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INTRODUCTION 

Source sampling was performed for the Johnson Controls, 

Inc., Middletown, Delaware, plant to determine lead 

emissions from the South Barton Oxide System. Four sampling 

runs were completed for the South Ventilation Baghouse 

stack. Three sampling runs were completed for the South 

Melting Pot stack, and the South Process Baghouse stack on 

November 1 and 2 ,  1988. Typical sampling locations are 

shown in Figures 1 through 3 .  

The measurements of stack gas flow rate and pollutant 

concentrations were made according to U.S. Environmental 

Protection Agency and the Delaware Department of Natural 

Resources and Environmental Control (DE DNREC) 

recommendations. Mr. Charles Krick, PE (DE DNREC), and M r .  

Ali Mirzakhalili (DE DNREC) were present to observe the test 

proceedings. 

The following sections of the report treat the summary of 

results, the process and its operation, the location of the 

sampling points and the sampling and analytical procedures 

used. 
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SUMMARY OF RESULTS 

Tables 1 through 3 present the summary of results from the 

lead sampling>. The mean lead concentration from the South 

Ventilation Baghouse (runs 2, 3, & 4) was 0.178 x lo-- 

grains per dry standard cubic foot. The mean lead emission 

rate was 0.0000402 pounds per ton. The mean lead 

concentration from the South Melting Pot was 0.478 x lo-- 

grains per dry standard cubic foot. The mean lead emission 

rate was 0.000530 pounds per ton. The mean lead 

concentration from the South Process Baghouse was 0.467 x 

10-O grains per dry standard cubic foot. The mean lead 

emission rate was 0.000162 pounds per ton. 

The results of the Delaware field audit samples were 0.9725 

mg of lead for sample number 69 and 0.4963 mg of lead for 

sample number 87. 
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Run Number 

Date 

% Isokinetic 

TABLE 1 

SUMMARY OF RESULTS, LEAD SAMPLING 

South Ventilation Baghouae 

1 2 3 4 

11/01/88 11/01/88 11/01/88 11/01/88 

102.82 103.15 102.27 104.62 

Volume of Gas Sampled, 65.036 49.565 40.739 4 0 .  130 
SCF * Dry 

Stack Gas Flow Rate, 331 .O 369.7 301.1 295.7 
SCFM Dry 

Stack Gas Flow Rate, 347.8 389.4 315.6 308.9 
ACFM 

Lead : 

0.0235 0.0780 Catch, mgrams 0.0580 0.0478 

Concentration, grains/ 0.0000198 o.0000149 0.0000295 o.ooo00902 

Emission Rate, lbs/hr 0.0000563 o.oooo~71 o . o ~ ~ ~ ~ ~ ~  o.oooo22g 

SCF Dry 

Process Weight, tons/hr 1.211 1.211 1.211 1.211 

Emission Rate, lbs/ton 0.0000465 0.0000389 0.0000628 0.0000189 

'680F, 29.92 in. Hg 
r*Nozzle, probe, filter, impingers 
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TABLE 2 

SUMMARY OF RESULTS, LEAD SAMPLING 

South Melting Pot 

Run Number 1 

Date 11/02/88 

% Isokinetic 100.00 

Volume of Gas Sampled, 41.717 
SCF Dry 

Stack Gas Flow Rate, 1378.5 
SCFM Dry 

Stack Gas Flow Rate, 1508.9 
ACFM 

Lead : 

Catch, mgrams 0.0398 

2 

11/02/88 

100.99 

41.898 

1371.0 

1496.2 

0.1518 

3 

11/02/88 

100.25 

41.773 

1377.0 

1512.8 

0.1978 

Concentration, grains/ o.0000147 0.0000558 0.0000729 
SCF Dry 

Emission Rate, lbs/hr 0.000174 0.000656 0.000860 

Process Weight, tons/hr 1.063 1.063 1.063 

Emission Rate, lbslton 0.000163 0.000617 0.000809 

'68OF, 29.92 in. Hg 
*'Nozzle, probe, filter, impingers 
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TABLE 3 

SUMMARY OF RESULTS, LEAD SAMPLING 

South Process Baghouse 

% Isokinetic 105.23 102.95 103.55 

Volume of Gas Sampled, 41.458 42.699 40.918 
SCF * Dry 

SCFM Dry 
Stack Gas Flow Rate, 4240.7 4370.3 4298.9 

Stack Gas Flow Rate, 5614.2 5817.5 5760,l 
ACFM 

Lead : 

Catch, mgrams 0.0083 0.0133 0.0163 

Concentration, grains/ 0.00000308 0.00000480 0.00000613 
SCF * Dry 

Emission Rate, lbs/hr 0.000112 0.000180 0.000226 

Process Weight, tons/hr 1.063 1.063 1.063 

Emission Rate, lbs/ton 0.000105 0.000169 0.000213 

'68-F. 29.92 in. Hg 
**Nozzle, probe, filter, impingers 
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PROCESS DESCRIPTION AND OPERATION 

a 

The Johnson Controls, Inc., Middletown, Delaware, plant has 

a Barton Oxide System (South) that produces lead oxide used 

for paste. This oxide system has three processes that vent 

to the atmosphere. The Barton Melting Pot process melts 

lead ingots. This process is completed when the emissions 

are discharged to the atmosphere. The resulting molden lead 

is stirred by paddles while the Process Baghouse filters the 

remaining lead oxide. Emissions from the baghouse are then 

discharged to the atmosphere. The Ventilation Baghouse 

filters the lead oxide while.it is being stored for future 

use at the battery plant. The emissions from the baghouse 

are discharged to the atmosphere. 

No unusual conditions were noted during sampling. The 

process was continuous and ran in a normal manner. 
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LOCATION OF SAMPLING POINTS 

The dimensions of each stack and the locations of the 

a 

sampling points are shown in Figures 4 through 6. The stack 

cross section for the South Ventilation Baghouse was divided 

into 16 equal areas. The ports were labeled A ,  B, C and D. 

Each point was sampled for a period of 4 minutes per point 

which yielded a total test time of 64 minutes per run. The 

stack cross section for the South Melting Pot was divided 

into 24 equal areas. The ports were labeled A and B. Each 

point was sampled for a period of 2.5 minutes per point 

which yielded a total test time of 60 minutes per run. The 

stack cross section for the South Process Baghouse was 

divided into 8 equal areas. The ports were labeled A and B. 

Each point was sampled for a period of 7.5 minutes per point 

which yielded a total test time of 60 minutes per run. 

The number of sampling points was determined by the distance 

from the last disturbance in the gas flow as outlined in 

Method 1, Federal Register, Volume 48, No. 191, 30 September 

1983. 
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SAMPLING AND ANALYTICAL PROCEDURES 

All sampling and analytical procedures used were those 

recommended by the U.S. Environmental Protection Agency and 

the DE DNREC. All Audit samples and source test Samples 

were compared to Atomic Absorption Spectroscopy by using the 

"Method of Standard Additions" as outlined in the Perkin 

Elmer Corporation Manual (Citation 9.4) as required by the 

Federal Register Volume 47, No. 74, Friday, April 16, 1982 

(Section 5.4.2). The results of the source test samples 

agreed within ~ 5 %  between Atomic Absorption Spectroscopy and 

the "Method of Standard Additions". Therefore, results used 

in the calculations were those obtained by Atomic Absorption 

Spectroscopy. 

Complete details are found in Appendix E which is a copy of 

the Federal Register, Volume 42, Number 160, dated 18 August 

1977, the Federal Register, Volume 48, No. 191, 30 September 

1983 (Methods 1 through 4), and the Federal Register, Volume 

47, Number 74, 16 April 1982 (Method 12), Recommended 

Procedure for Sample Traverses In Ducts Smaller Than 12 

Inches In Diameter, 03 January 1977 and Perkin Elmer 

Corporation Manual (Citation 9.4). 

Sample point locations and velocity measurements were made 

by Methods 1 and 2 .  Gas composition was determined by 

Fyrite and Method 3 on continuous bag samples. Method 12 

was used for the lead concentration determination. 

! 
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Appendix A 

- 
Summary of Method 12 Lead Results 

Johnson Controls Inc. Middletown DE South Ventilation Baghouse 

a 

Run Number 

Date 

DN 

TT 

PB 

PM 

VM 

TM 

VMSTD 

vw 

VMV 

PMV 

MD 

PC02 

PO2 

PCO 

PN2 

MWD 

MU 

CP 

DPS 

TS 

Sample nozzle dia.. in. 

Net time of test 

Barometric pressure, in. Hg. 

Average orifice pressure 
drop, in. H20 

Volume of dry gas sampled, 
cu. ft. at meter COnditiOnS 

Average gas meter temp. 
in degrees F. 

Volume of dry gas sampled 
at standard COnditiOnS', SCF 

Total water collected in 
impingers t silica gel, ML. 

Volume of water vapor at 
standard conditions', SCF 

Percent moisture by volume 

Mole fraction dry gas 

Percent C02 by volume, dry 

Percent 02 by volume, dry 

Percent CO by volume, dry 

Percent N2 by volume, dry 

1 

11/ 1/88 

0.339 

64 

29.95 

1.748 

47.10 

94.91 

45.036 

14.6 

0.688 

1.504 

0.9850 

0.00 

20.90 

0.00 

79.10 

Molecular weight-dry Stack gas 28.836 

Molecular weight-stack gas 28.673 

Pitot tube coefficient 0.84 

Average velocity head of 0.3336 
stack gas ,  inches water 

Average stack temperature, F 87.13 

2 

11/ 1/88 

0.336 

64 

29.95 

2.139 

52.70 

104.69 

49.565 

16.4 

0.772 

1.534 

0.9847 

0.00 

20.90 

0.00 

79.10 

28.836 

28.670 

0.84 

0.3730 

88.25 

3 

11/ 1/88 

0.339 

64 

29.95 

1.396 

43.39 

104.63 

40.739 

13.0 

0.612 

1.480 

0.9852 

0.00 

20.90 

0.00 

79.10 

28.836 

28.676 

0.84 

0.3029 

85.69 

4 

11/ 1/88 

0.336 

64 

29.95 

1.351 

42.67 

103.63 

40.130 

13.1 

0.617 

1.514 

0.9849 

0.00 

20.90 

0.00 

79.10 

28.836 

28.672 

0.84 

0.2971 

83.94 



PSI 

PS 

vs 

AS 

QS 

QSW 

QA 

PER1 

FMF 

CAN 

CAM 

CAT 

CAW 

CAZ 

FNP 

RW 

Static pressure of stack 
gas, inches Hg. 

Stack pressure, absolute 

Average stack velocity, FPM 

Stack area, inches sqrd. 

Stack flow rate, dry, . 
standard conditions, DSCFM 

Stack flou rate, vet, 
standard conditions, WSCFM 

Actual stack flow rate, ACFM 

Percent isokinetic 

Lead, Mg. 

Lead, GR/DSCF 

Lead, GR/WSCF 

Lead, GR/ACF 

Lead, L W H R  

Lead, LB/TON 

Net sampling points 

Process weight, Tons/Hr 

0.019 

29.969 

1146.8 

43.5 

331.0 

336.1 

347.8 

102.82 

0.0580 

0.198E-04 

0.201E-04 

0.189E-04 

0.563E-04 

0.465E-04 

16 

1.211 

~ 

0.019 

29.969 

1283.8 

4 3 . 5  

369.7 

375.5 

389.4 

103.15 

0.0478 

0.149E-04 

0.151E-04 

0.141E-04 

0.4713-04 

0.389E-04 

16 

1.211 

0.019 

29.969 

1040.0 

43 .5  

301.1 

305.6 

315.4 

102.27 

0.0780 

0.295E-04 

0.299E-04 

0.281E-04 

0.7613-04 

0.628E-04 

16 

1.211 

0.019 

29.969 

1018.5 

43.5 

295.7 

300.2 

308.9 

104.42 

0.0235 

0.902E-05 

0.916E-05 

0.863E-05 

0.229E-04 

0.189E-04 ~ 

1 

16 1 
1.211 

'68 Degrees F. 29.92 Inches Hg 

- a  
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Method 12 Lead Calculations Test Number 1 

Johnson Controls Inc. Middletown DE South Ventilation BaghDuse 

Volume of Dry Gas Sampled at Standard Conditions 
17.64 VM a (PB + PM / 13.6) 

VMSTD = _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  E 

TM t 460 

Volume of Water Vapor at Standard Conditions 
VMV = 0.04709 I VW = 

Percent Moisture in Stack Gas 
100 I VMV 

VMSTD + VMV 
PMV = _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  = 

Mole Fraction of Dry Gas 
100 - PMV 

100 
MD = _ _ _ _ _ _ _ _ _ _ _  = 

Average Molecular Weight of Dry Stack Gas 
MUD = 0 . U  PC02 + 0.32 PO2 t 0.28 I (PN2+PCO) = 

Molecular Weight of Stack Gas 
MU = MUD ' MD t18 ' (1-MDI = 

Stack Gas Velocity at Stack Conditions 
VS = 5129.4 I CP DPS ' SQRT(TS + 460)/(PS MW) = 

Stack Gas Volumetric Flow at Standard Conditions, Dry 
0.123 VS AS PS I MD 

TS + 460 
QS = ____________________--_-_--- = 

Stack Gas Volumetric Flou at Stack Conditions 
QS (TS + 460) 

17 .64  PS ' MD 
- QA = ____-_______-___---- I 

Percent Isokinetic 
1039 (TS t 460) VMSTD 

VS 'IT * PS MD DN DN 
PER1 = _______________________--------- = 

45.036 

0.688 

1.504 

0.9850 

28.836 

28.673 

1146.8 

331.0 

347.8 

102.82 
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Lead Loading -- Probe, Cyclone, Filter, Impingers 
( At Standard Conditions ) 
CAN = 0.0154 FMF / VMSTD = 0.1983-04 

Lead Loading -- Probe, Cyclone, Filter, Impingers 
( At Stack Conditions ) 

17.64 I CAN PS MD 
CAT _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  = 

TS t 460 
0. ia9~-04 

Lead Lb/Hr -- Probe, Cyclone, Filter, Impingers 
( At Standard Conditions 1 

0.563E-04 CAW = o.ooa57 * CAN I QS = 

Lead Lb/Ton -- Probe, Cyclone, Filter, Impingers 
( At Standard Conditions ) 
CAZ = CAW / RW = 0.465E-04 
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Summary of Method 12 Lead Results 

Johnson Controls Inc. Middletown DE South Melting Pot 

Run Number 

Date 

DN 

TT 

PB 

PM 

VM 

TM 

VMSTD 

vw 

VMV 

PMV 

MD 

PC02 

PO2 

PCO 

PN2 

MUD 

MW 

CP 

DPS 

TS ' 

Sample nozzle dia., in. 

Net time of test 

Barometric pressure, in. Hg. 

Average orifice pressure 
drop, in. H20 

Volume of dry gas sampled, 
cu. ft. at meter conditions 

Average gas meter temp. 
in degrees F. 

Volume of dry gas sampled 
at standard conditions', SCF 

Total water collected in 
impingers t silic?. el, ML. 

Volume of water vapor at 
standard conditions', SCF 

Percent moisture by volume 

Mole fraction dry gas 

Percent C02 by volume, dry 

Percent 02 by volume, dry 

Percent CO by volume, dry 

Percent N 2  by volume, dry 

Molecular weight-dry stack gas 

Molecular weight-stack gas 

Pitot tube coefficient 

Average velocity head of 
stack gas, inches water 

Average stack temperature, F 

f 

1 

l l /  2/88 

0.405 

60 

29.57 

1 .641  

41.83 

65.17 

41.717 

14 .8  

0.697 

1.643 

0.9836 

0.00 

20.90 

0.00 

79.10 

28.836 

28.658 

0.84 

0.2424 

101.54 

2 

l l /  2/88 

0.405 

60 

29.57 

1.610 

41.83 

62.85 

41.898 

9 . 8  

0.461 

1.089 

0.9891 

0.00 

20.90 

0.00 

79.10 

28.836 

28.718 

0.84 

0.2403 

103.00 

3 

1l/ 1/88 

0.405 

60 

29.57 

1.652 

42.13 

68.23 

41.773 

13.7 

0.645 

1.521 

0.9848 

0.00 

20.90 

0.00 

79.10 

28.836 

28.671 

0.84 

0.2425 

104.29 



- 
PSI 

PS 

vs 
AS 

QS 

QSW 

QA 

PER1 

FMF 

CAN 

CAM 

CAT 

CAW 

CAZ 

FNP 

RW 

Static pressure of stack 
gas, inches Hg. 

Stack pressure, absolute 

Average stack velocity, FPM 

Stack area, inches sqrd. 

Stack flow rate, dry, 
standard conditions, DSCFM 

Stack flow rate, wet, 
standard conditions, WSCFM 

Actual stack flow rate, ACFM 

Percent isokinetic 

Lead, Mg. 

Lead, GR/DSCF 

Lead, GR/WSCF 

Lead, GR/ACF 

Lead, L W H R  

Lead, LWTON 

Net sampling points 

Process weight, Tons/Hr 

-0.003 -0.003 -0.003 

29.567 29.567 29.567 

850.4 843.2 852.6 

254.5 254.5 254.5 

1378.5 1371.0 1377.0 

1401.5 1386.1 1398.2 

1508.9 

100.00 

0.0398 

0.1473-04 

0.149E-04 

0.134E-04 

0.174E-03 

0.163E-03 

24 

1.063 

1496.2 

100.99 

0.1518 

0.5583-04 

0.564E-04 

0.511E-04 

0.656E-03 

0.617E-03 

24 

1.063 

1512.8 

100.25 

0.1978 

0.7293-04 

0.740E-04 

0.664E-04 

0.8603-03 

0.809E-03 

24 

1.063 

'68 Degrees F. 29.92 Inches Hg. 
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a 
Lead Loading -- Probe, Cyclone, Filter, Impingers 
( At Standard Conditions ) 
CAN = 0.0154 a FMF / VMSTD i: 0.147E-04 

Lead Loading -- Probe, Cyclone, Filter, Impingers 
( At Stack Conditions ) 

17.64 * CAN I PS a MD 
CAT = ____-________________________  I 

TS + 460 
0.134E-04 

Lead Lb/Hr -- Probe, Cyclone, Filter, Impingers 
( At Standard Conditions 
CAW = 0.00857 CAN QS = 0.174E-03 

Lead Lb/Ton -- Probe, Cyclone, Filter, Impingers 
( At Standard Conditions ) 
CAZ = CAW / RW = 0.163E-03 

a 
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a Method 12 Lead Calculations Test Number 1 

Johnson Controls Inc. Middletown DE South Melting Pot 

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

VMSTD = _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  = 
TM + 460 

Volume of Water Vapor at Standard Conditions 
VMV = 0.04709 VW = 

Percent Moisture in Stack Gas 
100 * VMV 

VMSTD + VMV 
PMV = _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  = 

Mole Fraction of Dry Gas 
100 - PMV 

100 
MD = _ _ _ _ _ _ _ _ _ _ _  = 

Average Molecular Weight of Dry Stack Gas 
MUD = 0.44 * PC02 + 0.32 * PO2 + 0.28 * (PN2+PCO) = 

Molecular Weight of Stack Gas 
MU = MWD * MD +18 (1-MD) = 

Stack Gas Velocity at Stack Conditions 
VS = 5129.4 CP * DPS * SQRT(TS + 460)/(PS ' MU) = 

Stack Gas Volumetric Flow at Standard Conditions, Dry 
0.123 * VS * AS ' PS * MD 

TS + 460 
QS _____________________-__---_ = 

Stack Gas Volumetric F l o w  at Stack Conditions 
QS * (TS + 460) 

QA = __________________-- = 
17.64 PS MD 

Percent Isokinetic 
1039 * (TS + 460) VMSTD 

VS TT * PS MD * DN * DN 
PER1 = ______________________-__--_---- = 

41.717 

0.697 

1.643 

0.9836 

28.836 

28.658 

850.4 

1378.5 

1508.9 

100.00 
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Summary of Method 12 Lead Results 

e 

Johnson Controls Inc. Middletoun DE South Process Baghouse 

Run Number 1 2 3 

Date 11/ 2/88 11/ 2/88 11/ 2/88 

DN Sample nozzle dia., in. 0.187 0.189 0.186 

TT Net time of test 60 60 60 

PB Barometric pressure, in. Hg. 29.55 29.55 29.55 

PM Average orifice pressure 1.609 1.708 1.675 
drop, in. H20 

VM Volume of dry gas sampled, 41.50 42.89 41.06 
cu. ft. at meter conditions 

TM Average gas meter temp. 63.88 65.81 65.25 
in degrees F. 

VMSTD Volume of dry gas sampled 41.458 42.699 40.918 
at standard conditions', SCF 

vw Total uater collected in 11.1 10.4 13.0 
impingers t silica gel, ML. 

VMV Volume of uater vapor at 0.523 0.490 0.612 
standard conditions'. SCF 

PMV Percent moisture by volume 1.245 1.134 1.474 

MD Mole fraction dry gas 0.9875 0.9887 0.9853 

PC02 Percent C02 by volume, dry 0.00 0.00 0.00 

PO2 Percent 02 by volume, dry 20.90 20.90 20.90 

PCO Percent CO by volume, dry 0.00 0.00 0.00 

PN2 Percent N2 by volume, dry 79.10 79.10 79.10 

MWD Molecular weight-dry stack gas 28.836 28.836 28.836 

MW Molecular weight-stack gas 28.701 28.713 28.676 

CP Pitot tube coefficient 0.84 0.84 0.84 

DPS Average velocity head of 1,1797 1.2186 1.2040 
stack gas, inches.uater 

TS Average stack temperature, F 220.00 224.50 226.63 
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PSI 

PS 

vs 
AS 

QS 

QSW 

QA 

PER1 

FMF 

CAN 

CAM 

CAT 

CAW 

CAZ 

FNP 

RW 

Static pressure of stack 
gas, inches Hg. 

Stack pressure, absolute 

Average stack velocity, FPM 

Stack area, inches sqrd. 

Stack flow rate, dry, 
standard conditions, DSCFM 

Stack flow rate, wet, 
standard conditions, WSCFM 

Actual stack flow rate, ACFM 

Percent isokinetic 

Lead, Mg. 

