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PUrp0Se: 

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

compliance purposes. 

Outline of Test Program: 

Source sampling was perf or me^ i the Johnson Cox Is, Inc. t tl , 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, 1991 three 2-hour sampling runs were conducted 

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. 
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SUMMARY OF RESULTS 

Presentation: 

Table 1 presents the summary of results from the Pasting Line #3 FL4DCO #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 presenteL -I Appendix A; 

analytical data is presented in Appendix B and field data is presented in Appendix 

C. 
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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. 
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TABLE 1 

SUMMARY OF RESULTS, LEAD SAh4PL.ING 

PASTING LINE #3 RADCO #1 STACK 

Run Number 

Date 

Percent Isokinetic 

Avg. Stack Temperature, O F  

Stack Gas Flow Rate, DSCFM * 

Stack Gas Flow Rate, ACFM 

Lead: 

Concentration, mg 

Concentration, gddscf 

Emission Rate, lbshour 

1 2 3 

09/17/91 09/17/91 09/17/91 

95.20 94.79 96.13 

88.92 94.58 97.42 

14957.76 14511.20 15349.62 

15860.33 15695.58 16615.64 

0.0088 0.0118 0.0198 

0.000001 0.000002 0.000003 

0.000169 0.000228 0.000380 

* 68OF, 29.92 inches H g  

4 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 

TABLE 2 

SUMMARY OF RESULTS, LEAD SAMPLING 

PASTING LINE #2 RADCO #2 STACK 

Run . .-.mber 

Date 

Percent Isokinetic 

Avg. Stack Temperature, OF 

Stack Gas Flow Rate, DSCFM * 

Stack Gas Flow Rate, ACFM 

Lead 

Concentration, mg 

Concentration, grldscf 

Emission Rate, lbshour 

1 2 3 

09/17/91 09/17/91 09/17/91 

92.40 96.10 93.92 

89.21 91.88 97.50 

14137.69 14600.44 14088.54 

14972.55 15675.86 15307.58 

0.0366 0.1136 0.0178 

0.000006 .000018 0.000003 

0.000775 0.002274 0.000356 

* 68OF, 29:92 inches Hg 

5 
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TABLE 3 

SUMMARY OF RESULTS, LEAD SAMPLING 

PASTING LINE #1 RADCO #3 STACK 

Run Number 

Date 

Percent Isokinetic 

Avg. Stack Temperature, O F  

Stack Gas Flow Rate, DSCFM * 

Stack Gas Flow Rate, ACFM 

Lead 

Concentration, mg 

Concentration, gddscf 

Emission Rate, Ibsbour 

1 2 3 

09/18/91 09/18/91 09/18/91 

96.62 93.93 96.41 

81.38 84.38 82.75 

18128.79 17319.86 16761.53 

19088.71 18407.82 17908.33 

0.0137 0.036 0.0168 

0.000002 0.000005 0.000002 

0.000277 0.000737 0.000327 

* 68OF, 29.92 inches Hg 
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TABLE 4 

SUMMARY OF RESULTS, LEAD SAMPLING 

SOUTH AUTO POST BURNER STACK 

Run Number 

Date 

Percent Isokinetic 

Avg. Stack Temperature, OF 

Stack Gas Flow Rate, DSCFM * 
Stack Gas Flow Rate, ACFh4 

Lead 

Concentration, mg 

Concentration, grldscf 

Emission Rate, lbshour 

* 6S°F, 29& inches Hg 

7 

1 2 3 

09/18/91 09/18/9 1 09/18/91 

95.10 94.84 98.06 

141.60 144.63 14238 

31.38 31.34 29.73 

36.84 36.89 35.33 

0.0702 0.14 0.0793 

0.000012 0.000025 0.000014 

0.000003 0.000007 0.000004 
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PROCESS DESCRIPTION 

The Johnson Controls, Inc., Louisville, Kentucky battery manufacturing facility 

operates pasting lines to produce positive and negative plates. h a d  grids from the 

grid casting department are coated with a lead oldde/sulfuric acid paste and then 

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

corresponding R4DCO vacuum filter. Pasting Line #1 is vented to W C O  #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'gases pass from 

the Pasting area to a I.D. fan, RADCO, and stack to the atmosphere. A RADCO is 

a high volume, two stage HEPA filter with the capacity to continuously clean the 

main filter bank while operating. Figure 1 details the flow diagram for the Pasting 

Line/RADCO process. 

In the Auto Post Burner process a small amount of molten lead is poured into a 

mold on the terminal tops of each battely 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. 

8 
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Figure 1 
Flow Diagram 

Pasting L i n e s  %I, e2, and $3 
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F i g u r e  2 
Flow D i a g r a m  

Sou th  Auto Post B u r n e r  ( A P B )  
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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 (up) 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 pa 

11 

are detailel n 

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. 
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The number of velocity sampling points were determined according to EPA Method 

1. Gas 

composition was based on the emission of normal air concentrations for C02, 02, 

CO, and N2 which yields a dry molecular weight of 28.836 lbflb 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 

Velocity measurements were determined according to EPA Method 2. 
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Figure 1 
Location of Samoling Points and Ports 

ZADCO Lines 
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Figure 2 
Location of Sampling Points and Ports 

South APB Stack 
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APPENDIX A 

SAMPLING RESULTS AND EXAMPLE CALCULATIONS 
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SUMMARY OF RESULTS 

PASTING LINE #3 RADCO #1 STACK 
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SUMMARY OF RESULTS 
METHOD 12 INORGANICLEAD 

Johnson Controls Inc. Louisville, Kentucky 

Radco #1 Stack 

Run Number 

Date: 

TT - NetTimeofTest 

PB - Barometric Pressure, in Hg. 

PS - Stack Pressure, Absolute 

DPS - Avg. Delta P Sqrd. 

VSTD - Volume Sampled at Stand. Cond. 

TM - 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 #/# 

PER1 - Percent Isokinetic 

AS - AreaStack,ft2 

CP - Pitot Tube Constant 

1 

0911 7/91 

120 

29.75 

29.7794 

0.82 

102.63 

86.20 

88.92 

47.37 

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 

0.81 

99.14 

94.40 

94.58 

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 

91.42 

49.63 

16615.64 

15349.62 

15533.17 

28.84 

28.71 

96.13 

5.58 

0.84 



SUMMARY OF RESULTS 
M!THOD 12 INORGANICLEAD 

Johnson Controls Inc. Louisville, Kentucky 

Radco #I Stack 

DN - Sample Nozzle Diameter 

PO2 - Percent 02 Dry 

PCO2 - Percent C02 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, grlacf 

CAW - Lead Emission Rate, lbs/hr 

FMP - Net Sampling Points 

0.248 

20.9 

0 

1.491 

1.55 

0.9845 

0.0088 

0.000001 

0.000001 

0.000169 

24 

0.248 

20.9 

0 

1.607 

1.62 

0.9838 

0.0118 

0.000002 

0.000002 

0.000228 

24 

0.247 

20.9 

0 

1.182 

1.26 

0.9874 

0.0198 

0.000003 

0.000003 

0.000380 

24 



SUMMARY OF RESULTS 
iMETHOD 12 INORGANICLEAD 

Johnson Controls Inc. Louisville, Kentucky 

Radco #1 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. 

VSTD = __________________-__________________ - 
17.64 * VM * (PB + PM I 13.6) - 

TM+460 

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

29.7794 

102.6323 

1.5533 

1.4909 

0.9845 

a 
1 

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 + 46O)/(PS * MW) = 

28.8360 

28.6744 

47.3726 
1 

I 
I 1x1 TWGON 



SUMMARY OF RESULTS 
METHOD 12 INORGANICLEAD 

Johnson Controls Inc. Louisville, Kentucky 

Radco #1 Stack 

Stack Gas Volumetric Row 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 Row at Standard Cond. Wet 
QSW = QS * [I/(l-(PMV/ loo))] 

Percent Isokinetic 
1039 * (TS + 460) * VMSTD 

VS * ‘IT * PS MD * DN * DN 
- PER1 = ____________________________I____ - 

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, Impingen, and Filter 
(AT Standard Conditions) 
CAW = 0.00857 * CAN * QS = 

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

15860.33 

14957.76 

15 184.14 

95.1958 

0.0000 

0.0000 

0.0002 
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SUMMARY OF RESULTS 
METHOD 12 INORGANICLEAD 

Johnson Controls Inc. Louisville, Kentucky 

Radco #2 Stack 

Run Number 

Date: 

?T - NetTimeofTest 

PB - Barometric Pressure, in Hg. 

PS - Stack Pressure, Absolute 

DPS - Avg. Delta P Sqrd. 

VSTD - Volume Sampled at Stand. Cond. 

TM - 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 #/# 

PER1 - Percent Isokinetic 

AS - AreaStack,ft2 

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 

1432 1.83 

28.84 

28.70 

92.40 

5.58 

0.84 

2 

0911 7/91 

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 

0911 7/91 

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 



SUMMARY OF RESULTS 
METHOD 12 INORGANICLEAD 

Johnson Controls Inc. Louisville, Kentucky 

Radco #2 Stack 

DN - Sample Nozzle Diameter 

PO2 - Percent 02 Dry 

PC02 - Percent C02 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, I b s k  

FMP - Net Sampling Points 

0.24 

20.9 

0 

1.286 

1.15 

0.9885 

0.0366 

0.000006 

0.000006 

0.000775 

24 

0.242 

20.9 

0 

1.293 

1.26 

0.9874 

0.1136 

0.000018 

0.000017 

0.002274 

24 

0.245 

20.9 

0 

1.100 

1.04 

0.9896 

0.0178 

0.000003 

0.000003 

0.000356 

24 
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S L J Y  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. = 

Volume of Dry Gas Sampled at Standard Cond. 

VSTD = ..................................... - 
17.64 * VM * (PB + PM / 13.6) - 

T1M + 460 

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

Percent Moisture in Stack Gas 
100 * VMV 

p w  = ____________________-- - 
VMST + VMV 

- 

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 *(l -MD)] = 

Stack Gas Velocity at Stack Cond. 
VS = 5129.4 * CP * DPS SQRT (TS + 46O)/(PS * MW) = 

29.7694 

88.1764 

1.1485 

1.2858 

0.9885 

28.8360~ 

28.6967 

44.7209 



SUMMARY OF RESULTS 
METHOD 12 LNORGANICLEAD 

Johnson Controls Inc. Louisville, Kentucky 

Radco #2 Stack 

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

17.64 * PS * M D  
- QA = __________.________________ - 

Stack Gas Volumetric Folw at Standard Cond. Dry 
0.123 * VS * PS * hlD - QS = . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 

TS + 460 

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

Percent Isokinetic 
1039 * ( TS + 460 ) * WSTD - PER1 = ______________________^__________ - 
VS * TI' * PS MD * DN * DN . 

Lead Loading -- Probe, hpingers, and Filter 
(At Standard Conditions gr/&cf) 
CAN = 0.0154 * FhG / VMSm = 

Lead Loading -- Probe, hpingen, 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 = 

14972.55 

14137.69 

14321.83 

92.3964 

0.0000 Ob 

0.0000 

0.0008 

* Standard Conditions = 68 degrees F, 29.92 inches Hg. 
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SUMMARY OF RESULTS 
METHOD 12 INORGANICLEAD 

Johnson Controls Inc. Louisville, Kentucky 

Radco #3 Stack 

Run Number 

Date: 

TT - NetTimeofTest 

PB - Barometric Pressure, in Hg. 

PS - Stack Pressure, Absolute 

DPS - Avg. Delta P Sqrd. 

VSTD - Volume Sampled at Stand. Cond. 

TM - 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 #I# 

MW - Mole. Wt. Stack Gas #/# 

PER1 - Percent Isokinetic 

AS - AreaStack,ft2 

CP - PitotTubeConstant 

1 2 

09/18/91 09/18/91 

120 120 

29.62 29.49 

29.6494 29.5194 

0.99 0.95 

118.23 111.65 

85.58 97.17 

81.38 84.38 

57.02 54.98 

19088.71 18407.82 

18128.79 17319.86 

18448.51 17614.84 

28.84 28.84 

28.65 28.65 

96.62 93.93 

5.58 5.58 

0.84 0.84 

3 

09/18/91 

120 

29.44 

29.4694 

0.93 

113.67 

89.73 

82.75 

53.49 

17908.33 

16761.53 

17159.22 

28.84 

28.58 

96.41 

5.58 

0.84 
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SUMMARY OF RESULTS 
METHOD 12 JNORGANICLEAD 

Johnson Controls Inc. Louisville, Kentucky 

Radco #3 Stack 

DN - Sample Nozzle Diameter 

PO2 - Percent 02 Dry 

PCO2 - 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, grldscf 

CAT - Lead Concentration, gr/acf 

CAW - Lead Emission Rate, lbslhr 

FME' - Net Sampling Points 

0.24 

20.9 

0 

1.733 

2.09 

0.9791 

0.0137 

0.000002 

0.000002 

0.000277 

24 

0.242 

20.9 

0 

1.675 

1.90 

0.9810 

0.036 

0.000005 

0.000005 

0.000737 

24 

0.245 

20.9 

0 

2.318 

2.70 

0.9730 

0.0168 

0.000002 

0.000002 

0.000327 

24 

p i  TRlGON 
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SUMMARY OF RESULTS 
METHOD 12 INORGANICLEAD 

Johnson Controls Inc. Louisville, Kentucky 

Radco #3 Stack 

Example Calculations Run I 

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

Volume of Dry Gas Sampled at Standard Cond. 

VSTD = .................................... - 
17.64 * V M  * (PB + PM / 13.6) 

- 
TM+460 

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

Percent Moisture in Stack Gas 
100 * VMV 

VMST + VMV 
PMV = . . . . . . . . . . . . . . . . . . . . . .  = 

Mole Fraction of Dry Gas 
100 - PMV 

MD= -_------------------ - 
I00 

29.6494 

118.2344 

2.0852 

1.7331 

0.9791 

1 
1 
I 

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 *(I -MD)] = 

Stack Gas Velocity at Stack Cond. 
VS = 5129.4 * CP * DPS * SQRT ('IS + 46O)/(PS * Mw) = 

28.8360 

28.6482 

57.0153 
(I 
I 
I [q TWGON 
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SUMMARY OF RESULTS 
METHOD 12 INORGANICLEAD 

Johnson Controls Inc. Louisville, Kentucky 

Radco #3 Stack 

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

QA = . . . . . . . . . . . . . . . . . . . . . . . . . . .  = 

Stack Gas Volumetric Folw at Standard Cond. Dry 

QS = - - 
TS + 460 

0.123 * VS * PS * MD 

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

Percent Isokinetic 
1039 * (TS + 460) * WSTD 

VS * lT * PS MD * DN * DN 
PEN = ------------I-__----_I____________ = 

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 = ________I_______II_____ - 
TS+460 

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

19088.71 

18128.79 

18448.51 

96.6176 

0.0000 

0.0000 

0.0003 

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

TWGON 
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SUMMARY OF RESULTS 
METHOD 12 INORGANICLEAD 

Johnson Controls Inc. Louisville, Kentucky 

South APB Stack 

Run Number 

Date: 

TT - NetTimeofTest 

PB - Barometric Pressure, in Hg. 

PS - Stack Pressure, Absolute 

DPS - Avg. Delta P Sqrd. 

VSTD - Volume Sampled at Stand. Cond. 

TM - 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 #/# 

PER1 - Percent Isokinetic 

AS - AreaStackft2 

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 

0911 8/91 

120 

29.44 

29.4393 

0.11 

85.30 

8O.SO 

142.38 

6.75 

35.33 

29.13 

30.47 

28.84 

28.57 

98.06 

0.0873 

0.84 
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SUhlMARY OF RESULTS 
METHOD 12 NORGANICLEAD 

Johnson Controls Inc. Louisville, Kentucky 

South APB Stack 

DN - Sample Nozzle Diameter 

PO2 - Percent 02 Dry 

PC02 - Percent C02 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, I b s h  

FMP - Net Sampling Points 

0.625 

20.9 

0 

1.924 

1.71 

0.9829 

0.0702 

0.000012 

0.000011 

0.000003 

16 

0.625 

20.9 

0 

1.288 

1.13 

0.9887 

0.14 

0.000025 

0.000021 

0.000007 

16 

0.625 

20.9 

0 

2.439 

2.i3 

0.9787 

0.0793 

0.000014 

0.000017, 

0.000004 

16 
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SUMMARY OF RESULTS 
METHOD 12 INORGANICLEAD 

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 Water At Standard Cond. 
VMV = 0.04709 * VW = 

Percent Moisture in Stack Gas 
100 * VMV 

p w  = = 

VMST + W 

Mole Fraction of Dry Gas 
100 - PMV 

M D =  = 

100 

29.6093 

87.3273 

1.7133 

1.9242 

0.9829 

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)] = 28.6275 

Stack Gas Velocity at Stack Cond. 
VS = 5129.4 * CP * DPS * SQRT (TS + 46O)/(PS * MW) = 7.0335 

I 
I 
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SUMMARY OF RESULTS 
METHOD 12 INORGANICLEAD 

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 * [l/( l-(PMV / loo))] 
Percent Isokinetic 

PER1 = - - 1039 * (TS + 460) * VMSTD 

VS * 'IT * PS MD * 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 L B h  - 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 
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ANALYTICAL DATA 
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APPENDIX B 
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Analytical and Consulting Chemists 
1316 South Fifth Street 

D A T E  R E P O R T E D  09-30-91 Wilmington, N.C. 28401 
91W3086 (919) 763-9793 

Oxford Laboratories, Inc. 
D A T E  R E C E I V E D  09-23-91 

PAGE 1 OF 3 

T R I G O N  E N G I N E E R I N G  C O N S U L T A N T S  I N C .  P . O .  # AH-5039 
7461-B ORR ROAD 
CHARLOTTE,  NC 28213 

A T T E N T I O N :  J E F F R E Y  K O H L S T E D T  

S A M P L E  D E S C R I P T I O N :  P R O J E C T  046-91-005 

1. H12-1 
2. H12-2 
3. H12-3 
4. N12-4 
5. H12-5 
6. H12-6 

R E S U L T S  

6 - 5 - 4 - 3 - 2 - 1 - 
8 . 5 0  1 0 . 5  20.5 32.5 112 18.0 

8.50 13.5 18.5 32.0 113 18.5 

9.50 11.5 20.5 33.5 116 17.0 



I 
Analytical and Consulting Chemists 

1316 South Fifth Street 
DATE REPORTED 09-30-91 Wilmington, N.C. 28401 
DATE RECEIVED 09-23-91 

Oxford Laboratories, Inc. I 
I 
I 
I 
I 
I 
I 
I 
I 

91W3086 (919) 763-9793 

PAGE 2 OF 3 

TRIGON ENGINEERING CONSULTANTS INC. P.O. # AM-5039 
7461-8 ORR ROAD 
CHARLOTTE, NC 28213 

ATTENTION: JEFFREY KOHLSTEDT 

SAMPLE DESCRIPTION: PROJECT 046-91-005 

7. H12-7 
8. M12-8 
9. H12-9 
10. H12-10 
11. H12-11 
12. H12-12 

Lead, as Pb, Total ug 

lead, as Pb, Total ug 

ead, as Pb, Total ug I 
1 
I 
I 
I 
I 
I 
I 

RESULTS 

12 - 11 - 10 - 9 - 8 - 7 - 
14.0 36.0 17.0 69.0 139 79.0 

13.5 35.0 15.5 71.5 138 78.5 

13.5 37.0 18.0 70.0 143 80.5 



I 
Analytical and Consulting Chemists 

1316 South Fifth Street 
DATE REPORTED 09-30-91 Wilrnington, N.C. 28401 

Oxford Laboratories, Inc. 
DATE RECEIVED 09-23-91 I 

I 
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- 
91W3086 (919) 763-9793 

PAGE 3 OF 3 

TRIGON ENGINEERING CONSULTANTS INC. P.O. # AM-5039 
7461-8 QRR ROAD 
CHARLOTTE, NC 28213 

ATTENTION: JEFFREY KOHLSTEDT 

SAMPLE DESCRIPTION: PROJECT 046-91-005 

13. 
14. 
15. 
16. 

ead, as 

Lead, as 

I ead, as 

FILTER BLANK A 
FILTER BLANK B 
0.1N "03 BLANK 
SPIKE OF (15 % RECOVERY 

RESULTS 

16 - 15 - 14 - 13 - 
Pb, Total ug e 5 . 0 0  < 5 . 0 0  <5.00 103% 

Pb, Total ug ~ 5 . 0 0  e5.00 ~ 5 . 0 0  107% 

Pb, Total ug <5.00 <5.00 e5.00 110% 

1 
I 
I 
1 
I 
I 
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I N o T E  : 

~~ ~~ 

Oxford Laboratories, Inc. Analytical and Consulting Chemists 
1316 South Rfth Street DATE RECEIVED I DATE REPORTED Wilmineton. N.C. 28401 

I 
V .  

(919) 163-9793 

W O F  THESE RESULTS WERE GENERATED BY METHOD 1 2 .  THE 

ONLY MODIFICATION TO THE METHOD I S  THE F I N A L  VOLUME OF 

50ml I N  PLACE O F  A 250ml F.V. BY EVAPORATING THE F I N A L  

FILTRATE TO DRYNESS AND RECONSTITUTING I N  1 0 %  "03 A C I D .  

-WE ARE CONTROLLING THE A C I D  MATRIX BETWEEN SAMPLES AND 

STANDARDS. METHOD 12 I S  VERY LAX ON T H I S  POINT..  
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FIELD DATA 

PASTING LINE #3 RADCO #1 STACK 
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Preliminary Field Data 

._ 
m 
n 
a 
P 

2. 

