must be similar for all analyzers so that
data can be correlated The minimum data
recording requirement for each analyzer is
one measurement value per minute.

3.4 Preparation Prepare and calibrate all
equipment and analyzers according to the
procedures in the respective methods. For
the COy analyzer, follow the procedures de-
scribed in Method 10 for CO analysis substl-
tuting CO, calibration gas where the
method calls for CO calibration gas. The
span value for the CO, anaiyzer shall be 15
percent by volume. All calibration guses
must be introduced at the connection be-
tween the probe and the sample line. If a

- manifold system !s used for the exhaust
analyzers, all the analyzers and sample
pumps must be operating when the calibra-
tions are done. Note: For the purposes of
this test, methane should not be uszed as an
organic calibration gas.

3.5 Sampling. At the beginning of the
test period, record the initial parameters for
the inlet volume meter according to the pro-
cedures in Method 2A and mark all of the
recorder strip charts to indicate the start of
the test. Continue recording inlet organic
and exhaust CO,, CO, and organic concen-
trations throughout the test. During periods
of procesa interruption and halting of gas
flow, stop the timer and mark the recorder
strip charta so that data from this interrup-
tion are not included in the calculations. At
the end of the test period, record the final
parameters for the inlet volume meter and
mark the end on ali of the recorder strip
charts,

3.8 Post Test Calibrations. At the conclu-
sion of the sampiing period, introduce the
calibration gases as in the respec-
tive reference methods If an analyzer

output does not meet the specifications of
the method, invalidate the test data for the
period. Alternatively, calculate the volume
results using initial calibration data and
using final calibration data and report both
resulting volumes. Then, for emimions cal-
culations, use the volume measurement re-
sulting {n the greatest emiszion rate or con-
centration.

4. Calculattons, .

Carry out the calculations, retaining at
lesst ane extra decimal figure beyond that
of the acquired dsta. Round off figures
after the final calenulation.

4.] Nomenclature.
C0O,=Mean carbon monoxide concentration
in system exhaust, ppmv.

COy, = Meals carbon dioxide concentration in
system exhaust, ppmv.

HC,=Mean organic concentration in system
exhaust as defined by the calibration
gas. ppmv.

HC,=Mean organic concentration in system
inlet as defined by the calibration gas,
ppmy.

K=Calibration gas factor

=2 for ethane calibration gas.

=3 for propane calibration qas.

=4 for butane calibration gaa.

= Appropriate response factor for other
calibration gas.

Vv, =Exhaust gas volume, M?

V.=Inlet gas volume, M*

Q.. =Exhaust gas volume {low rate, m¥/min.

Q. =Inlet gas volume flow rate, m*/mein.
©=Sample run time, min.
saStandard Conditions 20°C, 760 mm Hg.

300=Estimsted concentration of ambient
CO,, ppmv. (COs concentration n the
ambient sir may be measured during the
test period using an NDIR).

4.3 Concentrations, Determine mean con-
centratlons of inlet organics, outlet CO.
outlet CO, and outlet organics according to
the procedures In the respective methods
and the analyzers’ calibration curves, and
tortheummwmedﬂedlnm‘g’p&

Concentrations

cable regulations.
determined on a parts per million by volume
(ppmv) basis.

43 Exhsust Gas Volume. Calculate the
exhaust gas volume as follows:

EHC)
K(HC,)+COs\+C0,— 300

Ve o Vo

Eq. 1B-1

Environmant Rsporter

4.4 Exhaust Gas Volume Plow Rate. Cal-
culate the exhaust gas volume flow rate as
followx:

Qs Vaul®
Eq. 1B-2

[4.4 Eg. 2 B-2 amended by 52 FR 34639,
September 14, 1987]

8. Bibliography.
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Method 2C-~Dutermination of Stack Gas
Valocity aad Volumetric Flow Rate in Small
Stacks or Ducts {Standard Pitot Tube)

[Added by 54 FR 12622, March 28, 1989]

1. Applicability and Principle

1.1 Applicability.

11.1 The applicability of this method is
identical to Method 2, except this method is
limited to stationery source stacks or ducts
leas than about 0.30 metar (12 In.) in diameter
or 0.071 m* (113 in. % In cross-sectional area,
but equal 1o or greater than about 0.10 metey
{4 in.} in dtameter or 0.0081 m*(12.57 In.") in
muonll area. H

112 The spparatus, procedurs,
calibration, calculations. and biliography arm
the same as in Method 2, Sections 2. 3. 4. 5,
and 6, except as noted in the following
sections.

12 Principle. The average gas velocity in
a stack or duct is determined from the gas
density and from measurement of velocity
heads with a standard pitot tube.

2 Apparatus

21 Standard Pitot Tube (instead of Type
S). Use u standard piiot tube that meets the
specifications of Section 2.7 of Method 2. Use
a coefficlent valug of 0.00 unless it is
calibrated against another standerd pitot
tabe with sn NBS-tracesble coefficiant.

22 Alternative Pitot Tube. A modified
hemispherical-nosed pitot tube (see Figure
2C-1), which features a shortened stem and
enlarged impact and static pressure holes.
may be used. This pitot tube is useful in
liquid drop-laden gas streams when a pitot
“back purge” is ineffective. Use » coeflicient
value of 0.99 unless the pitot is calibrated a2
mentioned in Section 21 abave.

[Appendix A, Mathod 2C]
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3. Procedure

Follow the general procedures in Section 3
of Method 2. except conduct the
measurements at the traverse points specified
in Method 1A. The static and impact pressure
holes of standard pitot tubes are susceptible
to plugging in PM~laden gas streams.
Therefore, the tester muat furnish adequate
proof that the openings of the pitot tube have
not plugged during the travarse period; this
proof can be abained by first recording the
velocity head (Ap) reading at the final
traverse point, then cleaning out the impact
and atatic holes of the standard pitot tube by
“back-purging" with pressurized air, and
finally by recording another Ap reading at the
final traverse point. If the Ap reading made
after the air purge is within 5 percent of the
reading during the traverse, then the traverse
is acceptable. Otherwise, reject the run. Note
that if the Ap at the final traverse paint is 8o
low as to make this determination toc
difficult. then another traverse point may be
selected. If “back purging” at regular
intervals is part of the procedure, then take
comparative Ap readings, as above, for the
last two back purges at which suitable high
Ap readings are observed.

Mathod 2D—Measurement of Gas Volumetric
Flow Raies in Small Pipes and Ducts

[Added by 54 FR 12622, March 28, 198Y)

1. Applicability and Principle

11 Applicability. This method applies to
the measurement of gas flow rates in smmil
pipes and ducts, either before or after
emission control devices.

12 Principle. To meesure flow rate or
pressure drop, all the stack gas is directed
through a rotameter, orifice plate or similar
flow rate measuring device. The measuring
device has been previously calibrated in 2
manner that insures its proper calibration for
the gas or gas mixture being messured.
Absolute temperature and pressure
measuraments are elso made to calculate
volumetric flow rates at standard conditions.

2 Apparatus

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

21 Flow Rate Measuring Device. A
rotameter, orifice plate. or other How rate
measuring device capable of measuring all
the stack flow rate to within 5 percent of its
true valus. The measuring device shall be
equipped with a temperature gauge accurate
to within 2 percent of the minimum absolute
stack temperature and a pressusy gauge
accurate to within 5§ mm Hg. The capacity of

the measuring devica shall be sufficient for
the expected maximum and minimum flow
rates at tha stack gas conditions. The
magnitude and variability of stack gas flow
rate, molecular weight, temperature. pressure,
compressibility, dew point. corrosiveness,
and pipe or duct sizs are all factors to
consider in choosing a suilable measuring
device.

22 Barometer. Same as in Mathod 2,
Section 2.5.

2.3 Stopwatch. Capable of incremental
time measuremeni to withiw 1 secend.

2 Procedure

31 [nstellation. Use the procedure m
Method 2A, Section 3.1.

3.2 Leak Check. Use the procedure in
Method 2A, Section 3.2,

3.3 Flow Rate Measurement.

33.1 Continuous, Steady Flow. At least
once an hour. record the measuring device
flow rate reading, and the measuring device
temperature and pressure. Make a minimum
of \welve equally spaced readings of each
parameter during tha test period. Record the
barometric pressure at the beginning and end
of the test period. Record the dats on a table
similar to Figare 2D-1.

Plant

Date______ Runnumber___
Sample location__

Barometric pressure, mm (in.) Hg

Start Finish

tors
Measuring device number_______
Calibration coefficient.
Calibrationgas________ .
Last dats calibrated__.

Static

pressure
mm (in.)
Hg

Temperature
TR | KA

Flow
rate

reading

Tima

Average .

Environment Reporter

Figure 2-1. Flow rats measurement dsta.

332 Noncontinuous and Nonstesdy
Flows. Use flow rate measuring devices with
particular caution. Calibration will be
affected by variation in stack gas
temperature, pressure, compressibility, and
molecular weight, Use the procedure in
Section 3.3.1. Record all the measuring devica
parameters on a time interval frequency
sufficient to adequately profile each process
cyclical or noncontinuous event A
multichannel continuous recarder may be
used.

4. Calibration
4.1 Flow Ratn Measuring Device. Use the

procedure in Mathod 2A, Section 4, and apply
the same performance standards. Calibrate
‘the measuring device with the principal stack’
gas to be measured (e.g.. air, nitrogen) against
4 standard reference meter. A calibrated dry
gas meter is an acceptable reference meter.
Ideally, calibrate the measuring device in the
Held with the actual gas to be measured. For
measuring devices that have a volume rate
readout, cal¢ulate the measuring device
calibration coefficient. Ya. for sach run as
follows:

(Qr] (Tr) Phl'

Yo QT P+ B2
F)

where:

Q, =reference meter flow rate reading m?*/
min (ft*/min). :

Qu=mesasuring device flow rate reading,
m?/min (ft*/min).