Lead, GR/DSCF 

Lead, GR/WSCF 

Lead, GR/ACF 

Lead, LB/HR 

Lead, LB/TON 

Net sampling points 

Process weight, Tons/Hr 

-0.065 

29.485 

4556.4 

176.7 

4240.7 

4294.1 

5614.2 

105.23 

0.0083 

0.308E-05 

0.312E-05 

0.233E-05 

-0.065 

29.485 

4721.4 

176.7 

4370.3 

4420.4 

5817.5 

102.95 

0.0133 

0.48OE-05 

0.485E-05 

0.360E-05 

0.112E-03 0.180E-03 

0.105E-03 0.169E-03 

8 8 

-0.065 

29.485 

4674.8 

176.7 

4298.9 

4363.2 

5760.1 

103.55 

0.0163 

0.613E-05 

0.623E-05 

0.4588-05 

0.226E-03 

0.213E-03 

8 

1.063 1.063 1.063 

' 6 8  Degrees F. 29.92 Inches Hg. 
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Method 12 Lead Calculations Test Number 1 

Johnson Controls Inc. Middletown DE South Prokess Baghouse 

Volume of Dry Gas Sampled at Standard Conditions 
17.64 VM ' (PB t PM / 13.6) 

VMSTD = ________-_______________________ = 
TM + 460 

Volume of Water Vapor at Standard Conditions 
VMV = 0.04709 VW = 

Percent Moisture in Stack Gas 
100 VMV 

VMSTD + VMV 
PMV = _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  = 

Mole Fraction of Dry Gas 
100 - PMV 

100 
MD = _ _ _ _ _ _ _ _ _ _ _  = 

Average Molecular Weight of Dry Stack Gas 
MWD = 0.44 * PC02 t 0.32 ' PO2 + 0.28 (PN2tPCO) = 

Molecular Weight of Stack Gas 
MW = MWD * MD t18 ' (1-MD) = 

Stack Gas Velocity at Stack Conditions 
VS = 5129.4 CP DPS SQRT(TS + 460)/(PS ' MW) = 

Stack Gas Volumetric Flow at Standard Conditions, Dry 
0-123 VS * AS PS MD 

TS t 460 
QS = _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  = 

Stack Gas Volumetric Flow at Stack Conditions 
QS (TS t 460) 

17.64 PS MD 
QA = . . . . . . . . . . . . . . . . . . . .  

Percent Isokinetic 
1039 * (TS + 460) VMSTD 

VS * TT PS = MD DN DN 
PER1 = ________________________________  = 

41.458 

0.523 

1.245 

0.9875 

28.836 

28.701 

4556.4 

4240.7 

5614.2 

105.23 



Lead Loading -- Probe, Cyclone, Filter, Impingers 
( At Standard Conditions 1 
CAN = 0.0154 FMF / VMSTD = 0.308E-05 

Lead Loading -- Probe, Cyclone, Filter, Impingers 
( At Stack Conditions ) 

17.64 CAN PS MD 
CAT = ____________________--------- = 0.233E-05 

TS + 460 

Lead Lb/Hr -- Probe, Cyclone, Filter, Impingers 
( At Standard Conditions ) 
CAW = 0.00857 ' CAN QS = 0.112E-03 

Lead Lb/Ton -- Probe, Cyclone, Filter, Impingers 
( At Standard Conditions 1 
CAZ = CAW / RW = 0.105E-03 



APPENDIX B 

FIELD DATA 



Sampling location sL% den~Ieti00 &ha*= 
Inside o'f far wall to outside 
o f  nipple (XI b~ 

'Inside o f  near wall to outside o f  
nipple (nipple length) (1) 0.0" 

Stack 1.0. (x-y) 
Nearest upstream disturbance leg3 dd 

" 

6" x 7.25'' 

Nearest downstream disturbance 7.31 dd 
Calculated by PR3 

a Ld F 6.57" I €8. nwckc = -izi 
4 Y 4  moirlx 

e 

)CHU!ATIC OF SMlPLlllt LOCATION 



i 

METHOD 2 GAS VELOCITY AND CYCLONIC PLOW DETERMINATION 

I 
Plant and City Run Date I/- 01-83 

Sampling Location SC& Jmhbhh % i o u s c  Clock Time l3tg 

Run Number I Operator f W - S & * C - J W  Amb. Temp., O F  71 
Bar. Press., in. Iig 29.9s' Static Press., in. H20 j O . 2 6 -  

Stack Press., in. Iig 29.969 Static Press., in. Iig -t a, 019 

Stack Dimension, in. - Dim. or side 1 7.25" side 2/  6.00" 

Pitot Tube (C,) @.qq 

- 

> 

Pitot Tube Leak Check <0.1 @ .9,2 in. "0 

a 

NOUAGRAPB DATA 



I I 

;t 

%. 
4 





:2 ! ! 



I 



srimmeatralbeshlnginc 
IIETEOD 3 - ORSAT AND DRY IIOLECULAR UEIGET DETERnINATION 

a P l a n t  J o k m  khds - M;ddlehctn DE 
S a m p l e  Type  - C o n t i n u o u s  J Pump L e a k f r e e  @ 10” ? 4 
Oxygen Check  2 0 . 9 %  f 0.1% 20.9 F u e l  Type  NA 
Orsat Leak  Check @ 4 min.: P i p e t  L e v e l s  - L e a k f r e e  ? 

Sample  L o c a t i o n  SA Ved~&.f~& Bdg A-se 

J 

d B u r e t  13.1 - 1 3 , l  - <0 .2  m l  ? - 

Run No. I . S a m p l e  Date /j-a/-%g Ambient  Temp. OF 71 

A n a l y s i s  By f‘e) 

Run No. 2 S a m p l e  Date t/-o/-?r Ambient  Temp. OF 72 

Run No. 3 Sample Date ll-%p1-88 Ambien t  Temp. O F  72, 
S a m p l i n g  Time ( 2 4  - h r  c l o c k )  /‘7/%-/$3+ A n a l y s i s  By &I 



tMlwlmwWRgin0 
METHOD 3 - OBSAT A I D  DRY HOLECULAE WEIGHT DETERHINATION 

Plant a- 
Oxygen Check 2 0 . 9 %  f 0.1% 20~7 Fuel Type n/A 

hf;dd~'4foI(nc b' Sample Location $dl ?L"3;"a""" 
Sample Type - Continuous d Pump Leakfree @ 10" 

Orsat Leak Check @ 4 min.: Pipet Levels - Leakfree ? 

a 

Buret /J.I - /3.1 I <0.2 -5 ml ? 

Run No. 4 Sample Date l / - O l - $ t  Ambient Temp. OF '71- 
Sampling Time ( 2 4  - hr clock) 1 B q - d  Analysis By 

Run No. Sample Date Ambient Temp. O F  

Run No. Sample Date Ambient Temp. O F  

e ( 2 4  - hr clock) 

------ 

A 



METBOD 12 SAMPLE RECOVERY AND INTEGRITY SHEET 

Filter Cont. Number Mia- I  fl12-2 M I 3  -3 MIJ -  7 

Recovered By f’LJ-PBM-JnF 
Recovery Date 1 1 - 0 1  -88 

Plant &hnsc*r SAIs- d 
Sample Location &uth  Vm 

3 Y 

Sample Date 2 3 I 
Sample Box Number L 2 3 I 

z 
11- &I.  f 8 

’ I  Run Number 
1 il. o/ -% Y I I .  u/-8T Il-oJ-SS 

Probe Number I 
MOISTURE DETERMINATION AND SAMPLE RECOVERY - IMPINGERS 

3 7 

2 0% 

a 
A% 

Impingers Cont. Number I 
ohr Description of Water 

Liquid Level Marked 

Initial Volume (wt.1. m l  
Net Volume (vt.), m l  ( 8 )  3 

J v 
1-3 

L/ 
1 U  3 2 0  z 
aoo 

2 
Final Volume (vt.), ml 100 Z O Q  200 

L 3 

1 3 7 
/ O Z  J a r ,  

am. I 
200.0 

1 

Silica Gel % Spent a l l .  b 214.4 ~ f l . 0  

Initial Weight, g 14.3 I I . 0  ID. I 

Silica Gel Cont. Number 

Final Weight, g 
/5 4% 

200 .3  2 0 D .  0 

/o 7‘. 

2.40.0 
Net Weight, g 1 1 .  b 

13.0 13.1 1‘t.b 1CC.J. Total Moisture, g 

SAMPLE RECOVERY - FILTER 

3 7 
r, w 

2 I 
r/ 

Probe Rinse Cont. Number / 
Liquid Level Marked 

SAMPLE WEIGHT CALCULATION 

Run # Conc., m g f l  x Vol.. 1 - Blank. m g  E Total mp. Lead 
O . O s a 0  
6 .0470  
0 . 0 7 8 0  

0.094 o.z<o - I”/A = o.oa3< 

P 

E 

P 

1 0.232- x 0 .250  - N P  
2 0.191 x 0.250 - J I P  

0.31W x 0 . 2 5 0  - d/A 

BLANK CALCULATIONS 

Conc.. mgfl x Volume, 1 - Total m g  
C 0 . 0 5 0  I 0.100 P cc .wr  Filter Blank 
< 0 . 0 5 3  X 0.100 l0 .oJ-f  3 Filter Blank 
( 0  .or0 I 0.100 P (0.0f HN03 Blank 

/ P . O l O  Total Blank . .... ’ 
LABORATORY CUSTODY 

- R $ M Y - ~ A F  Date Received: 1l-oJ-88 Received By: PR, Stored and Locked: Remarks: lhc 



METHOD 12 ATOMIC ABSORPTION DATA 

SOUTH VENTILATION BAGHOUSE 

CALIBRATION DATA 

Standard No. 1 = 3.000 mg/l Absorbance = 0.183 

Standard No. 2 = 1.000 mg/l Absorbance = 0.069 

Standard No. 3 = 2.000 mg/l Absorbance = 0.134 

Standard No. 4 = 4.000 mg/l Absorbance = 0.251 

Standard No. 5 = 5.000 mg/l Absorbance = 0.307 

SAMPLE CONCENTRATION DATA 

Mean Co C ntr tion Run No. 1 - - 0.232 mg/l 
Mean Concentration Run No. 2 - - 0.191 mg/l 
Mean Concentration Run No. 3 - - 0.312 mg/l 
Mean Concentration Run No. 4 - - 0.094 mg/l 
Mean Concentration Filter Blk. A - - < 0.050 mg/l 
Mean Concentration Filter Elk. B - - < 0.050 mg/l 
Mean Concentration 0.10N HNO, - - < 0.050 mg/l 

Analyzed by PRJ Date November 17. 1988 

Remarks ET1 audit filter spiked with 0.7000 mg lead 
Spiked recoverv: 97.25% 
WorkinE range check: true = 0.250 

obtained = 0.232 
Recoverv: 92.8% 

Precision checked everv 10th samnle = 1.2% avE. diff. 
Matrix effect checked by Method of Standard Additions 
all samples were verified to within + or - 4.0% . 

a 



e 

e 

i, ' 
9.. TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

;Jd\ekwL -l!E 
/ 

P l a n t  .& sen auctrd 5 ,  M 

Sampling l o c a t i o n  fldtiw k t  S"k 
of n i p p l e  0 )  21" 

n i p p l e  ( n i p p l e  length )  (Y) 3" 

Date j i - 0 2 , S B  

I n s i d e  6f far w a l l  t o  outs ide  

I n s i d e  of near w a l l  t o  outside o f  

Stack 1.0. (1-1) 18" 
Nearest  upstream disturbance 2.3 dd 
Nearest  downstream disturbance 6.0 dd 

Ca lcu la ted  by 

- 

t 

: 1  . 
. , ; I  : 

.. I :  
f, : $ c n E ~ A T l t  OF SAMPLING LOCATION / %  

L 

. I  

e 



HETEOD 2 GAS VELOCITY AND CYCLONIC PLOW DETERUINATION 

P l a n t  and C i t y  Zhm Cdrtk. / l k i l & d ~  IS 
Sampling Location MeIiiw - Rt  Sjk Clock Time ( 3 5 5  

Run Date /1-&2-89 

Run Number I Operator Per- #& - 3hf Amb. Temp., OF 5q ?. 

Bar. Press., in. Hg 39.57 Static Press., in. 1i20 0 .  

Stack Press., in .  Ag 29.567 Static Press., in .  Hg '8.683 

Stack Dimension, in. - Dim. or side 1 18" s i d e  2 - 
P i t o t  Tube (C,) 4.84 P i t o t  Tube Leak Check < O . l  @ 9.1 in .  A20 

l Average of (6) must be -f 10 degrees to be acceptable. 

lOHAGBAPH DATA 



'* 

a 



P 



I 

e 

I 

n 
0 
I 

, .  E 
t; 

6 
d 
V 



I '  

f 

ilIvironw DMIq-m 
UETBOD 3 - OBSAT AND DRY HOLECULAR UEIGET DETEBUINATION 

?A-J~; hib!!~ikw. I BC Sample L o c a t i o n  f- 
P l a n t  

Oxygen Check 20.9% f 0.1% 2N.f F u e l  Type #& 
Orsat Leak Check @ 4 min.: 

Pump L e a k f r e e  @ !??/ + *  
Sample Type - Cont inuous  J 

P i p e t  L e v e l s  - L e a k f r e e  ? I /  

B u r e t  e - & = <0.2 m l  ? _. 
J 

Run No. I Sample Date j l -@z-se Ambient Temp. O F  

Sample Date  , ! / / - d Z ; B g  Ambient Temp. OF 

w. 1oo0-1.11D 
W m d  M 1.mY-I.tO 



mironmenlial tiMinrJ inc. 
.HETBOD 12 SAHPLB RECOVERY AND INTEGRITY SBEET 

/ 5, PI, &/&A bE Recovered By fPf P 1 an tJokHsanoJ 
Sample Recovery Date 1 / - 0 2 - % %  

I dz 3 

Y 

Run Number 
Sample Date 
Sample Box Number 
Probe Number 

+-=- z--;f-- 
,* 

1/41 'Y3 //- Qz -gz 

3 

HOISTURE DETERHINATION AND SAHPLE RECOVERY - IHPINGERS 

3 2 6  
202 10 3 Final Volume (wt.), ml 2 0  3 
200 203 Initial Volume (wt.), ml 200 3 1 3 Net Volume (wt.), ml (8) 

Silica Gel Cont. Number M12-9  MI 2-5- ~ i 2 - 6  

Silica Gel % Spent /o 78 LO70 /QT. 
Final Weight, g 211.8 2G7. b 210.7 a@. c7 w0.o 2 0 0 . 0  Initial Weight, g 

I t .  8 7 # 8  io. 7 Net Weight, g 

9. g 1 3 . 7  

5 MIZ- 

Liquid Level Marked J J I/ 

Impingers Cont. Number 
Description of Water 

Total Moisture, g A 
SAMPLE RECOVERY - FILTER 

' Filter Cont. Number MIL-LJ A f t - 5  MIL- 6 
-, lJI44-4 Particulate Description J V ~  e * A& 

Filter Cont. Sealed r/ d J 

M I L -  G 
J 17 Probe Rinse Cont. Number Mir- 4 plrr- < 

Liquid Level Marked 1/ 

SAMPLE UEIGET CALCULATION 

Run # Conc., mg/l x Vol.. 1 - Blank, m g  P Total mp. Lead 
1 O . I S 7  x 0.250 - I J / h  0.039% 
2 0. 607 x 0.250 - d / h  = 0.1518 
3 0.79/ x 0.250 - U ] t l  = 0. Iq7& 

BLANK CALCULATIONS 

Conc., mg/l x Volume, 1 a Total m q  
Filter Blank 
Filter Blank 
HN03 Blank 

X 0.100 I o . o s a  
<o .o(L, X 0.100 
<O.O53J  X 0.100 P <o.mr 

( C . 0 l V  Total Blank 

LABORATORY CUSTODY 

Received By: fd*RgN-Jar' Date Received: / I - o ' / - ~  
Stored and Locked: J Remarks: 



METHOD 12 ATOMIC ABSORPTION DATA 

SOUTH MELTING POT 

CALIBRATION DATA 

Standard No. 1 . = 3.000 mg/l Absorbance = 0.183 

Standard No. 2 = 1.000 m g / l  ,Absorbance = 0.069 

Standard No. 3 = 2.000 mg/l  Absorbance = 0.134 

Standard No. 4 = 4.000 mg/l  Absorbance = 0.251 

Standard No. 5 = 5.000 mg/l Absorbance = 0.307 

SAMPLE CONCENTRATION DATA 

Mean Concentration Run No. 1 - - 0.159 mg/l 
Mean Concentration Run No. 2 - - 0.607 mg/1 
Mean Concentration Run No. 3 - - 0.791 m g / l  

Mean Concentration Filter Blk. A - - < 0,050 mg/l 

Mean Concentration Filter Blk. E - - < 0.050 mg/l 

Mean Concentration 0.10N HNO, - - < 0.050 mg/l 

Analyzed by PRJ Pate November 17, 1988 

Remarks ET1 audit filter spiked with 0.7000 mn lead 
Spiked recovery: 97.25% 
Working range check: true = 0.250 

obtained = 0.232 
Recovery : 92.8% 

Precision checked every 10th sample = 1.2% avg. diff. 
Matrix effect checked by Method of Standard Additions 
all samples were verified to within + or - 4.0% 



TRAVERSE P O I N T  LOCATION FOR CIRCULAR DUCTS 

Plant SL- & ktf&k. E/r ;ddI&tk b f  
Date 1 1 - 0 3 ~ 8 8  

Sampling locatfon &WS BazkKe S,& 
Inside o'f far wall to outside 

Inside of near wall to outside o f  

Stack I.D. (X-T) 15'' 

o f  nipple 0) 18 " 

nipple (nipple length) (Y) .?" 

Nearest upstream disturbance J . s 3  dd 

j 180"  

1 I/ 
a 

Nearest downstream disturbance > 12 dd 
Calculated by PKJ' *ma*, P d  

SCHEMATIC OF SAMPLING LOCATION 

I .  a I I I 
I I 
I I I I 

k. 



UBTHOD 2 GAS VELOCITY AND CYCLONIC PLOW DETEBUINATION 

I 
Plant and City Jbh- r-bl s .  Rddbteullc b Run Date / / - 0 2 - S f  

Sampling Location Pmc- &b cra &‘ct Clock Time *WQ 

Run Number I Operator f(u-eOM-.f&c Amb. Temp., O F  Y L  , 

Bar. Press., in. Hg -29.53 

Stack Press., In. Hg L 9 . 4 f g  

Stack Dimension. in. - Dim. or side 1 

Pitot Tube (C,) o.e# Pitot Tube Leak Check (0.1 @ 

Static Press., in. H20 -0. 9% 

Static Press., in. Hg -0 .  

c_ 15” side 2 

in. H20 

, . Average angle (a) 

J a Average of ( 0 )  must be < 10 degrees to be acceptable. 

NOHAGRAPH DATA 



6 
d 

, 

6 
P 
0 



I 
t 

\ 



a 
a n 
l- 

. . .,. . 



METHOD 3 - OBSAT AND DRY MOLECULAR WEIGHT DBTEBUINATION 

.\.,”._. . . j L ,  iX Sample L o c a t i o n  J&es B..; k d s e  %h-- 
Sample  Type - Cont inuous  J Pump L e a k f r e e  @ 10” ? 

Oxygen Check 20.9% f 0.1% 20 .7  F u e l  Type flu 
Orsat Leak Check @ 4 min.: J P i p e t  L e v e l s  - L e a k f r e e  ? 

B u r e t  /3.4 - 13-4 I <0.2 m l  ? 

ao.O-%Q ~otd z e . 8 3 6  

Run No. 2/ Sample Date Ambient Temp. O F  .r7 

r.- - NA I 
ZCQ 

Run No. 3 Sample Date J I - a l - f S  Ambient Temp. O F  @ 



METHOD 12 SAMPLE RECOVERY AND INTEGRITY SHEET 
Plant a- CrtT01 s M.ddletaJlc b( Recovered By p k r  
Sample Locationp-hklK e .’F* Recovery Date i / -o2 -98  - 

t 3 

1 a 3 Sample Box Number Probe Number I 1 6 

)/.oa - 8 P l / - oz  .es 
Run Number ‘ I  
Sample Date / I  - 02.8B 

MOISTURE DETERMINATION AND SAMPLE RECOVERY - IMPINGERS 

44-v 

M I L - q  I /  

Impingers Cont. Number MIL -E 
Description of Water &Ar 

Liquid Level Marked W 
2-3 20;L 20’3 
2 D O  . =?-so 24’7 

3 a 3 

Final Volume (wt.), m1 
Initial Volume (wt.). ml 
Net Volume ( w t . ) ,  ml (8) 

Silica Gel Cont. Number 
Silica Gel % Spent 

Initial Weight, g 

Mlt-7 M l t -  /o , 
0 -  

2 f O . t  

2m.o 
7%- 

.Jys-- 

Total Moisture, g 1 1 . 1  L /3.0 
Final Weight, g 208.1 

Net Weight, g 8. I K 3 & 
zffo. J a 0 . a  

SAMPLE RECOVERY - FILTER 
-,z- P -12- 2- /o Filter Cont. Number 

Particulate Description 
Filter Cont. Sealed 

Probe Rinse Cont. Number 
Liquid Level Marked 

Au/& A/& , 2 w a  J 

B 4 1 0  
v rl a 

SAMPLE WEIGHT CALCULATION 

Run % Conc., mg/l x Vol., 1 - Blank. mg - Total mp, Lead 
= 0.0063 . 
P 0.0133 
P 0.0163 

1 0.033 x 0.250 - d h  
2 0. os3 x 0.250 - 4 
3 o.0bS x 0.250 - ~/,4 

BLANK CALCULATIONS 

Conc.. m R / 1  x Volume. 1 - Total m 
Filter Blank 
Filter Blank 
HN03 Blank 
Total Blank 

40.0- X 0.100 
<o.oro X 0.100 

~ 0 . 0 . f O  
X 0.100 40.00c 

L O  .*to 

LABORATORY CUSTODY 

Received By: PU- RwI-J@ Date Received: //-Od-w 
Stored and Locked: J Remarks: 



envlronmenbal trestiinp Ina 

METHOD 12 ATOMIC ABSORPTION DATA 

SOUTH PROCESS BAGHOUSE 

CALIBRATION DATA 

Standard No. 1 = 3.000 m g / l  Absorbance = 0.183 

Standard No. 2 = 1.000 m g / l  Absorbance = 0.069 

Standard No. 3 = 2.000 m g / l  Absorbance = 0.134 

Standard No. 4 = 4.000 m g / l  Absorbance = 0.251 

Standard No. 5 = 5.000 m g / l  Absorbance = 0.307 

SAMPLE CONCENTRATION DATA 

Mean Concentration Run No. 1 - - 0.033 mg/l 
Mean Concentration Run No. 2 - - 0.053 m g / l  

Mean Concentration RUA NO. 3 - - 0.064 mg/l 

Mean Concentration Run No. 3 Dup. = 0.066 m g / l  

Mean Concentration Filter Blk. A - - < 0.050 mg/l 

Mean Concentration Filter Blk. B - < 0.050 m g / l  

Mean Concentration 0.10N HNO, - < 0.050 m g / l  

- 

- 

Analyzed by PRJ Date November 17. 1988 
Remarks ET1 audit filter spiked with 0.7000 mg lead 

Spiked recovery: 97.25% 
Working range check: true = 0.250 

obtained = 0.232 

Recovery : 92.8% 
Precision checked every 10th sample = 1.2% avg. diff. 
Matrix effect checked by Method of Standard Additions 
all samples were verified to within + or - 4.0% 



envlronmential tiedin! Ina 

APPENDIX C 

LABORATORY DATA 

c: 



I 

AUDIT SAMPLES 

Regular A A  

. .  . . . .  . 



AUDIT SAMPLES 
Method of Standard Additions 



n 

I 

I 
I 
I - - -  
I I 
I I 
I I 
I I 
I I 

I I 
I 
I . -  I 

I I 
I I 
I I 

_ _ _ - - -  
n l I  
- 

4) 
Q 
L 

E 
0 
tn 

. -  
I 

- -  
I I I 

1 I 

I m x 
I *  - r-. 

I I 
I I 
1 - - - - 1 - -  

I 
I 

I 



ij.: 



AUDIT SAMPLES 

a 

e 

... *. . - a  

.. 