1 :  4 

, I  I ; 
I 
I 

.. 
17 I '* 

I 
w 

1 W  
Z A  
w 
OM 
n., 
N 
sa2 
Y. 

1. 
U 
IU 

ltd 
a3 
OM 
m.1 
U 
77.1 
Y. 

n r  

UJ u3 
IU 

/ 

0 

SCHEMATIC OF SAIWPLINC LOCATION 

DISTANCE DISTZNCS 
Y. OF STACK FROM INSIDE NIPPLE F3OMOUTSIOE 

POINT STACKl.0. 1.0. WALL L W G 7 H  CF?CRT 

I I I I 

I I I I I 

-r ~ I I I I 
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D 1 1 Z X X i ! f A T I O ? i  O F  STACK CAS VZLOCIT? A 3 3  V O L U X E i X i C  FLOC' RAT: 

D E T S X Y I Y A T L O Y  O ?  C ' I C L O Y I C  F L O C '  

Difference ( A  - B) I4 Pefcenc  Molscure 



I E P A  M E T H O D  1 2  - D E T E R M I N A T I O N  O F  I N O R G A N I C  L E A D  E H I s S I O N S  
F I E L D  D A T A  S H E E T  
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EPA HETROD 12 - I N O R G A N I C  LEAD DETERMINATION - DATA ANALYSIS 

Run Number 
Sample Box Number 
Probe Number 
F i l t e r  Number 

\ 
i ? -  3 \ 
I 7, 3 

2 3 
H I 2  - *. Hi2 - 1 H i i 2  -3 x i 2  - 

Reagent Recovery C o n t a i n e r  a 
Desc r ip t ion  of Reagenc 
Reagent Level Marked 
F i n a l  Volume, m l  
I n i t i a l  Volume, m l  

Net Condensed Volume, ml 

S i l i c a  Gel Recovery Cone. # 
X S i l i c a  Gel Spent  
F i n a l  Weighc, g 
I n i t i a l  Weight. g 
Net Adsorbed Water, g 

TOTAL REAGENT COLLECTED, m l  

ANALYSIS OF MOISTURE RECOVERY 

MI2 - B 
,m un 

M12 - 3 B MI2 - B 
\ 

ANALYSIS OF MOXGANIC RECOVERY 

F i l t e r  Recovery C o n t a i n e r  # MI2 - I  C MI2 - t C MI2 - 3  C MI2 2 C 
Pa rc i c u l a t  e Des c r i p e i o n  UO*' u .Y,hlt? h n i  L 'S ,  I?@ & ! N Z  fif5-5k , 
Filter Con ta ine r  Sea led?  / r /  l.' 

I 
Probe Rinse Con ta ine r  # 
Liquid  Level  Harked? 

M12 -1  0 MI2 - n , D  
W W 

For f i n a l  l e a d  d e t e r m i n a t i o n  see t h e  Appendix f o r  Laboratory Data. 

Remarks/Comments: i \OrJG/ 
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FIELD DATA 

PASTING LINE #2 RADCO #2 STACK 
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I 
I 
1, 
II' 
t 
I 
c 
P 
I 
I 
SI 
I 
E 
c 
A 
1 
E 
I, 

Preliminary Field Data 

WIDTH (RECTANGULAR OUC;) hlh 
EOUIVALSNT SIAMEiZi(: 

DISTANCE FaOM 
PORTS TO NEAREST 
FLOW 0 ISTU R BA N C E 

DOWNSTREAM 
I, .j-V q y  

DIAMETERS 2.75 3.27 
I 

C 

SCHEMATIC OFSAMPLING LOCATION 

LOCATION OF TRAVERSE POINTS IN CIRCUUR STACXS 

4 s 8 10 @ 74 1. 71 w n t a  
1 h 7  U 3.2 l b  L1 1 1  1.6 1.1 I f  1.1 1.1 

t a  
11.4 
azl 
6r.7 
W d  
M.3 
a 6  

DISTANCE DISTANCE 
y. OF STACK FROM INSIDE NIPPLE FROM OUTSIDE 

POINT STACX1.D. 1.0. WALL LENGTH OF?ORT 

L o U n O N  OFTRAVERSE PINTS IN RECTANGULAR STACXS 

I I 4  S 6 7 I S (0  I t  t t  

IM 
cu 

In0 
IM 
IM 
I M  

w.a 
'1.7 
5 u  
M 
n.7 

r 



Scack Tsmp., Dry, OF (A) IC. 
Dtffecence c.4 - B) 2Y 

Scack Temp., Uec. (B) 7 7. 
Peccenc HoLscure 4 z. 
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EPA HEIETBOD 12 - INORGANIC LEAD DETZRYINATION - DATA ANALYSIS 

Run Number 
Sample Box Number 
Probe Number 
F i l t s r  Number 

4 c 6 
u 7 I \ 

Reagent Recovery C o n t a i n e r  # 
D e s c r i p t i o n  o f  Reagent 
Reagent Level  Marked 
F i n a l  Volume, m l  
I n i t i a l  Volume, m l  
Net Condensed Volume, ml 

S i l i c a  Gel Recovery Cont. # 
X S i l i c a  Gel Spent 
F i n a l  Weight, g 
I n i t i a l  Weight, g 
Net Adsorbed Water, g 

TOTAL REAGENT COLLECTED, ml 

ANALYSIS OF u o x s m  RECOVEBY 

. MI2 -4 B MI2 - 3 i B  

, 1. , ,. , 

\ M I 2  - A 

t-- \ 

\ 
\ 

\ 
M I A  - B 

\ 

\ 

AUALYSIS OF INORGANIC LEAD BECOPEBY 

H12 -q C MI2 -5 C M12 -(c C EM2 - 
P W  L / , S  5 k  P ~ + C  u-<.bk N : w  ti.;& e F i l t e r  Recovery Conta iner  # 

P a r t i c u l a t e  D e s c r i p t i o n  

L F i l t e r  C o n t a i n e r  Sealed? Y - J 

Probe Rinse  Conta iner  # 
Liquid  L e v e l  Marked? 

MI2 -u D MI2 -$ D MI2 - b  D MI2 \ D 
/ '  J / \ 

\ 

For f i n a l  l e a d  d e t e r m i n a t i o n  see t h e  Appendix f o r  Laboratory Data. 

Remarks/Comments: Id& 
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FIELD DATA 

PASTING LINE #1 RADCO #3 STACK 
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CALCULATEOBY .A L SCH-.dATl 
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3FSAtWPL G LO ii'lCN 

D I S A N C E  DISTANCE 
v. OF S A C K  FROM INSIDE NIPPLE FROM OUTSIDE 
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I I I I I 
I I I I 
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FETU DATA 

Stack rasp., D r y .  OF ( A )  '$3 Stack Temp., Vet. ' 7  (3) (9- 
Difference ( A  - B) / /  Percenc UoLscuce Y %  
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EPA METHOD 12 - INORGANIC LEAD DETERnINATION - DATA ANALYSIS I 

Run Number 
Sample Box Number 
Probe Number 

I 
F i l t e r  Number I .I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Reagent Recovery C o n t a i n e r  
Desc r ip t ion  of Reagent  
Reagent Level  Marked 
F i n a l  Volume, ml 
I n i t i a l  Volume, m l  

Net Condensed Volume, m l  

S i l i c a  Gel Recovery Cont. , #  
2 S i l i c a  G e l  Spent 
F i n a l  Weight, g 
I n i t i a l  Weight. g 
Net Adsorbed Water, g 

TOTAL REAGENT COLLECTED, m l  

ANALYSIS OF n o x s m  RECOVERY 

H I 2  - 7 A 
I. i r  4Lp 

. 1’ 

3 1 c 
70,’ 

H I 2  - 9  B .. 7, 
22?, J 

2 3  -3 \ 
Z S E .  \ 
37 \ 

MI2 -7 B HE -‘ B 

ANALYSIS OF INOXGANIC LEAD RECOVERY 

M I A -  C 
U H P  \ 

\ 

H12 - 5  C 
P a r t i c u l a t e  D e s c r i p t i o n  nl .mL-  0/,5’tCf- ..‘IX,dLE M n  c \I 15 m r  k- 
Filter Recovery C o n t a i n e r  # MI2 - 7  C MI2 - f  C 

F i l t e r  C o n t a i n e r  S e a l e d ?  
\ 

J J J 

M12 -9 D M12 - \  D Probe Rinse C o n t a i n e r  # MI2 - 7 D MI2 - 8  D 
L i q u i d  Level  Marked? ./’ J T \ 

\ 
For f i n a l  l e a d  d e t e r m i n a t i o n  s e e  t h e  Appendix f o r  Laboratory Data. 

RemarksIComments : d- 
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FIELD DATA 

SOUTH APB STACK 
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Preliminary Field Data 

ii--J 

ys  .i 
I 

+ 
39 

_ _  . - . . . 

DISTANCE OISTANCS 
Y. OF STACK FROM INSIOE NIPPLE . FROM OUTSIDE 

( 2  

I. 
1* 
1. 
17 
1. 
I* 
W 

P 

7.4 

t a  

n 
n 

I 1 f I 

I I I 1 I 
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I I I I 
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Ambient T v r a t u r e  
Re-test @ 

Reyest Picoc <O.! e3.s In. Hg 

Finish* &server 
, , , ~~. . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 

S m  Ere bY7,b" . 

I 

PLTOT O W E  mGL5 
DRY (2s E4Dm E I T I X 4 H  m r n s T A c K ~ W .  

Cl.I.Fr. IN. H 0 IDGU. AcNaL EX.iX W I E T  IN.& ?F or 9. 
(3) ( 4 )  

A P  m. Hp m.9 v m  m. . Box . m 

. . . . . . . . . . . (6) 1 (7) WE- (1) 
. . .  OSg9 I.!". . . . . I . .  . , , . , . . . . . . . 
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E P A  METHOD 1 2  - D E T E R M I N A T I O N  0% I N O R G A N I C  L E A D  E M I S S I O N S  
I L L L D  D A T A  S H E Z T  - Duc;s L'' C O  1 2 "  DFameCer  - - - -  
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E?A METHOD 1 2  - DETERMINATION O F  INORGANIC L E A D  EMISSIONS 
F I E L D  D A T A  S H Z C T  - D u c c s  4 ' '  t~ 1 2 "  D i a a e c a r  
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EPA METBOD 12 - INORGANIC LEAD DETEMINATION - DATA ANALYSIS 

ANAL.YSIS OF ~OOISTITRE BECOVEEBY 

Reagent Recovery C o n t a i n e r  # 
Desc r ip t ion  of Reagent 
Reagent Level Marked 
F i n a l  Volume. m l  
I n i t i a l  Volume, a1 

Net Condensed Volume, m l  

S i l i c a  Gel Recovery Cont. # 
% S i l i c a  G e l  Spent 
F i n a l  Weight, g 
I n i t i a l  Weight, g 

Net Adsorbed Water,  g 

TOTAL REAGENT COLLECTED, m l  

MI2 A 

H I 2  - B 

ANALYSIS OF INORGAMIC LEAD BECOVEBY 

F i l t e r  Recovery C o n t a i n e r  # MI2 - ' L '  C MI2 -" C M12 - / L C  M12. - C 

F i  1 t e r Cont a i  ne r S e a l e d ?  

Probe Rinse C o n t a i n e r  # MI2 -//. D M I 2  - / I  D MI2 - - / ? / D  

P a r t i c u l a t e  D e s c r i p t i o n  h f o e  J k h / C  /v'rnl "~~5:6LC J.7.7 Vd8&F 
\ 

MI2 -\ D 

-r/ J a 

Liquid Level  Marked? J J J 

For f i n a l  l e a d  d e t e r m i n a t i o n  s e e  t h e  Appendix f o r  Laboratory Data. 

Remarks/Comments : 
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CALIBRATION DATA 
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QUALllT 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 periodically recalibrated in 
full, regardless of the outcome of these regular mspections. 

Calibrations are conducted in accordance with US. EPA specifications. Trigon 
follows the calibration procedures outlined in EPA Reference Methods, and those 
recommended in the Quality Assurance Handbook for Au Pollution Measurement 
Systems: Volume III. When the Reference Methods are inap licable, Trigon uses 
methods such as those prescribed by the American Society for $esting and Materials 

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 returnin from the field is inspected before it is returned to 
storage. 
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. 

Calibration. Source sampling equipment that require calibration include nozzles, 
itot tubes, thermometers, flow meters, dry gas meters, and barometers. The !allowing sections detail the calibration rocedures followed by Trigon for each item. 

Nozzles. Each Probe nozzle is uniquely and PeFa?ently identified at the time of 
purchase or fabncation, and it is calibrated be ore mad field use and rior to each 

a digital micrometer. Five measurements are made using different diameters each 
time. If the difference between the high and the low numbers does not exceed 
0.004 inch, the average of the five measuremenu is used. If the difference exceeds 
this amount, or when the nozzle becomes nicked, dented, or corroded, the n o d e  is 
reshaped, sharpened, and recalibrated. Regardless of usage, all n o d e s  are 
inspected and recalibrated on a yearly basis. 

(ASTM). 

During the course o f these inspections, items are cleaned, repaired, 

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

test The inside diameter of the nozzle is measured to the nearest 0.0 6 1 inch using 



Pitot Tubes. All Type S pitot tubes are constxucted 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 k0.02. A standard pitot tube wil l  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 meterin system receives a full caliiration at the 
time of purchase and annually, thereafter. 5 ost-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 (initial 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 

Barometer. Each field barometer is calibrated to agree within k O . 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. 

-. Each new thermometer, pryometer and thermocouple urchased or 

Calibration tolerance limits are as follows: 

Y 5 1.02. 

fabricated by Trigon is calibrated in strict accordance with US. E 8 A Protocol. 

Impinger Thermometers + 1% 
Dry Gas Meter Thermometers T3Oc - 
Stack Thermocouples 

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. 

Laboratow Eauiument. Trigon Engineering Consultants has a written quality 
assurance doc'ument that covers calibration and maintenance of laborato 
equipment. This includes calibration of each analytical balance against Class 
weights. Cahiration 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. 

+ 1.5% of absolute temperature 

5 



PRETEST - POSTEST CALIBRATON CHECKS 
Thermometers, Thermocouples, & Barometer 

dn/c/Lr c u,r;flc 
Client/City: .T&LKCA/ C a w m L  r 
Calibrator: Tic/,( Pretest Date: 5//0/" ,  Postest Date: 3/,--c / y /  

i 
Reference Thermometer # /& . f i f id  Reference Barometer # Coo 007 

Pretest Postest 
Reference Barometer 3 . 3  I in. Hg zq.33 in.Hg 
Field Barometer a 4 . x  in.Hg ~ 7 ~ 5 ~  in.Hg 
Difference o /  in. Hg A O I  in. Hg 

Was the pretest field barometer reading correct? 
Was the postest field barometer reading correct? 

& 0.1 in. Hg Yes c/ No- 
Y e s x  No 

Was recaliiration required? Yes - No 1/ If yes, no correction necessarj?& 
calculations when the field barometer has a lower reading; if the reference barometer is 
lower, subtract the difference Erom the field data readings for the calculations. 

FIGON 
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CONTROL CONSOLE CALIBRATION 

Console Number: 300-045 Date: 07/22/91 Barorne& Pressure: 29.328 Calibrated by: JWK 

T h e  GaJ Volume TelIlpllUlUS€U - 
OISCO Wet Test by Gu Wet T e t  rn Gas ;Meter 

setting Meter Metax Meter Inlet Oudet Average 0 

AH@ 

m H20 R3 R3 OF OF OF OF minutes m Ha0 

Y A H  VW ‘d f ‘di ‘do ‘d 

0.5 5 5.11 81.33 100.5 94.5 97.5 I29 1.006 1.820 

1 .o 5 5.09 81.35 97.5 93.0 9525 9.30 I.005 1.912 

1.5 IO 1025 81.4 104.5 96.5 100.50 15.46 1.006 1.943 

2.0 IO IO27 81.5 108.0 97.5 10275 13.47 1.007 1.956 

3.0 IO 1029 81.5 I I  1.5 98.5 105.0 10.98 1.006 1.928 

4.0 IO 10.32 81.5 115.0 99.9 10725 9.47 I.005 1.908 
. .  

Tolerances Y - 1.00 +I- 0.09 A He = 1.84 +I- 0 2 5  1.008 1.911 

Y and A He are dculated Y  follow^: 

v, Pb‘td + 460) 
Y -  0 1.00 

Vd (P, + A W13.6)(tw + 460) 

5 (29.328) (97.5 + 460) 

5.11 (29.328 + 0.0368) (81.35+ 460) 

5 (29.328) (9525 + 460) 

5.09 (29.328 + 0.0731) (81.35+ 4 W  

0.5 Y = 

1.0 Y = 

IO (29.328) (100.5 + 460) 
1.5 Y - 

1025 (29.328 + 0.110) (81.4 + 460) 

IO (29.328) (I02.75+ W 

10.27 (29,324 + 0.141) (81.9 + 460) 
20 Y- 

IO (28.328) (105.00 + 460) 
3.0 Y - 

I029 (28.3’28 + 0221) (81.5 + 460) 

IO (29.328) (1072.5 + 460) 

10.32 (29.328 + 0294) c8l.S + 460) 
4.0 Y - 

2 0.0317 H (t, + 460) 0 

AH@ - [ I - 1.911 

Pb (td + 460) VW 

0.0317 (0.5) (81.35+ 460) 12.9 
AH@= [ I 

29.328 (97.5 + 460) 5 

0.0317 (1.0) (81.33+ 4601 9.3 
AH@- [ 1 

29.328 (9628 + 460) 5 

(81.4 + 460) 15.46 a 0.0317 (1.3 
AH@- t I 

29.328 (100.5 + 460) IO 

0.0317 (a.0) (819 + 460) 13.47 a 
AH@= t I 

29.328 (l0275+ 460) IO 

a 0.0317 (3.0) (81.5 + 460) 10.35 
AH@= I I 

29.328 (105.W + 460) IO 

O.Ojl? (40) (81.9 + 660) 9.47 a 
AH@- t I 

29.328 (10725 + 460) IO 



CONTROL CONSOLE CALIBRATION 

Console Number: 300-061 Date: 08/08/91 Barometric Pressure: 29.275 Calibrated by: JWK 

a s  Volume Temmrahma - T h e  
Oriese Wet T a t  By Gu Wet T a t  rn Gaa M e w  
setring Meter Meter Meter Wet Oudet Avemaa 0 

4 
Y A H  VW 'd tW tdl 'do 'd 

in Ha0 ft3 ft3 OF OF OF OF minUb3S m 3 0  

~~ ~~ ~ ~ ~ ~~ ~ ~ 

0.5 5 5.10 79.5 92.5 07.5 90.0 12.88 0.998 1.901 

I .o 5 5.11 80.0 97.5 90.5 94.00 9.30 1.001 1.972 

I .s I O  1026 80.0 99.5 91.5 96.50 15.41 0.999 2.025 

2.0 IO l o a s  80.0 104.0 94.0 98.0 1322 1.001 1.974 

3.0 I O  10.31 80.0 107.0 99.5 10125 10.56 1.001 1.882 

4.0 I O  10.30 80.0 109.0 96.0 ioas 9.31 I .oo I 1.946 

T o l e m c a  Y - 1.00 +I- 0.05 4 Ha - 1.84 +I- 0.25 A- 1.WO 1.980 

Yrnd H . r ~ c a l c ~ a s l o U o r n :  
A @  

2 vw PbRd + 460) 0.0317 H (tw + 460) 0 
Y =  - 1.W = I 1 0 1.960 

Vd (Pb + A W13.6)(tw + 460) Pb (td + 460) VW 

5 (29275) (90.0 + 460) 

5.10 (29.275 + 0.0368) (79.5 + 4603 
0.5 Y = 

5 (29275) (94.0 + 460) 
1.0 Y - 

5.1 I (2921s + 0.0731) (80.0 + 460) 

IO (29215) (95.9 + 460) 
1.5 Y - 

1026 (29275 + 0.1 IO) (80.0 + 460) 

I O  (29215) (99.0 + 460) 

I023 (29215 + 0.147) (80.0 .+ 460) 

IO (29215) (10125 + 460) 

20 Y-  

3.0 Y =  
10.31 (29215 + 0221) (80.0 + 460) 

IO (29215) (102.9 + 480) 
4.0 Y - 

10.30 (23215 + 0294) (80.0 + 460) 

2 0.0317 (0.57 c19.5 + 460) 12.98 
AH@= 1 

29.275 (90.0 + 460) 5 

2 0.0317 (1.0) (80.0 + 460) 9.3 
AH@= f 1 

29215 (94.0 + 460) 5 

2 0.0317 (1.9) (80.0 + 460) 15.41 
AH@= t 1 

29215 (96.9 + 460) I O  

0.0317 (20) (80.0 + 460) 1322 
= f 1 

2921s (99.0 + 460) IO 

0.0317 (3.0) (80.0 + 460) 10.56 a 
AH@ - r 1 

29215 (IOIZS + 460) 10 

a 0.0317 (4.0) (80.0 + 460) 9.31 
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0.120" Diameter 
Inpact Hole 

m.e calibratior, of stanc?ar5 pitot tubes is in accordance with E?h 32ferecce 
Method 2 ,  Section 2.7. 
Section 2.7 and the specifications are listed Selov. 