T,=reference meter average absalute
temperature, ‘K ("R). !
Ta=measuring device average absolute

temperature, K ("R}

P =barometric pressure. mm Hg [in. Hg).

P,=measuring device average static
pressurs, mm Hg (in. Hg).

For measuring devices that do not have a
readout as flow rate, refer to the
manufacturer's instructions to calculate the
Qa corresponding to each Q.-

42 Temperature Gauge. Use the
procedure and specifications in Method 2A,
Section 4.2, Perform the calibration at a
temperature that approximetes field test
conditons.

43 Barometer. Calibrate the barometer to
be used in the field test with a
barometer prior to the fleld test

[Appendix A, Method 2D
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5. Gas Flow Rate Calculation
Calculate the stack gas flow rate. Q;, as
fallows:

(Poar +
Qs = KlYQO jl.— Eq 2D-2

T

where:
K; = 0.3858 for international system of
units {S1); 17.64 for English units.
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Method 3—~-Gas ]\mlyuin for the i
Dctermination of Dry Molecular Weight

[Method 3 revised by 55 FR 5212, Febru-
ary 14, 1990]

1. Applicability and Principle

1.1 Applicability.

1.1.1 This method is applicable for
determining carbon dioxide (CO:} and

3-23-90

oxygen {Ca) concentrations and dry
moleculas weight of a sample from a gas
strcam of e fossil-luel combustion prouess.
The method may also be applicable to other
processes where it has been determined that
compounds other than COy, Os, carlion
manoxide {CO), and nitrogen (N;) are not
present in concentrations sufficient to affect
the results.

1.1.2 Other methods, as well as
modifications to the procedure described
herein, are also applicable for some or all of
the above determinations. Examples of
specific methods and modifications include:
{1} A multi-point sampling method using un
Orsat enalyzer to analyze individual grab
samples obtained at each point: (2) a method
using COz or Oy and stoichiometric
calculaticns to determine dry molecufar
weight; and (3} assigning a value of 32.0 fur
dry molecular weight, in lieu of actual
measurements. for processes burning natural
gas, coal, or oil. These methods and
modifications may be used, but are subject to
the approval of the Administrator, U.S.
Environmental Protection Agency {EPA).

1.1.3 Note. Mention of trude names or
apecific products does not constitute
endorsements by EPA.

1.2 Principle. A gas sample is extracted

from a stack by one of the following methuds:

(1) Single-point, grab sampling; {2] single-
point, integrated sampling: or (3) multi-peint.
integrated sampling. The gas sample is
unalyzed for pecant CO,, percent O, and if
necessary, for percent CO. For dry moleculur
weight determination, either an Orsst or a
Fyrite analyzer may be used for the analysis.

2. Apparatus

As an alternative to the sumpling
apparatus and systems described herein,
other sampling systems (e.g.. liquid
displacement] may be used. provided such
systems are capabie of obtaining a
represenitative sample and maintaining a
constant sampling rate, and are, otherwise,
capable of yielding accepiable results Use o”
such systems is subject to the approval of the
Administrator.

21 Grab Sampliry (Figure 3-1).

2.1.1 Prabe. Stainless steel or burusilicute
glass tubing equipped with an in-stack or out-
stack filter to remove particulute matter (a
plug of glass wool is satisfactory for this
purpose). Any other materiala. inert to O..
CO-. CO. and N und resistant to lemperature
a1 sumpling conditions, may be used fur the
probe. Examples of such materials are
uluminuin. cupper, quartz glass, and Tefan.

21.2 Pump. A one-way squeeze bulb, or
equivalent, to transport the girs sumple to the
analyzer.

2.2 Integruted Sampling [Figure 3-2).
2.2.1 Prohe. Same us in Section 2.1.1,

2.2.2 Condenser. An air-cooled or water
cuoled condenser, or other condenser no
greater than 250 mi that will not remove O-.
CO., CO. and N-, to remove excess moisture
which would interfere with the operation of
the pump and flowmeter.

2.2.3 Valve. A needle valve, to adjust
sumple gas flow rate.

{Appendix A, Method 3]
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Figure 3-1. Grab-sampling train.
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Figure 3-2. Integrated gas-sampling train,
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224 Pump. A leaf-free, diaphragm-type
pump. or equivalent, to transport sumple gus
‘o the flexible bag. Install & small surge tank
between the pump and rate meter o
eliminate the pulsation effect of the
diaphragm pump on the rotameter.

2.2.5 Rate Meter. A rolameter, or equivulent
rale meter, capable of measuring flow mate to
within 2 percent of the selected [low rute. A
Row rute range of 500 to 1000 cc/min is
suggesied.

216 Flexible Bag. Any leak-free plastic
(¢.3.. Tedlur. Mylar, Teflon} et plastic<oated
aluminum (e.g., aluminized Mylar) bag, or
equivalenl, having a capacity consistent with
the selected flow rate and time length of the
1est run, A capacity in the range of 55 to 90
liters is suggested. To leak check the bag.
connect it ta a water manometer, and
»ressurize the bagto 5to 10 cm HaO (2 to 4
in. H:Q). Allow to stand for 10 minutes. Any
thisplacement in the water manometer
indicates a lezck. An alternative leak-check
method is to pressurize the bug to 3 lo 10 cra
(2 t0 4 in.) H1O and allow to stand overnight.
A deflated bag indicates a lenk.

2.2.7 Pressure Gauge. A water-{illed U-tube
manumeter. or efjuivalent, of about 30 ¢m (12
in.). for the flexible bag leak check.

2.23 Yacuum Gauge. A mercury
manometer, ur equivalent, of at least 760 mm
{40 in.) Hg. for the sampling train leak check.

23 Analysis. An Orsat or Fyrite type
cumbustion gas analyzer. For Orsatl and
Fyrite analyzer maintenance and operution
srucedures, follow the instructions
recommended by the manufacturer, unless
utherwise specified herein.

3. Single-Point, Grab Sampling and Analytical
Procedure e T N

3.1 The sampling point in the duct shal!
«ither be at the centroid of the croas section
or at & point no closer to the walls than 1.00
m {3.3 ft}. unless otherwise specified by the
Administrator.

3.2 Set up the equipment as shown in
Figure 3-1, making sure all connections ahead
of the analyzer are tight. If an Orsat analyzer
is used, it is recommended that the analyzer
e leak checked by following tha procedure
in Section 6 however, the leak check is
optional.

3.3 Place the probe in the stack, with the tip
of the probe positioned st the sampling point;
purge the sampling line long enough to allow
al least five exchanges. Draw o sample into
the analyzer, and immediately analyzs it for
percent COp and percent Os. Determine the
petcentage of the gas that is Na and CO by
subtracting the sum of the percent COy and
percent 0,0 from 100 percent. Calculats the
dry molecular weight as indicated in Section
72

g-mole (0.3 Ib/Ib-mole]. Average these three
molecular weights, and report the results to
the nearest 0.1 g/g-mole (0.1 ib/lb-mole).

4. Single-Point, Integrated Sampling and
Analytical Procadure

4.1 The sampling point !n the duct shull be
lot.ated as specified in Section 3.1.

4.2 Lesk check [opticnal) the flexible bag
aa in Section 22.8. Set up the equipment as
shown in Figure 3-2. fust before sampling,
leak check (optional) the train by placing e
vacuum gauge at the condenser inlel, pulling
a vacuum of at least 250 mm Hg (10 in. Hg),
plugging the outlet at the quick disconnect,
and then turning off the pump. The vacuum
should remain stable for at least 0.5 minute.
Evacuate the flexible bay. Cannect the probe.
and place it in the stack, with the tip of the
prulie positioned at the sampling point; purge
the sempling line. Next, connect the bag, and
muke sure thut all connections are tight.

_ 4.3 Sample at a constant rate. The sampling
tun should be simultaneous with, and for the
same total lenyth of time as. the pollutant
emissign rate determination. Coilection of at
leaat 30 Liters (1.00 ft*) of sampie gas is
recommended; however, smaller volumes
may be collected, if desired.

4.4 Obtain one integrated flue gas sample
during each pollutsnt emission rate
determination. Within 8 hours sfter the
sample is taken, analyze it for percent CO,
and percent Oy using sither an Orset analyzer
or a Fyrite type combustion gas analyzer. If
un Orsat snalyzeris used, it is recommended
that Orsat leak check described in Section 8,
be performed before this determination;
however, the check is optimal. Determina the
percentgge of the gas that is Ny and CO by
subtrucfing the sum of the percent COs and
percent 0 from 100 percant. Calculate the dry

- molecular weight as indicated in Section 72

4.5 Repeal the analysis and calculation
procedures until the individual dry molecular
weights for any three analyses differ from
their mean by no more than 0.3 g/g-mole 0.3
lb/1b-moie). Averuge these three moleculer
weights, and report the results to the nearest
0.1 g/g-mole (0.1 Ib/Ib-male).

& Multi-Point, Integrated Sampling and
Analytical Procedure

5.1 Unless otherwise specified by the
Adminiatrator, a minimum of eight truverse
points shall be used for circuler stacks having
diameters less than 081 m (24 in.). a
minimum of nine shall be used for
rectangular stacks having equivalent
diameters less than 0.5t m {24 in.), and a
minimum of 12 traverse pointy shall be used -
for all other cases. The traverse points shall
be located according to Method 1. The use of
fewer points is subject to approval of the
Administrator. -

time. Record sampling data as shown in
Figure 3-3.

Time T"nt“". Q, fec/min | % dov.*

Average
"% dov.m({0—0Q,./0,., X 100 {(Muzm be
<j10%!)
Figure 3-3. Sampling rate data.