,. . ,  

4 
P 
j: 

. .  - - 
5 

Method.of - 
Standard ! 
Additions :. 

.. 

i 

. .  

- .. 
Regular A A  $ 

:. 
n , 
3 
L 
.I 

- - 

L. 
i r 
2 

. , . . . . . . . .  .......... . . . . . . . . . . .  .. -. 2 . . .  ;-j , . - -  
-------I- - . . . .  - ... i . . .  .: ... ' .  ... . . .  . . . . . . . .  

- 

...... 
. !W .......... 
i .  . . . . .  
______I-___I_ - - . . .  . . .  . . . .  ., . .  



SOUTH BARTON O X I D E  SYSTEM SAMPLES - REGULAR AA r4vkmmealrsl~L3n 

t+ 
SdU". , nEAN 8.232 

SD E. E89 

03.67 RSD' e 

- &J' 

AUTO ZERO R 
. - ~ . ~ i i i  

'AUTO CAL- 

STD 1 

ACT CON 1.688 

ORG CON 8.977 

NEW CON 1.00E 
AUTO CAL 

STD 1 

ACT CON '1.886 

ORG' CON :E. 997 

HEM CON: 1.0EB 

a 

. . .  

AUTO ZERO . A 

-E. BE0 
RCALC 

.m. 
. . .  ACALC . .  

OFLO 
EEEl. 

CON El 8.236 

E3 .E.235 
04 8.238 

E6 8.234 

E6 6.227 
E9 8.236 

e2 6.216 

e5 6.228 

87 8.233 

e4 8.156 NEW CON 1.688 
AUTO ZERO A 65 8.163 

E6 8.154 
8.881 87 8.157 

E6 8.167 

AUTO CRL , 

5TD 1 
ACALC 

6063. 
-ACT CON 1.888 

ORG CON 8.998 

HEW CON 1.0EE 
AUTO ZERO A 

+.BE1 
RCALC 

6082. 

CON El 8.198 
E2 6.268 
E3 8.167 
E4 6.166 
E5 8.187 
E6 8.186 
E7 8.191 
E8 8.194 
E9 8.202 
18 8.185 w# 4. 

NEAN 8.191 s.'Iv 7 
SD E. E67 

pJ 

CON El 
E2 
E3 
E4 
E5 
E6 
E7 
06 
E9 
18 

IlEAN 

0.326 
E. 322 
0.313' 
E. 302 
E. 304 
0.325 
B .  363 
E. 303 
0.313 
8.314 

8.312 

ESD 83.63 
AUTO ZERO A 

E. E02 1 AUTO CAL 

STD 1 
I 6684. I ACT CON 1.00E I CON El 6.161 

SD E. E09 

RSD 63.81 
AUTO ZERO A 

-0. EBB ! 

AUTO CAL 

5TD 1 

ACT CON 1.EBE 

ORG CON 8.986 

NEW CON 1.EEE 
AUTO ZERO A 

-0. BEE 
ACALC 

STD 1 

ACT CON 1.EEE 

ORG CON 1.852 
,,r,, Cnll  . 0.7- 

5D E. E64 

RSD 82.88 



SOUTH BARTON OXIDE SYSTEM SAMPLES - REGULAR AA 
i , AUTO ZERO A 

0006. I tlmmmmlrnh 

10 8.797- *\;" 
s *  . 3 ORG CON 1.029 

MEAN 0.791 eb+ NEW CON 1.000 ! 

1 

HEW CON 1.000 
AUTO CAL 

0.001 RCT CON 1.000 

SD 0.009 

'RSD 01.54 
AUTO ZERO A 

0.001 .. 
AUTO CAL 

STD 1 

ACT CON 1.000 

ORG CON 1.016 

HEW CON 1.006 
AUTO ZERO A 

0.882 

CON 01 0.605 
82 0.600 
03 0.603 
04 0.621 
05 0.613 
06 0.612 
87 0.606 
08 0.620 

CON 01 
02 
03 

CON 01 0.041 
02 0.027 
03 0.034 . '  
04 0.028 
05 0.849 

RUTO CAL 

5TD 1 

ACT CON 1.000 86 0.024 
07. 0.036 

ORG CON 1.014 08 0.031 
09' 0.036. 

HEW CON 1.0130 

04 
05 
06 
07 
08 
09 
10 

MEAN 

SD 

0.090 

- 0.094 !&" 

0.005 

I .RSD .. 25.01 I 0007. 
' AUTO ZERO A 

IIEM CON 1.000 
AUTO ZERO A 

-0.000 

0.892 
0.100 
0.099 ' HUT0 CAL 
0.092 
0.086 ! 5TD 1 

0.001 



a 

0 

mllBStlb#k SOUTH BARTON OXIDE SYSTEM - REGULAR A A  

ACALC 

,0009. 

CON 81 0.044 
82 0.051 _-  
03 0.048 
04 0.042 
05 0.065 
06 0.068 
07 0.059 
08 0.045 
89 0.052 
18 0.053 

HEAN 6.653 
S D  0.009 

R S D  16.47 
AUTO Z E R O  

-0.001 
AUTO CAL 

STD 1 

RCT CON 1.008 

OHG CON 0.972 

HEM CON 1.008 
AUTO CAI. 

STD 1 

ACT CON 1.008 

ORG CON 1.035 

HEM CON 1.008 
RUTO CRL 

STD 1 

ACT CON 1.008 

ORG CON 0.987 

5 NEM CON 1.000 - 
RUTO ZERO A 

0.000 

0010. 1 

1 

CON 01 0.056 

03 0.070 
04 0.068 
05 0.062 
06 0.077 

1 08 0.061 
a9 0.073 

1 02 0.050 

I 07 0.07e 

0010. 

CON 01 0.064 

03 8.063 
04 0.067 
05 0.066 
06 0.070 
07 0.075 
08 0.067 
09 0.061 Q J ~ ' ' ~  

02 0.062 

I 

t- 

10 8.067 ce+ 
5 ,  f'"w," i 

tlEAN . 8.066 8 4  3 
C z W  

SD 0.004 

R S D  06.32 
RCALC 

0%- 
AUTO Z E R O  A 

AUTO CAL 
-0.001 

STD 1 

ACT CON 1.000 

ORG CON 1.005 

NEW CON 1.~00 

- 0.000 

1 AUTO ZERO 
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DnirpOmemalmLn MATRIX BLANKS - REGULAR A A  

. E  

' :-sD., .: .... g;@eg'. . .  , - ' :  . .  

I : " ' . '  . :.. ... 
. . . . . . . . . .  . . . . . .  ! . . . ~  , . 

CYZGICON . . . . . . . . .  6.978 
. . . . .  . . . . . . .  .?,' .:, 

. . .  ..... . -. ..~ . . . . . . . .  ..... . . . . .  - .  
., - - 

: .'SD.:'t:; .. @.@86. . . .  
: : , .  , 

. .  . . . . . .  V I .  . . . . . . . . . . . .  .... .. ~. . . ,  .. 

ACT ~ C O N ' i l .  E00 
,.'_, :. ........ . 



M A T R I X  B L A N K S  - R E G U L A R  A A  



. .  

0.250 . .. - .  

. .  

W O R K I N G  RANGE QC CHECK A N D  

ABSORBANCE VALUES FOR BLANKS 

27 0.802 I .  



a 

... 2. ... . . . . . . . . . . . . . . . . . . . . . . . .  

CALI BRRTI ON 

RUT0 ZERO A 

t. 
? 

1 
:.:STD 1 

CON 

SIG- 

r. ' 

BERN 

APP . CON 

-6.001 

1.006 

6.653 
6.651 
6.653 
6.653 
0.052 
0.052 

6.653 

STD 1 
1.600 

STATISTICS 

CON 61 -8.235 
. 62 -6.234 . 63 -6.229 

05 -0.255 

HERN -6.241 

e4 -6.250 

..: , * .  
5D- ' 6.011 . .  

j_ . : 
. . .  
RSD -04.65 

METHOD OF STANDARD ADDITIONS 

SOUTE VENTILATION BAGHOUSE R U N  1 



e 

E -. .e 

CALIBRATION 

AUTO ZERO R 

-8.801 

5TD 1 

CON 1. 888 

516 8.852 
e .  053 
8.655 
0.854 
8.054 

HERN 8.654 

RPP CON 

METHOD OF STANDARD ADDITIONS 

SOUTH MELTING POT R U N  1 

STD 1 
i . e m  

5TATISTICS 

CON e1 -8.166 
02 -8.159 
63 -8.159 
e4 -8.168 
e5 -8.147 

HEAN . -8.158 .- 
SD 8.887 

RSD -84.39 



CALIBRATION * 

AUTO ZERO A 

0. 001 

-i STD 1 

CON 1.000 

SIG 0.052 
0.051 
0.051 
0.055 
0.047 

MEAN 0.051 

APP CON 

STD 1 
1.000 

STATISTICS 

CON 01 -0.027 
02 - 0.030 
03 -0.036 
04 -0.034 
05 -0.033 

HEAN L'6.032 

SD ' 0.004 

RSD -11.07 

METHOD OF S T A N D A R D  ADDITIONS 

S O U T H  P R O C E S S  B A G H O U S E  RUN 1 

I ......... 
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PROCESS DATA 
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!$;;%.GFP 
reen Bay Avenue 

Post Oftice Box 591 
Milwaukee. WI 53201-0591 
Tel. 414/228 1200 

J "SON 
CONTR 8 LS 

Dear Paul: 

RE: Johnson Controls, Inc. - Uiddletom. DE 
Barton System Stack Tests 

Hr. Paul R. Jenkins 
Environmental Testing, Inc. 
1700 University Commercial Place 
Charlotte, NC 28213 

November 14. 1988 

Listed below are the hourly average product in ra 
Systems. 

North System 

11/3/08 2111 lb./hour 

South System 

!s for the Barton 

11/3/88 2421 lb./hour (avg. for Runs 2, 3 and 4 )  
11/2/88 2125 lbs./hour 

If you have any questions. please call me at 314/228-2650. 

Sincerely, 

JOHNSON CONTROLS. INC. 

Mark R. Ishihara 
Environmental Engineer 

IIRI/jap 

cc:'T. K. Brossmann 



APPENDIX E 

TEST PARTICIPANTS 

Paul R. Jenkins, Jr. 

Jeff A .  Francis 

Richard B. McCain, 111 

a 

Vice-president 
Environmental Testing, Inc. 

Biologist 
Environmental Testing, Inc. 

Environmental Scientist 
Environmental Testing, Inc. 
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0' THURSDAY, AUGUST 
PART I I  

1977 

ENVIRONMENTAL 
PROTECTION 

AGENCY 

STANDARDS OF 
PERFORMANCE FOR NEW 
STATIONARY SOURCES 

Revirion to Reference Method 1-8 



I U U I  AND IECUUTIONS 

have p jox lde  LmPurlUm ch.( w!ll Urn 
mncomly hkh aulfurlc a d d  mist rnw- 
u l u n R l ~ . a t s t I O r P r m l d a O ~ P m -  
pmol  hM ban L n C l U d d  Ln the method. 

1. The grsvLmeVlC LechnlQue for mols- 
turn content trather than volumctrlcl 
hM been SPrClnFd bcC8UW a mixture Of 
Isopropyl alcohol and Pater raill have a 
volume kss than t h e  slim of thc Volllmm 
of I &  conlPnt. 

5. A closer rarrrpondlcnre hns been 
made betwcen similar parts or Mrthnds 
8 and 5 .  

MISCTLI.ANEOIIS 
Several wmmenters qucslioned the 

mcaninp of the term "subject In the aP- 
proval of the Adminlstrator" in relallon 
to wing  alternate test methods and pro- 
cedures A$ denned ln P 80.2 of subpart 
A. the "Admlnlstrntnf' Includes any OU- 
lhorlzed representatlve of the Admlnls- 
trator of lhe Environmental Protectlon 
&mcy. Aulho~lzed r e ~ r e s e n t a t l v e ~  are  
EPA OJSICI~~~ in EPA Regtonal omcm M 
state. local. and reglonal g w e m m m t a l  
omclnls who have been delexated the  re- 
sponslblllty of d o r c l n g  TepUIalion~ un- 
der 40 CFR 60, Thew omclak In consults- 
Uon wlth other 6ta.E members f d l a r  
mlh tpchnlcal &wects  of 6ourcc testlng 
wlll render declslons regardin8 WcCpt- 
able allcmate Wrr prncedurcr. 

XI! wrl,r,h?l.r a.:lr. .'LLiOli 117 Of l h c  
*,*': p!:blr?.ilo~, of these methods W.BT 
vruwed by comultatlon w l l h  appmprf- 
ate sdvlsory comnlttees. l n d e p n d m t  
cxprta.  and Federal departments arid 
n g m C l e S .  
i.9cea. 111. 114 .nd JOII.) of the C l e m  Alr 
Act. r c .  W.1 OI Pub. I- NO. eldo(. 81 .¶Ut. 
1663: -. b1.l el Pub. L NO. D l d D 1 .  81 BPlf. 
lam: we.  I ol Pub. L. No. DD-lu i  81 aut. 6- 
111 ESC. I~ S ~ C - B .  1857~-o.  1mip~.11 , 

NOT* - n e  rnrmn-w R O ~ ~ I O O  

p-urn or .tl & n M r n l C  1mput AMlPla  
unaet . ~ Z ~ U ~ I S S  o r d m  11821 and 11910 s n d  
ohm Clrculnr A.. 107. 

A ~ e n c y  h- deterrnlned that thli document. 
d a  not eontam m.Jor propmal requlrln(l 

DnLcd: Al l rus t  10, 1977. 
EUUGLAS M. C o s r ~ r .  

Administrator. 
Part EO of Chapter I of Title 40 of Lhe 

Code of Federal R e s u l a t l m  Ls m e n d e d  
by rnlslne Methods 1 t h rowh  8 of AD- 
m d l x  A-Reference Methods QI 
folollows : 

A I 'P I I I I IX  A , -  I 'A.~ER~.;,< L >1b.7rdc1,.q 

I. ,'.urd,'., 

RDERAL RfGISTtR. VOt. 4 7 ,  NO. l b G l H U 1 S D A Y .  AUGUSI II. 1977 



- Federal Register / Vol. 48. No. 191 / Friday, September 30, 1983 / Rules and Regulations 46035 

1 12 

I 8 OR B' - 
5 
I 

s 
;t 10- 

F R C ~  miNr a AM m-& 
DISTURBANCE IBENO. EXPAUSION. CONlKACllON. ETC.) 

' STACU DlAMETE? -0.30 TO 0.5* m 112.24 id 

0 I I I I I I I 

Dated September 22 1983. 
William D. Ruclclshaur 

amended by revising hfelhod 1 as 
roiiows: ~. 

A dministmlor. 

PART SO-IAMENDED]' 2 as shown: - 
1. By revising Figure 1-1 and Figure 1- 

Appendix A of 40 CFR Par1 80 is . /' 
DUCT OlAMETE,RS UPSTREAM FROM FLOW DISTURBANCE I O l n A N C E  A) 

1.6 ' 2.0 2.6 
I 1 1 I I I I 1 

0.5 1.0 . 
SO 

*HIGHER NUMBER IS  FOR . . 
RECTANGUUR STACKS OR D u m  

"8 n 
m 
z m  

.. 
OUCl DIAMETERS DOWNSTREAM F R W  FLOIY DISTURBANCE IDISTANCE BI 

Figure 1-1. Minimum number of traverse points for particulate vwvcr- 

OUC?DI&METERS UPSTREAM FROM FLOW 01SIURBANCE IOISTANCE A I  

0.5 1.0 1.6 2.0 2.5 

1 1 I I I so[ I I 1 

Z By adding Citations 7 through 12 to 
Seclion 3 [Bibliography) as follows: 
Append* A-Rsfsreoa Melboda 

Method 1. Sample and Velocity Traverses for 
Stationary So-mea 

. . . . .  

. . . . . .  . .. 
3: * - 
7, Hanson. H A .  R.I. Davini. 1.K Morgnn 

and A.A. Iversm. Puliculalc Sampling 
Strategies for Large power Planlr Including 
Nonunilom Flow. US. hvironmentsl 
Rotection Agency. Research Triangle Park 
N.C Publication No. EPA+33/2-76-170. June 
1078.350 p. 

Cas Sampling Manual. U.S. i3vironnental 
Rotection Agency. Research Triang!e Park. 
N.C. Publicatior. No. EPAdW/2-:6-Z03. ldY 
1976. 93, p. 

0. h m p y  Environnentslirts. Inc. Traverse 
Point Study. EF'A Conbact No. u M 2 - 3 l i Z  
lune 1977.19 p. 
10. Brown. 1. and K. Yu. Test R',pon: 

particulate Sampling Smtegg in Circular 
Ducts. Emisaion Measwnent Branch. 
Emission Standards and Enginecring 
Division. US. Envimmental Fmtection 
Agency. Research Tnangie Pilrk N.C 27711. 
July 3i. 1980.12 p. 

Blacken. Measurement of Solids in Flue 
Gesea. Leatherhead. England. The  British 
Coal L'lilisstion Research Asrocistion. 1961. 
p. 129-133. 

12. Ydapp. KT. The  Number of Sampling 
Poinb h'eeded fcr Representative Source 
Sampling. In: Proceedings o! Ihr Fourth 
h'etional Conierents on b e q y  end the 
EnvimnmenL Iheodom. L. et SI. led.). 
Dartus  Dayton Section of h e  Ameriuao 
Institute of Chemical Eryncen. October 3-7. 
1076. p. 5€2-56%. 

ISecs. 111.114. and 3mIa) of the Clem ~ i r  
A n  ea amended (42 U.S.C 7411.7414. 
7 m i a l l )  
Im hr cr+ZS1 FOeC e-. e.5 

BlLuf f i  CON 15fc-M-u 

8. Brooks. E.P.. and R.L Williams. Flow and 

11. Hawksley. P.G.W.. S. RaZ:iocti. and J.H.  



41% 8 U L I  AND 8EOUUTK)NS 

DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE-(DISTANCE A) 

1 .o 1.5 2.0 2 5  0.5 
a 

I I I I I I I 

1 I I 
O 2  8 1  3 4 5 6 7 8 9 - 

c 
DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE B) 

Figure 1-1. Minimum number of traverse points for particulate traverses. 

T ~ n l  I ILI .  C?n.*.srrll,~nnl Invl...! !)(I 111f11141111~1r .IWl. 

AI". 
,111 
I.". 
Old 

.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.3 
1'1 ...................................... t.3 
, I  ,.... ................................... 4.4 .. .:., 

.. SI1 
:"l .......................................... 8.S 
:":...~ .................................. 6.8 
42 . . . . . . . . . . . . . . . . . . . . . . . . . .  7.8 (., . . . . . . . .  . .  ........... 7.7 

\.,, "l,, o,,m ,,I,, ,"",,. 

.............................. 

.......................... 
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RUM5 AND REWUTlON¶ 

W C T  DIAMETERS UPSTREAM FROM FLOW.DISTURBANCE (DISTANCE A) 

1 .a 1.6 2.0 

41757 

2.b Q ..- ~ ~- 

I I 1 -  1 I I I 

1 I I I I I 1 
3 4 5 6 7 8 9 

DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE R) 

Figure 10'2. Minimum number of traverse points for velocity 

I- 

(nonparticqlate) traverses. 

R D u l l  t M l S T I t ,  VOL. 41, NO. 1 6 D - ~ U t S D A I .  A U W n  10, IV7? 



TTIAVERSE 
POINT 

1 
2 
3 
4 
6 
6 

Figure 1-3. Example showing circular stack cross section divided into 
12 equal areds, wilh location of Iravcrse points indicated. 

Table 1.2. LOCATION OF TRAVERSE POINTS I N  CIRCULAR STACKS 
(Percent of stack diameter from inside wall to traverse point) 

r 
Traverse 

d 1 a m  ter 

3 

4 !  
5' 
6 
? 
8 
9 

10 
11 

13' 
14 
15 
1 6  

I ?  
18 
1 9  

20: 
21 

22 

23 

I t !  

,er , 
8 

3.2 
10.5 
19.4 

12.3 

57.7 

10.6 

19.5 

36.8 

- 
- 

t r a  
10 

2.t 
8.2 
4 . 6  
2.6 

4 . 2  
5.8 
7.4 

5.4 
1.8 

7.4 

- 
- 

're I 

12 

2.1 
6.7 

1.8 

1 . 7  
15.0 
15.6 
i4.4 
6.0 
12.3 

18.2 

11.3 
17.9 

- 
- 

intr  

14 

1.8 

5.7 

9.9 

14.6 

20.1 
Z6.9 

l b . 6  

51 .4  
13.1 

19.9 

15.4 

90.1 
9 4 . 1  
38.2 

- 
- 

n a  
16 

1.6 

4 . q  
8.5 

12.5 

16.9 

22 c 
28.1 

37.5 

62.5 
II  .7 

7c .c  
e1.1 

07.5 

91.5 

95.1 

98.4 

- 
- 

ameter 

1.4 1.1 

4.4 3.9 

? . 5  .6.1 

10.9 . 9.7 

14.6 12.9 

18.8 16.5 

23.6 20.4 

29.6 25.0 
10.2 10.6 
61.0  38.8  
70.4 61.2 

76.4 69.4 

01.2 75.0 

b5.4 79.6 

89.1 113.5 
92.5 87 .1  

95.6 90.3 

98.6 93.1 
96.1  I 

- 
2 2  

1 . I  
3.5 
6.0 
8.7 

11.6 

14.6 

18.0 

- 

21 .e 
26.2 

31.5 

1 9 . 3  

60.7 

68.5 

71.8 
78.2 

82.0 

85.4 

8 9 . 4  

91 .3  

94 I 
9 6 . 5  

9 8 . 1  

- 

- 
2 1  

1 . 1  
3 . 2  

5 . 5  
7.9 

10.5 
11.2 
16.1 

19.4 
!1.0 
!7.2 
12.1 

19.8 

j0.2 

5 7 . 1  

IZB 
17.0 

30.6 

11.9 
3 . 8  

19 I 
2' I 

2 4 . 5  

16 8 
VJ 9 

-. 

- 

2,  A.,'"IalII, 
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. N M .  

I 

. . ~. . JT TUDE 
, 

S )It( 

A. DOTTOY VIEW SHOWING YININUY PITOTYOULE SE~ARATION. 

B SIDE VIEW; TO PnEvEiT PITOT TUBE 

NOZZLE. THE IYTACTPAESS~RL 
OPENING PLANE OF in€  PITOT TUDE 
SHALL BE EVEN WITH on ADOVE THE 

FROM INTERFERING WITH GAS FLOW 
LIREIYLINES AWROACHING THE 

NOZZLE ENTRY PLANE. 

I 

Figure 2-6. Proper pitot tube - sampling nozzle configuration to prsUeht 
aerodynamic interference; buttonhook - type nozzle; centers of nozzle 
n d  pitot opening aligned; Dt between 0.48 and 0.95 cm (3/16 and 
318 in.). 

H D E U L  1EGISTE1, VOL. 41, NO. lUJ---THUISDAY, AUGUST 18, 1977, 
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a 

a 

w > l U m '  
I1 4.J 

TYERYOCOUILE TYE1110COWlE 
2 > l J P U  Ill4 I. I 

TVPE SPITOT TUBE TVPE SPITOlTUBE 
"P 

I 

i 

Figurei-7. Proper thermocouple placement to prevent interference; 
Dt betmen 0.48 and 0 95 crn (3116 and 3/8 in.). 