This pitot tube has Seen cali'3rated as outlined in 

2.7.1 Hminherical Tip 
2.7.2 

2.7.3 

8.6 diameters ( A  mininun of six diameters straight run 
bet-deen the tip and static pressure holes.) 
16.3 diameters ( A  minimrrm of eight timeters strai3ht run 
between the static pressure holes and the centerline of 
the external t&e, following the 90 degrees Send.) 
0.035" (This is the diameter of the eight static prsssura 
holes, equally -aced in a piezometer ring configuration.) 

2.7.4 

2.7.5 goocurve bend 
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TYPE S PITOT TUBE CALIBRATION FORM 

Date: 05/09/91 Calibrator: JAB 

Specifications: 
Pitot tube assembly must be level. 
If pitot tube is damaged explain under comments section. 
z = A sin T and w = A sin 0 (~0.03125) 

D.) a <loo and B 4’ 

I.D. Length a10 azo Bl0 B.2’ 0’ A, in. Z, in. W, in. PA, in. PB, in. D,, in 
No. 

200.019 2’ 0.5 0.5 0.5 0.5 1.0 0.5 0.937 0.0164 0.0082 

200.002 4‘ 0.5 0.5 0.0 1.5 1.5 1.0 0.953 0.0250 0.0166 

200.003 6‘ 1.5 0.5 1.0 0.5 0.5 0.5 0.947 0.0008 0.0008 

200.004 3’ 0.5 1.5 1.0 0.0 0.05 0.5 0.938 0.0008 0.0082 

200.005 3’ 0.0 0.5 0.0 0.5 0.5 0.5 0.947 0.0083 0.0083 

200.006 3’ 1.0 0.0 0.0 1.5 0.5 1.2 0.944 0.0080 0.0200 

200.015 3’ 1.0 1.0 2.0 1.5 0.5 0.5 0.940 0.0080 0.0080 

200.016 3’ 1.0 2.0 1.0 1.0 1.8 1.4 0.940 0.0300 0.0230 

200.017 3’ 2.0 2 5  2.0 3.0 1.5 1.0 0.943 0.0250 0.0165 

200.007 5’ 1.5 0.0 0.5 1.0 0.4 1.1 0.935 0.0070 0.0180 

200.008 5’ 1.2 1.0 0.8 0.5 2 5  1.0 0.929 0.0410 0.0308 

200,009 5’ 0.5 0.5 1.5 0.5 1.0 0.5 0.929 0.0160 0.0082 

2oo.010 7’ 1.5 0.5 0.5 0.5 1.0 1.0 0.941 o.oi6o . 0.0164 

200,011 7’ 1.0 0.5 0.5 1.0 0.05 1.7 0.937 0.0008 0.0278 

200.012 7’ 1.5 2 0  0.0 1.0 1.5 1.0 0.942 0.0247 0.0164 

200.013 10’ 1.0 0.5 1.5 0.0 0.5 1.8 0.950 0.0080 0.0298 

200.014 10’ 1.0 0.5 1.5 1.0 2.0 1.8 0.947 0.0330 0.0296 

0.468 0.469 0.375 

0.476 0.476 0.375 

0.473 0.473 0.375 

0.468 0.468 0.375 

0.473 0.473 0.375 

0.472 0.472 0.368 

0.469 0.470 0.369 

0.469 0.469 0.372 

0.471 0.470 0.369 

0.467 0.467 0.367 

0.465 0.464 0.369 

0.469 0.469 0.375 

0.470 0.470 0.367 

0.468 0.468 0.360 

a471 0.471 0.368 

0.475 0.475 0.360 

0.473 0.474 0.375 

Comments: Pitot tubes were purchased new from Nutech Corporation. 

Pitot tubes requiring calibration: None 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

I 
I 
I 

41 
1 
I 

a 

NOZZLE CALIBRATION 
SET ONE 

DATE CALIBRATED: 05/09/91 CALIBRATEDBY: J A B  

NOZZLE DWM.ETER(a) 

3/4" NOZZLES 
300.010 0.749 0.750 0.750 0.750 0.750 0.002 0.750 

5/8" NOZZLES 
300.011 0.625 0.624 0.625 0.625 0.624 0.001 0.625 

W NOZZLES 
0.498 0.497 0.497 0.498 0.497 0.001 0.497 

0.498 0.500 0.499 0.500 0.002 0.499 
300.014 3 0.497 0.498 0.499 0.497 0.498 0.002 0.498 
::::::: I:'/ 0.499 

7/16" NOZZLES 
0.441 0.440 0.440 0.439 0.440 0.001 0.440 

0.441 0.439 0.439 0.440 0.002 0.440 
0.432 0.433 0.431 0.430 0.430 0.002 0.431 

3/8" NOZZLES 
0.375 0.375 0.374 0.375 0.375 0.001 0.375 

0.376 0.375 0.375 0.376 0.001 0.376 
0.374 0.373 0.374 0.375 0.002 0.374 

5/16' NOZZLES 
0.313 0.311 0.313 0.312 0.312 0.002 0.312 

0.308 0.308 0.310 0.310 0.002 0.309 
0.311 0.310 0.309 0.310 0.002 0.310 

%% 0.376 
300.020 3 0.374 

:::::;: 0.310 
300.023 3 0.310 

V4" NOZZLES 
0.248 0.248 0.249 0.248 0.249 0.001 0.248 

0.247 0.248 0.248 0.249 0.002 0.248 
0.247 0.247 0.248 0.248 0.247 0.001 0.247 

3/16' NOZZLES 
0.188 0.188 0.186 0.187 0.186 0.002 0.187 

0.186 0.185 0.187 0.185 0.002 0.186 
300.029 3 0.187 0.187 0.188 0.185 0.185 0.003 0.186 
:::::;; 11 0.187 

where: 

= five different n o d e  diameters, (in); each diameter must be (a) D1,53,4,5 within o.ool in 
D = maximum difference between any two diameters, (in) D < 0.004 in. 

Davg = average of D1, D2, D3, D 4  and D5 
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NOZZLE 
LD. 

NUMBER 

300.053 3 

where: 

D1 
(in.) 

0.493 
0.495 
0.497 

0.369 
0.371 
0.369 

0.240 
0.241 
0.246 

0.180 
0.179 
0.180 

NOZZLE CALIBRATION 
SET TWO 

DATE CALIBRATED 05/09/91 CALIBMTED BY: JAB 

NOZZLE DIAMETER(a) 

l/2" NOZZLES 
0.495 0.493 0.494 0.493 0.002 0.494 
0.497 0.495 0.497 0.497 0.002 0.496 
0.499 4 0.498 0.498 0.498 0.002 0.598 

0.369 0.370 0.370 0.369 0.001 0.369 
0.372 0.371 0.370 0.371 0.002 0.371 
0.370 0.370 0.369 0.370 0.001 0.370 

0.240 0.240 0.239 0.239 0.001 0.240 
0.242 0.242 0.242 0.241 0.001 0.242 
0.244 0.245 0.244 0.246 0.002 0.245 

0.181 0.180 0.180 0.180 0.001 0.180 
0.179 0.179 0.179 0.179 0.000 0.179 
0.181 0.180 0.181 0.180 0.001 0.180 

318" NOZZLES 

l/4" NOZZLES 

3/16' NOZZLES 

(a) Di,Z3,43 = Eve different n o d e  diameters, (in.); each diameter must be 

D = maximum dserence between any two diameters, (in.) 
within 0.001 in. D < 0.004 in. 

Davg = average of Dl, Dz, D3, D4 and D5 



I1 
'I 
I 1  

I 
I 
'I 
1 
I 
11 
I 
I 
I 
I, 
I' 
I 
I 

TEMF'ERATURE SENSOR CALIBRATION FORM 

STACK THERMOIkETERS 

Tolerance: 21.5% of Absolute Temperature 

Date: 06/27/91 Barometric Pressure, In. Hg.: 29.53 
Ambient Tem erature OC: 27.3 Reference Thermometer Number: ITS-90 

___---------- _11----_----__--- 

Calibrator: & 
_-------I 

Reference Thermocouple 
Thermometer Potentiometer Tempera re Thermocouple/ Reference "-b Thermometer Point # Sourcea Temperature Tem erature DifEerence 

I.D. # OC 08 % 

2' Pitot Tube 
200.019 1 Ice Water 1.8 1.5 0.15 

2 Water Bath 95.7 96.0 -0.08 
3 Oil Bath 180.0 178.0 0.44 

200.002 1 Ice Water 1.2 1.4 -0.07 
2 Water Bath 86.5 86.9 -0.11 
3 Oil Bath 194.0 192.9 0.24 

4' Pitot Tube 

179.0 178.6 0.08 

-- -- 
a Type of calhration system used 

Temperature Difference Calculation: 

(Ref. Temp.OC + 273) - (Test Temp.OC + 273) -- X 100 1. 1.5% 
Ref. Temp.OC + 273 
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STACK THERMOhETERS 

Tolerance: +1.5% of Absolute Temperature 

Barometric Pressure, In. H .: 29.53 Np Date: 06/27/91 
Ambient Tem erature OC: 27.3 Reference Thermometer umber: ITS-90 

-------I-----_________--_I_ 

Calibrator: PRK 
____1___-I1-___-1------------------------------------- 

Reference Thermocouple 
Thermometer Potentiometer Tempera re t9 Thermocouple/ Reference 

Thermometer Point # Sourcea Temperature Tern erature Difference 
LD. # OC 08 % 

DGM Thermocouple 
300.035 1 

2 
3 

DGM Thermocouple 
300.035 1 

2 
3 

DGM Thermocouple 
1 
,l 

300.045 
L 

3 
DGM Thermocouple 

300.045 1 
2 
3 

DGM Thermocouple 
300.067 1 

2 
3 

DGM Thermocouple 
300.067 1 

2 
3 

-In 
Ice Water 
Water Bath 
Oil Bath 

Ice Water 
Water Bath 
Oil Bath 

Ice Water 
Water Bath 
Oil Bath 

Ice Water 
Water Bath 
Oil Bath 

Ice Water 
Water Bath 
Oil Bath 

Ice Water 
Water Bath 
Oil Bath 

- o u t  

-In 

- o u t  

- In 

- o u t  

0.9 
97.7 

184.7 

0.7 
198.5 
184.3 

0.7 
104.0 
163.5 

0.7 
104.0 
165.3 

1.6 
99.4 

164.8 

1.7 
99.6 

165.8 

1.1 
98.1 

184.9 

0.6 
98.2 

184.9 

0.4 
104.7 
164.2 

0.5 
105.1 
166.2 

2 0  
99.0 

165.7 

2.0 
190.0 
166.5 

-0.07 
-0.12 
-0.04 

0.04 
0.08 

-0.13 

0.11 
-0.19 
-0.16 

0.07 
-0.30 
-0.21 

-0.15 
0.11 

-0.21 

-0.11 
-0.11 
0.16 

-- - --- 
a T 

(Ref. Temp.'C + 273) - (Test Temp.OC + 273) 
________----_______-l__________l______- X 100 5 1.5% 

Ref. Temp.OC + 273 

of calibration system used. 
g p e r a t u r e  Difference Calculation: 

TRlGON 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I  

I1 
.I 
I 
P 
,I 
I 
I' 

~ 

TEMPERATURE SENSOR CALIBRATION FORM 
STACK THERMOMETERS 

Tolerance: +l.5% of Absolute Temperature 

Date: 06/27/91 Barometric Pressure, In. Hg.: 29.53 
Ambient Tern erature OC: 27.3 Reference Thermometer Number: ITS90 
Caliirator: J$K 

Thermocouple/ Reference 
Thermometer Point # 

I.D. # 

Omega "-82 Dry Bulb 
100.002 1 

2 
3 

100.003 1 
2 

Omega HH-82 Wet Bulb 

Sourcea 

Ice Water 
Water Bath 
Oil Bath 

Ice Water 
Water Bath 
Oil Bath 

Ice Water 
Water Bath 
Oil Bath 

Ice Water 
Water Bath 
Oil Bath 

Ice Water 
Water Bath 
Oil Bath 

Ice Water 
Water Bath 
Oil Bath 

- 
Reference Thermocouple 
Thermometer Potentiometer Tempera re 
Temperature Tem erature Difference "b 

O C  08 

4.8 
90.0 

182.0 

4.2 
90.0 

182.0 

16.0 
90.0 

180.8 

0.4 
90.0 

181.9 

0.5 
90.0 

184.4 

16.0 
90.0 

184.0 

6.1 
91.3 

181.4 

5.0 
91.7 

181.1 

16.3 
90.5 

181.3 

0.6 
90.4 

182.5 

0.6 
90.4 

183.2 

16.2 
90.5 

182.7 

% 

-0.47 
-0.36 
-0.13 

0.29 
-0.36 
0.20 

-0.10 
-0.14 
-0.11 

-0.07 
-0.11 
-0.13 

-0.03 
-0.11 
0.26 

-0.07 
-0.14 
0.28 

Bimetallic Dial Wet Bulb 
100.005 1 

2 
5 

Bimetallic Dial Wet Bulb 
100.006 1 

2 
3 

BimetaIIic Dial Dry Bulb 
100.007 1 

2 
3 

Omega HH-82 High Temp 
100.008 1 Oil Bath 

2 Furnace 
3 Furnace 

194.0 1929 
1015.3 1014.2 
1750.4 1748.7 

0.24 
0.09 
0.08 

a Type of calibration system used. 
Temperature Difference Calculation: 

(Ref. Temp.OC + 273) - (Test Temp.OC + 273) ----- _--- --- X 100 e 1.5% 
Ref. Temp.OC + 273 
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TEMPERATURE SENSOR CALIBRATION FOELM 

STACK THERMO~TERS 

Tolerance: +l.j% of Absolute Temperature 

Date: 06/27/91 Barometric Pressure, In. Hg.: 29.53 
Ambient Tem erature OC: 27.3 Reference Thermometer Number: ITS-90 
Calibrator: A 

Reference Thermocouple 
Thermometer Potentiometer Tempera 9 Y  re Thermocouple/ Reference 

Thermometer Point # Sourcea Temperature Tern erature Difference 
I.D. # OC o z  % 

Umbilical Adaptor 
300.030 (1) 1 Ice Water 0.5 0.4 0.04 

3 Oil Bath 180.0 178.2 0.40 
2 Water Bath 89.0 89.7 -0.19 

Umbilical Adaptor 
300.031 (2) 1 Ice Water 0.9 1.0 -0.04 

2 Water Bath 89.0 90.0 -0.28 
3 Oil Bath 180.0 178.1 0.42 

Ice Water 1.1 1.2 -0.04 
-0.25 2 Water Bath 89.0 89.9 

3 Oil Bath 180.0 178.2 0.40 

300.042 (4) 1 Ice Water 2 3  2.4 -0.04 

Umbilical Adaptor 
300.032 (3) 1 

Umbilical Adaptor 

2 Water Bath 90.0 90.4 -0.11 
3 Oil Bath 162.0 159.3 0.62 

Umbilical Adaptor 
300.043 (5) 1 Ice Water 2.4 2 7  -0.11 

300.044 (6) 1 Ice Water 1.5 1.8 -0.11 

2 Water Bath 90.0 90.7 -0.19 
3 Oil Bath 162.0 160.8 0.28 

Umbilical Adaptor 

2 Water Bath 90.0 90.7 -0.19 
3 Oil Bath 1620 162.8 -0.18 

--- _--_I---- 

a Type of calibration system used. 

(Re€ Ternp.OC + 273) - (Test Temp.OC + 273) --- ---- X 100 I 1.5% 
Re€ Temp.OC + 273 

Temperature Difference Calculation: 
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TEMTER4TURE, SENSOR CALIBRATION FORM 
STACK THERMOMETERS 

Tolerance: +1.5% of Absolute Temperature 

Barometric Pressure, In. H .: 29.53 2 Date: 06/27/91 
Ambient Tem erature O C  27.3 Reference Thermometer umber: ITS-90 
Calibrator: &K 

Thermometer 
I.D. # 

3’ Probe (1) 
200.004 

3’ Probe (2) 
200.005 

3’ Probe (3) 
200.006 

3’ Probe (4) 
200.015 

3’ Probe (5) 
200.016 

3’ Probe (6) 
200.017 

Reference Thermocouple 
Thermometer Potentiometer Tempera re Thermocouple/ Reference 9J Point # Sourcea Temperature Tern erature Difference 

OC o f  % 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

Ice Water 
Water Bath 
Oil Bath 

Ice Water 
Water Bath 
Oil Bath 

Ice Water 
Water Bath 
Oil Bath 

Ice Water 
Water Bath 
Oil Bath 

Ice Water 
Water Bath 
Oil Bath 

Ice Water 
Water Bath 
Oil Bath 

1.0 
85.0 
174.0 

1.0 
86.0 
189.0 

1.1 
820 
194.0 

1.5 
87.0 
194.0 

1.5 
87.0 
185.0 

1.5 
85.0 
194.0 

1.2 
85.4 
173.4 

1.1 
85.7 
188.2 

1.4 
81.7 
192.9 

1.8 
87.7 
192.9 

1.7 
87.4 
184.6 

1.8 
85.2 
193.6 

0.07 
0.11 
0.13 

0.04 
0.08 
0.17 

-0.11 
0.06 
0.24 

0.11 
-0.19 
0.24 

-0.07 
-0.11 
0.09 

0.11 
-0.05 
0.09 

- -- -- 
a Type of calibration system used. 

(Re€ Temp.OC + 273) - (Test Temp.’C + 273) - -- --- X 100 I 1.5% 
Re€ Temp.OC + 273 

Temperature DSerence Calculation: 



EVER READY THERMOMETER CO., New York, N.Y. 10157 
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LABORATORY TEST CERTIFICATE 
Liquid-inGlass Thermometer 

ITS-90 

Marked - ERTCO 

Insmmenr No. 10 19 

Thermometer Scale Range 
0 

to 5 l0C in 0 . 1 divisions - 1  

Tested for 
ERTCO 

RESULTS OF TEST 

0 .  OOOC 

10.00 

2 0 . 0 0  

30.00 

37.00 

40.00 

50.00 

Correction 

0 
0 .00  c 

e 
f .06 

.oo 

- .03 
- .01 
- .01 
- -01 

7 7  

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, rcfeRnce should be made to the notes on the 
reverse side of this sheet. 

Test No. 140098 EVER READY THERMOMETER CO. 

Date 1-30-90 Certified by /A,&&- 
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Measurement Controls, Inc. 
Gas Meter Remanufacturing and SaIes 

August 13, 1990 

Lamb Industrial Consultants, Inc. 
7 5 6 1  B Orr Road 
Charlotte, North Carolina 28213 

Dear Mr. Blanton, 

This is to certify that your BL-20 Wet Test Meter, 
Serial 11088, has been cali5rated with an American 
five foot bell prover, Serial :: 2260. 1.t is traceable 
to the National Bureau of Standards, reference no. 106870, 
PI- Tape. 

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

Sincerely, 

Measirement Controls, Inc. 

P.O. Box997 Huntersville. NC 28078 (704) 815-2034 
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NATIONAL WEATHER SERVICE TYPE 
MERCURIAL BAROMETERS 

Usable up to 400 metres (3,000 feet) 
The National Weather Service type jarcneter is PRINCO's highest 
gr ids mercurial barometer. It is :s& 3y ,weather zer/ices and 
airpocs the ,world over. me glass tu& has a uniform inside 
ciameter of 7 mm for cmstant capillary depressicn throughout the 
leng:h of the scale. Scales are ;et at the !actoP{ by comparison 
with a barometer cerriiied by the Naiional Sureau of Standards. and 
read che local pressure without the necessity of ccrrecting for 
capillary depression. The vernier can be smoothly and precisely set 
by means of a rack and pinion drive. controlled by a knurled 
adjusting knob. White plas:ic backgounds ofl the mounting panel 
facilitate observation of the Farrin type cistern and mercury column. 
I ne vernier has a sighting edge. front and rear. to avoid parallax. 

A sus.cension brzcket and an adjus;&e ,en5 c!anp for the cis:ern 
bold the barometer firmly in the verrical pcsition on the mounting 
panel. A dual scale Celsius/Fahrenheit thermometer with a - 25 to 
50'C/-10 to 12O'F range indicates the proper temperature to be 
used for iemperarure corrections. An ins:mction booklet wit,? 
information for understancing and prccer use of the barometer is 
5upolied with each instrument. Complete correction tables for 
temperature and gravity are inciuded; 

Ti is barometer is accurate to e0.3 mb. 0.2 mm. or 0.01 inch of 
mercury when carefully set ane read. and aiter temperature and 
gravity c0rrec:ions have been applied. For greatest accuracy a 
Certificate of CalibratiOR may be obtained and the correction 
contained Inerein also applied. Each National Weather Service 
barometer has a serial number. 

line rugged construction of the National Weather Service type 
barometer is such that it can be shicped safely by United Parcel 
Service or express. The kidskin bag, in lhe Fortin type reservoir, 
dampens mercury column oscillations during shipment. The lower 
part of the glass tube is narrowed down 10 minimize mercury 
weight. and is protected by foam cushions, thus offering added 
resisrance to damage during shipment The cistern may be opened 
in the field for cleaning of the cistern glass and cis:em mercury.Th8 
barometer contains approximately 6aO grams (7.5 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 
(314 x 3 x 42 inches). The shipping weight is 5 kg (1 1 pounds) and box 
dimensions are 235 x 250 x 1197 mm (9 x 10 x 47 inches). 