8. Leak-Check Procedure for Orsat Analyzer

Moving an Orsat analyzer frequently
causes it to leak Therefore, an Crsat
analyzer should be thoroughly leak check~d
on site before the flue gas sample is
introduced irto it. The procedure for leak
checking an Orsat analyzer is as follows:

8.1 Bring the liquid level in each pipettz up
to the relerence mark on the capillury tubing,
and then cloae the pipette stopcock.

6.2 Ruise the leveling bulb sufficiently 10
bring the confining liquid meniscus onto the
graduated portion of the bureste, and then
close the manilvid stapcock.

6.3 Record the menisus pasition.

6.4 Observe the menisus in the hureite and
the liquid level in the pipette for movemeant
over the next 4 minutes.

6.5 For the Orsut unalyzer o pans the leak
check, two conditions must be met:

6.5.1 The liquid level in each pipette must
not fall below the batton of the capillary
tubing during this 4-minute interval.

6.5.2 The menisus in the burette must not
change by more than 0.2 ml during this 4-
minute interval.

6.8 If the anlyzer [ails the leak-cheek
procedure, check all rubber connections and
stopeacks to determine whether they might
be the cause of the leak. Disassembie. cleun,
and regreave lenking stopcocks. Replace
lesking rubber connections. After the
anulyzer is reassembied, repeat the lead-
check procedure.

7. Calculatioas

7.1 Nomencloture

M, = Dry moleculur weight, g/g-male (1b/1b-
mole).

%COy = Percent CO, by volume, dry busis.

%0; = Percent O by volume, dry basis.

%CO = Percent CO by volume, dry basis.

%N, = Percent N; by volume, dry bysis.

3.4 Repeat the sampling, anelysis. and 5.2 Foliow the procedures outlined in 0.280 = Molecular weight of Ny or CO,
calculation procedures until the dry Sections 4.2 through 4.5, except for the divided by 100. .
molecular weights of any three grab samples  following: Traverse all sampling points, and 0320 = Molscular wight of Oy divided by
differ from their mean by no more than 03 gf  sample a} each point for an equal length of 100. :

[Appendix A, Method 3]
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1430 = Motlecular weight of CO; divided by
100,

7.2 Dry Melecular Weight. Use Equation 3-
1 i caleulate the dry molecular weight of the
stach gug,

Me = 044004 CO:) + 0.320 (50} +
0.280[%%: + %CO) Eyg. 3-1
Nute. The yhove equation ducs rot
cunsider argon in air {about 0.9 percent,
muiecular weight of 39.9). A negative error of
wbout 0.4 percent is introduced. The tester
may choose to include argon in the analvsis

using pracedures subject to approval of the
Administratne,
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MrTHOD JA—~DITERMINATION OF OXYGEN AND
Caraon DroxipE CONCENTRATIONS IN EM1S-
510NS FROM STATIONARY SOURCES (InsTROU-
MENTAL ANALYZER PROCEDURE}

(Method 3A added by S{ FR 21165, June
1. 1986] :

1. Applicadility and Principle

1.1 Applicability. This method is appli-
cable to the determination of oxygen (O}
and carbon dioxide (CQO.) concentrations in
emissions from stationary sources only
when specified within the regulations.

1.2 Principle. A sample is continuously
extracted from the effluent stream: a por-
tion of the sample stream is conveyed to an
instrumental analyzer(s) for determination
of Oy and CO, concentration(s). Perform-
ance specifications and test procedures are
provided to ensure reliable data.

2. Range and Sensitivity

Same as Method 6C, Sections 2.1 and 2.2,
except that the span of the monitoring

system shall be selected such that the aver-
age Oy or COy concentration is not less than
20 percent of the span.

3. Definitions

3.1 Measurement System. The total
equipment required for the determination
of the O, or CO, concentration. The meas-
urement system consists of the same major
subsystems as defined in Methed 6C. Sec-
tions 3.1.1, 3.1.2, and 3.1.3,

3.2 Span, Callbration Gas, Analyzer Cali-
bration Error, Sampling System Blas, Zero
Drift, Calibration Drift, Response Time. and
Calibratlon Curve, Same as Method &C,
Sections 3.2 through 3.8, and 3.10.

3.3 Interference Response. The ouiput
response of the measurement system to a
component in the sample gas, other than
the gas compoanent being measured.

4. Measurement System Performance Speci-
fications

Same as Method 6C, Sections 4.1 through
4.4.

5. Apparatus and Reagents

5.1 Measurement System. Any measure-
ment system for O or CO. that meets the
specifications of this method. A schematic
of an acceptable measurement system is
shown in Pigure 6C-1 of Method 8C. The es-
sential components of the measurement
system are described below:

5.1.1 Sample Probe. A leak-free probe, of
sufficient length to traverse the sample
points.

5.1.2 Sample Line. Tubing, to transport
the sample gas from the probe to the molis-
ture removal system. A heated sample line
is not required for systems that measure the
O, or CO; concentration on a dry basis, or
transport dry gases. o

5.1.3 Sample Transport Line, Calibration
Value Assembly, Moisture Removal System,
Particulate Ffiter, Sample Pump, Sample
Flow Rate Control. SBample Gas Manifold,
and Data Recorder. Same as Methed 8C,

Sections 5.1.3 through 5.1.8, snd 5.1.1%,

except that the requirements to use stain.
less steel, Teflon, and nonreactive glass fil.
ters do not apply. :

5.1.4 Gas Analyzer. An analyzer to deter-
mine continuously the O, or CO: concentra-
tion in the sample gas stream. The analyzer
shall meet the applicable performance spec-
ifications of Section 4. A means of control-
ling the analyzer flow rate and a device for
determining proper sample flow rate (eg..
precision rotameter, pressure gauge down-
stream of all flow controls, ete) shall be
provided at the analyzer. The requirements
for measuring and controiling the analyzer
flow rate are oot applicable if data are pre-
sented that demonstrate the analyzer s in-
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sensitive to flow varfations over the range
encountered during the test.

5.2 Callbration Gases. The calibration
gases for COy analyzers shall be COa [n N; or
CO, in alr. Alternatively. COy/SOy, O:/SOs .
or 0:/Cy /SOy gas mixtures in Ny may be
used. Three callbration gases, as specified
Sectlon 5.3.1 through 5.3.3 of Method 6C,
shall be used. For O monitors that cannat
analyze zero gas, a callbration gas concen-
tration equivalent to less than 10 percant of
the span may be used in place of zero gas.

8. Measurement System Performance Test
Procedures

Perform the following procedures before
measurement of emissions (Section 7).

§.1 Calibration Concentration Verifica-
tiocn. Foilow Section 6.1 of Method &C,
except If calibration gas analysis is required,
use Method 3 and change the acceptance
criteria for agreement among Method 3 re-
suits to 5 percent (or 0.2 percent by volume,
whichever is greater).

6.2 Interference Response. Conduct an
interference response test of the analyzer
prior to its initial use {n the field. Thereaf-
ter. recheck the measurement system
changes are made in the [nstrumentation
that could alter the interf{erence response
{e.g., changes in the type of gas detector).
Conduct the interference response (n ac-
cordance with Section 5.4 of Method 20.

6.3 Measurement System Preparation,
Analyzer Calibration Error, and Sampling
System Bias Check. Follow Sections 4.2
through 8.4 of Method 8C.

T. Emisyion Test Procedure

7.1 Selection of Sampling Site and Sam-
pling Points, Select a measurement site and
sampling points using the same criteria that
are applicable to tests performed using
Method 3. . et e 00T
© 7.2 Sample Collection. Position the sam-
pling probe at the first measurement point,
and begin sampiing at the same rate as used
during the sampling system biss check.
Maintain constant rate sampling (Le., 10
percent) during the entire run. The sam-
pling time per run shall be the same as for
tests conducted using Method 3 plua twice
the system response time. For each run, use
only those measurements obtained after
twice the response time of the measurement
system has elapsed to defermine the aver-
sge effluent concentration.

7.3 Zero and Calibration Drift Test
Follow Section T.4 of Method 8C,

8. Quality Control Procedures

The following quality control procedures
are recommended when the results of this
method are used for an emission rate correc-
tlon factor, or excess air determination. The
tester should select one of the follawing ap-
tions for validating measurement results:

{Appandix A, Method JA]
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8.1 If both Oy and CO, are measured
using Method JA, the procedures described
in Section 4.4 of Methad 3 should be foi-
lowed to validate the O, and CO, menasyre-
ment results.

82 If anly Ok {s measured using Method
1A, measurements of the sample stream COy
soncentration should be obtained at the
iample by-psss vent discharge using an
Orsat or Fyrite analyzer, or equivalent. Du-
plicate samples should be obtained concur-
rent with at least ane run Average the du-
plicate Qrsat or Pyrite analysis results for
each run. Use the average CO, values for
comparisen with the O, measurements in
accordance with the procedures described in
Section 4.4 of Method 3.

83 If only CO, is measured using
Method 3A, concurrent measurements of
the sample stream €O, concentration
should he obtained using an QOrsat or Fyrite
analyzer as described in Section 8.2. For
each run, differences greater than 0.5 per-
cent between the Method A results and the
average of the duplicate Fyrite anpalysis
should be [nvestigated.

9. Emission Calculation

For all CO, analyzers. and for O¢ analyz-
ers that can be calibrated with zera gus,
follow Section 8 of Method 8C. except ex-
press all corfcentrations as percent, rather
than ppm.

For O, analyzers that use a low-levei cali-
bration gas in place of a zero gas, calculate
the effluent gas concentration using Equa-
tion JA-1.

Caa=Coa
Cou= ——— (C-CL)+Cu.
c-"co

Eq. 3A-1

Where:

Ce=Effluent gns concentration, dry besis,
percent.

Ca.=Actusl concentration of the upscale
calibration gax, percent.,

Cu=Actusl concentration of the low-level
calibration gas, percent.