I 
I 

0, TYPE S PITOT TUBE 
I 
I 
I 
I - Y >7.62 em (3 in$- 
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.). 

KDfUL 8HilSlH. VOL 41, NO. I b L l H U 8 S D A Y .  AUGUST 18, 1V77 



3 
S IC , fs l -ep tAORBI I  

--MUST BE CO.01 AVERAGE DEVIATION o [A OR Bl = 1 
a 

I E,~SIDEA)-~,BIDEI) I+YULTIECO.OI 
Figure 24. Pilot tube calibration data. 

RDIRAl tCOIITEt.  VOL 41, 110. IbO-IHUIIDAY, AUOUIT le,  I977 
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ESTIMATED 
SHEATH 

(XI 

Figure 2-10. Projected-area models for typical pitot tube assemblies. 
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41770 RULLS AND DL0UUTK) I I I  

a 

a 

r 

TRAVERSE 11 
m. 1 pm K DEV.' TIME 

i 

* 
r 

Figure 3-3. Sampling rate data. 
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a 

(EITHER IN STACK 
OR OUT M STACK) 

Figure 4.1. Moisture sampling Irain-reference nielhod 
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R U L I  AND REOUUTIOM 

~ K, v- P- 
T, 

Equation 4-13 

2. Apparnlw 



IIM RLGUUTIOWS Urn 

UlPlNGER TRAIN OPTIONAL, YAY BE REPLACED 
BY AN E(1UIVALENT CONDENSER 

THERMOMETER 

REVERSE-TYPE 
PITOT TUBE 

/El L-J i-' MA"VALVE 
. I L "S 

DRY GAS METER AIR-TIGHT 
PUMP 

Figure 5 1. Particulate-sampling train. 
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I Y B I E I T  TEMPERATURE 

BAROMfTRIC PRltSURE 
d 

. A S U H E 0 H O I S T U R E . Y  

P R O I E  L1NGTH.m 1W 
' N O Z Z L f  IOENTlFlCATIOY YO. 

A V l R A G l ' C A l l l k A T l D  N O Z Z l f  0 I U I f T f R . P b ~ -  
? R o l f  H l A T E R S f T l l l G  
L f A N  R A T f . m l A i n . l d m )  
PROBf L I N E R Y A T f R I A L  
STATIC tnis,uRf,  nn HI (it HJ scnibmiic OF SIACI c l o s s s c c ~ ~ c ~  

F I U f R  NO. 

PLANT 

L O C A ~ I O N  

O I l R A T O R  

DATE 

R U N N O .  

SAHPLf BOX NO. 
M E T l R  # O X  NO. 

M E l l R W g  
C FACTOR 

PITOT TUBE COEFfICllNT.Cp- 

a 

Flours 5-2. Particulate liald data. 

F f O f I A L  RIGISTER, VOL. 4 2 ,  NO. I b & l H U R S D A Y ,  A U G U S r  10. tP77 
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IMPINGER 
VOLUME. 

ml. 

FINAL 

INITIAL 

B W I  WD BEQUUTtONS 

M 
ma 
Run Ne. 
Filter No. 

Amount liquid lost durinp tnnspotl  

Acetone biank volume. ml 

Acetone wash volume, ml 

Acetone blank concentration. m g h g  (equation 5-41 

Acetone wash blank, mg (equation 5-51 

SILICA GEL 
MIGHT, 

D 

CONTAINER 
NUMBER 

1 

2 

TOTAL VOLUME COLLECTED 

TOTAL 

a* ml 

I 
Less acetone blank 

Weight of paniculate matter 

* CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WIGHT 
I N C R E W  BY DENSITY OF WATER (lg/mll. 

INCREASE* * VOLUME WAFER. mi 
1 o/ml 

Flgure 5-3. Analyllcal data. 
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Figure 5-4. Leak check of meter box. 
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(OMB) for review a s  required by  - :. - 
Elecutive Order12291. ...:. :.::: 5':'; 

Section 317 of the Clean & A d  
requires the Admiiislralnr lo prepare an 

' rconomic impact assessment for any 
n p u  source standard of performance . 
p:onulgaled imder Section Ill(b1 of the 
Act. An economic impact assessment 
war prepared lor the promulgated 
mpletions and for otherreplator)' 
alttrnatives. All aspects of the 
assessment were considered in the 
lormulition of (pe promulgated - 
I!rndsrds to insure that the standards 

. 

. 

*.auld represent the best system of 
Vaission reduction considering cosb. 
n e  economic impact assessment is 
inc!uded in the bac+und information 

us1 of Subj& to 40 CFR Pad 60 ... : 
f i r  pollution control. Alupinum. 

h.r.monium sulfate plants. Cement 
Ldustry. cod copper. Electric pow- 

document. . . , . .  

* 

follows: . .  

1. A n!w subpart is added a s  foUows: - 
Subpart KK-Standardsot . . . 
Performance for Le+d-Acid Banery 
Manufacturing Plants, 

. .. ser' 
60.370 Applicabilily and designellon of 

ea371 Ddinilioru. 
~ 1 . 3 7 2  Standards lor lead. 
60.373 uoniloring 01 emissions and 

m.374 Test methods and prncedun6. : 

sliected lnciiity. 

Ope:atiDn8. 

Aulborit): ~ e c  111. mrSl dhe clean ~ l r  
A d  as amended 142 US.C 7411. rm[a)). end 
additional aulhodQ sl noted below. 

- .  . - . - .  
Subpait  KK-Standards ol T'.. . 
Perlormance for LeadAdd B a n e q  ' 

Manulacturing Plants. !;:?; :.; v.:.:.'~. 
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'&ired by standards o f .  . 
ante for new sources. 

F$:sy, Ststes are free under Section 
ffie to esleblish even more 

3'6' int emission limits than those 
'y$)jshed under Section 111 or those 

s , u ~ ~  under Section n o .  Accordingly. Deled: April *, , 

@YeCt to limitaticins more strtngent 

@der Section 111, and prospective 

. plants. Glass end glass'products, Grains, 
Intergovernmenial relations, hn. ha& 
Metals. Motor vehicles. Nitric acid 
plants, Paper and paper producb . . 
indusw.  P e t m l e u .  Phosphate. Sewage 
disposal, Sled. Suhr i c  acid plants. 
Waste treatment end dispossl, Zinc. d srcsrsary 10 attain or maintain the 

Nole.--Thr replatiad doer not f~volvc. 
-cakclion 01 information" 8 6  defied under 
the Paperwork Reduction A d  o l 1 8 ~ .  
'Ihere1ore;the pronilions ofthe ~eperwork 
Reduclion Acl epplicabie to  collection^ of 
inionnation do not apply lo this regdatioa 

souIces may in nome cases be . . 

@A'S standards ofpe*Drmance 

and operators Of new sources 
be aware of his possibility In 

. 
. .  . :. .. . .  
. . .  
. . ,. for such facilities. - . ' h e M . G o m u c k  ' . 

niS Wgdation will be revlewed 4 ' ', Ad,+;njslmlor. . . . . . . . : 
+aTs from the date of promulgation as ' .. .. ! . . .  , >  . .  

rlh factor6 a s h  need for integration STATIONARY - SOURCES - '_ 

. .  .. 
by the Clean Ab Act. mlhil , PART 60-STANDARDS OF , 

rc\.ieu will include an assessment O f  . PERFORMANCE FOR NEW . . 

wi* Dfier programs. the exlstence of 
,!te,.,,ati,;e methods. enforceability. .. 
i~pro,.emen(b in emission control - 
u&no~~g)', and reporling requirements. ne requirements in Ibe 

lation will be reviewed as  required mFi! wder sunset policy for reporting 
rc ui,ement~ in regulations. 

$.der Executive Order 12281%" 
ju&+ whelber a reguhlion is 

3filjoi' end therefore subject to the 
wguirement,of a Regulatory Impact 
halysis.  This regulation Is not Major 
bcause: (11 The national annualized 
compliance costs. including capital 
aarges  resulting from the standwds 
to!aI less t h a n $ 1 ~  million; (2) the 
s!mddrds do not cause a major Increase 
in prices or production costs  and 13) the 
rlendards do not Cause significant - 
adverse effects on domestic.competition 
cmp1o)menL investment. productivity. 
innovation or  wmpetition in foreign . : 
markets. This regulation was submitted 
to the O E c e  of Management and Budget 

40 CFR Parl Bo fs amended by adding 
a new Subpart KK and by adding a new 
reference method to Appendix A as , 

~. 
p 60.370 nppncabnii and dedgnattii d anstedfadtity.. ... . ' . . .. . 

[a] fhe provisions ofthis 8ubpaA-e  
applicable to the affected facilities listed 
in paragraph fi) of (his section at any .. 
lead-acid batterymanuiacturing plant ' 

that produces or has the design capacity 
to produce in one day (24 hours) 
batteries containing an amount of lead 
equal to or greater than 5.9 Mg (6.5 tons). 

(a) The pro\isions of this subpart are 
applicable to. the following affected 
facilities used in the manufacture of ... 
1ead.acid storage batteries: 
[I) Grid cesfing facility. 
[z) Paste mixing facility. 
t3) Three-process operation facility. 
141 Lead oxide manufact- facility. 

after January 14,19BO. is subject to the 
requirements of this subpah  

0 60.371 Dennltloru 
As used in this subpar(, ell terms not 

defined herein shall have the meaning 
piven them in the Act and in S u b p m A  
ofthispart. . . 

facility which includes all lead melting. 
pots and machines used for castinglbe 
grid used in battery manufacturing. 

[b) "Lead-acid battery m a n u f a c t a  
piant" means any plant that producesa 
storage battery using lead and lead 
compounds for the plates and sulfuric 
acid for the electrolyte. 

facility" means a facility that produces 
lead oxide from lead, including producl 
recovery. '. . ' 

[d) ' G a d  reclamation facilify".meaM 
the facility that remelts lead scrap and 
casts it into lead ingots for usein the 
battery manufacturing process. and 
which is not a furnace affecled under . .  
Subpart L of this p a  

[e) "Other lead-emilting operation- 
means any lead-acid battery 
manufacturing plent operation rrorord ' 
which lead emissions are collected and 
ducted to the atmosphere and which Is 
not part of a grid CastiRg. lead oxide 
manufacturing. lead reclamation. paste . 
mixing. or three-process operation . 
fadiitv. ora furnace affected under 

[a) "Grid casting facility" means lhe ' , 

[c) "Lead oxide m a n u f a c t u r i ~  . . ~ 

. 

Subp& L of this p a h  

facility including lead oxide storage. 
conveying. weighing. metering. and 
charging operations: paste blending 
handling. and cooling operations; and 
alate Dastinrr. takeoff, cooling. and 

(0 "Paste miking facility" means fbe 

- 
'&operations. . 

k] '?lyee-process operation facililf 
means the facility including those 
processes involved with plate stackiag. 
b m h g  or strap c a s t i .  and assembly 
of elements into tbe battery case. 

- 

s60.372 Standards for lead 
[a) On and after the date on which lhe 

performance test required to be 
conducted b y  60.8 is completed. no. '. : . 
owner or operator subject 16 the' " .'.' ; 
provisions of this subpart shall cause to 
b e  discharged into the atmosphere: . :~. 

(11 From any gn'd casting facility any 
gases that contain lead in excess ofD.40 
milligram of l eadper  dry standard cubic 
meter of exhaust (0.000176 gr/dscfJ. 

121 Fmm anv Daste mixins facility any 
~~ 

g&Ls that c o X i i  in kxcessof~ .od  . ii h a d  reclamation facility. <,:: . . : milligram of lead per dry standard cubic 
(6) Other lead-e@ting operations. ' meter of exhaust ( 0 . W  gr/dsdJ. 
[c) Any facilib under paragraph [b) of (3) From 6ny three-process operaSon 

facility any gases that contain in excess 
. of 1.00 milligram of lead per dry 

this section the conslruction or - .: 
modification of which is commenced 

. .  
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standard cubic meter of exhaust (0.ooooP 
grldsdj. I .  

manufacturing facility any gases that 
contain in excess of 6.0 milligrams of 
lead per kilogram o f l eadked  [o.molb/- 
ton]. 
. IS) Fmm any lead redamaiion facUiCy 
any gases lhat contain in excess Of 4.50 
milligrams of lead per dry standard 
cubic meter of exhaust (0.OolSe grldsa). 

(61From any otherhad-emitting '. 
operation any gases that conlain in 
excess of 1.00 milligram per d~ . 
standard cubic melei of exhaust [O.oOW4 

17) From any affected facility other 
than a lead reclamation faw'lity any 
gases with greater than Opercent 
opacity (measured acCording to Method' 
9 and rounded to the nearest whole 

(41 From any lead oxjde 

d d 4 .  

percentage].' 
(8) From any lead reclamation facility 

any gases with greater lhan 5 percent 
opacity [measured according to Method 
s a n d  rounded to the nearest.whole 
percentage) 

same plant [except the lead oxide 
manuIacturing facility] are ducted lo  8' 
common control device, an equivalent 
standard for the total exhaust fmm the 
commonly conlmlled facilities shall be 
determined as lollows . .. . 

w$en two or more facilities at &e' 

.. . . . . . : . . . . , .. _. . - a 4  ' .. Whew. 
+Is theequivalent &andad h?*e tot!' : ' 

exheustatream '- . '  . ' . .  
&=is the actual standard for each exbe& 

abeam ducted lo  the mntml device. 
N-ii the total number 01 exhaust $(ream 

ducled IO the cnnbol device. 
Q4& the d~ standard volumetric flow 

rate of the effluent gas rmam fmm each 
facility ducted lo the cmbol device. 

&,-is the total d q  standard volumetric now rate 01 all e!lluent p s  s w a p  
ducted lo the mnml device. 

i60.373 wonttoring ot emis- and 
operalionr . .  

n e  owner 61 operator olany lead- " 

-acid batter). mandaduringfadity ' 

subjecl to the provisions ofthis subpad 
and controlled by a smbb~s).stem[s) 
shall instaU. calibrate. maintain. and 
operate a monitoring devicels) that 
measures and records lhepressure dmp 
amss the scrubbing system[s] at IFast 
once every 15 minutes. Tbe monitoring 
device shall have an accuracy of &S . . . 
.percent over its operatingrange. ' 
[See 114 of the 6 e a n  Air A d  & amended 142 
us.c 7414u 

. 

' . 
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$60.974 Testmclhcdr and p10CtdUm 

01 this part. except BS provided under 
5 eo.B[b]. shall be used to determine 
compliance according to 0 W.8 an 

[a) Reference methods In Appendix A 

' 

follows:' ... 
111 Method 12 for the measurement 01 ., 

lead concentrations. 
I21 Method 1 lor sample and velocity 

trivirses. . 
(3) Method 2 for velocity and 

volumetric flow rate. and 
(41 Method 4 for stack gas moisturn: 
[b] For Method 12, the sampling time 

for each run shall be  at least 60 minutes 
and the sampling rate shall be at least 
0.85 dscm/h (0.53 dsd/min]. except that 
shorter sampling times. when . . ' : 

necessitated byproceso vatiables or 
other factors, may be approved by the 
Administrator. 

(c] When diflerent operations in a 
three-process operaiion facility are 
ducted to separate conlrol devices. the 
lead emission concen(rstion from the 
facilitv shall be determine8 using l h e  

equacou: . 
N 

_. 

Where: 
%=is the facllip efnirsion concenlralion 

for the enlire am1iB. 
N=ls the number 01 conlrol devices Io  which 

separate operations in Ihe facility are 
ducted 
= Is  ibe emirsion &Menrmtion tmrn 

?eecbcontrddevioe.. . . 
s the dry standads volumetric now '. Q..% ofthe emuent.gas st.r+m fmm+ 

&,GIs tbe tolal dry standard volumetric' 
now rate tmm all 01 the mnbol devices. 

(d]Forlead oxide manufacturing . 
facilities, the average lead feed rate to a 
facility, expressed in liilograms per hour. 
shall be determined for each test run as 
.follows! .. 

[I] Calculate the total imount oflead 
chargedto &e facility during thhp run by  
multiplying the number of lead pigs 
[ingots] charged during the run by the 
nveraee mass 01 a ~ i p  in kilocrams or by 

- .  . - :. . . . 
L '  wntroldevica ' 

. 

- u~ ~ ~~ ~ 
-~ ~~ 

another suitable m&d. 
(2) Divide the total amouni of lead 

charged to the facllity during the run by. 
' the duration of the run in bourn. 

. [el Lead emissions from lead oxide- .. 

- 
. 

m&facturing facilities, expressed in 
milhirams per kilogram of lead charged 
shall be  determined using the following 
equation: 
€ m = C n Q 5  

. 
.. . .  

Where ' 

€,,=Is the lead emission rale h m  the . 
fadliiy in miiligrams per Lllosram of lead 
charged - .  

. .  . .  
Where ' 

€,,=Is the lead emission rale h m  the . 
miiligrams per Lllosram of lead 

/ Rules and Replalions 
- _  

C,,=is the concmtretion of lead in the 
ekheual sMBm In miUi&!rnmr per dry 
rtsndsrd cubic meter as determined 
sccordi toparngraph (a)Ilj of thi! 

Q-=ls the dryrlsndsrd vdvmelric flow rale 
in dr). slenderd cubic mrlen per hour as 
determined according lo  paTmgraph IsllSl 
of this siction - 

'Fs i s  the lead Ieed rate to the rscillly in ,. 

kilograms per hour as delemined 
acCording IO parqraph (d) of tht~ 

. _  section. 

\ 
. .  : . st.ction. , '  . ' . . .  . 

[Sec. I14 oltheClean Air Act as amended I42 
U.S.C. 741411 

' 2. Appendix A l o  Pari 6ois amended 
by  adding'new Reference Method 12 as 

Appendix A-Reference Melbodr . ' '  , .. . . ... , ,. ..  

MethDd 12. Delermhation 01loorpnic Lead 

_ .  . . .  - 

follows: :" . . .  ' _  . '.. - .  . .  

. . .  . 

. Emissionr Fmm S l s t i o o ~  S o w  
1. Applicobllir~ondPrincipk , ' 

1.1 Applicability. This method spplier.Io 
the delerminslion of inoacnic lead [Pb) 
emissions fmm specified sletionary aources 
only. 
12 Principle. Particulate and gahmus Pb 

emislorn nre ulthdrswn isotinctically fmm 
the soum and collected on a filler and In 

' dilule nitric add. n e  collected samples are 
digested in acid aolution and analyzed by '~ 

atomic absorption spectrometry using BO air 
acetylene flame. 

2. Rowe. Senricil<ty. Precision ond ..,, 
Jnfe+vmces. 

21 Renge.For a minimum nnalylical 
accuracy of *IO percent. the tu-er Gmil of 
t h e  r-nge is IW m. The upper 1MI can be 
considerably extended by dilution. , 
22 h a l f i d  Scnsitivlty.Typicet 

' sensitivities lor a 1-percent change in 
abEorption [ a w  absorbance units] are 0.2 
and 0.5 pgPb/ml for the n7.0 and "3 nm' 

w hdsiqn 'Ibe wilhi4aboratoy 
precision. as measured by the mellicient 01 
variation ranges fmm 02 to 9.5 peramt .. 
relative ton run-mem wncenlrationThese 
values were based on tests conducted at a . , . 

'gray iron foundry. a lead storage battery 
, manufacturing plant, a secondary fend 

smelter. and a lead recovery furnace or an 
alkyl lead manubsrtuling planl. 'Ibe 
concenlrstionr encountered during these, 
tests ranged fmm 0.81 10 13.3 mg Pb/m*. 

. ' 2.4 Interferences. Sample ms(rix enecls. 
may interfere xilb the analysis for Pb by 

.. name atomic ahsorptim II Ws interference 
is suspected the analyst may wnhrm the 

. presence of these malri*.rnectr and 
frequently eliminate the interfemcc by using 
the Melhod of Standard Additions. 

Wjsh concentrations 01 copper may 
Interfere wilb the analysis of Pb at 217.0 nm. 
p i s  interference can be avoided by - 
analyzing the tamples at 289.5 nm. 

lines,resp&vely:' . .- . .  

'. 

a. Appamlur 
3.1 Sampling Train. A schcmalic of the 

sampling train is sh0r.m In Figure 12-1: It is 
similar lo  the Mcthod S train. The sampling 
train ulnrisls of the fo)lowing componcnta: 
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a 

s.1.1 pmbc N ~ ~ ~ I C  Pmhe Liner. Pilol 
 TU^. ~ i f i ~ . , ~ ~ i i ~ ~  ~ c s s u r c  Caujie. Filler 
Holdcr. Filler Healing SYLlCm. h{eIcfinn 
Syricm. Baromrtcr. and Gar Density 
De temina t i~n  Equipment. Same 116 Melhod 6. 
S e ~ i i ~ ~ ~ 2 . i . i  102.1.6nnd 2.1.8 to21.10, 
respectively. 

in series wilh lcal-free ground'glesr fittings 
or an) similar leak-free noncbnlaminaling 
fittings. For the first. third. and  I o u h  
impingcrr. mse the GrcenburpSmith design. 
modified bx replacing the tip Fi th  a 1.3 cm 
1% in.) ID glass lube extending lo about l d  
cm (H in.) lrom Ihc bottom of the flask. For 
(he second impingcr. use the Greenbug- . 
Smith design vi lh  the slandsrd lip. Piace a . . 
Ihcrmomcter. cspsble or measuriw , 

tempcrhture lo Gilhin 1'C ( Z T l  a1 Ihe ovllet 
c f t h e  Iourth impinger lor moniloring 
purposes. 
rn1LLIUG cow * % O - W  - . 

3.12 Impingem. Four impingers connected 
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need&. . ... :. 

Spectmpholomeler. Wilh lead hollow ~ 

cathode lamp and burner for alrlacelylene . . 

3.3.1 AldmicAbsorption . ' . _  ' . 

. , .  nama . .  

4:m or rquivalenl 

w.cyum filuation unit. or equivalmlfor use 
with the above membrane filler. ,.- 

and YW3-mL 

3.35 ~ i l t r ~ i i ~ n  ~ p p a r a ~ ~ ~ .  Minipla . 
sJn Volumetric Flasks. 100-rd. Mcd. ..,' . 

u' 
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4.3 kamplr Recover).. 0.1 N tCJ0. [urn 
as 4.3.4 &we)  is needed for sample recovery. 

'4.4 ~ ~ ~ 1 y . i ~ .  Tbe following resgenb are 
needed for annlplr  (use ACS resgenl grade 
chemicels or c q u h l c n L  unless otherwise 
specified): 

4.4.1 Wsler. Sama e s  4.1s a b  
4.42 Nitric Acid Concentrate& - 
4.43 Nitric Add. .W perccnt (v/V. Dilute 

sm ml of concentraled "0. to 1 h e r  r l th  . 
&loni&d dirlillrd walet. 

4.4.4 stock Lead Slandard Solution, 1wo 
p6 pi/m]. masolve 0.15SB g of lead nlmto 
~ [ N o J , ]  In about Bo ml of delonimd - 
distilled water. add 2 ml wncenbated HN&' 
and dilute to IUI ml wirb deionized diatillsd 
valet. 