- 

Catalog Number Scales 

-3 453 
45381 
453M8 

inch and millimetre 
inch and millibar 
millibar and millimetre 

453 

51 
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Whatman 
Laboratory Division 

Whatman Inc 
9 Bridewell Place, 
Clifton. New Jersey 07014 
Telephone: 201 -773-5800 
Fax: 201 -472-6949 Telex: 133426 
Cable: WHATMAN 

March 26, 1991 

MR. TONY BLANTON 
LAMB INDUSTRIAL CONSULT., INC. 
7561-B ORR ROAD 
CHARLOTTE, NC 28213 

Dear Mr. Blanton, 

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

I trust this oil1 be satisfactory. Should you require any 
additional information, please contact me at any time. 

Sincerely, 

Elaine Heilveil 
Divisional Technical Services Manager 
North America 

EH/em 
Enclosure 

I 
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ixmm&?wfi vviia~iiitrii 
Specialty Produds Oivisron 

Whatman Paper Limited 
SpringReld Mill, 
Maibtona Kent ME14 2LE 
Telephone: (0622) 692022 
Fa: (0622) 691425 Telex: 96113 

CERTIFICATE OF AIYUYSIS 

CUSTOMER Lamb Industrial Coasult 

GRADE 9 j 4 - e  

BATCH No 
- - .  

087057A 

~~ 

PROPERTY ME.4.V 

Basis Weight. Ibs 40 
/24 x 36' IM ream 

Thichess, ins 0.0139 
~ 

Wet Tensile. g/inck 400 

Gurley, sec/300cms/lsq inch 16 

QC inspector 

20th March 1991 

. ............. - . ............. . .  . 'c...c#&Iy,lni. . . . . . . . . . . . .  2.'..L.,,..- . ..... -- .. 
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APPENDIX F 

SAMPLING AND ANAL.Y"ICAL PROCEDURES 

TRlGON 
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1. Mndpb and AmkabUi tv  
1.1 RLndPle. To .Id In the EDRIcnU- 

Uve mMurrment of pol luml em(.slol~ 
d / o r  U,W volumccrle flow nte from a 
SuCloNrY source. 8 meuumnenl dte where 
the effluent stream b flowhe In a k n m  dl- 
rectlon b selected. d the crm.IcE(lon of 
the .(.ct b dlvided lnta a number of equal 
are-. A lnvene polnt b then larred 

1.2 A ~ p U ~ b l l l t y .  Thb method b a p p l l ~ .  
ble U, flowing Ou atrnms In ducts. it.e*r. 
M d  f luu  The method a n n o t  be uud 
when: 11) now la cyaonic or swirlhg (ye 
8eetlon 24). (2) 1 Ls muller t h ~  
about 0.30 meter I12 In.) In dlamelcr. or 
0.071 m' ( l l3Ln . )cmss-~UonJ ma, or(3)  
the mOdumment dte b less thM two rL.clr 
or duct d l r m e l e n  domu- or l e s  thur a 
half dt.mctu ups- fmm a flop, &tu* 
MCS.  
The rcguLTrmenU of Lhb merhod mull be 

EOMlderCd bcrore C O N W C U O n  Of W W  fa- 
clllly from r h l c h  emlnlOM wlll be me- 
ured: f.llurc ta do a0 nuY mulre a u k -  

vlthln nch or thw ~ r u l  wu 

quent .IlcnuO~ W the suck or d&Uon 
from the sundud pmcedure. Cued lnvolv. 
Lnr Vulurl. ue NbJN2l U, approval by the 
h I n l s l n l o r .  oa Envlmnmenw Role. 

a bend e x m o n ,  or mntncllon ln the 
s u e l  or fmm a vldble b e .  U D~CCY.TY. 
M L l t e m U v c  IocrUon w be .eluted. u a 

2.2- Delumkdw the Number of Tnvens 
PoIntr 

publw*d mE BURV~U OF NATIONAL AFFAIRS. INC.. w m .  D.C. 20057 n 
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1.1. Minimum number ohrswm&ntsfor @&ate t m n a  

[Method I-Figure 1-1 miwd by 52 FR 34639. September 14. 19871 

2.1.1 micuhte ~ r a v e n n .  whcu the 
eight and twDdiMeter crltcnon CUI be 
met, the mlnimum number of traverse 
points W be: (1) twelve. for dMlu or 
rectangular stacks with dhmeteen (or mulv- 
alent dlnmetenl mater than 0.81 meter (24 
in.): (21 emt ,  for c m h r  rruclu with dhm- 
etera between 0.30 and 0.81 mctv (12-24 
In): (3) &e. for rrctmgulu - with 
equivalent dluneten between 0.30 and 0.81 
meter (12-14 1n1. 

When the elght- urd twc-dhmeter crlte- 
rlon cannot be met, the mMmum numbei 
of tmvene wints fa determhzd from AIurr 
1-1. Before referrin8 to the f-. however. 
detennlnc the diatsncta from the chosen 
mcYRUemcnt a h  tn the nearest upstrum 
urd downs- dbturburea. and divide 
each dlatanee by the dlanmtu or 
eauivnlent dluneter. ta detum(ne the d b  
uon In tern of the number of duct- 
tea Then. detamlne h m  AIurr 1-1 the 
mlnlmum number of traverse polnu th.( 

COrramondK (1) to the number of duct dl- 
a m e ~ c n  umtmm .nd t i )  to the number of 
dlameten downstram. Select the hkhcr of 
the two minlmum numben of tmvene 
poInnts. or mcaier value. m that for drcu- 
LIY - the number b a  multlple of 4. and 
lor mctmauh stacks. the number la one of 
the shown In m e  1-1. 

TABLE 1-1. CROSS.SECTK)N LAYOUT FOR 
R€CT*NGUUR S T m  



I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 

I 
4 

: I  

5 7 9 0  
STATIONARY SOURCES 1240503 

DUCT DUYEfERl U B l R E I y  FROY FLOW OtSlURBANCE (DUTANCE r )  

as 1A 1 1  7.8 1 
W I I I 1 I I I 

'HIEHER NUMBER IS FOR RCCTM0ULAR STACKS OR OULn 

0" ea-  z 4 W El; sa- s 
I- 
Y 
0 
E 
W p- - 

18 STACK DIAMETER >a81 a (24 ial 2 

s! 
2 I 12 

I - 
8 0 1 1 9  10- 

- z 3 4 I 8 7 8 I 

DUCT DIAMETERS DOWNSTREAN FROY FLOW DLITURMNCE WSTANCE I) 

. Figure 1-2 Minimum number of travem points for velocity (ncmpattiarhtel tr;ruena 

[Mcchod I-Fiyrc 1-2 mLcd by 52 FR 34639, September 14. 19871 
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TRAVERSE DISTANCE, 
Birr X d l h a r  

1 4.4 
2 14.6 
J 29.6 
4 l3.4 
5 161 
S %6 

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

[Method I-Figure 1-3 revised by 52 Fa 34639.'&ptembcr 14. 19871 

TABU 1-2 LouMn OF TRAVERSE POINTS !N URCUUR STUxr) 
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5. Hanmn. H. A,. et al. ParCiculale Sampling M e W  IA--s.mpl. ml Velodty T m m m ~  
Strategia for Large Power Plants Including fw S h t i o n q  SOUM with S d  Stack# a 
Nonuniform Row. USEPA. ORD. ESRL Re- Dud. 

lune me. 
N'C' EPA.8M)'z.78-170' [Added by 54 FR 12622. March 28,19891 Tma 

7 - - -1 - - f - - 

F ~ u m  14,  Eum slbYwW sack - -& km 12 .qwlMu. W m  a 
UWMaa pont UQnDOid ot ucn area. 

L N e l  and zcm the mnometer. Conna  a Typ 
S piwt tube to the -meter. F'mition the Typ 
S pitot tube at each m v c l y  p i n f  in tusorrion. 
Y) tha1 the planu of the face opsningr of thc piwt 
tube arc pcrpcndicular to the slack cmswedonal 
plane: when the Typc S pilot tube u in.thh 
pjtian. it h at "0' rcfcrencc." Note the difer- 
cnlial prarurc (Jp)  reading at ucb  IraverY 
point. If a null (zero) pilot reading it obtained at 
0' refcrcnee at  a given traverse point. an 8CCepl- 
able flow condition uiru a1 that point. If the 
pilot reading it MI zero at 0' rsfmcc. m111c 
the pitot tube (up to +90' yaw angle). until a 
null =ding is obtained. Carefully determine and 
rccord the valuc of the mmlion angle (a)  to the 
nearut dews. After thc null lahniquc hpl k e n  
applied at each iravcme point. calculate the aver- 
age of the absolute values ofo: assign a valuu of 
0' to thav pinu  for which m mtation was 
required and include thue  in the mrall average. 
If 1hc avcragc value of0 is greater than 20'. tbc 
aerall Am condition in 1bc slack u unacceptable 
and alanul irc mcibodolqn. rubjea IO the ap 
pmval of the Admiakmtor. m" be Wcd IO 
perform amrate v m p k  and vclmty m w ~ .  

The alternative pmcdura daacribd in s&- 
tion 2 5  ma ba used to determine the mtation 
angle in leu of the p m u m  dmscdmd 
above. 
12.4 amended by 51 FR 20288. June 4. 
1986: 52 FR 34639. Septernbcr 14.19871 
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tlp.tlon of Reld Test Prowdm for L u p e  

Unlvenlty of Akron. Akron, Ohio. 

1. Applicability and Fnhcipla 
1.1 I b a  applicability and principle of this 

method am identiul lo Method 1. except this 
method's applicability ie umiled (0 s t . d u  01 
ducts l e u  than abut OJO mstar (I2 im1 in 
di.msrararWTl ma (113 in*) in - 
we1ion.d area. but eqwl lo or p a l e r  thnn 
a b u t  a10 mem (4 tal in diameter a omsl 
mi (1w7 In'] in c m s u e = U d  ma 

ducts. the conventional Mothod 5 stack 
assembly (mmieting of a rypS S pilot tube 
stteched to rn ramp- pmba. equipped with 
B n o d e  and thermocouple) bloclu I 
rignificant portion of the MIS scction of the 
duct and m u e r  inaecursle messmmcnts. 
Theraforr. for paniculate matter IPW 
sampling in small sed;. or du& the gas 
velocity is meamred urn a standard pitul 
lube dormbeam ol lhe actual m i s s i o n  
sampling site. The straight mn of duct 
between the PM sampling and VehCitY 
measwmant r i m  allows the flow pmfils. 
temporarily disturbad by the p r r ~ c a  of the 
sampling pmba. to redevelop and iubilirc. 

loutioo of mv- pointa and rhs 
verification of the ab.enca of cydonic k w  
M the same 8. in Method I. Ssstioru u and 
21 m p d v a l y .  L W e ~ s a  from Method 1. 

12 In thars Qlau diamstar *In& ar 

. 

1.3 ?%e -nod lay0111 and 

&XmplaS " O l d .  behW. 

2 *dum 

Measurement Silea 

sampling site locsted plsferably at kart 0 
equlvalanl stack or duct d i m e t m  
downstream and 10 equivalmt diemsten 

bank  expuuioru or ~ ~ t r a ~ t i ~ ~  in rhs 
stack. or fmm a vlrible lLma NaaL l o o m  
rhs velocity measurement rim 8 equivrhnt 
diemeten dormbeam of the PM sampling 
site. Ses Plum 1A-I. If .ucb lootiom are 
not av&bla. select an sllemllve PM 
a p U n g  site that l a  at least 2 equlvulant 
stack or duct diamaten domsbnam And 2 H  
diameters upstream fmm mny flow 
disturbance. Then louts the velocity 
measumment ails 2 equivalent diamctem 
dormheam fmm the PM i~mpling r i k  
Follow W o n  21 of Method 1 far ~ ~ ~ t i n g  
equivalent dicmetan for a rectan&r mu 
& o n  

21 Selection a f h m p l i  and 

11.1 PM Measursmentl Select E4 

Upsbeam born My flow dirhubpncoi rush 9. 

[m MMud 1 A l  

PutWnd by THE BUREAU OF NAnOWL AFFAIRS. INC.. W u h i i g r m .  D.C. 2Ml7 85 
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I Y P E  I PITOT TUEE 

COMNECTIO*I 

. .  . 

WJGGESTEO IINTERFERENCI FREE1 
PITOT T U l E .  TIERMOCOUKE SPACING 

Figure 2.1. Type S pilot tube manometer nwmbly. 

55-89 
[Appendix A, Method 21 
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where: 
~~-1ndivldUal velocity head readinu at a 

travene paint. mm :LO (in. H.0). 
n=ToW number of V P Y ~ ~ Y  Poinu. 
K-0.13 mm li.0 when metric mifa are used 

and 0.005 in HX) when Enguah UniU are 
used 

If T b pruter  than 1.05. the veloclty head 
d8ta M unaeeeotable Md more YNll lVe 

to plugging In putlculate-laden a%s sveynr  
Therefore. rhcncver a standard PLOt tube 
Is used to perform a traverse, a d ~ u a t e  
pmof must be furnbhed that the openfnos 
of the ~ l t o t  tube have not ~ l w e d  UP 
during the traverse period: un be done 
bv takins a Velocity heod (AD) -8 at 
the flnal traverse wInL C I ~ I U  out the 
Impact and static holes Of the a w d u d  
Pitot tube by "back-purgine" with P-. 
M alr. and then taking Mother AD m C .  
Inn. If the A D  madl- mLde befOm Uld 

StNed 
2 2  Dlfferentinl Resure Oause. An in- 

ellned mylameter or euulvalent device k 
used. Y M ~  n m ~ U n r  VUM are euul~ped 
with a 10.h mater column) InclIned.vertl- 
al nunometa. havino o.oi-~n. no ( U V ~ I O M  
on the &to I-In. tnellned d e .  and 0.1-In. 
EO d l V i r l 0 ~  on the 1- to l0.b. vertical 
d e .  Thb type of manometer lor other 
muse of mulvalent rensluvtty) b d a c .  
tory for the mewrrment Of OD V d U M  M 
l o r  M id mm 1O.W In.) ED. However. a dll- 
I.""ti.l " W l "  _"*. Of - Scnsluvl- 

dUferenU.l Pressure gauge mWt be Wea. 
NOZL If dUferentinl PILIILUC ~auaes other 

thM lnellned manometen are used (e&. 
ms#nehcUc muges). their dibrat loo muat 
be chec*ed llter each Lert serln To check 
the d b n U o n  of a dlflerentlal ~rusure  
z.ure. cornrue OD renllnsz of the mure 
with thou of a muredl manometer at a 
mlnlmum Of three wlnu. .PPrnlImawlY 
m r a e n t h g  the MIC of AD n l u a  Ln the 
Uut U. U nch WInL the d U M  Of A D  Y 

md by the dlflerenual P-ure cause and 
PWe-Oll mylometer Mree to wlthln 5 per. 
cent. the differential p-ure muse shall 
be mwdered tn be In proper Qlibnuon 
Otherwise. the tcst series shall either be 
volded. or oracedurn M -ut the me= 
ured AD value and flnal rcsulu shall be 
used aubfect tn the approval of the Admmu. 
tmln. 

2 3  Temperature Gauge. A themocou. 
ole. liquld-fllled bulb thermometer. bImeW. 
I1c thermometer. mercury-In-glm themom- 
eter. or other muse. capable of mersurtnp 
(emmnture In within I d  m m n t  of the ~~ ~~ ..~. 
minimum . b r ~ ~ u t e  st.c* rempyuure shall 
be used The Wmpemture cause IN1 be at. 
Uched to the ~ l l o i  tube such that the 

A standard Pitot tube may be used Instead wln t  may be vlened If "back-Purciry" at seLepy)r UP d o a  not much MY mew: the 
of a TYW 8. pmvlded that it meeu the spec. regular Internls u p.n of the pmcedure. m e  IN1 be In M interference-free u. 
lllotlom 01 Sccuons 2 7  and 4 X  note. how- then mmp.nUvc AP d l n o s  sh.u be I'MSement with  respct to the Pitot tube 
ever. that the statle and Lmuact przssure W r e n  M above. for the lut two b.ek PurOr. f- O p e n l n P  laee plwre 2-1 uld ab0 
holes Of stMd.Td pltot tubes M weeptlble at Which d U b l Y  hlph A D  readlnps M O b  2-1 In Seerion I). NtCWtC W U O n s  

w be uwd U the ~ i t o t  tube-tempenture 

Droeedure Of Sectlon I. Pmvlded that a dlf- 
ferencc of M t  more than I percent In the 
avenge velaclty meeaurement b Introduced. 
the Lunpenttm muge need not be a w e d  
to the Dltot tube: thla dternaUve b lubleet 
to the womv.l of the Adrmnlsmtor. 

2 4  h u r e  Robe and Oauge. A plaom. 
cter tube and mercury. or wsrer.lllled 11. 
tube manometa cw&le of m e u m  P.CL 

gauge system b allbrated U C O ~ ~ I I U  to the 

_.__ -___ __ _-... ...~ 
after L9e alr purce are the y m c  I z 5  per. 
cent). the traverse b ~ p L a b l e .  Othermlse. 
reject the run. Note that U AD at the find 
mvem Dolnt b u n s u l ~ l y  low. Mother 

ty  sh.u be used IaubJen ta the aDDmvll of 
the Advhblmtorl. U w of the foUOWh3 
II found to be true: 11) the arithmetic aver- 
u e  of .L1 AP rcadIW8 at the traverse p o ~ ~  

5 - 5 4  . PuDlisMd by THE BUREAU OF NATIONAL AFFAIRS. INC.. WUNWC+7 

~- - ~.- 
Dl'ef.UTC to vlthIn-25 mm 10.1 In : H. b 
used The ata.ue U P  Of a Nndard  tm Dltot  
tube or one I t .  of a Type 8 pltot tube w i t h  
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2.5 Alternative Msasurwent Site 
Selection Fmcedum. 'Ihi. dtamsdve applies 
to wurwm when mearnwmrenl loutimu M 
leis than 2 quvalent stack 01 duct d i m e m  
downstream or leas than H dun diemetar 
upamam from a flow dianvbsnca Th. 
allemawe should bs limited to d u m  larger 
than U in. in diameter w h m  blockngs a d  
wall ellens are minimal A -tior@ flow- 
Ieniirq pmbe is luad to mearvs pitch and 
yaw @ea of thegns flow a t a o r  mms 
b a v m  pointx the raJUnt m@e I8 
cslsulated and wmpued with suaptsble 
criteria for and itandud d.vi.oOn 

measwed from a Una muina t h m h  tb. 
N-th the pitcb and yaw .nsla m 

I& 
p 

Eq 14 R= - 
where: 

R - Average resultant angle. degree. 
n = Total number of traverse pomrs. 
(2.5 4.2 corrected by 51 FR 29104 A w t  IC 
19861 

2.5.4 B Calculate the itandad deviadoru: 

(4. 1-4 

I2.5.4.3. Eq. 1-4 corrected by 51 FR 29104. Au- 
wt 1c IYLIBI 

r ~ .  n e  msuvommt ~ m t i o n  is' 
acceptable i fR  sZO* and S CIO' 

23.0 Calibntlo~'U#b a tow . ~ I w  4 
d a c r i k d  in Sectldm +TZ1 d 4 . l r t b f  
Msthodt  In addition; the Row 
havs theupadtyto -@Iw~-  
section velocities: one betwean W 
mlmh [mad R M J  Md on. 
be- 1 3 0 a n d M p d m i u ~ , ~ p * o _  
R l W  

rts in the tea sec- 
tion. The axes thmug? tE entry ports shall 
be rpendicular !o each other and intersect 
in tR". centmid of the tes section. The porn 
should be elongated dots parallel to the a d r  
of the test section and of sufficient lengih to 
allow measurement of pitch angle while 
maintaining the pilot head podtion at the 
test-section centmid. To facilitate alignment 
of the directional pmbe during calibration. 
the Le t  section should bs constructed of pler- 
ig1a.u of same other Vansparent material. All 
calibration mewremenb should be made at 
the same point in the test section. preferably 
at the centmid of the test-wtion. 

dmll 

130 

2.5.8.1 Cut iwo en 
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2.5.8.2 TO e n m  lhet the gas now tr p m l -  
1.1 IO the ccnbal axis of the I& d o n .  fol- 

tube. following them de- hnd 
2.7.4 S t s U c  pressure noles of mu.1 slze 

mitered jur.ctlon. 
2 8  Dlfferentl.1 Rasure Oauge for NP 

s Utot Tube U l l b r u l o n  An lncllned nu-  
nometer or mulyllent i. uud If the dnrb 
eclodty d i b m l o n  reehnlaue h em~loyed 
(M Section 4.1.231. the d l b n t l o n  dlffer- 
e n U  p-um puge  ah.u  be -le to 
the n e M t  0.13 nun El, (0.005 in. W I .  
mr mvltlvelocity d b n t l o n r .  the r u e  
rhrll be -le to the NMt 0.13 nun 
&o (o.oo5 ~n BAI tor AD d u a  betreen 1.3 
and 26 mm EO (0.05 and 1.0 Lo 8.0). urd 
to the 3 e M t  l.3 mm El, (0.03 In El,) for 

&. more SenslUve w g e  su1 be re- 

(0.05 In. A41 (see ClwOn 18 In SecUon 6). 

AD V d U a  8bOV.2 ?S UlUl &o (1.0 Lo -1. A 

qulrcd to md AD V . 1 U a  b e l O S  I f  m &o 
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I I w>1.u-; 

I" 

I , . . .  

Figure 2.7. Proper thermocouple placemen1 to ~ rwenl  interference: 
D1 b e r m "  0.48 and 0.95 cm 13/16 and 3A in.). 