C.=Average of (nitial and fina] system call-
bration bias check responses for the ups-
cale caiibration gas, percent.

Ce=Average of Initial and final system call-
bration bias check responses for the low-
leve] gas, percent.

C=Average gas concentration indicated by
the gas analyzer, dry basis, percent.

10. Bibliography

. Same as biblliography of Method 8C.

Mathod 3B—Gas Analyais for the
Detarmination of Emission Rate Corractica
Factor or Excess Air

[Method 3B added by 55 FR 5212, Febru-
ary 14, 1990]

1. Applicability gnd Principle

1.1 Applicability

1.1.1 This method is applicable for
determining carbon dioxide (COx), axygen
(C1), and carbon monoxide (CO)

3-23-90

concentrations of & sampla from a gas stream
of & fossil-fuei combustion provess for axcess
air or emission rate correction factor
calculations.

1.1.2 Gther methods, as well as
modifications to the procedure described
herein, are also applicable for all of the
above determinations. Examples of specific
methods and modifications include: (1) A
multi-point sampling method using an Orsat
analyzer to analyrs individual grab samples
abtained at ezch peint. and (2) a method
using COy or O and stoichiometric
talculations to determine excess air. These

_methods and modifications may be used, but

are subject to the approval of the
Administrator, U.S. Environmental Protection
Agency (FPA).

1.13 Note. Mentica of trade names ar
specific products does not constitute
endorsement by EPA.

1.2 Principle. A gas sample is exiracted
from a stack by ona of the following methods:
{1) Single-point. grab sampling: (2) single-
point, integrated sampling or [3) mulli-point,
integrated sampling. The gas sample is
analyzed for percent COy percent Oy, and, if
necessary. percent CO. An Orsat analyzer
must be used for excesa air of emission rate
correction factor determinations.

Z Apparatus

Tha alternative sampling systems are the
same as those mentioned in Section 2 of
Methad 2.

21 Geab Sampling and Integrated
Sampling. Same as in Sections 2.1 and 2.2,
respectively, of Method 3.

22 Analysis, An Orsat analyzer anly. For
low CO; (lesa than 4.0 percent) or high O,
(greater than 15.0 percent) concentrations, the
measuring buretts of the Orsat must have at

. least 0.1 percent subdivisions. For Orsat

maintenance and operation procedures,

follow the ingizuctions recommended by the

;::ngfactum. unless otherwise specified
rein.

3. Procedires

Each of the thres procedures below shall
be used only when specified in an applicable
subpart of the standards. The use of thess
procedures for other es must have
specific price epproval of the Adminsitrator.

Nots.—A Fyrite-type combustion gas
analyzar Is not acceptabla for excess air or
emission rate correction factar
determinations, unless approved by the
Administrator. If both percent COy and
percent Ox are measured. the anaiytical
results of any of the thres procedures given
below may be used for calculating the dry
molecular weight (see Method 3).

3.1 Single-Point, Grab Sampling and
Analytical Procedure.

3.1.1 The sampling point in the duct shall

be as described in Section 3.1 of Msthod 3.

3.1.2 Set up the equipment as shown in
Figure 3-1 of Method 1. making sure ail
connections ahead of the analyzer are tight.
Leak check the Orsat analyzer according to
the procedury described in Section 8 of
Method 3. This leak check is mandatory.

313 Place the probe in the stack with the.
tip of the probe positioned at the sampling
point: purge the sampling line iang enough to
allow a2 least five exchanges. Draw 4 sample
into the analyzer. For emission rate
correction [actor delerminations. immediately
analyza the sample, as outlined in Secticns
3.1.4 and 3.1.5, for percent CO, or percent Os.
If excess &ir is desired. proceed as follows:
(1) immediately analyze the sample. as in
Sections 1.1.4 and 3.1.5, for percent COy, Oh.
and CC (2} determine the percentage of the
gas that is Ny by subtracting the sum of the
percent COy, percent Oy, and percent CO
from 100 percent, end [3} calculate percent
excess air as outlined in Section 4.2

3.14 To ensure complete absorption of
the COy, Oy, or if applicable, CO. make
repeated passes through each absorbing
solution until two consecutive readings are
the same. Several passes (three or four)
should be made between readings. {I[
constant readings cannot be obtained after
three consecutive readings, replace the
sbsorbing solution.)

Note.—Since this single-point, grab
sampling and analytical procedure is
sormally conducted in conjunction with a
single-point. grab sampling and analytical
procedure for ¢ pollutant, only one analysis is
ordinarily conducted. Therefore, great care
must be taken to obtain & valid sample and

- analysis. Although in most cases. only CO; ar

COh is required, it [a recommended that both
COy and O, be measured, and that Section 3.4
be used to validate the analytica] data.

3135 Afler the analysis is completed. leak
check (mandatory) the Orsat analyzer once
again, as described in Section 8 of Method 3.
For the results of the analysis ta be valid, the
Orsat analyzer must pass this leak test before
and after the analysis.

32 Single-Point, Integrated Sompling and
Analytical Procedure.

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

3.2.2 Leak check (mandalary} the flexible
bag as in Section 2.2.6 of Method 3. Set up the
equipment s shown In Figure 3-2 of Method
3. Just before sampling, leak check
{mandatory) the train as described in Sectign
4.2 of Method 2.

323 Sample at a constant rate, or as
specilied by the Administrator. The sampling
ron must be simultaneous with, and for the
same total length of time as, the pollutant
emission rate determination. Collect at least
30 titers (1.00 t3) of sample gas. Smaller
volumes may be collected. subject to

approval of the Adminisirator.

[Appendix A, Method 3B]
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324 Obtain one integrated fye gas
sample during each pollutant emission rate

#termination. For emission rala correction
fﬂ_clor determination, snalyze the sample
within 4 hours after it is taken for percent

O: or percent Oy {as outlined in Sections
3.2.5 through 3.2.7). the Orsat analyzer must
be leak checked (see Section & of Method 3)

efore the analysis. If axcess air is desired,
proceded as follows: (1) within 4 hours after
the sample is taken, analyze it (as in Sections
1.2.5 through 3.2.7) for percent COy, Oy, and
CO: (2) determine the percentage of the gas
that is N, by subatracting the sum of the
percent CO,, percent Oy, and percent CO
from 100 percent; and (3) calculats percent
excess air, as outlined in Section 4.2

3.2.5 To ensure complete absorption of
the COy, O, or if applicable. CO, follow the
procedure described in Section 3.1.4.

Note.—Although in most instances only
CO: or O, is required. it is recommanded that
both CO; and Oy be measured, and that
Section 3.4.1 be used lo validate the
analytical data.

328 Repeat the analyyis until the
following criteria are met:

3.28.1 For percent COy, repeat the
analytical procedure until the results of any
three analyses differ by no more than (a) 0.3
percent by volume when CO, is greater than
4.0 percent or (b} 0.2 percent by volume when
COx in less than ar equal to 4.0 percent.
Average three acceptable values of percent
COs, and repert the results to the nearest 0.2
percent.

3.28.2 For percent O, repeat the
analytical procedure until the resuits of any
three
percent by volume when O is less than 15.0
percent or [b) 02 percant by volume when O,
is greater than or egosal to 15.0 percent.
Average the three scceptable values of
percent Oy, and report the resulta to the
nearest 0.1 percent.

3.28.3 For percent CO, repeat the
analytical procedure until the results of any
three analyses diffar by no more than 0.3
percent. Avernge the three acceptable values
of percent CO, and report the results ta the
nearest 0.1 percent

127 After the analysis is campleted, lesk
check {mandatory) tha Orsat analyzer onca
again. as described in Section 8 of Method 3.
For the results of the analysis to be velid. the
Orsat analyzer must pass this leak test before
and after the analysis.

2.3 Multi-Point, Integrated Sempling and
Anaiytical Procedure.

3.3.1 The sampling points shall be
determined as specified in Section 5.3 of
Method 3.

differ by no mors than (a] &3 '

3.3.2 Foilow the procedures outlined in
Sections 3.2.2. through 3.2.7. axcept for
the following: Travarse all sampling
points, and sample at each point for an
equal length of time. Record sampling
data ag shown in Figure 3-3 of Method 2.

34 Quality Contral Procedurca,

34.1 Deta Validation When Both CO, and
O: Are Measured. Although in most
instances, only COy or O, measurement is
required, it is recommended that both COy
and Oy be measured to provide e check on
the quality of the data. The following quality
control procedure is suggested.

Nots.—Since the method for validating ha
CO, and Oy analyses is based on combustion
of organic and foasil fuels and dilution of the
gas stream with air, this method does not
apply to sources that (1) remove COx or Oy
through processes other than combustion, (2)
add G, (e.g. oxygen enrichment) and Ny in
proportions different from that of air. (3) add
CO, (e.§.. cement or lime kilns), or (4] have no
fuel factor, F,. values obtainable (e.g..
extremely variable waste mixtures). This
method validates the measured proportions
of COx and Oy for fuel type, but the method
does not detect sample dilution resulting from
leaks during or after sample collection. The
method is applicable {or samples collected
downstream of most lime or limestone fue-
gas desulfurization units as the COy added or
removed from the gas stream is not
significant in relation to tha total CO,
concentration. The CO; concentrations [rom
other types of scrubbers using only water or
basic slurry can be significantly affected and
would render the F, check minimally useful,

34.1.1 Calculate a fuel faclor, ¥, using

the following equation:
. 208-%0 :
Fpbra —mmm——- Eq. 3B-1
KCOy
where:

%0y =Percent Oy by volum_a. dry basis.
RCOy =Percent COy by volume, dry basis.
20.9=Percent Oy by volume in ambient alr.