4 . u  w&ng Lead Stttdards. Pipet 0.a ..' 
i.o.2.0. 3.0.4.a and 5.0 ml of t h e  dock lead 

solution (4.4.41 Into 2Sml 
volumetric flasks. Add 5 ml of concentrated 
"0. to eacb flask and dilule to volume with, 
dcionired dlrttlled m.a!cr. These workin# 
slandardr wolain OD. 4.0,0.0.12.0.10.0. and 
20.0 ,~g p b / d  respectively. Repare. as 
needed, addilional llandards a1 other 
concentrations in B d.d!ar manner. 

1.4.0 m. Sultable quallty for a l o d c  
absorption analySb. . 

4.4.7 Acetylene. suilabic g u a ~ t y b r  - 
atomic absorption analxsis. 

4.4.8 HydmgenPemxide. 3 percenl IvM 
Dilute 10 ml 01 30 percent H:O. lo 1W ml with 
deionlred distilled watU. .., 

5. Pmcedunr 
6.1 Sampling. 'Ibe complexilg of chi. 

metbod is such thaL in order lo obtain 
ielisble r p ~ I l r .  leslers should be trained and 
eiperienced rrilh the le61 pmcedurra 

5.1.1 Prelesl Reparalion. Follow the ranre 
p w r d  p m c e d w  given in Mclhod 5, Section 
4.1.1. except the h h r  need no1 be weigheb 

5.12 Preliminary Determinations. Follow 
the same general procedure @ven,in Melhod 
5. Section 4.11. 
. s .u  ReparationnfCollectionTraiu . . 

Fallow the same generd p r o m d m  given in !. 
Method 6. Section 4.13. except place 1M ml, . . 
oIcUmo.ineacboftbeFmtiwo: ;. . '1.:. 
Impingem. leave the thM lmpinger emply, ..: 
and transfer appmximalely 2m 10 Jw 8 of . . . 
prewighed silica gel &om Its container lo tbe 
fourth imp@-. Set up Ibr (rain as sbown h 
F i g w  12-2 

6.1.4 Leak.Chxeck'Pro&dedures~Follow the 
general leakcheck prooedures given h 
Method 5. Sections 4.1.4.1. meles t  Leak- ~ 

Check]. 4.1.42 &e&-Cbecke Durha the 
Sample Run]. and4.1.u (posl-7esILpak- 
Olrdtl. 

I .  . .  

,, 

. .  

. 
. 

- 
5 . l j  S m p l i i  Train Operation. Follow 

the came ~eneral proudwe given in Method 
5. Sectiun 4.15. For ea& - rewrd the dale 
mquired on a data sheet such as the one 
mhonn in EPA Method 5. Figure 5-r 

5.13 Calculation of Percrnl I d i i e t i r  . 
Same us hklhod 5. Section 4.1.6. 

+ 5 2  SonipIeRemtxry. Brgin pmper , 
drsnup pmcedure as soon as the pmbeu 
remured from &e stack .I the end of lhe 
sampling period . . .  

Allow the probe to cool. When I1 can bc 
rafcly handle& rip onall c ~ t e m a l  : 
par l ida te  matter n a r  the ~ i p  of the pmbe 
nozzle and p l a o  a cap over 1r Do not cap OB 
thc probe tip '$h* while the samp+g bein 

' 

. i 

I s  cooliq down am thir would W a l e  I 
,vamurn in the filler holder. 611s drawing . 
liquid from the lmplngera inlo the filler. 

Before moving h e  sampling train lo the . 
cleanup sire. remove the pmbe fmm ula 
sapling train, r i p e  on the rlliwnc p a 8 e .  and 
cap Ihc open outlet of the pmbe. Be carefvl .. 
not IO lose any mndcniate thal mlght ba 

. prescnr Wipe olllhr sllicone p a 8 e  from lhS 
p l ~ s s ~ a r e  Inlet where the pmbe war faskned 
and cap !he Wet. Rcnove the umbilical cord ' 

from the last lmplngcr and cap the implnger. .. 
The tester may use ground-glass aloppen. 

. 
plastic caps. or BENm ceps lo Clo?e (heme 
openings. . ' 

Transfer the pmbe and filler-lmplnger . ., 
assembly IO II cleanup area. which is clea? : 
and pmtecled fmm the wind ao thal the 
chances of conlemlnallng or losing the ,, , 

sample are mlnimired. . 
Inspect the (rain prlor to and during -, . 

disassembly and no@ any abnormal 
conditions. r-ai  the ssmples 8s ronowr: 

521 Conbiner Ab. 1 (Filterl. Carefully '. , 
remove thi rdter fmm the filterholder and 
place I1 In i u  identilied p ~ l r l  dish wnla1ner.H 
i t  is necessary to fold the filler. do so ouch 
lhal the rarnplecxpored side Is Inside the 
fold. Careh~Uy trsnsfcr lo the pelri dish m y  
vlzible sample meller endlor T k r  fiben lhal 
adhere lo the filler boldc: gasket by ~ I n g  a 
dry Nylon bristle bmsh andlor a sharpedged 
blade. Seal the conlainul 

5.2.2 Conlaher  Ab. 2 Fmbel. Takl& care 
t h a ~  dud on the oulridc of lhe pmbe or othv 
exterior surlaces does not gel in1o.h 
sample. guantil.tir.elg recover sample muller 
or any wndrnsale from the probe nozzle. 
probe filling. pmbe l i c r .  and h n l  half of Ibe 
filler holder by washing these components 
with 0.1 N "0. and p!ec& the wash inlo a 
glass sample storagr container. Measure and 
record [to the ncewrl 2-ml] h e  lolal amouul 
of 0.1 N M a  used for each rinse. Perform 
+e 0.1 N f iw09rinses a s  follow.: 

carefully remove the probe nozzle and 
rinse the inside surfaces nithO.1 N "0' . 
born a wisb bottle while brushing wlth a 
slainlesr steel Nylon-briskbrush. Brush . 
until the 0.1 N HXO. rinse sbows no visible 

' particles. then make m r i a l  rinse of the h i d e -  
rurfaoe .. . .. , .' 
y B m h  knd rinse mith 01 N HNG &e inside. 
perlr ofthe Swagelok tiltingin a similar ray 
until no visible particles remsin 

Rinse Ihe probe liner with 0.1 N "5- 
While rotating the pmbe so that all Inside 
surlsces will be rinsed with 0.1 N "0.. till 
the probe and squlnO.1 N HNO, inlo 1b. 
upper end. Le1 the 0.1 N HWO. drain from the 
lower end into .the semble conleiner..lhe 
Iesler may use a glnsr funnel lo aid in 
trenslemng lipuld washes to the con1a.m. .' . 
Follos the rinse uith a pmbe brush Hold the 
pmbe in an inclined position squirt 0.1 N ' 
"0, inlo the uppcr end of the pmbe a6 Ibe 
pmbe brush is being pushed with a hvisling 
action through lbr pmbe: bold the sample 
canlsiner underneath the lower end of tha 
pmhe and calch any 0.1 N "0. and sample 
matler thal is brushed h m  the pmbe. Run 
the brush lhmugh lhe probe three limes 01 ; 
mure until no viritlc sample matter is carried 
out rrilh the 0.1 N H W O ,  and none remisins OD 
(he probe liner w, visisusl inspection. W'iIh 

I . -  

..:. 
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' 
slalnlers slrclor olher melal p m k  run the 
brush ihmugh in the above presWmed 
manner a1 less1 s)x limes. since meld pmbss 
have small crevices Wwhich sample mstter 
can be mbapped. Rinsc the brush with 0.1 N 
HNO. and qvsnlilatively coliecl them? 
washiqa in the s m p l e  container. N ~ e r  the . 
brushing make a Tmal rinse of the p m h  as 
dexribedabava . ,  

11 L. rew-ended that hvo people clean 
the pmpe IO minimireloss of rsmplc. 
Belween eampling null. kecp brusher chin 
and protected fmm wnlaminetinr . 

~ i e r  insuring that aU joints nre mipcd  
clean ofrniconr grease. brurh and r ime  wilb 
0.1 N "0. the inside of the fmnl hall of *e 
filterhdder.Brush and rinse each ruface . 
h e  timer or more. U needed lo remove 
visible ssmple halter. Make I! final rinse of 
the brush end filter bolder. Afler'allO.1 N , , 
"0, washings snd sample maller am ' 

c~llecied In the sample container. tighten the' 
lid on the sample container 80 that the flu!<, 
wi I not leak 051 %he? 11 Is shipped lo the . 
Is80&ory. Mark the height of the nuid level 
IO delennioe whelher leak& occw duriog 
transport. Label the container Io dearly 
jdmlify ilr conleak . ' 

the color ofthe indica(ingsilica'ge1 to 
determine Uil has been wmplctely rpenl and 
make a notation of ils condition. Transfer the 
silica gel Lorn the fourth impingcr lo the 
original container and real. The lesler n.ay 
use a funnel IO pow the silica gel and a 
.mbberpliceman Io remove the silica gal'-- 
fmm the impinger. It ir not necessary 10 : 
reiDpre the 6 r n d  amounl of particles that 
may adhere IO the waul and am dil5cult lo 
-move. Since the gain in weight is lo be used 
for molslure calculations. do  not use any -, . 
waicr oi other liquids lo transfa the silica . 
gel. Ua balance Is s r d a b l e  in the field, the 
tester may foUow pmc+dure lor Codtaina , . 
No. s Mder Section 5.4 [Andysls). 
614 Conminer No. 4 pmpingem). Due iS 

the large quantityofliquld involved Ihe 
ceslamayplecetheLmpinger.olutionr in ' I  

several containers. Clem each of (he fin1 
t b i e  lmp.kigem.andwnneding glasmare .. . .h- 
the fonbrring mame(: 

Filiwne grease and u p  (he join*. 

the impinger wn tenb  might 5 w c  as a rinse 
SOlUlion - 
a smml graduated cylinder. Remove tbc 
outlet ball join1 cap and drain the wnlents 
through uljs opening. Do no1 reparale tbe" ~ 

impinger parlr ( i e r  and outer tubes) while 
trinsfe- their conlcnb lo the cylinder. 
Measure the liquid volume lo within zt2 d 
Alternatively, delemine the weigh! 01th~ 
liquid lo within 20.5 8. fircord in the log the 
volume or weisat of the liquid presenl along 

. with a notation of any color or Tim ohscrved 
~n the impinger catch. The liquid volume or 

' weigbl is needed alongaith the silica gel 
dale. lo calculate the c lad  gas mOiSlW 
wnlent (aee Method 5. Fiim 591. 

4. Transfa (he contents to Container NO. 4. 
€.Nolc:in sleps 5 snddbe1ow.meas'~? 

and re'mrd the Cola1 amount of 0.1 N HNG 
' used fox rinsing. Pow a p p d m s l e l y  90 ml d 
0.1NHNO.~1oce&ofthefirsl(hm . . 

525 Conbiner No. 3 [Si!ica Gel). Check 

. 

I. wipe the @pinger ball joints free or 
. 2 Rotale and a$el~ racbhp&!er. so that 

3. Transfer the contents 01 the Impir.gcm to 

- 

. 

h p i n g c n  mnd spiletr the impmwcn. Drain 
the 0.1 N IWO, through the oullrl ann of 
each Impinge, into Container No. 4. Repeal 
this opcra~~on second time: lnrpct the 
lmptngcn for any mbnormal conditions. 

e. W i p  the ball joinla of the glassware 
t m m e c t i  (helmpingem bee of miliconc . 
grease a s  dnse rsch  piece of plssrnare 
twice with 01 N HYO. : l ren~fer  Ihh rinse 
Inlo Conteiner No. 4. (Do not rinse orbmh ,, 
Ihegfors-frj!!edfillcr r u p p r l )  Usrl the , ' 
bel hl ofthe fluid level ID delermlnr whether 
kefsge DCN~S during transport. Lube1 the 
ronlainer IO drsrly idcnllfy 11s wnlenb. . 
HNO, used for sampling and deanup as 
hls& Tahe Ih'c molulion dimclly from the 
bottle being used and lace lnlo m glass 
sample container lahefed "0.1 N HNO. . 

, b . 2 5  Blank,. Save UXI ml of the 0.1 N ' !, . 

.. blank" . .  
6.3 Semp1e heparal ion 
63.1 Conbiner No. 1 (Filter). CUI the fiiler 

into strjps end banifer the mtrips snd all 
loose part idate  matier into a 10-ml 
Eklenmeyer nark. Rinse thepetri dish with 10 
ml of 50 percent HNO. lo insure a 
quantitative transfer +add IO the n a s k  
(h'ote: U the loid volume rrguimd In Section 
6.39 ir expected lo exceed 80 ml. use a 25od 
Erlenmeyer nasL in place of the I 3 . m l  flask-) 
,, 5.32 conbinem No. Zand No. 4 Probe 
'and Impingen). (Cbech the liquid level in 
Containers No. 2 andlor No. 4 end codirm as 
IO whether or no1 leslage o c c d  during 
trsnsporl. nole observation on thp aneiysis 
sheet U a  noticeable amounlof,lrahage had 
occumd. ellher void the sample or lake 
slop,. subjed lo the approval d t h e  
Adminirtralor. lo  adjuil $e final rprdu.1 
Combine the coolcnls of Conlainen No. 2 
snd No. 4 and take to dryness on a hol plate.' 
5.33 Sample Extraction for lred Based on 

tho epproilmste slack gas parliculale 
wncentration and the total volume of slack . ' gas aemplcd estimate the total meight of 

, parlirulslr sample cdlecled. 'Ihen transfer 
the residue fmm Conlainen No. 2 and No. 4 . 
IO &e 12~ml Erleme).er nssk that c?ntainm 
the Tdler wing rubber policeman and 10 d o l  
50 percent "0. for every loo mg of sample 

' '. sollecled io the h i m  01% dnimum of 90 ml 

. . Place tbt ~ r l ~ n m e y e r  nssk on a hot plate 

- 

, 

. .  of M percpntHN0. w.hlchP"er Is lalpr. .. 
'and beat with p e r i d c  slirring lor 50 mi0 at a 
~rmperahm jus1 below boUing. U the sample 
volume fsnr below 1 5  ml. add mom 50 
percent HNa. Add 10 ml of S pcrrenl H,O. 
a r d  c m h w  hieling for i n  min. Add 54 ml of 
hot [WC)deioniwd d:rlilled naler and heal 
for m mi". Ren.ove the nark Imm the hot 
#!at, sod alios lo cool. Frller lhr sample . , 
lhsw:h a Millipox rcembrane filler or 
e q ~ ; t b l c n t  and transfer Ltc filtrsle lo a 2SLb 
nd voiumrlric nark. Dilvle lo volume wilh 
di.ionized distilled wala.  

using hvo f i lum from each 101 ol filters used 
In the sampling train. CUI each filtcr inlo 
strips andplscs each f i l l n  in a rrperale 1% 
ml Erlenmeyer flask. Add 1s ml of 50 percent 
HNO. and lmal as dbsuilwd ir. Section 5.33 
uslng IO ml of 3 percent HIO. a i d  50 ml of 
hot. deionircd distilled water. Filer and 
dilute IO a loa1 volume of 1M ml using 
deionlzed dirllUrd wafer. 
5.3.6 0.1 N "0. Blank. Tale the e n b  

Zm ml d0.1 N "0. to dryness on a rteam 

5.3.4 Fllter Blank. Delerminr a filter blank 

bath. add IS ml of 5O percent "0, and (teal 
as dcsuibed In Spclion 533 using IO ml of 8 
pelrent H.0. and 50 ml ofhoL deionized 
distilled wa1a. Dilule lo a lolal Wlume 01 1W 
ml u s b  deionized distilled waICI. :. , 
. 5.4 Analysis. 
51.1 Lead Delerminstion Cslibrale lhe 

specbpholometer as de8rribc.d in Seclion 82 
and d c l e d n e  the.absorbance lor each 
eo- sample. the  filter blank. and 0.1 N '. 
"0. hlank.'Anal)-ie each sample three .. ' 

times In th is  m a m a .  Mahc appmpriale . - I 

diluliona. as =quire& Io bring all sample Pb 
concentrations Into the Iinem absorbsnce , , 
range of the speclmpholomela. . . . _ .  
U the Pb concentration of a sample Is at &e 

low end of the calibration m e  and high 
accuracy is required. the sample can be taken 
lo  dryneaa on a hol plale and the residue . '  

dissolved in the appropriale volume of water 
lo bring 11 inlo the optimum nmp of the :. . . 
c a l i b r a t i o n ~ m e .  > .  .. . . .. 
5.42 hjandalory Check lor Malrir Effects 

on the Lead Results. Tbe analysis for Pbby 
atomic absorption is sendtive to the chemical 
compositon and to the physical properties 
(viscosity. pH) of the sample (matrix eeclr). 
Since the Ph procedure derwicd here will be 
applied lo many different aouncs. many. 
samplk matrices will Kenwunlered. Thus.' , 

check [mandatory) SI least one sample fmm . ' 

each soume using the Method of Additions lo 
asccrtsin thal the chemical wmporltion and 
pbyaical propertlea of tbr ssmple did not: 
cause ermneous enalytical rerulb. . 
-Three acceptable "Uelhod ofAddilion5. . 
procedures are despibed in the  General 
Procedure Section of the Perkin Elmer 
Corporation Manual (see Citation 9.11, U the 
results of the h$e!had of Additions prbseduie 
on the source sample dono1,agme wilhin 6 
percent ofthe value oblained by the . , 
conventional atomlc absorption analysis. 
then the tester mu11 reand>m sll samples 
fmm the source u r ' q  the Method 01. . 
Addilions procedure. 
5.43 Confoiner No. 3 (Silica Gel). The . 

tesler may condud this Eiep in the field 
Weigh the spenl silica gel [or silica gel phu 
Impinge;) to the nearer! as g. record this , 

we&hL . . .  
E CaIibmtia :.> . 
h~ainlainslsbarald~logof.)l ~. < . 

calibrations. . ' . 
81 S a m p l i T r a i n  Calibration. Calibrate 

the s a m p l i  bain wrnponentr according to 
the Indicated sections ofhIethod 5: Probe 
N o d e  ( % d o n  6.1): Pilot %he [Seclion 52): 
Meltring System [Section 5.3): h b r  Heater 
(Section 5.4): Temperature Gsugea [Seclion 
65): LeekCbeck of the MclaIng Syrlern ' 

[Section ae]; and Baromeler [Section 6.7). 
62 Specbphotomeler. Mcarure the 

absorbance of the slaadad solutions us'w 
the Instrumen1 se1tiq.s recommended by the 
specbopholometer mandaclurer. Repeal 
until good agrzement [2S,percenl) i s  
ohleined between two mnrecutive reedings. 
PI01 the absorbance (y.axis) vmun 
wncenlrstion In p g  P b / d  (xdds). Draw of 
wmpule a straight line h u g h  the linear 
portion of the Curve. Do not lorn tbe . . 
cnlihration w e  lbrough tem. hul U the 
curve does not paas h i g h  the origin or a i  

' leael lie closer lo the origin than 50.003 

. 

. > '  

' 
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gllssl.lined probe and 01 least two Impingen. 
each wnlaining X U  ml of0.l N "0, allu 
the 1n.stsct filter and (21 he rewverr snd  
anslj.rcs the probe end impinger contents for 
B. Recover rsmple from the nozzle with 
ace~one if a psrlicvlale analysis i s  to bc 
mads. . .  

0. Biblio mphy 
9.1 Perf in Elmer Corporalion A n a l j ' l i ~ l  

Melhodr lor Alamic Absorpllon ' . . 
Spec~mphotomeby. Norwalk. ConnectlcuL 

Maleriais. Annual Book 01 ASTM Standards. 
pari 3z Weter. Almospheric Analysis. 

-Philadelphia. Pa. 1974. p. 4 M Z  
93 Klein. R. and C. Hach. Slandard 

Addilions-Uses and Wmilslions In . ,  
SpectrapholomeMc Analysis. Amer. Lnb 
unTz~:ien. . . 

9.4 Mitchell W.]. and M.R. MidgeK , 

' 

Determining Inorganic and Alkyl Lead 
Emissions from Stationary Sources. U S  
F.n\ironmenlsl h l e c l i o n  Agency. Emission 
Monltorini end Supporl Lsboralov. ReseedI  
'Triangli Park. N.C fPresenled 01 Nallonal 
APCA Meeting. Hourlon. June 26.19781. 

9.5 Same as Melhod 5. Citslions 2 lo 6 
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... RECUMENDED PROCEDURE FOR SAMPLE TRAVERSES 

I N  DUCTS SMALLER MAN 12 INCHES I N  DIAMETER 
.. 

I 

Robert, F. Vollaro 

INTRODUCTION . 

In 'source sampling; stack gas veloci ty . is  usually measured w i t h  a 

Type-S p i to t  tube. In many field.applications. the p i to t  tube i s  attached 
J. 
..I . .  . ., t o  a sampling probe. equipped w i t h a  nozzle and thennocouple. This combi- :.-e. 

' L. ! 

/ .  nation i s  called a pitobe assembly. Most conventional pitobe assemblies* 

have a cylindrical sampling probe of 1-inch diameter. but .  occasionally, ._ 

an assembly has an external cylipdrical sheath o f  about 2-112 inches i n  

diameter. encasing the probe. p i t o t  tube and thermocouple. When a pitobe 

assembly is used to traverse a duct tha t  i s  36 inches or' less i n  diameter. 

the pitobe assembly can "block" a significant part of  the duct cross section, 

as  i l lustrated i n  the projected-?rea models, Figures l a  and lb.  This reduct 

' i n  the effective cross-sectional area o f  the duct causes a temporary. iocal" 

. .* . 1 .' 

. -  . .  
.. .. .. 

>. 
1 t ,* . 

.. . increase i n  the average velocity o f  the flowing fluid. I n  @st pitobe .., . 
$. . 

assemblies. the impact opening of the Type-S pi tot  tube l i e s i n  appkxi&tely . . .  . 

the same plane as the probe sheath (Figure 2) and. whenever appreciable sheath . .  

blockage exists. velocity head (AP) readings &de w i t h  the p i to t  tube tend" 

t o  reflect the local increase i n  gas velocity. and are  not truly representa- 

. . . ~  . . '.,.. . 

.. ,!?. , 
. .. 

- 

t fve  of the mainstream velocity. Recent studies. 

samplk traverses i n  ducts having diameters or equivalent diameters between 

have shown that. fo r  
6' 

' 

12 and 36 inches, blockage effects 'are  not particularly severe. and a simple 
:I 

,~.v.. ,,& .... . *Designed according tot. the specifications outlined i n  APTD-o's81 (Reference 3). .. ,.+ or  allowable modifications thereof. . 
. -  

.. ... . .. ... . - - - I  

. a  . .  
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2 4 
adjustment i n  the value of the Type-$pitot tube coefficient ( C ' )  can be 

made t o  compensate fo r  the pseudo-high AS' readings (Figure 3). When the 

duct diameter (0,) is less  than 12 inches,, however, probe sheath blockage . . . , .  ,;%:??- .1.. 

effects intensify, and the adjustment technique i l lustrated i n  Figure 3 no ' !". 

longer applies. Therefore. alternative methodology must be used i n  order 

t o  obtain representative sample traverses in'ducts of t h i s  size. The 

P 

. *  
. .  . .,' :. I.$,':: , 

...I. .!. 