TYPE S PITOT TUCE 

I 
I 
I 
I 

Y 27.62 cm (3 in.) _I 

I 

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 flowhg ou rtmm m M  be 
colllloed to a duct of defllllk emsMccuolvl 
UCL either c h t u  or recmwuhr. mr e- 
culu emu-aeeUons. the mmmym duct dl- 
m e t e r  shall be 30.5 rm 112 In): for RNrr 
gUlU CmsuCUOM. the vldth tshorter IldcJ 
shlll be st leut 25.4 an (10 In). 
4.1.22 The ausexcuond M of the 

dlbmuon duct muat be C O M ~ M L  over a dLc 
unce of 10 or more duct d l M e r e a  mr a 
rrcuruuIu cmu-szdon. uae YI eauIvWn1 
dlmcter. dculated fmm the foUowLw 
equUoa to derermlne the number of duct 
diameter+ 

Z L  w 
(L+m 

D =- Eqluuon 2-1 
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Ilc in the y m e  acss.Iyct1onal plane during 
d l b m l o h  To f d t a t e  .I1enment of the 
D l t o t  tuba during ollbmuon. It b a l e  
that the section be mmUlNd of plex- 
I.lu or some other tmmpuent mterhl. 

4.1.3 WllbrpUon RmdUrr. Note that 
W PmCedUre b %galUS.l onennd m m  Mt 
be used calthout f h t  referring 10 the suuhl 
mPIldenUoM prrsenred In Sealon 4.1.5. 
Note a h  that this procedure a o D l l a  only 
to slnglc-velodty caUhUon To ob- d l -  
b d o n  dat. lor the A and B sldu of the 

4.14.1 ?&kt sure thu the manometer la 
properly Nled and thu the oU b fm imm 
ContMLNtIon and b of the pmmr dcndty. 
rnspea and leakcheek .L1 pltot IIna: reoak 
or replux u neccsar~. 

4.1.3.1 Level and tcrn the mnnometer. 
Turn on the fan and allow the flow to -1- 
UZC. sul the Tow S enug port. 

T7W S D h t  Cube. Dmceed M f O u 0 W S  

5-5-89 

4.1.3.3 hwe that the manomerer b 
level .nd zeroed. PmlUon the standard Dlbt 
tube at the d b d o n  point (determined M 
ouLUned ln SecUon 4.1.5.1). .nd 8l&I the 
tube Y) UUt I l d  UD la DOInted dlrrctlg 
the now. PuUsulv ey should be yten In 
a lhphg the tube to avoid I.- .nd Ditch 

Make sum th8t the mug mti sur. 
romdlng the tube la p m ~ r l y  Mied. 

4.1.3.4 R e d  AD., nnd m r d  Itd value ln a 
dat. table almUar to the one shom In 
Figure 2-9. Remove the rt.nd.rd Dim tube 
imm the duct and dinonrrest It from the 
mulometer. S a l  the rt.ndud mW DmL 

4.14.5 Connect the TYUE 9 pitot tube to 
the manometer. Open the Type S mW 
mrt Ch& the Mnometer level and zero. 
insert and-dlm &e Type S pltot tube so 
that Ildd slde Impact 0- b st t h e y m e  
point m w the stu~d . rd  pltot tube urd b 

poinc.zd dirrCUy lnto the flow. Make sun 
that the entry port rurmvndlns the tube b 
pmprly sealed. 

1.1.3.6 Read OD. .nd enter lld value In the 
d.u. table. RCmove the Type S pltot tube 
lmm the -duct and dLrOmect It fmm the 
manometer. 

4.1.3.1 a t  stew 4.1.3.3 thmuh 
4.1.3.6 above unU three uaim of bv mdlncn 
have been obtained. 

4.1.3.8 Rep.( steps 4.1.1.3 thmuh 
4.1.3.T above for the B slde of the Type S 
picat tube. 

In sestton 4.1.1 below. 
4.1.3.9 P&Orm d C U h U O M .  M dacrlbed 

4.1.4 CPIeullUons 
4.1.1.1 For each of the rlx D a h  of AD 

mdlner (Le.. three fmm dde A and thm 
from side B) obtplned in Sealon 4.1.3 above. 

PITOT TUBE IOENTIFICATION NUMBER: DATE: 

CALIBRATE0 BY: 

- A S I D E  CALIBRATION 
1 

I I I I 

2 

3 

I AVERAGE OEVIATIOM - u U OR U = 
2 Ic,e-E,uOABl(  

--YUsT8E<aol 
3 

I E, (SIDE 41-E, (SIDE II I-uun DE <am 

Figure 2.9. Pitot tube calibration data 

Wwndi. 4 mmod 21 
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4.1 4.2 Calculate tslde Ai. the mean A. 
side coelficrent. a n d 6  (side 8). lhe m m  8. 
sbde coelllcient: erlculue the dUlerence be. 
tween these two werage values 

14.1.4.2 mendcd by 5 2  FR 34639. Scp  
[ember 14, 1987: corrccred by 5 2  FR 
42061. November 2. 19871 

4.1.4.3 Calcula~e the devktion of $??h of 
the three A-slde valun of C-, from 12, (slde 
A). and the deviation of e.ch Bslde value of 
Cm from lside 8). Use the loUomtn# 
4uLllon: 

I)e\-ivliuii=C.,.:-~,(~ or 6 )  

liquation 2-3 . 
[1.i.4.3 amcndcd by 52 FR 34639. Scp  
iembcr 14. 1987: corrccrcd by 52 FR 
42061. Novembcr 2. 19871 

4.1.4.4 Calculate a, the average devbUon 
from the m m .  for both the A and B d d a  
of the pitat tube. V u  the followh# e ~ u c  
tion: 

3 

I 
IC*., -e,( A or M ) I  

#(side A ur E ) =  a 
ICquation 2-4 

(4.1.1.4 amcndcd by 52 FR 34639, Scp 
tcmbcr 14. 19871 

4.1.4.5 the fype s p b t  tube 0 0  U 

lCS¶ UIM Or eQUd u) 0.01 M d  If t h e  . b r o l U t e  
the values 01 - talde A) Md 

value of the dllfemnce between 

[4.1.4.5 amended by 52 FR 34639. Sep 
tcmbcr 14. 1987: corrected by 52 FR 
42061. November 2. 19871 

ldde BI am 

(A) and 
(E) b 0.01 or leas 

4.1.5 Speeid comidentlons. 
4.1.5.1 Selection of alibratlon polnt. 
4.1.5.1.1 When an hlated Type S pitot 

tube b d b n t e d .  select a EllibmUon point 
at or n e u  the.anter of the dueL ud follow 

~~ ~ ~~~~~~~~ 

the L . o i q  Dltot tube b used: or (2) the 
Pitot tube b wd rlth other component. 
(node .  thermocnuple. C.UXIDI~ probe) In an 
arrangement that b free from urodynamic 
tnterferaxa eflcst. (M Flmuw M 
throuch M I .  
[4.1.5.1.1 amendcd by 52 FR 34639. Sep 
tember 14. 1987: corrected by 52 FR 
42061, Novcmbcr 2. 19871 

4.1.s.1.z 'mr mvc a pitot tub&hermc- 
mupie mmblrvUans . lrlthout amvie 
probe). select s a l lbnUon wInf st or MI 
the anter of ulc dusl'and follow the pmcb 
dures ouulmd In &ctlcau 4.13 Md 4.1.4 
h e .  The d f l d m t a  m obWncd rill be 
Rud m IOM Y the pltot tube.thennocnuule 
c o r o b W o n  b wd by Ib?U or rlth 0th- 
component. In .II Interferenc=.mS - 
ment 1 R . u r a  M. snd MI. 

14.1.5.3 amended by 52 FR 34639, Sep 
tcmbcr 14. 19871 
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( I )  

ESTIMATED 

Figure 2- 10. Projected-area models for typical pitot tube assemblies. 

c1.6 Add Use and W b d o n .  
4.1.6.1 meld Use. 

97 
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thermometrtc lfxrd wino. e.&. ice bath and 
bOllins water (corrected lor barometric  res. 

an alternate mlerencc. subject lo- the ~ r p  
PrOvDl 01 the Administrator. 

If. during calibration. t h e  %bsolute -em- 
Deratum mewxed with the gauge being 
Calibrated and the relerence gauge agree 
within 1.5 welcent. the temperature data 
taken in lhe lleid Shall be CONidCred valid. 
Otherwise. the pollullnt emission Lest shall 
either be conridered invalld or tdlurrmenw 
(if Lppmpriate) 01 the t"t mils shall be 
made. subject to the approval 01 the Admin- 
utratnr 
~~ ~~ 

4.4 Barometer. Calibraic the barometer 
Used againrt a mercury barometer. 

- 4 6 O + L l o r E n e ~  
EpuUton 2 4  

T"-Sturdud nbsolute ternpentwe. '293 'X 

a-Avenge stack ma velodtp. m/rc (It/ 

&-Velocity h d  01 stack p.4 mm 8.0 (Ip 

3.M)O-Convenion l u t o r .  mfhr. 
18.0=Moleeulu weleht 01 water. g//p-rnole 

5.2 Avenpe stack orr velocity. 

(518' R) 

SU). 

AX)). 

tlb/lbmole). 

Eouation 2-9 

N.C. (Racntcd U lst A a u d  MCCUW. 
source MuaUon  Soclety. D.y(on. Ohio. 
~ep t smbu  ia 1n5.b 

10. VOllUo. R P. A Tvpe S pltot N b e  
WbraUM StUdY. US %VhnmUlW Ro 
teNm A#nw. Fmkdon MMyrment 
Branch, Reaeuch m e  Puk. N.C. Jub 
im. 

11. Vollrro. R P. The Enecu of hPr( 
Opedne MlsaUnment on the Vdue of the - s Pltot Tube CoelfLdrnL us. mvl- 
mnmrnW Protection Agency. -on 
M-t Bnnch RBMh TIlUWc 
Puk. N.C. October 1016. 

Bu 
UN Coeffldent V.lw lor Pmperb Con- 
rmcCed - S Pltot T u k  09. % m n .  
m e n u  Rotecstlon &mc~, Emlaion Yen. 

11  VOlluo. R P. ErublWwmnt 01 

Carry out cdculatiom. retaining at least 
one extra decimal figure beyond that 01 the 
aeuulred dam Round all llpures aftcr linal 
calculatmn. 

A =Cross-se~tional area 01 stack. mz(lt*l.  
B..=Watcr vapr in the gzu stream (from 

C,= Pilot tube Coeflicient. dimensionless. 
K,=Pitot tube constaw. 

5.1 Nomenclature. 

Method 5 or Reference Method 41. DIP 
Donian by volume. 

lor the metric syslcm and 

lor lhe Engllsh system. 
&-Molecular weight of stack ens. dry b& 

(see SeeUon 3.6) g/Emole Llb/lb-moie). 
k=Molrmlar weight of stack err. wet 

bpsir g/gmole (Ib/lbmole). 
-M4( l -S . . )  +l8.0& 

Eq. 2-5 
P,=Barometric Dressure at measurement 

rite. mm Hg (in. He). 

4 u a U o n  21 

5.3 Average stack gas dry volumctrle flow 
rate. 

P, 

P" 
- 

Equation 2-10 

To convcri Qd from dscm/hr (drcf/hr) 
IO drcm/min (dncf/min). divide Q,,j by 60. 

[5.3 amended by 52 FR 34639. Ssptcmkr  
14. 19871 

13. Volluo. R P. An MY.Uon ol SLnsle- 
Velocity CaUbraUon T C C ~ U ~ Q U ~  w M u m  
Of DetennlnlnE TyDe s Pllot Tuba Coeffi. 
clent. US. hvlmnmenW Rotenion 
Agency. EmLuion Meuurrment Branch. R, 
8emb -@e Fark N.C. August 1815. 

14. Volluo. R P. The Use 01 Type S Pltot 
Tubd for the MnsWment of Low Velod- 
UQ US. EnvlmnmenW RotecUon &enc?. 
Rnhdon Messurrment Branch. Restar& 
M v l g l e  Park N.C. November 1976. 
is. Srmth. Mwin L Veloclty W b m t l o n  

Unlted TeChMloetea Comratlon, Ratt  md 
W t n e y  Nrudt DIWon.  EM^ Hutlord, 
conn. 1975. 

le. Volluo. R P. Remmmended Rm- 
d u n  lor Semple T n v e r ~ e a  In Dud4 SuuUer 
ti- ia  MU ~n   la meter. US mvlmn. 
menW Rotectlon Agency. Emladon Meu 
unmcnt Brsnch. Resnrch lUu& Rrlr 
N.C. November Ins. 

17. h e r .  E md R C. €ankh- The 
-t of N r  Flow. 4th Ed. London. 
Rrg.mon Rem. 1wd. 

18. Vollrro. R P. A Survey of C0mmnb.l- 
b A W l e  U m n u n e n U o n  lor the M e u  
-mt 01 L o w . m e  GM veioc~uea ua 
mptmnmenW Protection Agency. Jhkalon 
MeMvement Branch, Resnrch Triuule 
Park N.C. November 1976. (Unpublished 
RWrl 

19. Gnm. A W.. C. C. St. Rem. D. S. 
Smith. D. Munnn md J. Stelner. An Exper. 
lmcnW Invutlmtlon 01 the Elf& of Pltot 
Tube&m~Ung Probe ConflguraUonr on the 
y.glltudc of the S T m  Pltot Tube Coeffl- 
dcnt lor Commenlnlly AvalLsble &urn 
8 . m p U ~  pmbea Repared by the h l v e r a l -  
ty of WLndsor lor the Wnlstr~ of the %vi- 
m-rnt. ~0mnt0. - R- ma. 

01 EPA ~ y p e  SOU~CC s .mpm Probe. 
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1.2 - m ~ p ~ e .  A mm vo~ume meter IS used 
to mensure gaa volume dkct ly .  Tcmpn- 
ture Md p- mernuunenta M d e  
to c o r n  the volume tn .uodud d- 
tl0M 
2. Apwmtu 

S p e e U l ~ A o ~  for the a p w u a  M even 
below. Any other f + ~ p y . t u  that hu been 

A-rl to be uusble ol meetlns the 

11  OM Volume ?&eta. A POdUve dl, 
placement meter. hubh meter. or other 
dlrm volume lllcuIIylllp device capable ol 
me-urlng volume to withlu 2 percent The 
meter s h d  be q u l ~ v e d  with a tempnnve 
gauge ( f 2p””t of the minimum ahrdutc 
remperuLre) and a erasure muse ( *Z.S 
mm Hal. The rmilufpcturer‘r rrmmmmded 
caonclfy of the meter shaU be sufflelent for 
the expected mnxlmum and mlnlmum flow 
ram at the sampling mndlUoM. Tempera- 
t”% D r C Y U r L  m d v e  C h p r a C t e r b t l U .  and 
pipe r h  are factors nee- to consider In 
cho-g s sultOble PPI meter. 

demONlnttd (Sub)& u) SDpmVd Of the 

mUlcaUON d be O o d d  .cocDt.bb. 

[ ? . I  amended by 52 FR 34639. Septcmkr 
14. 19871 

3. PPJcCdurr 
3.1 IMrallulon As there are numemu 

LYPQ of p l p a  and srmll ducts thu m y  be 
sublea to volume meMuremenL I t  mould be 
dllileult to describe sll vadble l n a ~ t l o n  
rhemea In penenl. llanos fItUnm should 
be used lor d camdons wherever wd. 
ble. G a e t a  or other snl nUrerl.li should 
be used to unue luk-ah1 wMCNon% 

wold awere vlbntlons M d  other lacton 
that w .Ha the meter d b n t l o n  

The VOolIlme mcfer should be 1- SO M u) 

s-B13 
1200519 

3 3  Iat T a t  A volumc meler Lnrwfed 
u s loculon under W u v e  P- mw be 
l”kchected U the meter ODllDCNons by 
urlru a Muld l u k  delcculr solullon conln.  
Ilu a mui.rrulL Apply a aull amount of 
the solutlon to the mnndonr U a le.* 
e . 1 M  bubbla d fonp M d  the leak IUuSt 
he mmNd . . ... . . . . . -. 
A volume meter 1M.lled a1 s lourlon 

under n&ve p - ~  b very dliflmlt to 
teat for 1- without bloeklnc flow st the 
U t  01 the b e  and 6alChlru far mewr 
movemait U t hb  p m Q d ~  IS not pxslble. 

Ught & 
3.3 Volume Mewremenr 

5.3.1 mi y~urcca with mntlnuous. steady 
unlslon flow rates. m r d  the LniW mewr 
volume re&dlw. meter ~ p e r a t u r e ~ s l .  
meter prunJre. and s L y t  the stopwatCh. 
Thmughout the rrrt period record the 
meter temperaturrts) and prruure YI that 
we- values M be detemincd At the 
end of the mt. stop the tlmer and record 
the c h m d  the .  the fW volume reading. 
meter temperaturrts). and pressure. Record 
the barometrle pressure at the bednninn 

a table slmllnr to FlpUre U - I .  

V f w L l y  Check all m ~ U ~ O M  M d  -Ure 

Md end O f  the Mt Nn RCCOrd the dnt. On 

5-5-09 

[Appandli *. Mamod U] 
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Tezpera'iilre 
i 

I I 
I I I 

i 

Static 
Vo1urr.e I pressure 
t-ieter 

readftlq m Hg I O C  Y 

I 
I ,+ f I 

~~ 

Date Sun ?I&w 

Sample Loca5m 

Barozietric Pressure m HS Surf Finish 

Ojeratnrs 

Xeter Nuzber Xeter &I fbrzti on Coe3:'cier.t 

Last Date ia7 fbrztad 
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3.3.1 Fur WUM w i t h  nonmnLLnuoua. 
non-&te.dv edsl lon flow n h  uy the ~ m -  
M u r e  Ini.3.1 ath the addlllon of theiol. 
lowln~. Record all the meter pvunetem 

to e& p- cyellcrl or nonmntlnuolu 
event 
4. Cdtbmhon 

1.1 volume Meter. The volume meter b 
a l lbn ted  agalnat s Nndsrd reference 
meter ~rlor to I t a  InlW use In the fleld The 

Md the s c u t  Md Slop UmU m m s m n d l M  

refereice meter b s mmmeter or llauld dls- 
placement meter with a a p . c l t y  mrdslent 
mth that of the M meter. 

Nterrutely. s d b n t r d .  pitat 

lunrrlon with s wlnd tunnel .ecmbl9. 
Attach the M meter to the wind tunael 10 
that the total flaw p . ~ e s  Uvouch the M 
meter. For each d b r u t o n  run conduct a 
+point traverse along one stack dluneter at 
a W U o n  at l m t  elght dIunetem of 
stnight tunnel dowuvCam and two dIune 
ten uwt- of my bend, Inlet. or .Lr 

rmY be uud Y the ref- metU COII- 

mover. Determine the v.verse polnt I f f . -  

reference volume IUIM the velocity valuu 
tIOM YI speeiIled In Method 1. C a l d t e  the 

following the procedure In Method 2. the 
wlnd tunnel cmsbwcIlollLl amh and the 
run t h e .  

Set up the ta t  meter ln a mnilgumtlon 
d a r  to that used ~n the fleld ImtaUaUon 
(Le.. ln rchuon to the flow m o v b  device). 
Connect the temperature .nd prrrnve 
mupea aa they M to be used ln the fleld. 
Conncet the reference meter at the Inlet of 
the flow Ilne. U aDDmprhte for the meter, 
M d  begin m flow thmuah the svstem to 
mn6Jtlon the metera Durinu thb CondItlon- 
In0 opentlon. check the watem for leak 
The d b n t l o n  ah.U be run over at I& 

three dllfaent flow nte~ The aubn t lon  
flow ntu a h d l  be about 0.3. 0.6. ubi 0.9 
Umu the tat m e M a  rued mutmum llow 
nte .  

For u c h  d b n l l o n  w the dsta to be 
.collected lnclude: reference meter InlW 

MUll M d  Nnd volume mdlru. meter a v a -  

pressure. and run Ume. Remt the runa st 
ench flow nte at l n s t  three (Ima 

Calculate the M meter clllbnllon meffl. 
dent. Y.: for a c h  run YI foUows 

M d  fW VOlUme I 'tdhW. the tat meter 

We kmpeMtWc M d  PtU8WC. b.mmetrlc 

lV,-V.) ct.+2731 P. 
tv,- v,x L + 273) 

Y.. 
(P. +P.l 

4. u - 1  
Whae: 
Y.-Tut volume meter dbr?.Uan coeffl- 

V.-Reference meter volume reading. m'. 
V.-Tut meter volume rudlng. mi? 
t,-Reference meter avenge tempemcure. 

L-Tar  meter avenge tempemwe. 'C. 
P.-BuomeVLc~rtraurr.mmH.. 
P p T u t  meter svense I1.u~ pressure. mm 

dent. dimendonlea& 

'C. 

H.. 

S-833 
1200521 

.-Standad mndluonL 20. c .nd 160 mm 

e-- tnt perlod b e .  rmn m. 
5.1 volume. 

Eq. u - 2  
5.3 oumowR.fc. 