If CO present in quantities measurable by
this method. adjust the Oy and CO: values
before performing the calculation for Fe 23
follows:

XCO (adf) = RCOh + %CO
N0; (adj} = %0, - 05%CO

where:

%.CO = Percent CO by volume, dry basis.
3.4.1.2 Compare the calculated F» factor

with the expecied Fy values. The following,

table may be used in establishing acceptable
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ranges for the expected F, if the fuel being
burned is known, When luels are burned in
combinations, caiculate the combined fuel F,
and F, fuctors {as defined in Method 19)
according to the procedure in Method 19,
Section 5.2.3. Then calculate the F, factor as

follows:
0.209 F,
F= Eq. 3B-2
F,
Fusl type Fe range

Coat

Anthracite and ligrte —l 1.016=1.130

Bituminous 1.083-1.230
Qit:

Digtillate 1.260-1.413

Residuat 1.210-1.370
Gas:

Natural 1.600-1.818

Propare 1.434-1,538

Sutane 1,405-1.553
Wood 1.000-1.120 ’
Wood bark 1.003-1.130

3.4.1.3 Calculated F, values, beyond the i
acceptable ranges shown in this table, should i
be investigated before accepting the test
results. For example, the strength of the
solutions in the gas analyzer and the
analyzing technique should be checked by
sumpling and analyzing a known
concentration, such as ais; the fuel factor
sheuld be reviewed and verified Aa
acceptability range of =12 percent is
appropriate for the F, Factor of mixed fucls
with variable fuel ratios. The level of the
emission rote relative to the compliance level
should be considered in determining if &
relest is appropriate, Le.; if the measured
emigsiuns are much lower or much greater
than the compliance limit, repetition of the
test would not significantly change the
compliance status of tha source and would be
unnecessarily time consuming and costly.
4 Culculations

4.1 Nomenclature. Same as Section 5 of
Method 3 with the addition of the following:
%EA = Percent excess air.
0.284 = Ratio of O3 to N: in air, v/v.

4.2 Percenl Exceas Air. Calculate the
percent axcess air (if applicable) by
subattuting the oppropriate values of percent

0y, CO, and N, (obtained from Section 3.1.3
or 3.2.4] into Equation 38-3.

[Appendix A, Method 38)
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%Oy —08 XCO
HREA = x 100

0284 Ny ~ (50, - 0.5 SCO)

Note.—The equation above assumes that
#mbient air is used as the source of O: and
that the fuel does not contuin appreciable

tions of moisture content (such as are
needed to calculate emission data), The
Second is an approximation method, which
amounts of Ns (as do coke aven or blast provides estimates of percent moisture to
furnace gaaes).(For thzie cases v::xcn ald in setting isokinetic sampiing rates prior

iabl Ny . | 1o a pollutant emission measurement run.
appreciable amounts of N are presen (coal,  the approximation method described
ail and natural gas do not contain herein (s only a suggested approach; alter-
uppreciable amounts of N2) or when oxygen native means for approximating the mois-
encichment is used. alternative methods, ture content, &.g., drying tubes, wet bulb-dry
subject to approval of the Administratar, are  PUIB techniques, condensation techniques,

cequired stoichiometric caleulations, previous experi-
g ence, etc., are also acceptable.
5. BIBLIOGRAPHY The reference method is often conducted
s bt
Same as Method 3. imultaneously with 2 pollutant emission

measurement run; when it is, caiculation of

percent [sokinetic, poliutant emission rate.

METHOD +—DETERMINATION oF MorsTyre  €t¢.. for the run shall be based upon the re-
CONTENT IN STACK GASES sults of the reference method or its equiva-

L s lent; these calculations shall not be based

1. Principle and Applicability upon the results of the approximation
1.1 Principle. A gas sample is extracted method, unless the approximation method
at a constant rate from the source; moisture |s shown, to the satisfaction of the Adminis-
is removed from the sample stiream and de- trator, U.S. Environmental Protection
termined either volumetrically or gravime- Agency, to be capable of yielding results
trically. within 1 percent H,O of the reference

1.2 Applicability, This method is applica- Rethod.
ble for determining the moisture content of NOTE The reference method may yield
stack gas. questionable results when applied o satu-
K . rated gas streams or to streams that contain
Two procedures are given. The irst IS & water droplets. Therefore. when these con-
reference method, for accurate determina- ditions exist or are suspected, a second de-

Eq. 3B-3

termnination of the moisture content shall
be made simultaneously with the reference
method, as follows: Assume that the gas
stream s saturated. Attach a temperature
sensor [capable of measuring to =1* C (2*
PFi1 to the reference method probe. Measure
the stack gas temperature at each lraverse
point (see 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 8
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 § for
determining moisture content is acceptabie
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 compaonents shall
be maintained and calibrated according to
the procedure outlined in Method 5,

[Appendix A, Method 4]

Published by The BUREAU OF NATIONAL AFFAIRS, INC., Washington, D.C. 20037 113




STATIONARY SOURCES

5-798
120:0529

ferences between the weather station and
the sampling potnt shall be applied at & rats
of minus 2.5 mm Hg (0.1 in. Hg) per 30 m
(100 ft) elevation increase or vice verss for
elevation decrease.

21.8 Graduated Cylinder and/or Bal-
ance. These items are used to messure 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 laborstory balances are ca-
pable of weighing to the nearest 0.5 g or
Len.'rheaehunmmauhhleloruae

ere.

2.2 Procedure. The following procedure
is written for a condenser system (such as
the {mpinger system described in Section
2.1.2) incorporsting volumetric analysis to
measure the condensed molsture, and silics
gel and gravimetric analysis 10 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 circular stacks
having diameters less than 0.81 m (24 In.), a
minimum of nine points ahall be used for
rectangular stacks having squivalent diame-
ters less than 0.81 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 {ewer points is subject to the approval of
the Administrator. Select a suitable probe
and probe length such that all traverse
points can be sampled. Conaider sampling
from opposite sides of the stack (four total
sampling ports) for large stacks, to permit
use of shorter probe lengths. Mark the
probe with heat resistant iape or by some
other method to denote the proper distance
into the stack or duct for esch sampling
polnt. Place known volumes of water In the
first two impingers. Weigh and record the

11-27-87

weight of the silica gel to the nearest 0.5 g,
and transfer the silica gel to the fourth im-
pinger; alternatively, the silica ge! may first
be tranaferred io the impinger, and the
::-lzht of the ailica gel plus impinger record-

2.2.2 Select a total sampling time such
that 3 minimum total gas volume of 0.80
sem (21 scf) will be collected, st & rate no
greater than 0.021 m*/min (0.75 ¢fm), When
both moisture content and peollutant ermis-
sion rate are to be determined, the moisture
determination shall be aimuitaneous with,
and for the same total length of time az, the
pollutant emisxion rate run, unless other-
wise specified in an applicable subpart of
the stancarda.

2.2.3 Set up the sampling train as shown
in Pigure 4-1. Turn on the probe heater and

(if applicable) the filter heating system to.

temperatures of about 120° C (248* M, 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 iniet to the first impinger
{or filter holder) and pull a 380 mm (15 in.)
Hg vacuum; & lower vacuum may be used,
provided that it ia not exceeded during the
test. A leakage rate in excess of 4 percent of
the average sampling rate or 0.00057 m?¥/
min {0.02 cfm), whichever is less, Is unsccep-
table. Following the leak check, reconnect
the probe to the sampling train. .
2.2.4 During the sampling run, maintain
& sampling rate within 10 percent of con-
stant rate, or as specified by the Adminis-

trutor. For each run, record the data re-
quired on the example data sheet shown in
PFlgure 4-2. Be sure to record the dry gas
meter reading at the beginning and 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.

1225 To begin sampling. position the
probe tip at the first traverse point. Imme-
diately start the pump and adjuat the {low
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" ) at the silica gel outlet.

2.3.8 After collecting the sample, discon-
nect the probe from the [ilter holder (or
from the first impinger) and conduct a leak
check (mandatory) as described 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
sllien gel (or silica gel plus impinger) to the -
pearest 0.5 g. Record this information (see
exampile data sheet, Pigure 4-3) and calcu-
iate the moisture percentage. as described in
2.3 below.

127 A quality control chick of the volume mietering sysiem
a1 the ficd sits is auggested before collecting the wample folkw-
ing the procedant in Mcied 3, Section 4.4.

{227 sddet by 48 FR $3671. December 14, 193]

1.3 Cabrulasions. Curry out the following calculstions, rewin-
ing o1 keast oms cxtra decima) figurs beyond that of the acquired
data. Rouod off figures after final calculation,

[Appendix A, Method 4]
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Figure 4-2. Field moisture determination-referencs method.
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WPINGES SHICA GEL Where: for any time increment differs from the
VOLUME. WIGHT. K, =0.001333 m?*/ ml for metric units average by more than 10 percent, reject the
- 9 =0.04707 ft*/ml for English units results and repeat the run.
I ona u.ssw\é:l‘uge of water vapor collected in 3. Approzimation Method
! INITIAL The approximation method described
E below is presente’ only as a suggested
_ OFFERENCE m;r.lhoi {see Section 1.2). .
. ‘ . pparatus.
Figure 43 Analytical data - referencs mathod. v (W — W) RT v 1.1.1 Probe. Stainless steel glass tubing,
wagiauy) = TTEoML. sufficiently heated to prevent water conden-
231 N s’ = sation and equipped with a filter (either in-
-3-1 Nomenclature. =K(W—W.,) stack or heated out-stack) to remove partic-
B o =Proportion of water vapor, by velume, Equation 4-2 ulsate matter. A plug of glass wool, inserted
in the gas stream. }fﬁw the end of the probe, is a satisfactory
M .=Molecular weight of water, 18.0 g/g- ter. )
- mole (18.0 lb/lb-fnole). &3 3.1.2 Impingers. Two midget impingers.
where: each with 30 mi capacity, or equivalent.