:?* 

i ..: 

.. 
..L: . 
.I - I 

purpose of this paper i s  to propose a method by which satisfactory .sample i 

*< 

traverses can be conducted when Ds is between 4 and 12 inches. 

. PRWOSED METHOD FOR SAMPLE TRAVERSES 

WHEN 4 In; zDs < 12 3n. ' 

. .  ,.. .._ 
METHODOLOGY 

. 
I. .. 
. .. -': To .conduct representatlve sample traverses i n  ducts having diameters 

. .  
.. :. 

. . ,  ,. 
-'i 
,;, 

between 4 and 12 inches. i t  is rgcohnended tha t  the arrangement i l lus t ra ted  

i n  Figure 4 be used. I n  Figure 4, velocity head (AP) readings'are taken 

, .  .' 
..i.. . downstream of the actual sampling s i t e .  The purpose o f  the s t ra ight  run  o f  ... : ' .', . , . . 

duct between the sampling and velocity measurement sites is t o  allow the f low.  +?>. . . :,I..: '. . .  

profile. temporarjly disturbed by the presence of the sampie probe, t o  .. redevelop . . .  ' .~;::*. 

and stabilize. 

different from those of a conventional pitobe a s ~ e m b l y ; ~  construction details'::;:. .. . . 

of these components are  discussed below. 

. . . .  . .  

r. - .  ,.. 
The pi to t  tube aqd sampling nozzle shown i n  F i g u r e  4 are . .  

.. .. .. , 
.. . 

A. Pitot tube. 

A standard p i to t  tube shall be used. instead of a .Type-S. t o  monitor 

stack gas.;elocity: When Ds is l e s s  than 12 inches, a Type-S p i to t  tube can 

begin to  block a significant part  of t h e  duct cross section and y ie ld  

1 



*-J , . 
3 

pseudo-high AP values. 

w i t h  a standard pi tot  tube, however, f o r  two'reasons: . (1) the impact and 

Cross-section blockage is n o t  a serious problem 

. .I s t a t i c  pressure openings of a standard p i t o t  tube,  unlike those of a 

Type-S, follow a 90' bend. bnd are  located well upstream of the stem of 

. -  
' I  
I .  

6 .  
. r: .. 

the tube (compare Figures 2 and 5); and (2) when properly aligned. the 

sensing head o f ' a  standard p i to t  tube is parallel. not perpendicular. to  

the flow streamlines i n  the duct. 

The preferred design for the standard p i t o t  tube i s  the hemispherical- 

nosed design (Figure 5). Pitot  tubes constructed according t o  the c r i t e r i a  

i l lustrated i n  Figure 5 w i l l  have coefficients of 0.99 - + 0.014* '. Note. 

however. t h a t  for convenient tubjng diameters (dimension 'ID"- Figure 5). the 

static and impact sensing holes of the hemispherical-type p i to t  tube w i l l  
.. 
I be very small, t h u s  making the tvbe susceptible t o  plugging, i n  particulate 

o r  liqujd droplet-laden gas strepms. Therefore, whenever these conditions ..I 

" 

are  encountered. either of the fpllowing can be done: (1) a "back purge" 

system of so& kfnd can be used t o  clean out. periodically. t he ' s t a t i c  and .. __ - .. ._ - - . . . ,' 

., . .  .. 

-< - 
.. 

impact holes;.or (2) a modified hemispherical-nosed p i t o t  tube (Fiiure 6). .I! . :i ,. . ' 
. .  ..- , which features a shortened stem and enlarged impact and s t a t i c  pressure . .  ,holes, .'. .. . . 

can be used instead of  the conventional hemispherical. type. I t  has recently 

been demonstrated t h a t  the coefficients of the conventional and modified 

hemispherical-nosed tubes are essent ia l ly  the same. 

..>. 
,'..-,. 

:- 

6 

B. Sampling nozzle. 

The sampling nozzle can e i ther  be o f  the buttonhook or elbow design. 

The nozzlk shall meet the general design c r i t e r i a  specified i n  Section 2.1.1 

of the revised vers1on:of EPA Method 5. except t ha t  the entry plane of the 
! 

- . ..- . - ., - . .  . _  __  - . .. . . -- . . - . .  



nozzle must be a t  l eas t  2 nozzle diameters'(1.d.) upstream of the probe 

sheath blockage plane (see Figure 7). . ' 

z 
:: 

PROCEDURES I 

The following procedures shal l  be used t o  perform sample traverses 

using the arrangement i l lustrated i n  F i g u r e  4: 

A. Location of sampling site. 

Select a sampling site tha t  is a t  l ea s t  8 duct diameters downstream 

and 10 diameters upstream from the nearest flow disturbances; this al lows 

the veloclty measurement si te to be located 8 diameters downstream of the 

sampling location and 2 diameters upstream of the nearest flow disturbance 

(see Figure 4). For rectangular stacks. use an equivalent diameter, calcu- 

lated from the following equatfon. to determine the upstream and downstream 

distances: 

2w 
De L+B (Equation 9 

Where: 

= Equivalent diameter De 
L = Length of cross section 

W = Width of cross seption .. 

If a sampling s i t e  located 8 diameters downstream and 10 diameters upstream 

from the nearest disturbances $6 not available, select  a s i t e  tha t  meets 

these cr i te r ia  as nearly as possible. Under no circumstances. however, shall 

a sampling site be chosen which is less than 2 diameters downstream and 2.5 

diameters upstream from the nearest disturbances; t h i s  guarantees a minimum 
. 

. ,  ... .'. . -. * .  . 
I.,... . .  
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of 2 diameters of s t ra ight  run  between the sampling and velocity measure- 

ment s i tes .  'and 0.5 diameters between the velocity measurement k i te  and 

the nearest flow disturbance. . 

8.' Number of traverse points. 

The correct number of traverse points shall  be determined from 

Figure 8.  

distances. UAIl . "B", and 'IC"* and express each distance i n  terms of duct 

diameters; second.' read from Ffgure 8 the number of traverse points 

To use Figure 8. proceed a s  follows: first. determine the three 

corresponding t o  each O f  these three distances; t h i r d ,  se lec t  the highest . . .  

of the  three numbers of traverse points, or  a greater number.'so that  for 

circular  ducts the number' 5s a multiple of 4; fo r  rectangular ducts, the 
. .  

... >. 

number should be chosen So tha t  it.is one of those .shown i n  .. 
... ' ' ... :. ._ . ,. Table 2. 
.. c. Location of traverse points, c i rcular  cross sections. 

h:. . .. . :,. 
. ,  . .  For circular  stacks. locate the traverse points on 2 perpendicular 

diameters, according to'Table 1 and the example of Figure 9a. Any traverse 

point located less  than 1/2 inch from the stack wall will n o t  be acceptable . .  
. .. * . . . .  

. -  . 
. -  for  use a s  a sampling point; al l  such traverse pofnts shal l  be "adjusted" A ,  . -  

by relocating them to a distance o f  1/2 inch from the wall. In Some cases; . . .  . 

t h i s  relocation process may involve combining two adjacent traverse points. . .  

t o  form a single "adjusted" pofnt; thus. i n  some.instances, the number of 

points actually used for  sampling may be less than the 'number of traverse 

pofnts obtained from Figure 8. 

' 

0. Location of traverse p o i n t s ,  rectangular, cross sections. 

For rectangular stacks. divide the cross section into as many 

equal rectangular elemental areas as  traverse points (as 

"'et, 
... . . - . 



6 

determined1in Secti,on-.!B" :abov,e), according,,.to Table, 2,'Lo.cate 

a traverse point a t  the centroid of each elemental area, -according t o  the  

example of F i g u r e  9b. 

E. Sampling. 

Sample a t  each non-adjusted traverse point fo r  the time interval 

specified i n  the method being used (e.9.. Method 5): I f  two successive 

traverse p o i n t s -  have been relocated t o  a single "adjusted" traverse point. 

sample twice as  .long a t  the adjusted point as a t  non-adjusted points. taking 

twice as maw readings. but record the data a s  though two separate points 

had been sampled, each for half o f  the total  time interval. 

sample run ,  velocity head (AP) readings shall be taken a t  points downstream 

of. but directly i n  l ine w i t h ;  the sampling points. The samplihg ra te  

th rough  the nozzle shall be s e t  based upon the 'AP  readings; i f  a nomograph 

is used. be sure when set t ing it 'to use the correct 'value (i 0.99) of the 

. .  

During the 

p i t o t  tube coefficient..' 

' ALTERNATIVE SAMPLING STRATEGY (STEADY-FLCW ONLY) 

If the average total  volumetric flow rate in a duct is constant wi th  
# 

time. it is unnecessary to.monitor stack gas velocity during a sample run. 

Thus. whenever time-invariant flow is believed t o  exist  in .a  stack (e.9.. 

for a steady-state process). the following traverse procedures can be used 

i n  l i eu  of those outlined i n  the preceding sections: 

A. 

velocity 

sampling 

- ... 

location of Sampling-Velocity Measurement Site.  

When steady flow is believed t o  exist i n  a duct. the sample and 

tiaverses can be conducted non-simul taneously ; therefore. the 

and velocity measurement s i t e s  need not be separate. Rather, a 

- _ . -  ..... .-. 

. .  '. .. .:. -.. , 

.. .. 
I. .,! . 

.. . . .  
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single location can be used for both.sampling -and velocity meabrement 

(see Figure 10). 
b 

Select a sampling-velocity measurement site that  f s  a t  l ea s t  

8 duct  diameters downstream and 2 diameters upstream f r o m  the nearest 

flow disturbances. 

(Equation 2) t o  determine the upstream and downstream distances. 

samp1ing-velocity.measurement s i t e  located 8 diameters downstream and 

2 diameters upstream from the nearest disturbances IS not available, 

choose a site tha t  meets these c r i t e r i a  aS nearly as possible. Under no'' 

circumstances, however, should a sampling-velocity measurement site be 

chosen tha t  is less than 2 diameters downstream and 0.5 diameter upstream 

from the nearest disturbances. 

For rectanguiar stackS. use a n  equival'ent diameter 

I f  a 

5.1 

1 < 
' r  .. 8. Number of Traverse Points. ,. - . .  

The correct number of traverse points'shall be determined from . 
. .  

Figure 11. To use Figure 11. proceed as follows: first. 'determine the 

distances 'A" and "B" and express each distance In terms o f  duct diameters;.. .. ,! ' 

second, read f r o m  Figure 11 t h e  number of traverse points corresponding to 

each of these distances; third, se lec t  the higher of these two numbers of  

traverse points. o r  a greater number, so tha t  for circular ducts the number 

.is a multiple of 4 and, f o r  rectangular ducts. the numberii one of those 

shown i n  Table 2. 
C. Location of Traverse Points. Circular Cross Sections 

For c i rcular  stacks. locate the traverse points on 2 perpendicular 

diameters. according to Table 1 and the example of Figure 9a. Any traverse 

point located less  than 1/2 inch from the stack wall will be unacceptable 
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f o r  use, ei ther  as a velocity traverse.point o r  a s  a sample.point; a l l  

such points shall be "adjusted" by relocating them'to a distance of 1/2 

inch from the  Wall: In  some'cases. this' relocation process may involve 
' 

combining two adjacent traverse points t o  form a single "adjusted" point; 

thus. the  number of traverse points. actually used ' r i l l  .sometimes be less 

than &number of points obtained from Figure l i ;  

. .  

. .  

G 

D. Location o f  Traverse Points, Rectangular Cross Sections. 

For rectangular stacks, divide the cross section into a s  maw 

equal rectangular elemental areas as  t rav i rse  points: (as. 

determined , i n  .Section *%I;. above),. according to  Table 2. .. 

k c a t e  a traverse p o i n t  a t  the centroid of each elemental 'area, according 

- .  . . . . . . . . . -  
.. 

to the'example of Figure' 9b. 
a s ,  . .  E.' preliminary VeTocity Traverse. .. 

. :'. ~ 

? 
.I./ 

Perform a preliminary velodity'traverse of 'the duct. Take velocity 
. .  -: 

head (@) readings a t  each traverse point: using a standard p i to t  tube 

(designed as shown i n  Figure 5 o r  Figure 6). Calculate the average velocity,.. . .  . 

i n  the duct. us ing  Equation 2-2 i n  the December 23, 1971 Federal 'Reqister. ,.i 

.. , 

4 
8 ,  _ '  ~ 

. ,  
.'( , . .  , .  . .  .. , 

, ,  F. Sampling 
1 .  . 

Sample a t  each non-adjusted traverse point f o r  the time interval . .  

specified i n  the method being used (e.g., Method 5). 

traverse points have been relocated t o  a single "adjusted" traverse point, 

sample twice as long a t  the adjusted point as a t  non-adjusted points. taking 

twice a s  many readings, but record t h e  data as though two separate poi'nts 

had been sampled, each f o r  half of the to ta l  time interval. 

If two successive 

lime-invariant 



. (  

(. 
. .  
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- 

flow is assumed; therefore, 'the sampling r a t e ' a t  each'point shall be set 

based cn.the bP reading obtained a t  tha t  point during the preliminary 

velocity traverse. 

, 

G. Post-Test Veiocity'Traverse. . .  

Perform a second velociw traverse o f  the"duct. a t  the end of the . 
Calculate the average've1ocity''in the duct (V,) avg., us ing  sample run. 

Equation 2-2 o f  the December- 23, 1971 'Federal Register.' If the value of ' 

( V  ) avg. I s  'w i th in  - + 10' percent o f  the value obtained i n  the preliminary 

traverse, the assumption of time-invariant flow 1s valid, and t h e  resul ts  

a re  acceptable. If the difference bebveen'the pre-test and post-test values 

of (V,) avg. i s  greater than  5 10.percent;reject'theXesults.and repeat the 

run, monitoring velocity.during sampling, as  shown i n  Figure  4. 

5 

*. 
. .  
: _ "  . . ;- . ,  
I .  

. .. 
,-: 

: ;A .. 
t 
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'Tab1 e 2. 
. No- ,,f triverse 

9 :  

points 

. .  
12 

16 

20 

25 . 

. 30 
. .. . 

36 --. 

42 

43 

3 x 3  

4 x 3  

4 x 4  

5 x 4 . .  

. 5 x 5  

6 x 5  

6 x 6  

7 x 6  

7 x 7  

. .  . .  
_ .  
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Figure 9a. Cross section of circular stack divided into 
12 equal areas, showing location of traverse points. 

Figure 9b. Cross section of rectangular stack divided 
into 12 equal areas, with traverse points at centroid 
of each area. 
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9.4 

When using organic solvents, the standard and sample solutions must be prepared 
with the same solvent. All solutions should b e  allowed to come to t h e  same 
temperature before beginning the determination. When there is no other way to 
compensate for the matrix interference, the  method of additions can be used. 

Method of Standard Additions 

The method c?f standard additions is a useful technique which often makes it 
possible to work in the presence of an interference and still make an accurate 
determination of the analyte concentration. Figure 9.4 illustrates the method of 
additions. 

Take three aliquots of the sample. Dilute the first t o  a known volume with solvent. 
Make up the second and third aliquots to the same volume with suitable quantities 
of known standards added so t ha t  the final solutions contain different additions of 
the metal t o  be determined. 

~ ~ 

SSAMPLE + BLANK. I:I 

Figure 9.4 
Method of Additions 

. .... 

Determine the absorbance for each solution, expanding the scale if necessary to 
improve readability. Plot the absorbance readings obtained against the  added 
concentration. Extrapolate the resulting straight line through zero absorbance. The 
intercept on the concentration axis gives the  ioncentration of the metal  in the 
diluted sample solution. 

For an accurate determination by the method of additions, the working curve must 
b e  linear over the  concentration range covered by the sample plus additions. 
Additions should be of approximately the same concentration as tha t  anticipated 
for the diluted sample solution. a 



9.5 

The method of additions can also be done directly on many atomic absorption 
spectrophotometers (Figure 9.5). The sample solution containing the unknown is 
aspirated and the spectrophotometer is set to zero. Then the sample with the 
standard addition is aspirated and the concentration of the standard is set to SI. 
The blank solution (which must be representative of the sample matrix) is then 
read. This negative reading corresponds t o  the concentration of t h e  element in the  
sample solution. 

c 

CONCENTRATION DIRECT IEXWNDED ABSORBANCE) 

/ METHOD OF 
ADDITIONS 

5.0 L--Qf 

d- 

I . S E l  DILUTED SAMPLE 
SOLlJTKlN TO READ ZERO. 

II. SET %PIKED’ SOWION 

m . READ CONCENTRATON 
FOR BLANK SOLUTION. 
ABSOLUTE VALUE 15 
CONCENTRATON IN OF INTEREST. 

THE ADDED OMICE”lffl 
OF THE ELEMENT 

MLWCD SAMPLE. 1-23) 
.NORMAL. METHOD 

SETTING IBLANUI 
OF ADOITIONS zEm 

Figure 9.5 
Direct Method of Additions 

Two factors must be considered when using this method: 

1. The sample concentration and the sample-plus-standard-addition concentra- 
tion used to set the instrument conditions should fall on the linear portion of the  
calibration graph. 

2. There is a maximum negative reading which can be obtained on the  
instrument. This value must be determined and an appropriate scale expansion 
used so that this value will not be less than the concentration of the element being 
determined. 

Emission Interferences 

A f  thigh analyte concentrations, the atomic absorption analysb for highly emissive 
elements sometimes exhibits poor analytical precision, if the emission signal falls 
within the spectral bandpass being used. An example of this is Ba in the nitrous 
oxide-acetylene flame. This degradation occurs because the  electronic noise of t h e  
photomultiplier is proportional t o  the to ta l  signal incident upon it, even though only 
the  modulated atomic absorption signal is being measured. 

There are several ways to compensate for this Interference, Including decreasing 
the slit width, increasing the k m p  current, diluting the  sample, and using a cooler 

I flame. 
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CU.IBRATION INFOWTION 

NOZZLES 
Each neu set of nozzles purchased by ET1 are' first machined and 
calibrated before being put into field use. Thereafter, ehenever it 
becomes apparent that a nozzle has been damaged, it is again machined 
and recalibrated. A set of three is matched to within 0.002 inches 
(Difference between high and lou readings). Nozzles are checked prior 
to each source test. 

All pitot tubes used by ET1 whether separate or attached to a sampling 
probe-uere made by ET1 personnel. Prior to being put into field use, 
they are calibrated. In general, if a type "S" pitot tu& is 
constructed properly, and not positioned too closely to the probe nozzle 
or any other obstruction, it will have a Cp of 0.83 - 0.87. As long as 
the pitot tube is not damaged its calibration should not change. All 
ET1 pitot tubes are made to have a Cp of 0.86. If a pitot tube does not 
initially have a Cp of 0.84, it is altered until a reading of 0.84 is 
obtained. Pitot tubes are checked before each source test and receive a 
complete calibration once a year. 

DRY GAS nETgR AND ORIFICE METER 
Complete meter box calibrations are performed annually. One point 
calibrations at the average orifice meter and maximum vacuum readings 
encountered during the compliance test are performed after each EOUrCe 
test. If the dry gas meter calibration factor differs from 1.00 by more 
than \0.02 then the dry gas meter is r e p a i d  and given an annual 
calibration. 

THgWKlWXERS. FYRITKS. ORSAT AND ORSAT BAGS 
Each mu thermometer. pyrometer and thermocouple purchased or 
manufactured by ET1 is checked and calibrated before being put fnto 
field use. After each source test each temperature sensing device used 
on the test receives a one point calibration check according to U.S. EPA 
guidelines. 

Fyrites. 
test. 
of equipment is either repaired or replaced. 

orsat and orsat bags are checked before and after each source 
If they do not function according to U.S. EPA protocol that piece 

! 

LiBoRAToRY BouIplIEKT 
ET1 has a uritten quality assurance document that covers calibration and 
maintenance of laboratory equipment. This includes calibration of the 
analytical balance against Class S weights. and service contracts to 
maintain traceability to N.B.S. Calibration of thermometers, 
barometers. A 
copy of our quality assurance document may be obtained by written 
request. 

stopwatches and wet test meters are traceable to N.B.S. 



Dry Gas Meter 
Pretest meter calibration factor, Y = 1.00 (within i 2%) 

(within f 5% of pretest) 
Recalibration required? Circle one: 
Postest meter calibration factor, Y = 

Lower cal. factor, Y = - for calculations (pretest or postest) If yes new Y = 

Dry Gas Meter Thermometers 
Was a pretest temperature correction used? Circle one: yes or@ If yes 

Postest comparison with mercury-in-glass thermometer? (within i10.8'F at 

Recalibration temperature correction? E (within i5.4'F over range 
If yes, no correction necessary for calculations if meter thermometer 
temperature is higher; if calibration temperature is higher. add 
correction to average meter temperature for calculations 

Stack Temperature Sensor 
Was a pretest temperature correction used? Circle one: yes or @ If yes 

Temperature of ref. thermometer for recalibration #I #2 O R  

Temperature of stack thermometer for recalibration #1 #2 "R 
Diff. between ref. and stack thermometer temps. #1 z/ #2 - OR 

temperature correction = (within f 5.4'F over range) 

ambient temperature) Recalibration required? Circle one: yes o m  

temperature correction O F  (within *1.5% in OR over range) 
Average stack temperature of compliance test, 546 OR 

(within f 10% of the average stack temperature) 

Do the ref. and stack values agree within i1.5%? Circle 
If yes, no correction is necessary for calculations 
If no, calculations must be done twice-once with the recorded values 
and once with the average stack temperature corrected to correspond 
to the reference temperature differential; both final result values 
must be reported since there is no way to determine which is correct 

Barometer 
Was the pretest 
Postest comparison? 

reading correct? Circle one: @r no 
Hg (KI.1 in. Hg) Recalibration required? 

Circle one: If yes, no correction necessary for 
calculations barometer has a lower reading; if the 
mercury-in-glass reading is lower, subtract the difference from the 
field data readings for the calculations, Pretest Postest 

Hg in glass 29.39t Z,@y 
Field 2%+0 
Difference ,008 

Was the nozzle calibrated to the nearest .001 in.? Circle one: 
Nozzle 

ol33b 0 . 3 ~  6.3% 0.33A 0,336 ' I  

hpinger Thermometer 
Was a pretest temperature correction used? Circle one: yes or@ If yes 
temperature correction c (within i5.4'F over range) 



-OD 5 PRETEST - POSTEST CALTBRAfiON QEC€S 

/ nlro k , Tic .  Calibrated by k b f l u .  Plant -IoAn*K Po 
Meter box number 13.18 Date lo/.&% 

Dn Gas Meter 
Pretest meter calibration factor, Y = 
Posteat meter calibration factor, Y 
Recalibration required? Circle one: yes or no 
Lower cal. factor, Y = 

iqelrs , 

(within f 2%) /.c (within f 5% of pretest) 
If yes new Y = 

for calcu ations (pretest or postest) 
- - 

Gas Ueter Thermometers 2 a pretest temperature correction used? Circle one: yes or@ If yes 

Postest comparison with mercury-in-glass thermometer?' (within *10.8°FA 
temperature correction (within f 5.4"F over range) 

ambient bnperature) Recalibration required? Circle one: yes o w  
Recalibration temperature correction? 
If yes, no correction necessary for calculations if meter thermometer 
temperature is higher; if calibration temperature is higher, add 
correction to average meter temperature for calculations 

Stack Temperature Sensor 
Was a pretest temperature correction used? Circle one: yes or @ If yes 

(within f5.4OF over range 

temperature correction = OF (within *1.5% in O R  over range) 
Average stack temperature of compliance test. 56 3 OR 

Temperature of ref. thermometer for recalibration #1 a 82 OR 

Temperature of stack thermometer for recalibration 81 

Do the ref. and stack values agree within *1.5%? 