V, 4. u - 3  
e e-- 

- 
uonr 

T.-Avenge .balute meter temperature. 

e. rnioGraMu. 
8.1 Ram. Jerome J. M.LntenMce. Qll- 

bn l lon  Md o w n u o n  of LIotlncttc S o m e  
Sun~lins Equlpmenc. US. Envlronmental 
Pratcetfon Agency.. Ruearch m a l e  Put 
N.C. PubUmllon No. APTD-0578. Much 

letter. VoL 2 No. 1. M.Y 1977. 
8.3 Weatlln P.R. and RT. Shlgehara 

Procedure for W b n U n a  M d  U a h  DN 
Ou Volume Metem M &UbnUoa Sund- 
uda Source Ey.Iuulon Llate(y N d e t t e r .  
VoL 3. NO. 1. Pebruary lW8. 

5-5-89 Publimm by THE BUREAU OF NATIONAL AFFAIRS. INC.. Wash-. O.C. 20037 101 
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THERMOMETERS 
h 

ORIFICE 

MAIN VALVE 

21.1 Robe. The pmbe b mnsvucLed of 
stainha Rcel or .Lm tub(n0. d f l c l e n U y  
hehted to prevent o u c r  mndensaUon. hod 
Is egul~ped with h Nter. elther tn- 
(e.&. a plus Of  mol h5erted Into me 
end of the probe) or hePted out-swck (e.#.. 
u descrlhd In Method 5). to runovc pu(tc- 

Figure 4-1. Moisture sampling Irain-reference melnod 

inch) m glnoa tube extending to about id 
em ( x  in) fmm the bottom of the lluL T h e  I m n d  imoLnar ShhU be of the Oreenburp- 

! I  , I 
I 

tnp the ermdenur. & to within I ml or 1 
I. Acec~t.ble M.DI M to mernve the mn- 
dmvd n t e r .  elthu mvlmetri& or volu- 

Envimnmnl R- 

the mndenser. It  b rreommcnded that slllca 
gel (or equivalent) NIl be used between the 
modmser SPSCUII and ourno. to nrevent 
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3.2 Exhaust h t a l l u l o ~ ~  Thrm m m ~ l e  
Mahen ye requlred for the ln&entnr 
exhaust: C a .  CO. end o h  d Y 7 n h  A 

4.1 N o ~ u r c .  
C 0 . d d . z ~  evbon monoxide mDoclluUon 

In rgQern e.hyI.t. m v .  

Ea le4 
[4.4 Eq. 2 0-2 amended by 52 FR 34639. 
September 14. 19871 

5. BibuanuPAs 
5.1 -t Of volulls ormuc 

comDoundr u s  EuvimnuunW Rocecuan 
Agency. oillee Of Nr audltY PlMnlau uld 
atsrh&, Rsevch Trlmndc Puk. N.C. 
mil. PubUcatlon No. EPA-1W/2-7B-M1. 
octo& ism. p. 5s. 

v&iq .nd VOllIuUfAc Flaw Rata iu small 
Mnhod n;-Rtwml~lioo of Stack G u  

S l r k . R  @ladud flW'Rb.1 

[Added by 54 FR 12622. March 28.19891 

1. Applisobilily and Frincipte 
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4 

W 
I 
0 

2 
.- a 
a 
L 

U 

5-5-09 

1lipp.ndh A, M.hod 2c] 
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3. hcedum 
Follow the general procedures in Section 3 

Of Method Z except conduct the 
measumnents at the trevene pinta specified 
in Method lA The static and impact p m m  
holn of standard pitot tuber are Mceptible 
10 plugging in W a d e n  gas ske- 
'Iherefom. the tester muat furnish adequate 
Pmof that the openings of the pilot lube have 
not plugged during the travane perid thia 
Pmof can be abained by fint r e m a  the 
Velodly head [Ap) rea- at 
traverse pain; then de- oul the impact 
and static hole8 of the standad pitot tubs by 
"back-py(ine" with pressuriud air. and 
RMUY by recarding a ~ t h u  Ap reading at the 
fiial l r a v a m  point. If the Ap m a d w  made 
after theair p w e  ia within 5 p m n t  of the 
reading during the mvene. then the lraveme 
U acceptable. Othewiaa. reiea the nur Note 
that if the ~p at the ha1 traverse paint in ea 
low as to make this determination too 
difficult then another traverse point may be 
selected. If "back puging" at replar 
intemals is palt of the procedure. then take 
comparative Ap readings. as above. for the 
last h a  back p w s  at which suitable high 
Ap readings am obs?rved 
~ a c h o d  2D-tbtuacrsnunl d GM V o h m l r k  

[Added by 54 FR 12822. March 28.1WYI 
1. Applimbility M d  Principle 

ffnal 

Fbrllalwin Srmll PtpldDum 

1.1 AppUcabillty. This method a p p h  to 
the mee-,,,ent O f  now ntn in -u 
pipu m d  d u c u  either befora or &a 
emiuion mnbDL &vim. 

tbmugb e rotameter. d i c e  plate or rimllnr 

manner thet b u m  it, proper calibration for 

Abaolute lmpenlw and p m m  
meaeuramenta M al.0 ma& to ealcuhur 
volume~Ac now raw at standard conditions, 

Z A P p o m ~ ~  
S p a d R ~ t i o ~  for the appmlus are given 

demonatrated (subject lo approval of tha 
Admin*trator) to be capable of meetiq the 
~ P e d f i c a t i ~ ~  will ba mnaiducd aaeptsble. 

21 Flow Rate Meamiq Devicu A 
rotameter. oriRos plate. or o h  Uow rate 
measuriog device capable of mea8uiq  all 
the stack now rate IO wiw 5 oiib 
hus value. The maanving device .ball be 
equippad with a tempanhue gauge aCNIBte 
to within 2 pmcnl of the minimum aQolut, 

12 Rindple. To menaura flow rate or 
pmnvS drop, dl the S k c k  @8 !4 dirraed 

now rate m e a m  device. The m e a a e  
- device ha8 been pnviously calibrated in e 

the gal m 888 hhln beha D W A l d  

below. h Y  Othm apparaN8 that ha8 bsen 

8Uck temperahue and 0 P r a S W  gUW 
8CNIBb IO Wi th in  5 mm &. TbS apadfl Of 
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5 Gar Flow Rare CJIc-ulairon oiysen !GI concentrations and dry 

follous 
Ca.iculate the stack gas ROW rate. or. 3s 

( P b ,  * 
P )  

T, 

m o l e c u l ~ ~  wewhl of-  .emple h m  a 68' 
strcam or foud.fuei cambutton pm~ebs. 
The method may a h a  be applicable to other 
processes where )I has been determined thHt 
compounds other then C h .  h. carbun 
munnxide (COI. and nttmger, (&I am not 
present in concenrntions sulficicnt to a l ( w  
the mul ls  

mudXutions to the p m c e d w  dercrihd 
herein, are also applicable for some or all of 
the above determinations. Examples of 

Qr = K.Y,Q, 8 Eq 2D-2 

1.12 Other methods. as well as 
where: 

units (SI): 17 64 for English units. 
K I  = 0.3858 for international system Of 

6. Bibliography 
I .  Spink. L.K. Principles and Practices 

of Flowmeter Engineering. The  Foxboro 
Company. Foxboro. MA. 1967. 

2. Benedict. Robert P. Fundamentals of 
Temperature. Pressure, and Flow Mea- 
surements. John Wiley and Sons, Inc. 
New York. NY.  1969. 

3. Orifice Metering of Natural Gas. 
American Gas Association. Arlington, 
VA. Report No. 3. March 1978. 88 p. 

Method -as . h y a i .  th. 
~ t e - t i m  d my Md.culp. Weight 

[Method 3 revised by 5 5  FR 5212. Febru- 
ary 14. 19901 

specific method. admodifications include: 
(1) A multi-point sampling method uaing an 
Onal analyzer to anelva individual &.ab 
sumples obeained at each point (2) II methud 
uaing C h  or 01 and stoichiometric 
calculations to determine dry molcrular 
wcight: and (3) assigning B value of 33.0 fur 
dry molecular weight in lieu of actual 
measurements, for proccsser burning nalwial 
gas. coal, or oiL These method8 and 
modificalions may be used but are suhjnt tu 
the approval of the Administrator. US. 
Environmental Protection Agency (EF'A). 

1.1.3 Note. Mention of lrudc names or 
specific products does not wmtilute 
endorsements by EPA. 

1.2 Rincipla. A gas sample is extracted 
from e stack by one of the following mrthrds: 
111 Sicglc-point grab sampling (21 aingle- 
ooint intenrated snmolinn: or 131 multi-mint. ~ ~ " . ~  . .  ~~ ~ ~~ ~ . 

1. ApplicPbillly sod Principle 

1.) .4pplitiabiltly. 
1.1.1 This method is nppliwl8lr for 

dctermiiiing carbon dioxide [ C h l  end 

integrated"smp~mg.~~m gas sample is' 
analyzed for pecsnt c(x. percent 01. and rl 
neceseary. for pemnl  CO. For dry molecul..r 
weight determination either an O M t  or a 
Fynls ~ a l p r  may be uscd for lhn analysis. 

5-855 
1200523 

7.. Apppr~tlV 
As an sltCrnative lo the wmpling 

apparatus and system descrihd herein. 
other lampling system [E.& liquid 
displacement1 may be used. provided such 
systems are capable of obtaining a 
representative sample and maintaining a 
constant sampling rate. and are. otherwire. 
capable of yielding acceptnble rnults Uw 0' 
such systems is suhjuct tu !he appmwl Of the 
,\drninislmtor. 

2.1 Cmb .Soa:plirg (F;sore A:]. 
21.1 h ibe .  Stainless steel or burusiliuhtc 

~ l i i s s  tuldnp equipped with an in-stack orotai- 
stack filter 111 remove particulate matter [a 
plug of glass WOI is satisfactory lor this 
perporcl. Any other niuterihls. incrt to  0.. 
CO.. CO. and S: and rcsislant 11) Icml~u:.aturu 
at sarnplingcunditions. m y  be used fc~r the 
pwtde. Examples nf such  mtrtrrialn are 
uluminum. cupper. q w t z  plana. and Tdoz). 

21.2 Pump. A one-way squeeze bulli. or 
cquivulent. tu Iranrpim thc gas sample to tlw 
anslyzrr. 

2.2 Intcjimlud Simpling (Figure 3-21. 
2.2.1 P r i h .  Sisme s i  in  Sectinn 2.1.1, 

22.2 Cundcnxr. An air-cooled or walw. 
c w ! d  condwwr. or other condmser no 
prnalcr than 2.50 ml thsl will not remove UI. 
COI. CO. and Nz. to remove csceM moisturn 
which would interfere with the npcr;ition uf 
the pump and flowmeter. 

rilmplc gas flow rate. 
213 Valve. A needle villue. tu ndiust 

:I c. 

1 
I 

3 - P W  
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SOUEEZE BULB ’ 

Figure 3.1. Grab.sampling train. 

AIR-COOLED 
CONOENSER 

(GLASS WOOL) 

-7 OUICK DISCONNECT 

I -  I 
VALVE f- 

RIGID CONTAINER ’ 
L 

Figure 3.2. Integrated gas-sampling train. 
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2.u Pump. A l e a r - h .  diaphra&mtyp 
pump. or equivalent. lo hanspoR iample gaa 
!(I the flexible bag. hull a m a l l  s w e  tank 

g-mole [at Ib/lb-mole). Average Lheu, Wee 
molrmle.? welghU and rrpon the re.ult~ to 
the neareat a1 &mota 10.1 lb/lb-molel 

time. Record Ismp!ing data as shown in 
Figurs M 

hatween the pump and nte meter to 
ciiminate the pulsation c f f ~  of the 
arrphragm pump on the rotameter. 

L Z S  Rate .Hater. A rotameter. or quivulsnt  
rate meter. cnpable of meomring flow mte to 
within 2 persent of the selected flow nm. A 
flow r d e  range of m to ~m, cclmin i. 
suggested 

2 0  Flexible !3ug Any leak-rrre plastic 
le.:.. Tedlar. Mylar. Teflon) or plasticurstrd 
iiiuminum (e.& aluminized Mylar) bag. or 
equivalenL having a capacity c o ~ i s t e n t  with 
the selected flow rate and time IengL! of the 
l r ~ t  mn A capacity in the range of 55 to sa 
i i t m  ia suggested To leak check the bag. 
connect i t10 B water manometer. and 
;msiurize the bag to 5 to 10 cm HrO [z to 4 
in. HzOl. Allow to stand for 10 minutes. Any 
iiispiilcement in the water mnnometcr 
indicates a leak An alternative Icak.chcck 
method is to pressurize the bug to 5 to 10 cm 
(2 tu 4 in.) HrO and allow to stand overnight. 
A deflnted bag indicates a leak. 

22.7 Pressure Gauge. A water.lilled U-tube 
mdnumcter. or equivalent. of aboul Jo cm (12 
in.). for the flexible bag leak check 
223 Vacuum Gauge. A mercury 

manometer. ur equivalent. of at leart 7M mm 
I24 in.) lip. for the sampling train leak check. 
23 ?.nalySil. An O M 1  or F*te ~ Q C  

cumburtion gas analyzer. For Onat and 
Pyrite analyzer maintenanu, md opemtioa 

.mcnmmenJcd by the manulaa-r. unlrrq 
uthenrira specitTed herein 

PNCedUrrr f d O W  the bhudioM 

a i n e - p h & i t i n U w d u c t , m  
either be at the canmid of the cmu vctiun 
or at a point nod- to the wall. h i m  
m 15.3 h). unlru othenrirs apci f led  by the 
Aeminisuator. 

f igure 3-1. making lure ell rrmnectiolu ahend 
uf the enal>zrr am b@r II M O M 1  Malyzer 
IS used i t  is recommanded the1 the d y m r  
Le !e& chuked by folloring the procedure 
In Section B: however. Uw leak chock is 
optional. 

3.3 Place the probe in Uw suck vilb h a  lip 
of the pmba posittoned at  Ihs u m p i i q  palnt 

at leut five e x c b q n .  [)raw .ample into 
the analper. d ImmedIalsly a+ it for 
p c m t  C Q  Md penenlo, .  Dtcmnine the 
pcmnlsgs of the gar lbal h N, rad CU by 
wbtncting the sum of Ihs prssnl UX M d  
percent QO fmm io0 puccnt. Wctllato the 
dry mol& weight u lndlcatsd Ln Sution 
7 L  

3.4 Repeat the 8nmpling a d y d r  rad 

I 2  Set up the equipment am shorn in 

purge the umpiiq uns bq e u o ~  to dm 

coI&tion pmcedum mtu the dry 
m o l d e r  wen&# of any lhrro m b  umpla 
differ fmm th.ir mean by DO more tbo 03  d 

, I  3 - P g o  

4. sin+pOinc lnlop%led s.mpliq M d  
um- 
4.1 Tha -ling point in th. duct &iI be 

IwAted u 8pccifi.d in Sunon t l  
4.2 Leak check [optiodl the flexible bug 

aa in Secnon U R  Set up quipmmt u 
shown in pfgurs 55 Just befm mmpling 
leuk check loptianall the tmin by plpciq 8 
vacuum gauge at h e  mndervu in le~  pdhq  
a YBCUIM of at least 250 mm 1% (io h. k@. 
plapging the outlet 81 the quick d i m m ~ t .  
and then tumiq off the pump n e  vacuum 
should remain stoble fnr at least as minute. 
Erncuste the flexible bag, Connect the prnbe. 
and place i t  in the stack, with the tip of the 
prulre positioned at the sampling point p u g r  
Ihn snmpling linc. Next. w n n u t  the bag. and 
mille mure thnl all conncctions are tight. 

iun should be simulteneoua with and for the 
same total len~th of time PL the pollutant 
eniission rate determination CoUection of at 
leaat 30 l i ten (ID r t l  of .ample gas is 
rewmmended: however. unsller v o l m e $  
msy be wllectcd, if +sired. 

during each pollubnt emission rata 
determination Within 0 houn altar the 
sumpla h taka analyre i t  for percent CR 
and pemnt0.  using either M O n r t  analyzer 
or m Fyrile type camburtion ga8 anrlyzer. II 
nn Omat analyzer h d it u ruommardd 
that Onrt leak sheck dncribed in Seclion 5 
be performed Mom this delumiaatios 
bowever. the Ehect L. optbud. Datumins Lhe 
percpl ge of Uw gas that i.K and CO by 
iub(ra&g t h a m  of the -1 Ca and 
percent 0 born im pmwnt. Cslculvle Uw dry 
molosubr weight as i n b l e d  !a Saaion 7~ 

4.5 Repeal !ha dy8h utd caLulution 
yrocedum mul ths indlvidnsl dry m o l d a r  
waighu for any thrrs analyaa Mer from 
their meM by no mors then OJ #/*mole [at 
Ibllb-umls), Avamga Ib.u thrrs moleculnr 
weigh& and report ths raulu to the nearest 
ai g!emolo [ai Lb/lb-mola), 
S. Mulll-Fal~t. lota@ed SanppnoY a d  
-w- 
51 Udeu othanrlrs @ad by the 

Mminf.b.Ln. a rnhimmn ol*t (raven0 

4.3 Sample at a wnstsnt rate. The sampling 

4.4 Obtain one intepted fluegas sample 

polnu dull b. lvad fm dmdu a t d u  haring 
diam0t.n h Iham m (u In.). a 
minimum ofnine dull bs d l o r  
rsstpllsllar s t o h  cqdvdonl 
diamctan l e u  Iha Mf m [a In). and a 
minimum of IZlmSanspoinb shall bewed 
lor all o h  c l l a r l k a  tnrsrupatuu sh.ll 
ha located *adlq 0 Mahod l. Ibe luaof 
fmar points la rrtbjael to applwal of tho 
Admkd8tntw. 

&?.Follow !ha procedures wtlind in 
Sestlolll4f lllm&ICsanptlmlhe 
loll- R.mmc d umplins pinta mnd 
sample at a r b  polnl form qual Ian& of 

A r r s q .  

C j l O ? b ~ )  

R Lsaktbadr MW tor  OM^ ~ t ~ i p r  

causes i t  to leak Therefore. an Onat 
analyzer should be thoroughly leak chucked 
t m  l i t e  lrfon the flue gar sample i) 
intrnduced into it. The procedure for luak 
checking an Onat analyzer is as folious: 
61 Bring the liquid level in each pipelt:: up 

to [he mfenncs mark on the up i l l r ry  tdiing. 
and thcn close the pipette stopcack. 
U.2 R h e  the leveling bulb sumcirntly to 

bnng the codming liquid menixus octo the 
p d r w t e d  portion of the burette. and :hm 
close the manifuid stopcock. 

-* ,jw.-~wJ/Q, x 100 o&sl ta 

F- 3-3. S a p l i i  m10 dpu 

hluving an Onal analyzer frequectly 

6 3  Rccunl the menixus pasition. 

the liquid lcvcl in the pipette rcr mnvccwnt 
over the sex1 4 minutes. 

check. two wnditiona muat be mcl: 

not fall below h e  banon of the capillary 
tubing during mi CM'nota interval 

change by more han 0.2 ml during this C 
minute intarvaL 

p ~ c n l w e .  check all mbber connections and 
s topmh to determine whether they might 
LM the cause of the leuk. Oisarmn~blr. C ~ # : ~ R  
and regreaye leaking stopwJ;z Replam 
levling rubher connectionr M e r  the 
nnulyzer is s-eaaaamhlcd, mpeal k c  had- 
c h u k  pmcedure. 

64 Observe the mrpisua in the hum:te and 

63 Fw the 0-1 u n a l p r  to pis the lcak 

8.U The liquid level in each pipette must 

U . 2  n e  menisus in the burette must 001 

0.0 If the anlyzer fails the le&che'ck 

7. wrul.iions 

7.r Na~te,,cIafum 
M. = Dry molecular weight. glg-m'dc [Ihllb- 

%C& 3 Percant UX by volume. dry basir 
WO. = Rrcmt Q by volume. dry besib. 
xu) = Rmnl 0.3 by volume dry basir 
X K  - Rmnt U by volume. dry burir 
azaD - Molepllar weight o l U  or CO. 

0.39 - M o l d e r  wight of 0. divi&d by 

mole). 

dlrided by Im 

im 

[Appendix A. Method 31 

Put4iM.d by THE BUREAU OF NATIONAL AFFURS. INC.. Washington. D.C. 20C.37 
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Sula. 1% above equation d u m  CUI 

wlsider q o n  in air (about 0.9 prrcunt. 
moiecular weight of 39.9). A negative cmi of 
abut 0.4 p t ? ~ m t  is introduced. The tester 
m"? chnare Iu include nqpn in the anal>-sir 
::sing PmcPrlumr sub;cct !o approval of the 
.3dmifiistxir~t. 
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2. Cun.?cr. William D. and 1.S Nuder. Air 
Sdn1Pling with Plastic Bags. Journal of tho 
.American lnduitrinl Hyginne Association 
2.~ZI1Z-Lgl. 

3. Burrell Manual lor Car Analysta. 
Seventh edilion. Burrell Corporation. 2223 
Filth Avenue. Pitlsburgh-PA. 15219.1951. 

4. Mitchell. W.1. and b1.R Slidgclt, Field 
Aeliabili!y of the Onat  Andyzer. Journal of 
Air Pollution Control Auouation. 264!4l4g5. 
Slay 197% 

5. Shigehara. RT. R M NeulichL and W.S 
Smith. Validating 0-t Analysis Data from 
Fossil Fuel-Fued Unik Slack Sampling 
News. 4(21a-28 Augvlt1!37& 
MKIHOD 3A-DrrraylllATIOR Or OXYCU NIU 

C~nson DIOXWX ConcnrrPmons 111 EyI.3- 
SIONS FROM STA?IO~MT Soma3 (Insmu- 
MmAL AnALYzta Wocmrmr) 

(Slsthod 3A added by 5 1  FR 21165. June. 
1 1 .  19861 

1. ApDlicabUity and R n c i p l e  

1.1 APpiicabilitY. ThiS method iS aDD% 
cnblr  to the determination of oxygen (0,) 
and carbon dloxlde ICs) wncentratlons In 
emissiom from stationary sourcw only 
when specified within the regulations. 