P a=Absolute pressure (for this method,
same as barometric pressure) at the dry
gus meter, mm Hg (In. Hg).

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

R=Ideal gas constant, 0.06238 (mm Hg)
(m?/(g-mole) ("K) for metric units and
21.85 (in. Hg) (ft?/(Ib-mole) (*R) for
English units.

T a=Absolute temperature at meter, 'K
R

Tuwe=Standard absoiute temperature, 2963°
K (528°R).

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

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

V mwar=Dry gas volume measured by the dry
ga5 meter, corrected to standard condi-
tions, dscm (dscf).

Vucwnn=Volume of waler vapor condensed
e:dmcted to standard conditions, scm
(scf).

V s =Volume of water vapor collected In
silica gel corrected to standard condi-

.tions, scm (scf).

V,=Pinal volume of condenser water, ml

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

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

Wi=Initial weight of sillea gel or silica gel
plus impinger. g.

Y =Dry gas meter calibration factor.

pw=Density of water, 0.9982 g/mi (0.002201
1b/mi).

2.3.2 Volume of water vapor condensed.

(Vi—V)a RT

K ,=0.001335 m¥/g for metric units
=0.047135 ft*/g for English units
2.1.4 Sample gas volume.

(P-) ( Tlld )
Vawa=VaY (Fos)(Ta)
=K,Y V;'P-
" Equstion 4-3
where:

K ,=0.3858 "K/mum Hg for metric units
=17.84 “R/in. Hg for English units
Norx: If the post-test lead rate (Section
2.2.8) exceeds the allownble rate, correct the
value of V., in Equation 4-3, as described In
Section 6.3 of Method 5.
2.3.5 Moisture Content.

Vnn i) + Vlru (atd)
V., () + V-un oy + Va {wed)
Equation 44

B-—a‘:‘

Norxr In saturated or moisture droplet-
laden gas streams, two calculations of the
moisture content of the stack gas shall be
made, one using & value based upon the
saturated conditions (see Section 1.2}, and
another based upon the results of the fm-
pinger analysis. The lower of these two

3.1.3 Ice Bath. Container and ice, to aid
in condensing moisture in impingers.

3.1.4 Drying Tube. Tube packed with
new or regenerated 8- to 16-mesh indicating-
type silica gel (or equivalent desiccant), 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.

3.1.8 Pump. Leak-{ree, diaphragm type,
or equivalent, to pull the gas sample
through the train.

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

3.1.8 Rate Meter. Rotameter, to meagure
the flow range (rom 0 to 3 lpm (0 to 0.11
cfm). -

3.1.9 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 mum

. Hg (30 In. Hg) gauge, to be used for the sam-

pling leak check.

3.2 Procedure.

3.2.1 Place exactly 3 ml distilled water in
each impinger.

Leak check the sampiing 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 gas meter dial, alterna-
tively, & 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-

Veraun = values of B, shall be considered correct,
PoaM . 238 V. -I fleation of t sling age sampling rate [s acceptable.
=K, V=V rate, For each time increment, determine Notx: Carefully release the probe inlet
Equation 4-1 the AVa. Calculate the average. If the value plug before tuming off the pump.
[Appendix A, Method 4)
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HEATED PROBE SILICA GEL TUBE . RATE METER

FILTER
(GLASS WOOL)

ICE BATH

MIDGET IMPINGERS

Figure 4-4. ‘Moisture-sampling train - approximation method..

LOCATION | COMMENTS
TEST

DATE
OPERATOR

'BAROMETRIC PRESSURE

GAS VOLUME THROUGH '
METER, (Vm), RATE METER SETTING | METER TEMPERATURE,
CLOCK TIME m3 (#3) m3/min. (ft3/min.) G (°F)

Figure 4-5, ' Field moisture determination - approximation method.
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3.2.12 Coannect the probe, [nsers it into the
stack, and sample at & constant rate of 2
Ipm (0.071 &«fm). Continue mmpling until
the dry gas meter registers about 30 liters
(1,1 ft" or until visible liquid droplets are
carried over frnm the lirst Impinger to the
second. Record temperature, pressure, and
dry gas meter resdings as required by
Pigure 4-5.

3.2.3 After collecting the sample, com-
bine the contenta of the two impingers and
measure the “olume to the nearest 0.5 ml.

ture in the stack gas: therefore, other data,
which are oniy necessary for accurate mols-
ture determinations, are not collected. The
followir g equations adequately estimate the
molsture content, for the purpose of deter-

Bew =Approximate proportion, by volume,
of water vapor In the gas stream leaving
the second Impinger, 0.0285.

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

M, =Molecular weight of water, m.o 5/z
mole (18.0 Ib/Ib-mole).

Pa=Absolute pressure (for this method,
meuwommpm)uthedry
gas meter.

Pue=Standard abeolute pressure, 780 mm
Hg (29.92 in. Hg).

R=1deal gas constant, 0.0623¢ (mm Hg)
(m%/(g-mole) ("E) for metric units and
21.85 (in. Hg) (n'mh-molo) {"R) for Eng-
lish unitz

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

Tus =Standard absciute temperature, 293° K
(828" R).

Vr=Final volume of impinger contents, mL

ViwInitial volume of impinger contents, mi.

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

Vawan=Dry gas volume measured by dry gas
. meter, corrected to standard conditions,
dacm {(dscl).

Varwan=Volume of water vapor condensed,
corrected (0 standard conditions, scm
(acf).

pe=Denaity of water, 0.99082 g/ml (0.002201
I/ml).

Y = Dry gas meter calibration factor.

3.3.2 Volume of water vapor collected.
where:

11-27-87

gy (V)= VidBaATeme
a Pasbly
- KiVi=V)
Equation 4-§

X,.=0.001333 m/ml for metric units
«0.04707 f1*/ml for English units.
3.33 Gaa volume.

Vauma=V. (P ) (1‘....

KVP

Tu
lquation 4

where:

X,=0.3858 ‘K/mm Hg for metric units
=17.64 'R/in. Hg for Englis): units
3.34 Approximate moisture content.

B'.- i --+i-{|n0+ B'-

77:.'*‘“’”
Eguation -7

4. Calibration -,

4.1 For the reference mt.hod. calibrate
equipment as specified In the following sec-
tions of Msthod & Bection 5.3 (metering
system); Section 8.5 (temperature gauges);
and Baction 8.7 (barometer). The recom-
mended leak check of the metering system
(Section 8.8 of Method §) also applies to the
reference method. Por the approximation
method, use the outlined In Bec-
tion 5.1.1 of Method 8 to calibrate the me-
tering system, and the procedure of Method
5, Bection 5.7 to calibrate the barometar.
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METHOD 13—DETTIAMINATION OF INORGANIC
Leap Baasstons FroM StaTionaxY Souacos

1. Principle and Appiicability

L1 Applicability. This method applies to
the determination of inorganie lead (Pb)
emisgions from specified stationary sources
only.

1.2 Principle. Purticulate and gaseous Pb
emisglons are withdrawn lsokinetically from
the source and collected on & fliter and in
dilute nitric acid. The collected samples are .
digested In acld solutlon wnd analyzed by
stomic absorption spectrometry using wn sir
acetylens flame.

1. Ronge, Senxitivity, Precision, and Inter
Jerences

1.1 Range. For a minimum anaiytical ac-
curscy of =10 percent, the lower Umit of
the range Iz 100 ug. The upper Umit can be
considerably extended by dilution.

232 Analytical Sensitivity. Typical sensi-
tivities for a 1-percent change in sbsorption
(0.0044 absaorbance units) are 0.2 and 0.5 ug
Pb/ml lor the 217.0 and 283.3 nm lines, re-
spectively. :

1.3 Precision. The within-laboratory pre-
cislon, as messured by the coefficient of var-
Iation ranges from 0.2 to 9.5 percent relative
to s run-mean concentration. These vaiues
were based on tests conducted at a gray iron
foundry, a lead storage battery manufactur-
Ing plant, a secondary lead smelter. and &
lead recovery furnace of an alkyl lesd man-
ufacturing plant. The concentrations en-
countered during these tests ranged from
0.61 to 123.3 mg Ph/m*

2.4 Interferences, Sample matrix effecta
may [nterfere with the analyxis for Pb by
flame atomic absorption. If this interfer-
ence 3 auspected, the analyst may confirm
the presence of these matrix effects and fre-
quently eliminate the interference by using
the Method of Stindard Additions, -

High concentrations of copper may Inter-
fere with the analysis of Pb at 217.0 nm_

3. dpparatus.

3.1 Sampling Train. A schematic of the

truin is ahown in Plgure 12-1; it la

similar to the Method § truin. The sampling
train consists of the following companents:

3.1.1 Probe Naozzle, Prcbe Liner, Pliot
Tube, Differential Pressure Gsuge, Flter
Holder, Pliter Heating System, Mstering
System. Barometer, snd Gas Density Deter-
mination Equipment. Same .as Method 8,
Sections 2.1.1 to 2.1.8 and 2.1.8 to 2110, re-
spectively.

T
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3.2 Sample Recovery. The following
items are needed:

3.2.1 Probe-Liner and Probe-Nozzle

Brushes, Peuri Dishes, Plastic Storage Con-
tainers, and Punnel and Rubber Policeman.
Same as Methed 5. Sections 2.2.1, 2.2.4,
2.2.6, and 2.2.7, respectively.

3.2.2 Wash Bottles. Glass (2).

3.23 Sample Storage Containers. Chemi-
cally resistant, borosilicate glass bottles, for
0.1 nitrie acid (HNQ,) impinger and probe
solutions and washes, 1000-ml. Use screw-
¢cap liners that are either rubber-backed
Teflon® or leak-free and resistant to chemi-
cal attack by 0.1 N HNQ,. (Narrow mouth
glass bottles have been found to be less
prone to leakage.}

3.2.4 Graduated Cylinder and/or Bal-
ance. To meagsure condensed water to within
2 ml or 1 g. Use a graduated cylinder that
has & minimum eapacity of 500 ml, and sub-
divisions no greater than 5 ml. (Most labora-
tory balances are capabie of weighing to the
neatest 0.3 g or less.)