(within f 10% of the average stack temperature) 

Diff. between ref. and stack thermometer temps. 81 

If yes. no correction is necessary for calculations 
If no, calculations must be done twice-once with the recorded values 
and once with the average stack temperature corrected to correspond 
to the reference temperature differential: both final result values 
must be reported since there is no way to determine which is correct 

Barometer 
Was the pretest 
Postest comparison? 

Circle one: @ o r  no 
Recalibration required? 

Circle one: necessary for 
calculations has a lower reading: if the 

Postest 
mercury-in-glass reading is lower, 
field data readings for the calculations. 

subtract the difference from the 
Retest 

Hg in glass 29.39t 27.'@/ 
Field . .  Difference 

Nozzle 

Nozzle #3: 

JmpiuEer lhermometer 
Was a pretest temperature correction used? Circle one: yes or@ If yes 
temperature correction = (within f5.4'F over range) 
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5 PREIEST - POSTEST CALIBRATION CElZKS 

/ *%rb k , 6 C .  Calibrated by Plant _Id.ytso~ f B  
Meter box number 13q6 Date 

0 

Dry Gas Meter 
Pretest meter calibration factor, Y = 1.00 (within * 2%) 
Postest meter calibration factor, Y = 
Recalibration required? Circle one: If yes new Y = - 
Lower cal. factor, Y = 

(within f 5% of pretest) 

(pretest or postest) 

Gas Meter lhermometers % a pretest temperature correction used? Circle one: yea or@ If yes 

Postest comparison with mercury-in-glass thermometer? (within i10.8'F at 
temperature correction 

ambient temperature) Recalibration required? Circle one: yes o@ 

(within f 5.4'F over range) 

Recalibration temperature correction? 
If yes. no correction necessary for calculations if meter thermometer 
temperature is higher: if calibration temperature is higher, add 
correction to average meter temperature for calculations 

(within f5.4OF over range - - 

Stack Temperature Sensor 
Was a pretest temperature correction used? Circle one: yes or @ If yes 

#1 a #2 J OR 

temperature correction OF (within fl.5% in O R  over range) 
Average stack temperature of compliance test, 68 4 OR 

Temperature of ref. thermometer for recalibration 

-. , 
:;>> 
Y. 
. . .  

(iithin f 10% of the average stack temperature) 
Temperature of stack thermometer for recalibration 81 68y #2 OR 

Diff. between ref. and stack thermometer temps. #l I; #2 - OR 

Do the ref. and stack values agree within f1.5%? Circle onee-o 
If yes, no correction is necessary for calculations 
If no, calculations must be done twice-once with the recorded values 
and once with the average stack temperature corrected to correspond 
to the reference temperature differential; both final result values 
must be reported since there is no way to determine which is correct 

Barometer 
Was the pretest 

If yes. no correction necessary for 
Postest comparison? 

Circle one: 

mercury-in-glass reading is lower, subtract the difference from the 
field data readings for the calculations. Pretest Postest 

reading correct? Circle one: @ o r  no 
Hg (39.1 in. Hg) Recalibration required? 

calculations barometer has a lower reading: if the 

Hg in glass 29.39t 29,#3/ 
Field . .  Difference ,009 

Hozzle 
Was the nozzle calibrated to the nearest .001 in.? Circle one: 

inner Thermometer 
W% a pretest temperature correction used? Circle one: yes or@? If yes 
temperature correction 5 (within iS.4OF over range) 
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- TBEBlRuETEg CALIBRATION 

Location d i d k j g b w  bc Ref. Thermometer *< 



envlronmeniial best~in) IN 
RAC SIAKSAHPLR CALIBRATION 

Date: 09-16-88 
lkter Box Seria l  wluber:.l348 Barometric Pressure ( S I :  29.522 

Calibrated by: PRJ Leak Check e 6.2 i n .  &O: OK 
Rup: OK Rup O i l :  OK Clean Quick ConneCtS: OK 
nanometers: OK Dry T e s t  Ileter: OK Theraometers: OK 
Lights: OK Electrical Check: OK Variac: OK 
Vacuum Gauge: OK Leak Check 27" Hg.: t0.001 CFM 

Han. Orifice CF, cpe T" IT* OTd Te ---- T i m e  t 

a 

0.5 5 5.31 71.0 111.0 97.0 101.00 12.74 
1.0 5 5.30 71.0 113.0 97.0 105.00 9.24 
1.5 10 10.62 71.0 116.5 98.5 107.50 15.31 

3.0 10 10.68 71.0 124.0 102.0 113.00 10.93 
4.0 10 10.68 71.0 127.0 103.0 115.00 9.61 

2.0 10 10.68 71.0 122.0 101.0 111.50 ,13.28 

Calculate Y and -& 88 fol lous:  

0.0317 4 (I. 4 4601 t E .& = ----------- ( ------------) I s  1.6 m" Po IT. .- 4 4601 = 1.00 y r  ___-__---_-------- 
CP, (Pot Jl/l3.61lt 4 160) Po I t  4 160) W. 

T o l ~ a n c e ~ :  Y = 0.90 - - 1.10 Y t/- 0.OZY -A. = 1.6 - 1.84- 2.L 41 41- 0.15 h. 

CALIBluTIDw C.4UXATIOKS Rllp MD OPlFICE 
Uanmeter Oelb E 0.5 In. Bio 

0.999 ..................... (------------------) = 1.743 y ____________-_--_---___________ * 

lkweter Delta E 1.0 In. $0 

171.0 4 4601 12.74 0.01585 5 I 29.522 llM.00 4 460.60) 
5.31 (29.522 t 0.03681l71.0 4 460) 29.522 1104.00 4 460) 5 

5 I 29.572 (105.00 4 4601 0.03170 (71.0 t 4601 9.24 a 
y ____I-___----------------- 1.001 & __________--__----- (---------------- ) = 1 . m  

5.30 (29.522 t 0.0737)/71.0 4 460) 29.522 (105.00 t 4bo) 5 

.. 

. .  lknoeter Mta E 1.5 Ln. Q 

lbprmter Delta E 3.0 io. Q 

10 129.522 (115.00 4 4601 0.12680 (71.0 t 460) 9.61 * ~ 1.M5 y ______________I_____---------- * 1.004 & t ------------------- (------------------ 
1o.U (29.522 4 0.2941)(71.0 4 460) 29.522 1115.00 4 4 0 )  lo 



enulronmenlial besliinjino 

Typg S PITOT TUBE INSPBCTION DATA PORn 

, Date: 09-15-08 
Calibrator: PRJ 

Specifications: 
1.) Pitot tube assembly aust be level. 
2.) If pitot  tube is damaged explain under comments section. 
3.) z = A  s i n  T (~0.125) and Y = A s i n  0 (<0.03125) 
4.) a c10' and 6 (5. 

I.D. ale "2' 61' S2' Te 8. 

36"- 1 2.0 2.0 1.0 1.0 1.5 0.5 
36"- 2 2.0 1.0 1.5 1.5 0.0 0.5 
40"- 1 1.0 2.0 1.0 1.0 0.0 0.5 
54"- 1 3.0 2.5 1.0 0.5 1.0 1.0 
66"- 1 1.0 0.5 3.5 0.0 0.0 1-5 
96"- 1 1.5 0.5 2.5 2.5 2.0 1.0 
4' - 1 1.0 2.5 1.0 3.5 0.5 0.5 
4' - 2 2.0 2.0 1.0 1.0 0.5 1.0 
4' - 3 4.0 2.0 1.5 3.0 1.0 1.0 
4' - 4 1.0 3.5 3.0 1.0 0.5 0.5 
4' - 5 1.0 1.0 2.0 2.0 0.5 0.5 
4' - 6 2.0 1.5 1.5 0.0 1.0 0.5 
5' - 1 2.5 1.0 1.0 0.5 1.0 1.0 
5' - 2 2.0 2.0 1.0 0.0 0.0 1.5 
5' - 3 1.0 1.0 1.0 1.0 1.0 0.5 
5' - 4 0.5 2.0 1.0 0.0 2.0 1.0 
6' - 1 0.0 0.0 1.5 0.5 0.5 1.0 
6' - 2 1.0 0.5 0.0 0.0 1.0 1.5 
6' - 3 1.0 1.0 1.0 1.0 0.5 0.5 
6' - 4 1.0 0.5 1.0 0.0 2.0 1.0 
8' - 1 1.0 1.5 3.0 2.0 3.0 1.0 
0' - 2 0.0 1.0 2.0 2.0 0.0 1.5 
0' - 3 4.0 6.0 3.0 0.0 0.0 1.5 
0' - 4 1.5 2.0 1.5 1.0 0.0 0.5 
8' - 5 2.0 1.0 0.0 0.0 1.0 1.0 
0' - 6 0.0 0.0 0.5 3.0 1.0 0.5 
0'9'' 1.0 2.0 0.5 0.5 0.0 2.0 
9'7"-1 2.0 2.0 0.0 2.0 0.0 1.0 
9'7"-2 1.0 3.0 1.0 2.5 1.5 1.0 
12'6" . 1.5 1.5 2.5 2.5 0.0 0.5 

A. in.  
0.778 
1.152 
1.098 
1.005 
1.042 
0.908 
0.967 
0.893 
0.077 
0.839 
0.865 
0.955 
1.000 
1.044 
1.049 
1.038 
0.9% 
1.004 
1.006 
1.000 
0.845 
0.905 
0.932 
1.017 
0.985 
0.925 
0.095 
0.918 
0.960 
0.809 

z. in .  
0.020 
0.000 
0.000 
0.018 
0.000 
0.032 
0.008 
0.008 
0.015 
0.007 
0.007 
0.017 
0.017 
0.000 
0.018 
0.036 
0.009 
0.018 
0.009 
0.035 
0.044 
0.000 
0.000 
0.000 
0.017 
0.016 
0.000 
0.000 
0.025 
0.000 

ammenus: only l i n &  filing and cleaning required. 

P i t o t  tubes requiring further calibration: None. 

Y, in.  PA, in.  
0.00679 0.389 
0.01005 0.576 
0.00958 0.409 
0.01754 0.502 
0.02728 0.521 
0.01585 0.456 
0.00844 0.483 
0.01558 0.446 
0.01531 0.430 
0.00732 0.419 
0.00755 0.432 
0.00833 0.477 
0.01745 0.500 
0.02733 0.522 
0.00915 0.524 
0.01812 0.519 
0.01738 0.498 
0.02628 0.502 
0.00878 0.503 
0.01745 0.500 
0.01475 0.423 
0.02369 0.452 
0.02440 0.466 
0.00887 0.509 
0.01719 0.492 
0.00807 0.462 
0.03124 0.447 
0.01602 0.459 
0.01675 0.480 
0.00705 0.404 

pg. In. 
0.389 
0.576 
0.549 
0.503 
0.521 
0.456 
0.484 
0 - 447 
0.439 
0.420 
0.433 
0.470 
0.500 
0.522 
0.524 
0.519 
0.498 
0.502 
0.503 
0.500 
0.422 
0.453 
0.466 
0.508 
0.493 
0.463 
0.448 
0.459 
0.480 
0.404 

~ t .  i n .  
0.376 
0.376 
0.389 
0.379 
0.385 
0.376 
0.376 
0.371 
0.375 
0.375 
0.372 
0.375 
0.377 
0.376 
0.375 
0.380 
0.381 
0.377 
0.377 
0.375 
0.370 
0.380 
0.376 
0.379 
0.379 
0.378 
0.380 
0.382 
0.375 
0.377 



envlronmcnhal bestin j ma 
WET-BULB & DRY-BULB: OMEGA TEMP 

TOLERANCE: +/- 5.6 F 
TEMPERATURE SENSOR CALIBRATION DATA FORM. 

DATE: 09/15/00 BAROMETRIC PRESSURE: 29.34 
AMBIENT TEMPERATURE. F : 70 
CALIBRATOR: PRJ 

REFERENCE THERMOMETER I 2 2  

________________-______^________________------------------------------ 

REFERENCE THERMOCOUPLE 
REFERENCE THERMOMETER POTENTIOMETER TEMPERATURE 
POINT P SOURCE TEI4PERATURE.F TEMPERATURE,F DIFFERENCE, % ...................................................................... 

I Qega Terp “-2 11 
Dbl A. 

B. 
C. 
D. 
I. 

llbl A. 
8. 
C. 
D. 

. 1. 

uater bath 
oil bath 
oil bath 
oil bath 
oil bath 
uater bath 
oi l  bath 
oil bath 
oil bath 
oil bath 

bega T~SP IW-2 11 
Dbz A. Inter baa 

B. oil bath 
C. oil bath 
D. oil bath 
1. oil bath 

8. oil bath 
C. oil bath 
B. oil bath 
1. oil bath 

W A. uater bath 

lbega Tap 87%) 
Dbl A. ’ 

8. 
C. 
D. 
1. 

llbl A. 

C. 
D. . 1. 

n. 

Inter bath 
oil bath 
oil bath 
oil baa 
oil bath 
uater bath 
oil bath 
oil bath 
oil bath 
oil bath 

70 
120 

220 
265 
70 
m 
m 
26s 

in 

in 

m 
120 
178 
221 
a67 

120 
178 
w 
ab7 

m 

70 
120 
176 

265 
70 
121 
178 
121 
165 

ni 

0.00 
0.00 
0.16 
-.IS 
0.00 
0.00 
-.17 
-.16 
-.is 
0.00 

n -.19 
121 -.11 
178 0.00 
222 -.15 
267 0.00 
69 0.19 
121 -.17 
179 -.16 
222 -.E 
168 -.14 

n n 
l!fl 121 
178 179 
222 - 2 1 3  
268 270 

121 111 
178 178 
222 113 
268 269 

n n 

Omega I q  873-1 iligb T a p  
A. oil bath 380 
n. II. Furnace 135 
C. II. Furpace 560 
0. M. fmce 812 
1. 1. Furnace 1130 

0.00 
-.11 
-.16 
-.s 
0.00 
0.00 
0.00 
-.s 
-.14 

-.a7 

391 -.12 
437 -.n 
561 -.lo 
81 1 -.16 
1131 -.13 



~ 

envlronmcnbal Besting Inn 
WET BULB - DRY BULB - NOX 6 HOT BOX: BIMETALLIC 

TEMPERATURE SENSOR CALIBRATION DATA FORM 
TOLERANCE: +/- 5.4 F 

DATE: 09/15/88 BAROMETRIC PRESSURE: 29.34 
AMBIENT TEMPERATURE, F : 70 REFERENCE THERMOMETER # 22 
CALIBRATOR: PRJ ...................................................................... 

REFERENCE THERMOCOUPLE 
REFERENCE THERMOMETER POTENTIOMETER TEMPERATURE 
POINT I SOURCE TEMPEI3ATURE.F TEMPERATURE,F DIFFERENCE, % 

Bimetallic 
Ubl 

Dbl 

ub2 

Db2 

Ror 

A. 
B. 
C. 
D. 
1. 
A. 
8. 
C. 
D. 
P. 
A. 
0. 
C. 
0. 
1. 
A. 
8. 
C. 
D. 
1. 
A. 
B. 
C. 
D. 
1. 

tbt h A. 
B. 
C. 
D. 
1. 

vater bath 
oil bath 
oil bath 
oil bath 
oil bath 
uater batb 
oil bath 
oil batb 
oil batb 
oil bath 
uater bath 
oil batb 
oil batb 
oil bath 
oil bath 
uater bath 
oi l  bath 
oil bath 
oil bath 
oil bath 
uater batb 
oil batb 
oil batb 
oil batb 
oil bath 
uater batb 
ail bath 
oil batb 
ail batb 
oil batb 

70 
120 

a1 

70 
120 

111 
265 
m 
120 

221 
265 
70 
120 
177 
!til 
265 
71 
111 
179 
2n 
267 

112 
179 
223 
267 

in 
265 

in 

in 

n 

70 
120 
179 
222 
2% 
71 
121 
1 78 
222 
266 
70 
120 
176 
222 
265 
69 
119 
178 
221 
2% 

111 

223 
267 

123 
178 
223 
266 

n 
im 

n 

0.00 
0.00 
-.a 
-.IS 
-.14 
-A9 
-.17 
-.16 
-.Is 
-.1b 
0.00 
0.00 
0.16 
-.15 
0.00 
0.19 
0.17 
-.16 
0.00 
-.lh 
0.00 
0.00 
0.16 
-.Is 
0.00 
0.00 
-.17 
0.16 
0.00 
0.14 



envlronmcnial Dcsiln! inc. 

B* 

bbe-l 
6'-1 A. 

8. 
C. 

4'-2 A. 
B. 
c. 

5'-1 A. 
8. 
C. 

5'-2 A. 
8. 
C. 

6'-1 A. 
8. 
C. 

6'-2 A. 
B. 
C. 

8 ' 4  A. 
8. 
C. 

8'-2 A. 
8. 
C. 

0 '4 A. 
8. 
C. 

8' 9' A. 
8. 
C. 

B. 
C. 

9' r A. 

oil batb 
oil  batb 
oil  batb 
oil  batb 
oil  bath 
oil  bath 
oil  bath 
oil  bath 
oil  bath 
oil bath 
oil bath 
oil  bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oil bath 
oi l  bath 
oil  bath 
oil  bath 
oil  bath 
o i l  bath 
oi l  bath 
oi l  bath 
oil  bath 
oil bath 
oil  batb 
oil  bath 
oil  bath 
oil  bath 
oil  bath 
oi l  bath 

91 
255 
316 
91 
255 
376 
97 

316 
98 
257 

98 
257 

98 
251 

99 
258 
378 
99 
2 9  
378 
100 
259 
319 
100 
260 
379 
100 
260 
380 

255 

377 

377 

377 

91 
154 

90 
w 
370 
91 
2% 

90 
258 
378 
98 
256 

97 
25) 
316 
99 
259 

99 
259 
376 
100 
258 
380 
101 
261 
380 
99 
261 
379 

3n 

377 

377 

3n 

0.00 
0.14 
-4 
-.18 
0.00 
-.26 
0.00 
-.16 
-.12 
0.00 
-.14 
-.11 
0.00 
0.16 
0.00 
0.18 
0.00 
0.12 
0.00 
-.16 
0.12 
0.00 
-3 
0.26 
0.00 
0.16 
-.12 
-.la. 
-.16 
-.12 
0.18 
-.16 
0.11 



METER BOX 
euvironmcnkil Bcstin! lna 

TEMPERATURE SENSOR CALIBRATION DATA FORM 
TOLERANCE: t1- 5.4 F 

DATE: 09/15/06 BAROMETRIC PRESSURE : 29.34 
AMBIENT TEMPERATURE, F : 70 
CALIBRATOR: PRJ 

REFERENCE THERMOMETER # 22 

____________--__-___^___________________------------------------------ 

REFERENCE THERMOCOUPLE 
REFERENCE THERMOMETER POTENTIOMETER TEMPERATURE 
POINT # SOURCE TEMPERATURE,F TEMPERATURE,F DIFFERENCE. 'x 

Mer Box 
A. 
8. 
C. 
D. 

1%4B A. 
8. 
C. 
D. 

1368A A. 
8. 
C. 
D. 

1388 A. 
8. 
C. 
0. 

140U A. 
B. 
C. 
D. 

14ou 1. 
8 .  
C. 
D. 

1969 A. 
8. 
C. 
D. 

1969 A. 
8. 
C. 
D. 

ice bath 
uater bath 
oil  bath 
oil bath 
ice bath 
uater bath 
oil bath 
oil bath 
ice bath 
uater bath 
oil bath 
oil bath 
ice bath 
uater bath 
oil bath 
oil bath 
ice bath 
uater bath 
oil bath 
oil bath 
ice bath 
uater bath 
oil bath 
oil bath 
ice bath 
oater bath 
oil bath 
oil bath 
ice bath 
uater bath 
oi l  bath 
oil bath 

34 
70 
120 

34 
70 
120 

34 

120 

34 
70 
lzl 

35 
71 
121 
178 
35 

121 
178 
33 
7l 
m 
1778 
33 
71 
122 
178 

in 

in 
m 
in 

in 

3h 
70 
121 
170 
35 

121 
178 
35 
71 
120 

34 
71 
121 

3s 

120 
178 
34 
70 
1.22 
179 
35 
72 
121 

35 
72 
121 
179 

n 

178 

in 
n 

in 

0.00 
0.00 
-.17 
-.Y 
-20 
-.19 
-.17 
-.16 
-20 
-.19 
0.00 
-.16 
0.00 
-.19 
0.00 
0.00 
0.00 
0.00 
0.17 
0.00 

0.19 
-.17 
-.16 
0.00 
-.19 
0.17 
0.16 
0.00 
-.19 
0.17 
-.16 

0.20 



IMPINGER 

TOLERANCE: t/- 2.0 F 
TEMPERATURE SENSOR CALIBRATION DATA FORM 

Wneer 
#I A. 

B. 
C. 

12 A. 
8. 
C. 

#3 A. 
8. 
C. 

I( A. 
E. 
C. 

Is A. 
E. 
C. 

ice bath 
uater bath 
oil  bath 
ice bath 
uater bath 
oil  bath 
Ice bath 
Mter bath 
oi l  bath 
ice bath 
uater bath 
oil  bath 
ice bath 
uater bath 
oil bath 

34 
70 
101 
34 
70 
102 
34 
70 
102 
34 
M 
102 
34 
71 
102 

34 

101 
34 
71 
1 01 
33 
70 
101 
34 
71 
101 
33 
70 
102 

m 
0.w) 
0.00 
0.18 
0.00 
-.19 
0.18 
0.20 
0.00 
0.18 
0.00 
-.19 
0.18 
0.20 
0.19 
0.00 



SAMPLE BOX 
envlronmcnlial Desliinj Inn 

TEMPERATURE SENSOR CALIBRATION DATA FORM 

Sample BOl 
11 

12 

13 

#4 

ts 

16 

n 

Is .  

A. 
8 .  
C. 
D. 
E. 
A. 
8. 
C. 
D. 
1. 
A. 
E. 
C. 
D. 
E. 
A. 
8.  
C. 
D. 
1. 
A. 
8.  
C. 
D. 
E. 
A. 
8. 
C. 
D. 
1. 
A. 
8. 
C. 
D. 
E. 
A. 
8. 
C. 
D. 
1. 

uater bath 
oil bath 
oil bath 
oil bath 
oil bath 
uater bath 
oi l  bath 
oil bath 
oi l  bath 
oil bath 
uater bath 
oi l  bath 
oi l  bath 
oil bath 
oi l  bath 
uater bath 
oi l  bath 
oi l  bath 
oi l  bath 
oil bath 
Eater bath 
oil bath 
oil bath 
oi l  bath 
oil bath 
Eater bath 
oil bath 
oil bath 
oil bath 
oil bath 
uater bath 
oil bath 
oil bath 
oil bath 
oil bath 
uatw bath 
oil  bath 
oil bath 
oil bath 
oil bath 

70 

178 
222 
!l66 
70 
l!U 

222 
266 
71 
122 
178 
223 
266 
71 
122 
178 
223 
267 n - -  
113 

223 
267 
71 
iz) 
178 
223 
267 
71 
123 
179 
2u 
268 
71 
la4 
179 
224 
268 

in 

in 

im 

70 0.00 
121 0.11 
17l 0.16 
223 -.15 
265 0.14 
69 0.19 
122 -.17 
178 -.16 
220 0.29 
265 0.16 
71 0.00 
121 0.17 
in 0.16 
222 0.15 
263 0.41 
70 0.19 
123 -.17 
in 0.16 
221 0.29 
26s 0.14 
m 0.19 
123 0.00 
176 0.31 
221 0.29 
266 0.14 
71 0.19 
ll6 -.17 
in 0.16 
221 0.29 
265 0.28 
n 0.00 
124 -.17 
178 0.16 
223 0.15 
267 0.14 
71 0.19 
124 0.00 
178 0.16 
223 0.15 
267 0.14 



CORNIN0 

r). 