1.2 Rincipit. A Sample is contlnuomlY 
extracted from the effluent stream: a por. 
lion of the w p l e  stream is conveyed to an 
mnstrumentnl dyzerts) for determlnatlon 
of 0, snd C a  wncenuaUonrs). perform- 
M C e  speeificaUons and test procedures arc 
provided KO ensure reliable data. 
2. Range and ScnJUioity 

Same w Method 6C. Sections 21 'md  2.2. 
except that the span of lhe  monitorine 

system sh.U be selected such that the aver- 
age 0. or C0, mncentntlon io 110t less than 
20 percent of the s p m  
3. DUinitiont 

3.1 Measurement System. The fou l  
equipment required for the  determlnatlon 
of the 01 o r  Co1 concenmtion The meas- 
urement System COMUU of the -e &or 
subsYstems w deflned in Method 612. See- 
UOM 3.1.1. 3.1.2 and 3.13. 
3.2 S p a n  CaUbratlon Gas. Analvr Cali- 

bratlon Ehor. Sam~LLnp System Blu. Zero 
Drift. CallbmUon Drift. Responv The.  and 
Callbratlon Curve. Same M Method 6C. 
Sectlons 3.2 through 3.0. and 3.10. 

3.3 Interference R~SDOIIY. T h e  output 
response of the meanmment system KO a 
CamWnent in the sample par. other than 
the gas ComDOnent being me%surcd 
4. .Uearurmnent System P n l o m n c c  S D ~ C ~ .  
ficationt 

Same W Method 6C. Sectlons 4.1 thmugh 
4.4. 

5. dmamtw and RmgmLI 
5.1 Measurement Sysmn. Any meaure-  

ment System for 01 or CO.  that meet3 the 
speciflcatlons of thk  method. A schematic 
of an acceptable m m w e m e n t  system L. 
Shown in F l a r e  EC-l of Method 6C. T h e  u- 
sentlal comwnenki of the mmurement  
system are derribed belo% 

5.1.1 Sample Robe. A Ic&.free probe. of 
suffldent l e n d  to traverse the L P ~ D ~ C  
mint. ___._ 

5.1.2 &ZDDlC &e. Tubing. to Lnnmort 
the sample md from the probe to the m o b  
turc removal ss3tem A heated pmnle line 