3.2.5 PFunnel. Glass, to aid in sample re-
covery.

3.3 Analysis. The following equipment is
neéded:

3.3.1 Atomic Absorptiopn Spectrophoto-
meter. With lead hollow cathode lamp and
burner for air/acetylene flame.

3.3.2 Hot Plate.

3.3.3 Erlenmeyer Flasks 135-ml, 14/40 §.

3.3.4 Membrane Fliters. Millipore
SCWPO 4700 or equivalent.

3.3.5 Plltration Apparstus. Milllpore
vacuum flltration unit, or equivalent, for
use with the above membrane fliter.

3.3.8 Volumetric Flasks 100-ml, 250-ml,
and 1000-ml.

4. Reagenis.

4.1 Sampling. The reagents used in sam-
pling are as follows:

4.1.1 Pllter, Gelman Spectro Grade,
Reeve Angel 934 AH, MSA 1108 BH, all with
lot assay for PB, or other high-purity glass
fiber filters, without organic binder, exhibit-
ing at lesst 99.83 percent efficiency ¢ <0.03
percent penstration) on 0.3 micron dioctyl
phthalate smoke particles Conduct the
fllter efficlency test using ASTM Standard
Method D2088-T1 lincorporated by refer-
ence—see § 60.17) or use test data from the
supplier’s quality control program.

41.2 Silica Gel, Crushed Ice, and Stop-
cock Qrease. Same as Method 5, Section
3.1.2, 3.1.4, and 3.1.5, respectively.

4.1.3 Water. Delonized distilled, to con-
form to ASTM Specification D1183-7T (In-
carporated by reference—ses §60.17), Type
3. If high concentrations of organic matier

*Mention of trade names- or specific prod-
ucts does not constitute endorsement by the
U.S. Environmental Protection Agency.

are not expected to be present, the analyst
may delete the potazsium permanganate
test for oxidizable organic matter.

4.1.4 Nitrle Acid. 0.1 N. Dilute 8.3 ml of
concenitrated HNO, 1o 1 liter with dejonized
distilled water, (It may be desirable to run
blanks before fleld use to eliminate a high
biank on test samples.)

4.2 Pretest Prepanation. § N HNO, is
needed. Dilute 380 ml of concentrated HNO,
to 1 liter with deionized distilled water.

4.3 Sampie Recovery. 0.1 N HNQ, (same
a2 4.1.4 above) ls needed for sample recov-
ery.

4.4 Analysia The foilowing reagents are
needed for anaiysis (use ACS reagent grade
chemicals or equivalent, unless otherwise
specified):

4.4.1 Water. Same a5 4.1.3 above.

4.4.2 Nitric Acid. Concentratad.

4.4.3 Nitric Acid. 50 percent {V/V). Dilute
500 ml of concentrated HNO, to 1 liter with
defonized distilled water.

4.4.4 Stock Lead Standard Solution, 1000
ug Pb/ml. Dissolve 0.1598 g of lead nitrate
(PB{NO,)] in about 80 ml of deionized dis-
titled water, add 2 ml concentrated BENO,,
and ditute to 100 ml with dejonized distilied
water,

4.4.5 Working Lead Standards. Pipet 0.0,
1.0, 2.0, 3.0, 4.0, and 5.0 ml of the stock lead
standard solution (4.4.4) Into 230-ml volu-
metric flasks. Add 5 ml of concentrated
HNO, to each flask and dilute to volume
with deionized distilled water. These work-
ing standards contain 0.0, 4.0, 8.0, 13.0, 18.0,
and 20.0 ug Pb/ml, respectively. Prepare, as
needed, additional standarda at ather con-
centrations in a similar manner.

4.4.8 Alr. Suitable quality for atomic ab-
sorption analysis,

44.7 Acetylene. Suitable quality for
atomic absorption

4.4.8 Hydrogen Peroxide, 3 pereent v/
V). Dilute 10 ml of 30 percent H,0O, to 100
ml with delonized distilled water.

8. Procedure.

5.1 Sampling. The complexity of this
method Is such that, In order to obtain reli-
able results, testers ahould be trained and
experienced with the test procedures.

5.1.1 Pretest Preparation. Follow the
same general procedure given in Method 5,
Section 4.1.1, except the fllter need not be
weighed.

3.1.2 Preliminary Determinationzs. Follow
the same general procedure given In
Method 3, Section 4.1.2.

§.1.3 Preparation of Collection Train
Pollow the same general procedure given in
Method 8, Section 4.1.3, except place 100 ml
of 0.1 BENO, In each of the first two Im-
pingers, leave the third Impinger empty,
and transfer approximately 200 to 300 g of
prewelghed silica gel from its contalner to

the fourth impinger. Set up the train as
showm in Plgure 12-1.

5.1.4 Leak-Check Procedures. Follow the
general leak-check procedures given (n
Method 3. Sections 4.1.4.1. (Pretest Leak-
Check), 4.1.4.1 (Leak-Checks During the
Sample Run), and 4.1.4.3 (Post-Test Leak-
Check).

5.1.5 Sampling Train Operation. Follow
the same general procedure given In
Method 5. Section 4.1.5. For each run,
record the data required on s data sheet
uch as the one shown in EPA Method 8,
Pigure 5-3.

5.1.8 Calculation of Percent Isokinetic.
Same as Method 3, Section 4.1.8.

5.2 Sample Recovery. Begin proper clean-
up procedure as soon as the probe i3 re-
moved from the stack at the end of the sam-

“pling pertod.

Allow the probe to ¢ool. When it can be
safely handled, wipe off all external particu-
late matter near the tip of the probe nozzle
and place a cap over it. Do not cap off the
probe tip tightly while the sampiing train s
cooling down as this would create & vacuum
in the fliter holder, thus drawing ilquid
from the impingers {nto the filter.

Before moaving the sampling train to ’the
cleanup site, remove the probe from the
sapling train, wipe off the silicone grease,
and cap the ogpen outlet of the probe. Be
careful not to lose any condensate that
might be present. Wipe off the silicone
grease from the glassware inlet where the
probe was fastened and cap the Inlet.
Remove the umbllical cord from the last im-
pinger and cap the [mpinger. The tester
may use ground-giass stoppers, plastic caps,
or serum caps to close these o

Tranafer the probe and fliiter-Impinger as-
sembly to s cleanup area, which is clean and
protected from the wind so that the chances
of ennum.tmunc or lodnz the nnple_ue
minimired. y

Impectthetrﬂnpmrwmdduﬂnsdls-
mhlymdnotemylhnomnwndlm .

- Treat the samples as follows ~27 §Fg5 o0

'5.2.1 - Coniainer No. I (Pliter), Carefully .
remove the fliter from the fOter holder and
place it In its identified petri dish container.
H it 1a necessary to fold the filter, do so
such that the sample-expesed side {3 inaide
the fold Carefully transfer to the petri dish
any visible sample matter and/or fliter
fibers that adhere to the fliter holder
gasket by using a dry Nylon bristle brush
and/or » biade, Seal the con-
talner.

5.2.2 Contginer No. 2 (Probe). Taking
care that dust on the outside of the probe or
other exterior surfaces does not get into the
sample, quantitatively recover sample
matter or any condensate from the probe
nozzle, probe fitting, probe liner, and front
half of the fflter holder by washing these
components with 0.1 N HNO, and placing
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the wash into a glass sample storage con-
tainer. Measure and record (to the nearest
2-ml) the total amount of 0.1 N HNO, used
for each rinse. Perform the 0.1 N HRQ?
rinses ax follows:

Carefully remove the probe nozzle and
rinse the inside surfaces with 0.1 N HNO?
from a wash bottle while brushing with a
stainless steel, Nylon-bristle brush. Brush
untll the 0.1 N HNO, rinse shows no visible
particles, then make a final rinse of the
inside surface.

Brush and rinse with 0.1 N HNO. the
Inside parts of the Swagelok fitting in a
similar way until no visibie particles remain.

Rinse the probe liner with 0.1 N HNO,.
While rotating the probe so that ail inside
surfaces will be rinsed with 0.1 N HNO,, tilt
the probe and squirt 0.1 N HNO, into Its
upper end. Let the 0.1 N HNO, drain from
the lower end into the sampie container,
The tester may use a glass funnel to aid in
transferring liquid washes to the container.
Follow the rinse with a probe brush. Hold
the probe In an inclined position, squirt 0.1
N HNO, into the upper end of the probe as
the probe brush s being pushed with a
twisting action through the probe; hold the
sample container underheath the lower end
of the probe and catch any 0.1 N HNO, and
sample matter that is brushed from the
probe. Run the brush through the probe
three times or more until no visible sample
matter 13 carried out with the 0.1 N HNO,
and none remains on the probe liner on
visual inspection. 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 crev-
ices In which sample matter can be en-
.trapped. Rinse the brush with 0.1 N HNO,
and quantitatively collect these washings in

_the ‘sample container. After the brushing

make & final rinse of the probe as described
above il L O

It Is recommended that two people clean
the probe to minimize loss of sample, Be-
tween sampling runs, keep brushes clean
and protected from contamination.