Sensltlve to tlow mrlaUons over the m e e  
mC0Unted dlvllro the C u t  

5.2 CUbnulon G u a  The d b r a t l o n  

- ~~~. .~ ~-~ 
S s t l o n  5.3.1 Uuougi S.3.3 of Method (IC. 
shall be used. For O. moniron rtut m o t  
anal= zero gar. a dlbntton #as mwn- 
DaUon epulvalent to l e 0  thnn IO Derccnt of 
thespan may be used In Dlnce  o f ~ u o  gns 
6. MCWrrmmt System perlomanee Tul 
Procedum 

Perform the following D- before 
measurement of emhtons (Scctlon 7). 

6.1 Callbnulon ConccntmLion V e N l o -  
UOn. Poilow Section 8.1 of method 6c. 
except If calibration ors analysis Is reg- 
w Method 3 Md change the acceptance 
Crttena for asreement among Xethod 3 TC 
sulki KO 5 Dercent lor 0.2 percent by volume. 
whichever ia gre.Yr). 

6.2 Interference RWDOMC. Conduct M 
Interference ~ W M C  test af the a n a l m r  
Prtor to I t a  iniu.l use In the fldd Thereal- 
ter. recheck the mmuremmt Syatem U 
changw ue d e  In the LnstnrmenLaUon 
that could alter the Interierenn mwnsc 
(e&. ch-n In the type of gas detector). 
Conduct the Interference m w ~ e  In cc- 
mrdanee wlth Secuon 5.4 of Method 20. 

6.3 Meanuement System R e m t l o n .  
Analmr CaUbraUon Ermr. and 5mpl ine  
System Blrr Check. Follow SuUons 8.2 
through 6.4 of Method tlc. 
7. B m i u t a  Tu: Roccdum 

7.1 Selcafon of h p l l n g .  Slte end S.m- 
PUng F'olnuL Select s meMwemmt ate and 
V D U  Whtr UStno the -e al- thU 
Ue WDllerble Lo k t d  D a f b  Udng . .  Method 3. . ' -.:,::: .:: ... . . . 

7.2 ~ l a m p ~ e  C ~ ~ ~ C U O I J .  M u o n  the &a- 
~llng. probe at the f h t  meravemmt wlnr 
M d  beplnSMlpllnoStthe..M nb? M ured 
dul-hle the awl lng . ' rpaLem blM ehsl 
Mnlnt.Ln mnst.nt rate nmDllng. (Le., *I0 
percent) during the mtW NIL The pm- 
pUng Ume Der run shall be themme ar for 
tuts mnduckd UStno Method 3 plus hdce 
theapstemrcaDonmUme.mr&ruquss 
only those memvunentd obtained after 
twice the mwnv Ume 02 the memuanent 
system hu to d e t e r m k  the aver- 
age effluent mumntmtlon. 

7.3 Zero Md QLLbntlOn DNt Test. 
muow section 7.4 02 ~ e t h o d  612. 

~ ~ Y P M ~ U C O & O I - U ~  
The f O l l O t S i n 0  q w t y  mtm1 D e  

ye remmmmded when the of thla 
method are used for M emLsrlon rate come- 
don factor. or e x a s  & determi~Uoop The 
tester should seleet one ol the CoUowtng ow 
U O M  for Wdulno meMuanent rUUlt6 

I A p p n d b  A, MetJ~od MI 

110 
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8.1 If both 0, and CO. u c  meuumi 
using Method 3A the pmctduru dewrlbed 
In Seerton 4.4 of ~ e t h o d  3 should be lo!- 
lowed to Rlldate the 01 and CO. m- 
men1 d t r  

8.2 If only 01 Is measured ullnti MNhod 
3 h  measurrmenu of the v m ~ l c  stream CO. 

C" - c.. 
c. - c. C,- tc-c,t+c.. 

Es. 3A-1 
where: 

[Method 3B added by 55 FR 5212. Febru- 
ary 14. 19901 

l.12 Set up the equipment as shown in 
Figure &I of Method 1 making sum all 
C O M ~ ~ ~ O I U  d e a d  of rho analyzer are tight. 
Lcak check tha Omat mlyzer am-  to 
rho pmccdum d-bcd in Section 8 of 
Method 1 Thb leak check is mandatory. 

Up at the pmbo positioned at the aampltng 
paint pug0 the sampling line long emu@ to 
dm at !em h e  escbaqea. Orsw 4 sample 
i n m i h o ~ . P o r e m i u i a n r a t c ~  
cornsdon facto, dalerminatlonr Immediately 

3.1.4 and %I..% for percent COI or percent a. u uceu air u dnircd proceed .I follows: 
(11 immediately analyro the umple. as in 
MON 11.4 and ILS. for percent UX. OI. 
and CO: (2) dctmnine the percentage of Iba 
gar that u N. by submcling the ID of the 
percent COI. percent Or. and percent CO 
Imm 100 percent nnd 131 calculate percect 
excem air am outlined in Section 4.2 

3.1.4 To emun complete absorption ci 
the COr. Or. mifappli~able. CO. make 
repeated passes thmugh each absorbing 
ioluUon until 010 wwecutive resdiiigs are 
the same. Several passee (three or four] 
should be made between readings. (If 
wnatant readings Cannot be obtained aiter 
thrrs waracutive readings. replace &e 
absorbing solution) 

Notr-Sinw thin single-paint. grab 
sampling and analytical procedura is 
n o d y  conducted in conjunction with a 
singlbp~inL grab sampling and analyiiul 
gmcsdw for pollutant. only one &pi. is 
ordiauily conducted Themfore. great cam 
mull be taken to obtain a valid sample and 
.aslynir rUtbough in most Cases. only CO. or 
Ch b mutrod It b recommended that both 
Coe and Q he m c . . d  .n6 lhat sulion 3.4 
bo wed to validate the adylfCal data 
llk & th. analyaia is completed !eak 

dmck (&my) rho Onat analyzer on- 
.sais M dacrlbed In Seaion 8 of Method 1 
For the nrulb of lba malysia ta ba VW the 
O n . a t - w r  must . .  pasr tb leak tu1 before 

11.3 Place he pmbe in the r u c k  with the. 

8 t U I p  th. Umpk M O U I b e d  kctlOrU 

same total langlh of Ume a+ the pollutant 
d u i m  rats &terminallon Collect at least 
JO UIW (1.m Wl d sample gas. Smaller 
voluma may bo wllected subject to 
approval of th. Mmini~hator. 

tl Sh&-M& Gmb sempling and 
An*caI- 

Sl.1 The ump& point In the duct ahall 
be M deaalbed In ss*ton U ofkthod 1 

[*ppendix A, Memod 381 
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3.24 Obtain one integrated flue gas 
'ampie during each polluunl emission rate 
d+termination For emhion  rate correction 
factor determination. analyze the sample 
"ithin 4 houn after it is taken for pemnt 
CO, or percent 01 (as outlined in Sectionr 
3.zS through 327). the Onel anelyrer must 
be leak checked [see Section 6 of Method 31 
before the analyak I! e m a s  air is desired, 
Pmceded as followr (11 wilhin 4 how aRer 
the sample is faken d y r o  it [as in w o n ? ,  
32.5 &rough 3271 for percent CO.. 0, and 
CO: (21 determine the pucentege of the gar 
that is N, by subsbaning the m a  of the 
Percent CO.. percent Q. and -I CO 
from im percenc and I31 cnidate percent 
excess air. M outlined in Section 4 z  

3.15  To e n s w  complete absorption of 
the CQ. 0,. or if applicable. CO. follow the 
Procedure described in Section 51.4. 

Note.--Although in most instances only 
CO, or Q is rrquirrd it is recommended that 
both COI and OI be m e a s d  and that 
Section 3.4.1 be used Io validate the 
analytical date. 
3.28 Repeat the analybis undl the 

3.281 For p c m t  CO.. repeal the 
loilowing criteria M met: 

analytical pmcedum will the multr  of any 
three analyses M e r  by no more than (a1 0.3 
percent by volume when CQ I8 p a l e r  than 
4.a percent or (b) oz percent by volume when 
CQ ia leu than 01 equal to 4.0 percent. 
Average h e  acceptable values of perm11 
CG. d mprt the mults to the nearest 02 
percent. 

3LBZ For percent G. repeat the 
analytical pmcedum until the rrrulb of MY 

a d y s a  dilIuby nomorn than blU 
percurt by volume when 0. is l e u  cbnn WD 
percent or @J) 0.2 percent by voluma when OI 
Is p a l e r  lhan or sgoal to 150 p ~ c r n L  
Average the t k s e  wxepteble values of 
perccnl Or. and report the rrsdb to the 
nearest 01 percent 

analytical pmcedw antu the m u l b  of m y  
h Malyses M e r  by M mare than Ll 
percenL Average the tkss sccapteble valun 
of pmet a. .nd -rt the rrrulU 10 h e  
nearest ai percenL 

3 x 3  Far percent a. rcpeal the 

U J  mu the d y w  u completed. IC& 

again. ss daolbsd in W o n  8 of Method 3. 
F O ~  the d t .  of lha analysis to be valid the 
Onat s d y z a r  must p a u  thrs leak lest kfom 
and aner the anolysir 

3 3 Mult~-PohL In@mred Sznpling md 
Anolyt~wl Roc&. 

detemed M apedied In k a o n  5.3 of 
Method 3. 

check ( d l o y l  the onel dm OIUa 

33.1 The rsmpllq poinu dull be 

3 3.2 Follow the pmcedwsr ourhed m 
Secnans 3.2.2. thmugh 3.2.7. m e  I for 
the following Travene all ramplRg 
winla and sample at each in1 for iln 

equal length of rime. Reco,$- 
data u ihown in Enure 3-3 o l  ' 

~ . ~~ .._.__ -. 
3.4 Quality &&I Pmxdu..n 
3.4.1 

0, h Meruured. AkhOugh In moll 
Oela Validation When Both C Q  and 

inrtancer only C Q  or 01 meamrcmcnt is 
required it u r e c m w d d  rhst both C G  
and O. bs meeswd to pmvldo check on 
the qualily of the dah. Tbs followiq quality 
control p m c e d w  is w s r e d  

Nol&-Siics the method for vdidaling ha 
C Q  and 0. analyses is bsned on combustion 
of organic and fossil fueb and dilution of the 
gas atreem with air. this mel)lod don not 
apply to MOUICC~ that (11 remove CO. or 0, 
through processes other lhan combustion. (21 
add 0. [e& oxygen enrichment) and Pcr in 
pmportiolu Merent  fmm the1 of air. I31 add 
COI le+ cement or h e  kikul. ot (41 have no 
fuel factor. F. values obteimbla [e.& 
exvcmely variable wtate mixtures). "%is 
method validates the m e a n d  proportions 
of CO. and 01 for fuel typa but the method 
does MI detect mmple dilution m u l l i q  fmm 
leak. d- or after sample coUccdonThe 
method is applicable for lempln collected 
downatream of moil Ume m limestone n u b  
ges desulhuhtion unlb as the C01 added or 
removed fmm the gel atream is not 
signiAcant in relation to the total CO. 
wnccnkntion Ibs CG ~ ~ n ~ m b a t i ~ ~  t o m  
other typn of l w b b e n  u h g  only water or 
basic slurry can be si@ficanlly aIlaed and 
would render the F. check minimally whrL 

aL1.i ClleSu I fuel laclor. F, using 
the rau- sg\uum 

ranges far the axputed F. Utha &si be- 
burned is known. When fuel. on burned in 
wmbinstionr calculata the combined fuel F, 
and F. factors (as defined in Method 19) 
according to the pmudure in Method 19, 
Sutioa *u. Then calcuials the F. factor rn 
foilowr 

C Q ~  F, 

F. 
R = Eq. 3B-2 

1.0e-l-190 

R a a u l  

N.plill- 
Gas 

Wmd.. 1 . ~ 1 . 1 m  
wood balk---- 1.-t.111 

3.4.1.3 Glculated F. values. beyond the 
acceptable ranges . b o r n  in this tehl+'should 
be inveswted before a ~ c e p m  the test 
mulla  For exnmplc the s b r @  of the 

anolyaiq technique should ba chnLrd by 
u u n p i i  and annlping I know 
conccnhtinn. NCb 0s ai? tho fuel factor 
lbculd be mvimed and vDNied A0 
acceptebLUiy range of 212 percent is 
sppmprlnte for the F. fa- of mM fuels 
with variable fuel rntior. The level of the 
cmiasion rnte relative to the coprpliance lcrel 
should be considered in determining if. 
relent tr approprLta Lb: I! the measured 
emitaiulu M much lwcr  a much m a t e r  
h n  h e  compli.ncs L(mlt repetition of the 
ta t  would 110t signifisontly &e the 
CDmpliSnw Uahu of lha Mum4 and wovld be 
mneccwady time wnrtm@ M d  wrtly. 

c c u l c u l p k  

4.1 Nomendalun Same M Section S of 
Method 3 with the addition of the following 
EEA P Fwcrnt exccsa sir. 
OPW = &Uo of 01 to K in air. vlv. 

percent - .L(iapplicable) by 
sulntitotieg the appropriate values a f p e ~ t  
a. M d K  1obt.ined fmm %on 51.3 
01 3.241 into 4utim !JM 

MlUtiON the gas md>7er and tho 

4.2 Parcrnt Excess Air. Calculate the 
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?oI-ar %cO 
Eq. 3LL3 I im %EA = 

o a  %U-[Sc+aS SCO] 

N o b ' l h a  equalion above assumes that tlorw of moisture content (Such m are t e a a t i o n  of the moisture content shall 
ambient air is used a# the lourn of& and needed to calculate emision dau). The be made slmultaneowly with the reference 
that the fuel does not contain app-oble JecOnd is an aDpmxirnation method. which method. p. follows: ASJume that the gm 
amounl. ef N. 1.. A n  * n h  nw-n n. hlr.1 omrides estlmates of Dement mouture to S V ~ M  l.3 saturated. Attach a temceraturc . ,_____ "__."..". "._". 
furnace gases). For those casea when 
appreciable amounts of U are present (coal. 
oi l  and natural go8 do not contain 
cppreciabls amounts of &I or when oxygen 
cnrchment is used. alternative methob. 
svbicct to approval of the Admimaintor. are 

ald in setting Lrokineticsnmpiing rate~~irior 
to a wilutant mission memrement  run. 
The approximation method dacribed 
herein is only a suggested amroach: dter-  
native meana for approxmt ins  the mois- 
ture  content. e&. drying tubes. wet bulbdry 
bulb techniques. condensatlon techniques. 
stoichiomerne calculations. previous exoeri- 

sensor [capable of mamru-g ta ir. c (2' 
P)l to the reference method probe. bfwure 
the stack gas k m p e N u r e  at uch v.verke 
point (see Section 221) d u m  Lhe refer- 
ence method travem; calculate the werage 
stack gas temper;.tum. NexL dekrmine the  
mouture Deemntlpe. either by: (1) usmg e. 
P.rychmmetnc chart and WE annroon- 

ence. etc.. are a& accemabii. ate mrrectiorw if stack 0-e is duferent 
T h e  reference method is often from tha t  of the chart. o r  (2) winp s a w n  

sLmult.mwusiy with a po~lutant llon vapor pressure tables. In casa where 
measurement run: when it is. CdeUiatlOn the wxhrometr ic  chart or the saturation 
Percent lsakinetlc. poliutant rate. vapor oresure tables are not apoiieable 
etc.. for the run Ohail be bared upon the re. ( b a e d  on evduation of the  prwew. alter- 
Sulk3 of the reference method or i t s  nate methods. subject to the approvd of the 
lent: these calcu~atiorw shall not be b-d Administrlor. shall be used. 
Upon the reaullr of the approximation 

1.1 mnciole. A gar samole is extracted method. urd- the %mroxlm*iion rnrihnd 

5. EIBUOGRWHY 
Simc as Me:hod 3. 

~ e r n o o  ~ - D ~ E M I N I T I O N  or M O I S ~ ~ E  
CONTENT IN STACK GAS= 

1. Principle and Applicnbilifv 
. ~ ~~~ ~~~~ ~... 

a i  a constani rate from the source: moisture is shown. to the satisfaction of the Admini+ 
is removed from the samole stream and de- trntor. US. h v i m n m e n t d  Roteetlon 
rermined either volumetrically or mvime-  Agency. to be capable of yielding resuits DrmedUre described in Method 5 fa r  
trirallv. within 1 Dement H.O of the determininp moisture content is YTrotable 

wnmce dlcUlad 

~ ~ ~ ~ ~ ~ . . .  .. .... ._____..__ 
p. a referenee method 

1.2 Applicability. This method W aopiica- 
bie for determining the moisture content of NOR: The reference method may yield 2.1 APDMCUS. A schematic of the spm- 

questlonable results when applied to %tu. P l h 3  rrain used in this reference method is slack gm. rated g m  stre- or to stre- that contain shown in FlWe 1-1. All CornDanenu shall 
Two Procedures are given. The f h t  is a water dmplelr. Therefore. when these con. be maintained and calibrated a m o w  Lo 

reference method. for accurate determina- d t i o m  exist or are suspected. a second de- the procedure oullined Ln Method 5. 

3-23-90 
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wetsht of the dllm pel to the nevcat 0 3  g. 
Md rnnrler the .Llla gel (O the fourth Im. 

_ _  
the &ndwdh 

.. 

truar. Par each nm. record the daU IC- 
qulred on (he e x a u k  data sheet shown In 
Rare 4-2 Be SUR to -rd the dry gas 
meter rudlru U the bmnnlng d end of 
cuh gmpllns tlme increment and when- 
pru PmPllrU u halted. Take other spore  
D r W a  radlnw at uch sunole wmt. at 
last once durlno u c h  t h e  iMemenL 

22.5 T O  berin sampUng. w t l o n  the 
Dmbe UP at the first tnvene  WinL Imme- 
dluclY start the oump and .dJW the flow 

uo4 gmpulu at each tnverae win1 for an 
& larul Of h e .  Add more IQ nnd. If 
OeCan?Y. nlt to MLncaln a temperature of 
la ZQ c (or Fl u theaiuQ.gcl OuUeL 

2.26 At& mUeCtln0 the sample. dbmn- 
nsc( the ombe from the fUter holder (or 
fmm the firm Impher1 md mnduct a I& 
check tmulduorY1 M d a v t b e d  m Sectlon 
223. Remrd the leak mte. If t h e  leakage 
nta c.credr the allowable rate. the tester 
ab.u elther reJeCr the t a t  rtrulrr or shall 
mmcL the m u l e  volume m in Secuon 6.3 
of Method 5. Nest. meuure the v o l w e  of 
the mobturc amdenmi to the neareat ml. 
Dstcrmlne the l n a e ~ ~  In weight of the 
dllo rcl (or dUa gel plus hpinger) to the 
DMTr 0.5 g. Reeord thb hformatlon (ye 
UAmple dAtA sheet. R w e  4-3) and d e u -  
W the moMure peenmtage. M d&bed in 
ubdov. 

to the dedrrd ~ e .  m v -  the E ~ B  E- 

11-27-87 
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F i p u l C . 3 .  mUI*"ll..ldn.- ,.,"-nuhod 

2.3.1 Nomendature 
B,=Pmportion of water vapor. by volume. 

in the pm stream. 
b f . = M o l e c u I ~  weight of water. 18.0 g/g- 

mole ( l a 0  Ibllb-mole). 
P.=Abaolute D~.ZSSUI= (for thb method. 

same as bMmetrie Dnrstuel at the dry 
&as meter. mm Ag l h  AK). 

P r - S t a n d u d  absolute PIcIwe. 760 mm 
Hg 129.92 in. As). 

R=Ideal gas constant. 0.08236 1- Eg) 
(ml/(p-mole) (X) for metric units and 
21.85 (In. Ag) lft')/(lb-male) I'R) for 
Ergllsh units. 

T.=AbaoIute temperature at meter. 'K 
1.R). 

Tn=Stand.rd absolute temperature. 293. 
K (528'R). 

V.=DW gas voiume measured by dry grr 
meter, dun l dc f ) .  

AV.-Inmmentrl dry &as volume mMured 
by dry ou meter at each V.velse point. 
dun ldcf1. 

V.w~-Dry KY volume mevlured by the dry 
&as meter. mmted to standard mndl- 
uona dum ldscf). 

V- volume of water vapor mndewcd 
mmcM ta standard mndltlona scm 
191). 

V..,,.+,l=Volume of water vapor collected In 
Iulm gel comcted to atandud condl- 
t l O M .  c u l l  lac!). 

V,-FInal volume of mndnuer  vr,ter. mt 
vl-Inlthl volume. u UIY. of co-r 

W,=FInal welght of silh gel or silh .el 
p.ter. mL 

DIU Lmplnoer. g. 
WY,=InItlal welght of ailla .el or SIUU gel 

plus lmplnoer. E. 
Y -Dry gas meter d b n t l ~  factor. 
p . -De~lty of wster. O.DO81 ;/mi lO.WazO1 

Ib/ml1. 
1.3.2 .volume 01 water moor e0ndeme-i 

where: for my t h e  Increment dlffen from the 
Ku-0.W1333 mVml for metric unltd average by more than 10 pemnt.  reject the 

-0.M707 ftZ/ml for En&h units rrrult~ uad reveat the NU 
13.3 Volume of wskr nwr collected In 3. d ~ ~ ~ t f o n  

allla gel. 

where: 
K,-O.W1335 ms/K for metrtc units 

-0.04715 h'/g for Enpllsh units 
2.3.4 8.mple m volume. 

R.-O.3858 'Klmm HK for metric units 
-17.64 'R/In. Hs for En&h units 

The avproxlmLtlon method described 
below b presente' only as a suggested 
method (see secffon 1.21. 

3.1 ADPUUUS. 
3.1.1 Robe. Srnirrlas steel glass tubing. 

suffidently hmted to prevent water mnden- 
Ytlon m d  WIIIDIIC~ with a fUtcr (either in. 
stas% or hmted outstack1 to remove m i c -  
uh te  matter. A plug of arrr wool. LNuted 
Into the md of the probe. is a utlslvrory 
fUter.  

each wi th  30 ml a p u l t y .  or eauivalent. 
3.1.3 Ice Bath. Container m d  ice. to aid 

In m n d e n s h  molsture in impingen. 

new or regenerated 8- to l 5 m a h  indicating 
type  siUm gel (or eauivalent desiccani). Lo 
dry the -rile m and to nmlect the meter 

3.1.2 b l p l n g e n  T W O  midget ImDhgCl3. 

3.1.4 Drying Tube. Tube puked with 

. .  
Ul ld  DUmD. 

umn1e PL. now rate. 
3.1.5 Valve. Needle valve. lo rcpulare the 

3.i.8 -PUUIp. Leak.free. diaphragm type. 
or 4ulvalenf to pull the pm w p l e  ' 
through the tmh. 

3.1.7 Volume Meter. Dry gar meter. suffi- 
clently accurate to mewme the sample 
volume withln 2%. and eallbrated over the 
~ o e  of flow ram and mndltions u1uallY 
enmunkrcd durinp sampling. 

3.1.8 Rate Meter. Rotameter. to meuure 
the now -IC from 0 to 3 lom ( 0  to 0.11 

. .  
Equ.tk.n 4-4 

Leak check the sampllng train ar follows: 
TemwrarllY Insert a vacuum mune at or 
nnu- the  pmbe Met :  then, DLUK the probe 
Wet and pull a v m u m  of at lmt 250 mm 

(10 h Ag1. Note. the Ume n I c  of 
chanoe of the dry gas meter dill. alterna- 
tlvely. a roLBmeter 10-40 cc/min) may be 
temponrUv a t k h e d  to the dry pm meter 
outlet to determine the leakage rate. A lea* 
rate not In ex- of 2 percent of the aver- 
age Samplhg nte b aCCeptPble. 

NOrr: CPrrfUllY re leu  the Probe inlet 
Plug before turning off the pump. 

11-27-87 niE BUREAU OF w n w  AFFAIRS. INC.. wasmgon. D.C. m 7  
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HEATED PROBE SILICA GEL TUBE , RATEMETER 

Figure 4-4. 'Moistureympling train. approximationmathod. 

LOCATION CONklENTS 
TEST 

DATE 

OPERATOR 

BAROMETRIC PRESSORE 

METER TEMPERATURE. 

Figure 4-5. Field moisture detwmination - approximation method. 
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the r e ~ l l d  ImoInrcr. 0.0%. 
k-wskr  v w o r  In t h e m  rue~m Dmwr. 

tlon by volume. 
Y - Y o l c c u l u  relaht of VWI. 18.0 I/.- .. 

11-1747 
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3.2 b D 1 C  k V e N .  The f O U O W h g  
Item are netded: 

3.2.1 RobeLJncr and F'mbe-Nazlc 
Bnuher. Petrl Dbhea. F~MUC Stonge Con- 
Wnen. and Funnel and Rubber Folleemnn. 
Same u Method 5. Seewons 2.2.1. 2.2.4. 
22.6. and 22.7. rwaccUvtly. 

3.2.2 Wash BotUra G l u s  121. 
3.2.3 Simple Storage Contslncn Chernl- 

d Y  ralataut, bomslllo(e slrss bottlu, for 
0.1 nlttic acid CHNO.) I m p h e r  .nd probe 
soluUona and wsshea. I W m L  Urn s a w -  
cap Unen th8t ue eltha Nbber-bcked 
Teflon' or l&*-fm and rrrtaUnt to chrmi- 
cd uuck by 0.1 N HNO. (Nurow mouth 

bottles have been found to be less 
Pmne to ~eakue . )  

3.24 Onduited Cyllndcr and/or Sal- 
ance. To m- eondensed water to withln 
2 ml or 1 g. Urn a graduated cyllnder that 
hM minimum capacity Of 500 mL and Sub- 
dlvbionr no greater than 5 mL ( M m t  Irbon- 
toIY b . l M C a  M a m b l e  of PrbhIna to the 

~~ 

nearutO.5 nor  I u s . )  
3.2.5 Funnel O h .  to .Id In ymple re- 

covery. 
3.3 Analysb. The foUow!ng muipment b 

nccdcd- 
3.3.1 Atomic AhroIVUon SWCWOphOtC- 

meter. Wlth lead hollow cathode lamp md 
burner for alr/scetylene flame. 
3.3.2 €Id mate. 
3.3.3 Erlenmeyer maatr 1SmL 24140 $. 
3.3.4 Membrane FLltuh MUUwre 

scwpo 47W or mulvalent. 
3.3.5 PUtrallon Apparatu& Mllllwre 

vacuum llltratlon unit. or equivalent, for 
use wlth the above membrane fUter. 

3.3.6 vo1umettic - lWmL 2w-mL 
and IWO-ml. 
4. ReagenLL 

*Mention of vnde -.or SDCCUIC pmb 
UM does not mmtllute endonement by the 
U.S. EnvlmnmenW RokcUon Aeency. 

are not ex- to be P-nh the uvlyu 
m y  delete the mtrsalum permpnovu~e 
rat for oxldlnble orpvllc matter. 

4.1.4 NItrlc Add. 0.1 N. DUute 6.5 ml of 
eoncentrated ENO. tu I Uter with d e l o n M  
dbtllled w a r .  (It may be desirable to run 
blankd before Ueld use to ellrmna a hlgh 
blank on tQt p m p l ~ )  

4.2 Reteat RepuUlon. 6 N "0, b 
needed. DUute 3W d o 1  mneenV.Led HNO. 
tu 1 Uter with dcionbd dbtllled water. 

4.3 Sample ReeDVery. 0.1 N HNO. (same 
u 41.4 .boso) b nctded for -le m v -  
erp. 

4.4 AIl.lysta The foUoWhg magenta are 
needed for uuluris [use ACS reagent m e  
chemicals or equivalent. ulllrul atherrvlse 
apellled): 

4.4.1 wuer. Same u 4.1.3 above. 
4.4.2 N M c  Add C o m t r a L e d  
4.4.3 NItrlc Add. So percent (V/V). Dilute 

5M) ml of concenlrated HNO. to 1 llter with 
delonilcd dbtllled water. 

4.4.4 Stoelr L u d  Standard SohUon. low 
pg Pblml Dbsolve 0.1508 g of I& nitrate 
(PMNO.hl In .bout W ml of dclonhd d b  
tilled water. add 1 ml concentrated HNO. 
and dilute to 100 ml w i t h  delonlud dbtllled 
water. 

4.45 W o r U  Lead Standank Plpet 0.0. 
1.0. 1.0. 3.0. 4.0. and 5.0 ml of the stoelr lead 
sllndatd rolullon 14.4.4) lnto 2 S m l  voh- 
meuc lhska. Add 5 ml of conccntraled 
HNO. tu each f h k  and dllute tu volume 
with delonilcd dbtllled water. These work- 
ha standvda eon& 0.0. 4.0. 8.0. 11.0. 18.0. 
and 20.0 rp FWmL rapeetlvdy. R e m e .  Y 
needed .ddltlo~I sllnduda at ather con. 
centraUona In a rlmllv manner. 

4.4.6 Alr. Sulwble mullty for uormc ab. 
CCT Acetylenr clulwble a U t y  for 

Ummic aborpllon anabds. 
44.8 Es- Rmrtde. 3 DuocIlt (VI m. m u t e  10 ml ol 10 DMnt HA (0 100 

m l w i t h ~ O I l k e d ~ e d ~ .  
5. Pmndrrc 

method b such th.f In d e r  to obWn mu- 
able taten should be tnincd .nd 

mmua 

3.1 8 . m D h S .  The C O m d u f ~ Y  Of thls 

FEDERAL REGULATIONS 

the fourth Imulnper. Set UD the fn& Y 
ahowl In plrvrr 11-1. 

5.1.4 mbc~~d muow the 
m ~ ~ r a l  IeakQeeL PIOCC~UIU given In 
Method 5. Sections 4.1.4.1. lReu1t Leak. 
Check). 4.1.4.2 (Int-Checka DurlnD the 
SLmPle Run). .nd 4.1.4.3 (-Tat Leak. 
Chzck). 

5.1.5 SLmDlIng 'Rrln ODenUon. Follow 
the rame general nmcedum d v a  In 
Method 5. 8ectlon 4.15. For eub Np 
mrd the data mulred 011 S data sheet 
rueh M the Opo shOWll In EPA W O d  5. 
mure sa. 

5.1.6 Calcule.Uon of Rmnt &&iueUc. 
SUM w method 5. -on 4.1.6. 

5.1 Sam* RSO- B C ~  mpsr dun. 
UP procedure M aaon .d the probe b re. 
moved from the s u c k  u t h e  end oi t h e w -  

' D U M  lacrhi 
AUow the probe to cool. When It  a n  be 

larcly m e d .  wipe off all external putlcu- 
hte matter near the Up of the probe nuule 
and p U  a cap over ic. Do not c.p off the 
probe Up tlshUy whlle the Y ~ P U  rnln ts 

In the NLer holder. thua dnw Uauld 
WOW do- Y Chb Would C I U t e  b ryUUm 

and u p  the open ouuct of the probe. Be 
careful not to I a e  w mnduuUc that 
mlght be present Wlpe off the lillmne 
mrae from the gLuswe Wet where the 
Dmbe W M  fYtened and QD the ldct. 
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the ouh Into a 11- sample - m e  mn- 
Wff. M e w r r  and record tto 'me n n r s t  
2.Qll) the tow amount Of 0.1 N "0, used 
for a h  r h e .  Perform the 0.1 N BNO' 

r'lnse the inrlde ruriaea wlth 0.1 N "0' 
from a m h  bottle whlle brushinp wlth a 
SlaknleSS -1. Nylon-bristle bruh .  Bnvh 
U n t U  the 0.1 N HNO, rinse i h o n  no vlsible 
P d d U  then make a final rlnv of the 
h l d e  surisc+. 

Brush and rime wlth 0.1 N ENO. the 
h i d e  D- of the Swagelor n t thg  In a 
Ilmilll way unul no vLIlble paNcla re& 

RLnv the probe Uner with 0.1 N "0. 
while r o U  the probe so that aU imde 
surface w i l l  be rimed wlth 0.1 N "0, U t  
the Probe and s a u U  0.1 N "0. into Ita  
upper end Let the 0.1 N "0, d r a  from 
the lower end Into the -DIG contalner. 
The kster may LLV a 11- funnel to ald In 
tmferr ing  Ilquld washes to the conrriner. 
m U 0 W  the rirUe with a probe brush. Hold 
the probe In M inclined m i t l o n  wulrt 0.1 
N "0, Into the upper end of the probe M 
the Probe b w h  b be- pushed with a 
twISUng m l o n  through the probe: hold the 
sample contPlner underheath the lower end 
of the probe and eatfh any 0.1 N "0. and 
sample mstter that b brushed from the 
probe. Run the brush through the probe 
three tlma or more u n t U  no vlsible sample 
matter h M l e d  out with the 0.1 N m O .  
and none remains on the Dmbe Uner on 
vhual tMpeetlon Wlth stalnka steel or 
other metal probes. run the bnvh through 

tlms shcc metal probes have mne.U cm- 
lm In whleh sample matter a n  be m- 
.tnopcd RLnae the b w h  with 0.1 N "0, 
and pwmtlt.uprlg collect th- WMhInP In 
the 'rimae 'conrslner. After the b w h l n r  
MLea5.Irlnse ofthe Dmbe w d e b d  

It h rrc~mmended that two -le desn 
the probe to mlnlmln loss of pm~k. Be- 
t w r r n ' w m  rims. keep bruahw clean 
and protected Imm wntamhutlon 

After lnaurlm uul d l0Int. yc w i d  

M f O l l O p 6  
CUCfUllY remove the Probe n d e  Md 

the &OW D m b t d  lU8NIU U t  1- d. 

. .  .bars .<y:.:.::. . 

clan of Qlonie #rase. bwa and rinee 
with 0.1 N ElNO. the lnslde of the bunt h.u 
of the fllter holder. Bnuh and time neh 
s u f u r  three U ~ M  or more. If needed. to 
remove rlslble pmpk nutter. Makc a final 
rtn.$c Of the bwh and filter holder. Nter 
d 0 . 1  N ENO. Mhfrua and pmpk matter 

COuened Ill the ample WllbbU.  dghb 
en the Ud on the ample conulner m th.t 
the fluld will not I& out when I t  b SNpped 
to the hbntorg. Muk the helsht of the 
fluld lwel lo detennloe whether I"&ge 
m n  durlrU trwport Label the mnt.lner 
to clearly IdentUy I t .  content& 

5.2.3 ContuLner N a  3 (Slllca a). Check 
the color of the IndlaUng slllca gel to deter. 

m e  U I t  t u a  hen completely spmt and 
make a nouclon of It. mndlrlon M e r  
the dlla gel from the fourth Impuuer to 
the or r r i ru l  wnrslner and sed The Leatu 

rubber wUceman to remove the d l h  gel 
fmm the Lmplnon. It  b not n- to 
remove the smdl amount of pvClcla th 0 

remow. SLna the p.Ln In r e b h t  b to be 
used for mMure CLIcuhtlo~. do not use 
any nru or other Wd. lo vvraier the 
slum geL u a h l u u e  b anlhble In the 
fleld the tester nuy follow ~mrrdure for 
Conlllllcr No. 3 under SceUon 5.4 (MY. 
atah 

Caloiner N a  4 ( I m p h r S ) .  Due to 
the large QUMUtY of IlQuld mvohed the 
tester nuy PIYC the LmpuMr SOIVUOM m 
wvenl contalnen. C l e ~  e u h  of the llnt 

the follo.rlng myyler 
I. W l m  the LmDinrer bdl lolnt. free of sll- 

may W IUUUel to WW thedIlLLI0 gel Md a 

W adhm (0 the WSU# M d  LTr d l f f l d t  a 0  

5.24 

t h m  ImDIngers Md CONlCCUng 8l-C in 

Imne k Md CrD the J O I n t Z  
2 Rotate snd ~8Itate each ImPInger. so 

that the LmpLnm mntenta mlpht serve M a 
rinse solutlon 

3. Transfer the mntenta of the Implnpen 
to a 5OO-ml dusted  cylinder. Remove the 
outlet b d l  l&t eyr and dmln the mntentr 
through vlls openlnp. Do not xmte the 
lmplllper p . M  (Inner md outer tubes) whlle 
Mnslerrini! thee content. to the wllnder. 
M e r n v c  the llquld volume to withln 2 2  ml. 
Nternatlvely. determlnc the welght of the 
Ilpuld to wl th ln  -0.5 9. Record In the log 
the volume or welght of the llquld b rexnr  
dong with a noraclon of MY calor or fLlm 

volume or welght b needed. dona wi th  the 
dllca -1 d.4 to d&k the atack ry 
moblure content l e  Method 5. A.urs S 

Ohwed Lo the LmpLnger ateh The UQuld 

.Is ",. 
- 4. Transfer the conhta to Conrslncr No. 

and record the tow .mount of 0.1 N ENO. 
used for rln~lne pow wproxhuteb M ml 
of 0.1 N ENb Loto & of the nrsl three 

bottle baru wcd Md Dlarr Inla S DlraS 
ample mnrslner hbeled "0.1 N RNO. 
blank." 

5.3 PTrpMllon. 
5.3.1 Container N a  1 (Wter). Cut the 

filter Into srlm and M e r  the strim Md 
.U loose p u t l d ~ t e  matter Into a 125-ml Er. 
lmmeyer llwk. RIMC the petri dbh with 10 
ml Of 50 p m n t  "0. to Lnwe . quantlta- 
Urn vvnler and add to the flwk. (Note: U 
the tow volume rctwked In Sealon 5.3.3 Is e to exceed Bo mL use a 250.ml Er. 
lemeyer  f h k  In plur  of the 1U-ml flMk.) 

5.3.1 C o n t a i m  N a  2 and N a  4 (Robe 
md I m p h e n ) .  (Check the llquld level In 
C o n U e n  No. 2 and/or No. 4 and confirm 
M to Whether Or not 1eal-e a C U &  
durlni tnnawrt: note otuemtlon on the 
analyab sheer U * natlceable amount of 
leakme had occurred. elthcr void the 

d of the AdrmnlsVator. to adlust the flnd 
mulls) Comblnc the contentr of Contain- 
en NO. 2 andNo. 4 Md lake CO d n n u s o n  a 

Ymple Or lake S t e n  iublect to the WproV- 

hot phte. 
5.3.3 Sunple Extnctlon for lead. Brwd 

on the wpmxlmte stack orr partlculate 
mncenMlon and the total volume of atdck 
orr sampled atlmate the total welghl or 

the mldue rmm Contalnen No. 1 and No. 4 

IO ml of 50 percent HNO. for every 100 ma 
of m p l e  collected in the tram or mlnl- 
mum of 30 ml of 50 percent "0. whichev. 
er L1 Luper. 

phce the mienmeysr nask on a hot plate 
Md h u t  r l t h  perlodlc sllrrlw for 30 mln at 
s temperature lust below bolllng. If the 
pmpk volume falh below IS ml. add more 
50 percent ENO. Add IO ml of 3 percent am md contlnuc h n t m  for IO nun Add 
50 mlo1 hot ( W C )  delonked dlstllled rater 
.nd heat for m mln Remove the flwk from 
the hot nhte  md d l o r  to mol. Wter the 

W c u h l e  Y m D k  e0lleCt.d. Then t-feI 

to the 1U-ml Erlenmeyer fluk that con. 
ulnr the filter WIng rubber WllcemM Md 

ml o f 5 0  pemnt ENO. and Vest w de. 
m ' h d  In W o n  S.3.3 u&u 10 ml of 3 per. 
ant Bx). and 50 ml of bok delonlvd d b  
UUCd r-. Rlter Md d l l Y t e  to a loll 
volume Of IM) mf USlM delonized,dhtllled 
mkr. 

53.5 0.1 N ENO. Blank Take the entlre 
lo0 mlofO.1 N "0. todrynus on a s t a m  
b.th. .dd I5 ml Of 50 DCICent "0s. Md 
M M -bed In Secclon 5.3.3 uIng 10 
ml of 3 percent %Os m d  50 ml of hot. 
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delotlllld dbtued w a r .  Wuta to a tow 
water. 
volume Of 100 ml udns del- dIstmed 

Ea. 12-1 
h c.-c. - 

h-4 1. ca&n&Mou 
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