After Insuring that all joints are wiped
clean of silicone grease, brush and rinse
with 0.1 N HNO, the inside of the front half
of the filter holder. Brush and rinse each
suface three times or more, if needed, to
remove visible sample matter. Make s final
rinse of the brush and fijter holder. After
all 0.1 N HNO, washingz and sample matter
are collected in the sample container, tight-
en the lid on the sample container so that
the fluid will not leak out when it is shipped

to the laboratory. Mark the height of the

fluid level to determine whether leakage
occurs during transport. Label the container
to clearly identify its contents,

5.2.3 Container No. J (Sllica Gel). Check
the color of the indicating silica gel to deter-
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mine H it has been completely spent and
make a notation of its condition. Tranafer
the silica gel from the fourth lmpinger to
the original container and seal. The tester
may use @ funnel to pour the silica gel and &
rubber policeman to remove the silica gel
fromn the Impinger. It is not necessary to
remove the small amount of particles thut
may adhere to the walls and are difficuit .o
remove. Since the gain in weight is {0 be
used for moisture calculations, do not use
any water or other liquids to transfer the
silica gel. If a balance is avallable In the
fleld, the tester may follow procedure for
Container No. 3 under Sectlon 5.4 (Analy-
sis),

5.24 Container No. 4 (Impingers). Due to
the large quantity of liQui¢ involved, the
tester may place the impinger solutions in
several containers. Clean each of the first
three impingers and connecting glassware in
the [ollowing manner:

1. Wipe the impinger ball joints free of sil-
icone grease and cap the joints.

2. Rotate and agitate esach !mpinger. so
that the impinger contents might serve as a
rinse solution.

3. Transfer the contents of the impingers
to a 500-ml graduated cylinder. Remove the
outlet ball joint cap and drain the contents
through this cpening. Do not separate the
impinger parts (inner and outer tubes) while
transferring their conients to the cylinder.
Measure the liquid volume to within +2 ml.
Alternatively, determine the weight of the
liquid to within =0.5 g. Record in the log
the volume or weight of the lquid present,
along with a notation of any color or film
observed in the impinger catch. The lquid
volume or weight is needed, along with the
silica gel data, to calcuiate the stack gas
moisture content (see Method 5, Figure 3

4. Tranxzfer the contents to Container No.
5. Note: In steps 5 and 6 below, measure
and record the total amount of 0.1 N HNO,

.used for rinsing. Pour approximately 30 ml

of 0.1 N HNO, into each of the {irst three
impingers and agitate the impingers. Drain
the 0.1 N HNO, through the outlet arm of
each impinger into Container No. 4. Repeat
thia operation & second time; inspect the im-
pingers for any abnormal conditions.

8. Wipe the ball joints of the glasswure
connecting the impingers free of silicone
grease and rinse each piece of glassware
twice with 0.1 N HNO,; transfer this rinse
into Container No. 4. (Do not rinse or drugh
the gigss-fritted filter support) Mark the
height af the fluid level to determine
whether leakage occurs during transport.
Label the container to clearly Identify ita
contents, .

5.25 Blanks Save 200 ml of the 0.1 N
HNO, used for sampling and cleanup as a
blank. Take the soluticn directly from the

bottle being used and place into a glass
sample container labeled "0.1 N HNO,
blank.”

5.1 Sample Preparation.

3.3.1 Container No. ! (Filter). Cut the
Ifiter into strips and transfer the strips and
all lcose particulate matter into a 125-ml Er-
lenmeyer flusk. Rinse the petri dish with 10
ml of 50 percent HNO, to insure 8 quantita-
tive transfer and add to the flask. {(Note: If
the total volume required in Section 5.3.3 13
expected to exceed 80 ml, use a 250-ml Er-
lenmeyer flask in place of the 125-ml {lask.)

53.2 Contginers No. 2 and No. 4 (Probe
and Impingers). (Check the liquid level in
Contalners No. 2 and/or No. 4 and confirm
as to whether or not leakage occurred
during transport; note cbservation on the
analysis sheet. If a noticeable amount of
leakage had occurred. either vold the
sample or take steps, subject to the approv-
al of the Administrator, to adjust the final
results.) Combine the contents of Contain-
ers No. 2 and No. 4 and take to drynesson a
hot plate.

5.3.3 Sample Extraction for lead. Based
on the approximate stack gas particulate
concentration and the total volume of stack
iay sampled, estimate the total weight of
particulate sample collected. Then transfer
the residue from Contalners No. 2 and No. 4
to the 125-ml Erlenmeyer flask that con-
tains the filter using rubber policeman and
10 ml of 50 percent HNO, for every 100 mg
of sample collected in the train or a mini-
mum of 30 ml of 50 percent HNO, whichev-
er is larger.

Place the Erlenmeyer flazk on a hot plate
and heat with periodic stirring for 30 min at
s temperature just below boiling. If the
sampie volume falls below 15 m!, add more
50 percent HNO,. Add 10 mi of 3 percent
H,0, and continue heating for 10 min. Add
%0 mi of hot (80°C) deionized distllled water
and heat for 20 min. Remove the flask from
the hot plate and allow to cool. Filter the
sample through a Milllpore membrane filter
or equivalent and transfer the filtrate to a
250-m! volumetric flask. Dilute to volume
with delonized distilled water. .

5.3.4 PFlter Blank. Determine a filter
blank ysing two filters from each lot of fil-
ters used in the sampling train. Cut each
fliter Into strips and place each filter in a
separste 125-ml Erienmeyer flask. Add 13
ml of 50 percent HNO, and treat as de-
scribed (n Section 5.3.3 using 10 mt of 2 per-
cent H,O, and 50 ml of hot, deionized dis-
tilled water., Flter and dilute to a toal
volume of 100 ml using defonized, distilled
water. E

5.3.5 0.1 N HNOQ, Blank. Take the entire
200 ml of 0.1 N HNQ, to dryness on a steam
bath, add 15 ml of $0 percent HNO,, and
treat as described in Section 5.3.3 using 10
ml of 3 percent H,Q, and 50 ml of hot,
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deionized distiiled water. Dilute to a total

volume of 100 ml using deionized distillad
water.

5.4 Analysias '

3.4.1 Lead Determination. Calibrate
spectrophotometer as described in Section
6.2 and determine the sbeorkance for esch
source gample, the fllter biank and 0.1 N
HNOQ, blank. Analyze each sample three
times In this manner. Make sppropriate di-

lutions, a3 required, to bring all sample Pb.
absorbance

concentrations into the linear:
range of the spectrophotometer.

If the Pb concentration oll.nmnlell;t
the low end of the ealibration curve and

high accuracy is required, the sampie can be
Laken to dryness on & hot plate and the resi-
due dissolved in the appropriate volume of
water to bring it (nto the optimum range of
the calibration curve,

3.42 Check for Matrix Effects on the
Lead Results. Since the analysis for Pb by
itomic absorption is sensitive to the chemi.
cal composition and to the physical proper-
ties (viscosity, pH) of the sample (matrix ef-
fects), the analyst shal]l check at least ane
sample from each source using the method
of additions as follows:

Add or spike an equal volume of standard
solution to an aliquot of the sample solu-
tion, then measdre the absorbance of the re-
sulting soiution and the absorbance of an al-
iquot of unspiked sample.

Next, calculate the Pb concentration C, in
ug/mil of the sample solution by using the

following equation:

A,
C=C, ——
< A-A,

Where:

“ C,=Pb concentrstion of the standard solu-

. don, pg/ml.. . .. -
A, =Absorbance of the sample solution. -
A,=Absorbance of the spiked zample sohs.
Volume ctorrections will not be required if

the solutions as analyzed have been made to

the same final volume. Therefore, C, and C,
represent Pb concentration before diiutions.

Method of additions procedures deacribed
on pages 9-4 and 9-3 of the section entitied
“General Information” of the Perkin Ehmer
Corporation Atomic Absorption Spectropho-
tometry Manual, Number 303-0152 (see Sec-
tion 9.1) may also be used. In any event, if
the results of the method of additicns pro-
ceduyre used on the single source sample do
not agree to within 3 percent of the value
obtained by the routine atomic sbsorption
analysis, then reanalyee all samples from

£q. 12-1

the source using s method of additions pro-
cedure, :

5.4.3 Coniainer No. ) (Bilies Gel). Tha
tester may conduct this step In the flald,
Weigh the spent ailica gel (or silica gel plus
%mmt ) to the nearest 0.5 5. record this

8. Caltbraition. . .
Maintain & laboratory log of all calfbre-

cording '

§: Probe Nomle (Bection 5.1 Pitot Tube
{Section 5.2); Metering S8ystem (Section 5.3);
Probe Heater (Section 85.4); Temperature
Gauges (Section 5.5); Leak-Cheek of the Ma-

a
tion of the curve. Do not force the cailbra-
tion curve through zero, but If the curve
does not pass through the origin or at least
lie closer to the origin than +0.003 absor-
bance units, check for incorrectly prepared
standards and for curvature I the calibra-
tion curve.

To determine stability of the calibration
curve, run a blank and a standard after
every five samples and recaiihrate, as naces-

the Pb concentration of the sample into the

- linesr range of the spectrophotameter.

T4 Lead Concentration, Calculate the
stack gus Ph concentration Cp, In mg/dscm
as follows:

‘Where:
K=0,001 mg/ug for metric units.

=3.208 b/ ug x 10~* for English units,

7.3 Isokinetic Variation and Acceptable
Results. Same as Method 5, Sections 8.11
and 6.12, respectively. To calculate v, the
average stack gas velocity, use Equation 2-9
of Method 2 and the data from this fleld
test.

8. Alternalive Test Methods for Inorpanic
Lead, -

8.1 Simultaneous Determination of Par-
ticulate and Lesd Emissions, The tester may
use Mcthod § to simultaneoustly determine
Pb provided that (1) he uses acetone to
remove particulate from the probe and
inside of the fllter holder as specified by
Method 8, (2) he uses 0.1 N HNO, in the im-
pingers, (3) he uses a glazs fiber filter with a
low Pb background, and (4) he treats and
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9.5 Same as Method 5, Citations 2 10 5
and 7 of Section 7.
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