November 18 ,  1986 

Science Products .. ~ ~ 

Corning Glass Works 
Corning. New York 1-1 USA 
Td:' €47-914-9000 

Mr. Paul Jenkins 
Environmental Test ing  Inc. 
1700 Univers i ty  Commercial Place 
Charlot te ,  NC 28213 

I 

Dear Mr. 'Jenkins: 

Confirminq our telephone conversation,  our volumetric apparatus 
i s  ca l ibrated  i n  conformance with ASTM Standard E 542. 

Very t r u l y  yours, - 

Al len  R. F u l l e r  
Product Enqineerinq Supervisor 

blOOl2 



K l M M  
Division 01 
Owens.lllinois 

December 11, 1986 

Mr. Paul R. Jenkins 
Environmental Testing, Inc. 
1700 University Ccmercial Place 
Charlotte, North Carolina 28213 

REF: Calibration of volumetric glassware 
I4r. P. Jenkins letter 12-5-86 

, a 

*. 
Dear Mr. Jenkins, 

Volumetric standards, u t i l i zed  by Kimble for cal ibrat ion of c l a s s  A and B 
laboratory glassware, are designed to meet applicable cal ibrat ion requirements 
of AS" Standard E 542. 

Accuracy of balances, weights and thermometers employed for cal ibrat ion of 
volumetric standards is traceable to National Bureau of Standards. 

Sincerely , 

Len ?bran 
Standards Dept. 

&&/e/&- 
Hike Ib l l i ck  

Wal i ty  Control 

CC:' Eb.. N. DeBel10 - M.O. 
Mr.. E. lkasoras - Q.A. 



THERMOMETERS MVOROMETERS 

The' ta 
dayi ro a 

ONE-SIXTY WICKS STREET W L @ T B U R Y .  L O N 0  ISLAND,  NEW YORK - 616 EDOeWOOD 4.4064 

MANUFACTURERS CERTIFICATE OF CALIBRATION * 

ited readings apply provided the ice-point reading taken after exposure for not less than 3 . If the icc-point reading is found to  k temperature of aboit 25' C 177. FI is +o. 02c 

This is to certify that the instrument listed below has been tested in our temperature calibration laboratory 
in accordance with the latest procedures in the finest constant temperature equipment available. against 
National Bureau of Standards certified master standards. 

Fisher Scientific Company 

Thermometer P15-041D -1/2Ol0C in 0.2O Div Total Immersion 
C w i i h d  for: 

Dmrcription: 
Instrument kr ia l  No. 811 007 Datm Cert ihd:  Zanuary 30, 1981 

Reading of This Inttrument 

+o.o2c 

20.00c 

40.00C 

59.96C 

79.98C 

100.02c 

119.92C 

139.98C 

160. OOC 

180. ooc 
199.86C 

Reading of N.B.S. Standard 
(True Temperature ) 

0.0oc 

20.00c 

40.00C 

60.00C 

8O.OOC 

100. ooc 
120. ooc 
140.00C 

160. OOC 

18O.OOC 

200.00c 

NBS Test No 176240,219883,1762~0,219883,219606 



DATE: 12-10-85 
* 

CERTIFICATE OF CALIBRATION 

CUSTOMER: ENVIPOMMEtJTAL TESTING INCCustomer Purchase Order: 2861PO . 
1 7 0 0  UNIV COPMERICAL PL OMEGA Work Order No: SO 511268760 

’ CHARLOTTE GC 28213 MODEL: “-2 

SERIAL NO: 14403 

OMEGA ENGINEERING c e r t i f i e s  t h a t  ‘ t he  above i n s t r u m e n t a t i o n  has been 
c a l i b r a t e d  and t e s t e d  t o  meet or exceed t h e  p u b l i s h e d  s p e c i f i c a -  
t i o n s .  This c a l i b r a t i o n  and t e s t i n g  was pe r fo rmed  u s i n g  
i n s t r u m e n t a t i o n  and s tandards t h a t  a r e  t r a c e a b l e  t o  t h e  U.S. 
N a t i o n a l  Bureau o f  Standards. 

Reference: NATIONAL BUREAU OF STANDARDS TEST NO(s): 36320 . 
f 

1 

s t r u m e n t a t i o n  - .. 
CAL-3 

. . , . .. -. .. .. . . . . . _ _  ..-- 



@e! WEIGHT TRACEABILITY 
CERTl FICATE 

i 

En " I  Ton men +r. I 
I700 tJnkXommerc;a \  0:. 
ChMl o t t e  . N C  2821.1 

The balances fisted below have been serviced by OUT representative 
on Oecember 2 \ ,  I$%-i 

This is to certify that the test weights used are traceable to the 
National Bureau of Standards. 

Te< t: na . E M .  i 

4 

4 

TO: 

Precision Analytical 

\'3 
X- 1-87 

Meffler identifkation number Ot test weights used: 

Meffler calibraflon dafe of test weights used: 
I 

I National Bureau d Standards test number: 137 hb70-49 

Model and serial number d balances serviced: 

REI 63 - e5774 2 
H54RR- 677237 

.. 

4 * 

1 
4 
4 

Mettkr instrument Corpwation 
Box 71. HightstOwn. NJ 08520 
(609) 44&3ooo 

- 17- 88 



eeA 
GCA if.'- 

mbruary 2, 1904 

Eaviromtal lesthg 
1700 Miwrsity Onn=rciiil Plaae 
Charlotte, N.C. 20213 

Attn: Mt. Paul Jenkins 

Mj: certification h'et '&st M e t e r  

GCA CORPORATION 
Precision Scientific Group 
3737 Wed Cutland SLiee! 
Chicago. lllimiSbo647 
Telephone: 312227-2660 
Telex 254028 

DearItc. JenskinSr 

our statanent on the referenced subject. 
lieu of any printed certificaticn fran our ccmpany, we offer as follcnvs 

"Ihe Wet lkst Meter catdog n d x x  63123, has been 
tested at our plant facilities using a Meter  hwer 
Bottle NBS registration No. 4097. 
faurrl to perform to our advertised specifications 
of plus or minus 1/2% ezmr in f l w  rate and con- 
f o m  to specifications of RSZM D-1071." 

The Meter was 



~ r .  Paul R. Jenkina, Jr. 
Vice-President 
Environmental Testing Xnc. 
1700 onioersity C o m r c i a l  Place 
Charlotte, North c a r O l i M  2 8 u j  

bar Mr. Jenkins: 

W t h e r  to our telephone conversation on January.15, 1979 Reeve -gel Grade 
900- 1s tes ted v i t h  a Q128 DOP Penetrometer manufactured by the A k  Technology 
Association to measure DOP. 
listed i n  the Federal Register, P a r t  11, Thursday, August 18, 1977, Environ- 
mental Protection' Agency, Standards of Performance for New Stationary SOUCe.. 

Grade 900- w i l l  meet the EP& MIP requirements of 0 . 0 5 5  percent penetration 
on a 0.3 micron d ioc ty l  phthalate smoke pa r t i c l e s  as l i s t e d  on page 41778 
of the Federal Register, Vol.  42# No. 1601 Thursday. August 18, 1977 undlr 3- 
Reagent, 3.1.1 Fi l te rs .  

I hopcr this vi11 s a t i s f y  your inquiry. 
please contact us at your convenience. 

This is a wre sophisticated un i t  than that 

If we can be of any fur ther  s w l c e r  

very truly yours, 

'Vice  President 
Business b!anager* Paper Division* N. A. 
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SECTION 1.0 

TEST SUMMARY 



P e a  laboratories, inc. 
Offices: 

Minneapolis, Minnesota 
Tampa, Florida 

5460 Beaumont Center Blvd. Tampa, Florida 33634 (813) 884-8268 

On September 16, 1987, PACE Laboratories, Inc. conducted 
Particulate and Lead emissions tests at Johnson Controls, Inc., 
10215 North 30th Street, Tampa, Florida. Tests were conducted on 
the Central Vacuum System #2 (S/N 158B). 

Test team personnel for this test include: 

Thomas A .  Jackman, Ph.D. Technical birector 

Timothy M. O'Dell Team Leader 

Michael C. Jackman 

James E. Franklin 

Ronald F. Brock 

V.E. Observer 

Technician 

Technician 

The results of the Particulate and Lead emissions tests are 
summarized in the following table. 

Date Operation Parameter Emission 
Actual 

Rate* ................................................................ 
9/ 16/87 cvs #2 
91 16/87 cvs #2 

Particulate 3.06 x 10-3 
Lead 2.13 x 10-4 

91 161 a 7 cvs #2 Opacity 0 

Respectfully submitted, 

PACE Woratories, Inc. 

'Timothi M. O'Dell 
Project Manager Director, Florida Division 



Offices 
REPGHT OF LABORATORY ANALYSIS Minneapolis, Minnesota 

Tampa. Florida 
Coralville, Iowa 

PACE LABORATORIES, INC. 

source Test surmarv 

Conpany Nam: Johnson Controls,Inc. 

Source I d e n t i f i c a t i o n :  Central Vacuuning System #2 ( S I N  158 E )  

Test Parameter: Pa r t i cu la te  

Process Weight Rate: 15.5 Pounds I Hour 

Test Date: Sept&r 16, 1987 

- 

RUN NUUSER 1 2 3 Average 

SCF 4.2127E101 4.2795E+01 4.0186Ei01 4.1703E+Ol 

ACFU 2.24E103 2.22E+03 2.09E+03 2.18E+03 

WATER, X 5.68E+00 6.18E+OO 5.21E100 5.69E+00 

ISOKINETIC,  X 1.06E+02 1.07E102 1.08E+02 l.O7E*02 

EUISSIONS, GR/DSCF 4.47E-03 2. WE -03 1.73E-03 3 J6E-03 

EUISSIONS, LBIHR 6.81E-02 4.58E-02 2.47E-02 4.62E-02 

EMISSION SUUUARY: 

Par t icu la te,  gr/dscf 

Actual: 3.06E-03 

B 

5460 Beaumont Center Blvd. 0 Tampa, Florida 33634 0 (813) 884-8268 
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Offices 
REPORT OF LABORATORY ANALYSIS Minneapolis Minnesota 

Tampa Florida 
Coralville. Iowa 

I 

I 

I 

PACE LABORATORIES, IWC. 

source Test sunnary 

Conpany Name: Johnson Controls,lnc. 

Source Iden t i f i ca t i on :  Central Vacuuning System 112 (S/W 158 B )  

Test Parameter: Lead 

Process Weight Rate: 15.5 Pounds / Hour 

Test Date: September 16. 1987 

- 

RUN NUMBER 1 2 3 Average 

SCF 4.2127E+01 4.2795E+01 L.Ol&E+Ol 4.1703E+01 

ACFW . 2.24E103 2.22E+03 2.09E+03 2.18E+03 

UATER. X 5.68El00 6.18E100 5.21E+OO 5.69E*00 

ISOKINETIC,  X 1.06E+02 1 . o n 4 2  1 .O8E+02 l.O7E+02 

EMISSIONS, GRIDSCF 3 . m ~ - o 4  2.05E-04 6.91E-05 2.13E-04 

EWISSIONS, LB/HR 5 S9E-03 3.15E-03 9.88E-04 3.24E-03 

EWISSION SUMMARY: 

Lead, gr ldscf  

Actual: 2.13E-04 J 
0 

5460 Beaumont Center Blvd. 0 Tampa, Florida 33634 0 (813) 884-8268 



SECTION 2 . 0  

Source Description 



0 SOURCE DESCRIPTION 

Johnson Controls, Inc,, Globe Battery Division, operates a lead- 
acid storage battery manufacturing facility at 10215 North 30th 
Street, Tampa, Florida. \ 

At this location, lead pigs are.received, melted and cast to form 
lead grids. Bulk lead oxide is received from off site and is 
also produced on site in a ball mill. Lead -oxide is mixed with 
sulfuric acid and is applied as a paste to the lead grids. These 

batteries for automotive and marine applications. 
grids are then used in the production of lead-acid storage \ 

Central Vacuum System #2 IS/N 158BL 

The Central Vacuum System #2 (S/N 158B) is used for cleaning the 
floor and equipment. The emissions are controlled by a baghouse 
which is part of this vacuuming system. Air is exhausted from 
the baghouse through a twelve inch diameter circular duct to the 
atmosphere. 

\ 



SECTION 3.0 

Methodology 



3.1 GENERAL SAMPLING METHODOLOGY 

Sampling methodologies as described in the latest revision 
of the Florida Department of Environmental Regulation 
publication Standard SamDlincr Techniaues and Methods of 
Analysis for the Determination of Air Pollutants from Point 
Sources and U. S .  Environmental Protection Agency 
Regulations found in 40CFR Part 60 (Standards of Performance 
for New Stationary Sources) Appendix A, Reference Methods, 
were used in conducting this test. 

The test was conducted using a Lear Siegler Model PMlOO 
Manual Stack Sampler. 

Gas stream velocity is measured using a Typ; S pitot tube. 
Differential pressures for velocity determinations and in 
maintaining the proper orifice pressure are measured using a 
five inch incline manometer. The probe nozzle, probe liner, 
and pitot tubes are all constructed of type 316 stainless 
steel. 

A Whatman EMS 2000 glass fiber filter is supported in a 
borosilicate glass heated filter holder for particulate 
collection. During a test run, the temperature of the 
filter assembly is maintained at 248 5 25'F. The condenser 
train consists of four impingers connected in series. The 
first, third, and fourth impingers are of the modified 
Greenburg-Smith type while the second impinger is of 
standard design. In all testing situations, the fourth 
impinger contains a known weight of silica gel (typically 
200g). The contents of the first and second impingers 
depends on the nature of the test being conducted. The 
third impinger is usually empty. The condenser system is 
immersed in an ice bath to maintain the gas exit temperature 
at or below 68'F during all sampling runs. 

A leak check is performed before and after each run by 
blocking the nozzle and drawing the appropriate vacuum. All 
leakages are below 0.02 CFM at a vacuum exceeding the 
maximum vacuum encountered during the test cycle. 

Prior to the first run, a velocity traverse was performed 
and appropriate calculations were made to determine the most 
suitable test conditions. The moisture content used for 
these calculations is based on the results of previous test 
on the same or similar sources. 

At the end of each test run, the volume of water collected 
in the first, second, and third impingers was measured. 
Where appropriate, the contents of the impingers is 
transferred to a container for laboratory analysis. The 
silica gel desiccant in the fourth impinger is transferred 
to a tared bottle for transfer to the laboratory. The 



filter assembly is removed intact and transferred to the 
laboratory for filter removal. All components in the front 
half of the sample train (probe nozzle, probe liner, 
transfer lines) are rinsed with acetone or appropriate 
solution when specified by a particular methodology and the 
washings saved for further analysis. A fresh filter 
assemble is installed and the train assembled for the next 
run. 

3.2 SPECIFIC SAMPLING METHODOLOGY 

Central Vacuum Svstem # 2  (S/N 158BL 

Two ( 2 )  sampling ports are installed in a 12 inch diameter 
circular duct. The ports are positioned at 90' angles and 
are located 3.0 duct diameters from the closest upstream 
flow disturbance and greater than 10 duct diameters from the 
closest downstream flow disturbance. 

During each test run, 16 test points were sampled along two 
traverses. Each point was sampled for four ( 4 )  minutes. 

3 . 3  ANALYTICAL METHODOLOGY 

Particulate and Lead Methodolow 

Particulate and lead emissions are determined using the 
Alternative Test Method for Inorganic Lead described in 
paragraph 8.1 of U.S.E.P.A. Reference Method 12. In this 
method, the front half of the sampling train is analyzed as 
in U.S.E.P.A. Reference Method 5 .  However, the contents of 
impingers one, two, and three are analyzed for lead content 
as described in Reference Method 12 paragraph 5 . 4  The 
analytical methodology employed is described below. 

The laboratory procedures for the particulate emission 
determination was conducted 'according to U.S.E.P.A. 
Reference Method 5 and is described below: 

Upon receipt in the laboratory, the filter and loose 
particulate 'from each run are transferred into clean, 
tared glass containers. Each sample is oven dried at 
105'C to constant weight (difference of less than 0.5 
mg between weighings). 

The volume of the probe wash is measured volumetrically 
to the nearest one milliliter. The acetone wash is 
transferred to a clean, tared beaker and evaporated to 
near dryness on a hot plate. The residue is desiccated 
for 2 4  hours and weighed to a constant weight. The 
weight of the residue is corrected for any residue left 
after the evaporation of a 0.1N Nitric Acid blank. 



The silica gel in the last impinger is weighed to the 
nearest 0.5 gram. 

The laboratory procedure for the lead emission determination 
is described below: 

After the particulate determination described above, 
the filter and probe wash residue were retained for 
lead analysis. The volume of the impinger catch was 
reduced to approximately ten (10) milliliters. This 
liquid was then quantitatively combined with the probe 
wash residue and the particulate filter (cut in strips) 
and the resulting mixture was taken to dryness. The 
dried residue of each sample was digested with 1:l 
nitric acid and 3% hydrogen peroxide. This solution was 
filtered and this filtrate diluted to 2-50 ml. A blank 
containing 0.1 E nitric acid and a blank filter was 
treated similarly. 

The solutions generated above were analyzed for lead 
content by atomic absorption spectrophotometry using 
the Method of Standard Additions. The analysis was 
performed on an Instrumentation Laboratories Model 251 
Atomic Absorption Spectrophotometer at the analytical 
wavelength for lead (217.0 nm). 

3.4 STACK SAMPLING EOUIPMENT DESCRIPTION 

a. Nozzle 

0 
Stainless steel, type 316, with a 0.226 inch diameter 
orifice as measure on site with a vernier caliper. 

b. Probe 

Five (5) foot type 316 stainless steel with a heater 
type 316 stainless steel liner. 

c. Thermocouple 

Chromel-Alumel K-type 

d. Pitot Tube 

Five foot type 316 stainless steel Strauschribe type. 

e. Sample Collection Assembly 

Contains separate hot and cold modules. The hot box 
houses the filter holder and is designed to maintain a 
temperature of 248525-F. This temperature is monitored 
periodically during each test run. The cold box module 
houses the impinger train and ice bath. Impingers one, 



three, and four are modified Greenburg-Smith and the 
second is of standard design. 

f. Lear Sieqler control Unit 

This unit contains a diaphragm vacuum pump, dry gas 
meter, digital pyrometer, temperature controllers, and 
dual Dwyer Inclined Manometers (five inch). 

3.5 LABORATORY PREPARATION 

a. Glassware 

Washed and dried prior to each stack test. - 
b. Filters 

Oven dried at 105'C to constant weight (four hours 
minimum) and weighed to the nearest 0.5 mg. Tared 
filters are stored in a desiccator until used in a 
test. 

c. Silica Gel 

Dried at 250'F for two hours and stored in air tight 
containers until used. 

d. Control Unit 

Check operation of all systems. 

3.6 SAMPLE RECOVER EOUIPMENT 

a. Probe Brush 

b. Water Wash Bottles 

c. Sample Storage Bottles 

d. Graduated Cylinder 

e. Desiccator 

f. Analytical Balances 

1. Mettler EL 

2 .  Mettler HlOw 

g. Filters 

Whatman EMS 2000 borosilicate glass fiber filters 



(10.16 cm diameter) 

h. Silica Gel 

Indicating type, 6-16 
before test. 

mesh, dried at 350'F immediately 

i. Acetone,, ACS Reagent Grade 

j. Nitric Acid, ACS,  Reagent Grade 

k. Water, Deionized 

1. Ice 



SECTION 4.0 

Test Data and Calculations . 

a 



Source Testina Nomenclature and Dimensions 

ACFM 

An 

AS 

BWS 

cP 
Delta H 

I 

Md 

MS 

(Delta p)ll2 

pb 

PS 

Qstd 

9 

SCF 

SCFM 

Tm 

TS 

Vf 

Vi 

Vm 

Actual ft3/min 

Probe nozzle tip area, ft2 

Area of stack, ft2 

Proportion of water vapor in gas stream by 
volume, dimensionless 

Pitot Coefficient 

Average pressure differenti'al across the 
orifice meter 

Percent of Isokinetic sampling 

Molecular weight of stack gas, dry basis 

Molecular weight of stack gas, wet basis 

Square root of velocity head, inches of H20 

Barometric pressure, inches of Hg 

Absolute stack pressure, inches of Hg 

Dry volumetric stack gas flow rate corrected 
to standard conditions 

Sampling time, minutes 

Vm (standard) 

Qstd 

Absolute meter temperature 

Absolute stack temperature 

Final volume of condenser water, ml 

Initial volume, if any, of condenser water 

Volume of total sample metered under actual 
conditions, ft3 

Dry gas volume measured by the dry gas meter, 
corrected to standard conditions (dscf) 

Gas stream velocity, ft/sec. 



- - Volume of water vapor condensed corrected to 
standard conditions, scf. 

- - D r y  gas meter calibration factor 



EOUATIONS 

Water Vapor Volume of Moisture Condensate 

Vwc(std) = 0.047 (Vt - Vi) 

Moisture in Gas Stream 

%Is = Vwc (stdl 

Vwc(std) + Vm (std) 
., 

Wet Molecular Weiaht of Gas 

Gas Stream Velocity 

T, 1/2 
( 1 

Vs = 85.49 (C,) (Delta P)lI2avg PsMs 

Sample Gas Volume Corrected to Std. Conditions 

V,(std) = 17.64 VmY (PbfDelta H/13.6) 

Tm 

% Isokinetic 

I = 0.09450 TsVm ( st d) 

Stack Volumetric Flow Rate fACFMI 

ACFM = As x Vs x 60 

Stack Volumetric Flow Rate (SCFMI corrected to std. cdts. 

528 



54808aaumontC.ntarBlvd. 1 B;~~;y i0p;nt L e c a t i o n  and 
Tampa. Florida 33834 
Phon.: (813) 884.8288 V e l o c i t  Data 

CLIENT J e 4 ~  e* Cwfr.1, 
paca 

J I +  epp OAT€ ?h/P ' laboratories, i7c 

S t a c k  Diameter ( A )  f i "  

I n s i d e  of !?ear Wall to 
O u t s i d e  of N i p p l e  (B) 

Closest Upstream D i s t u r b a n c e  3. s& 

t 4' 

- 
S c h e m a t i c  of Sampling 

L o c a t i o n  

I I I I 1 



. .  

NOMOGRAPH DATh 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE METER TEMPERATURE (AMBIENT+2O0F),'F 

PERCENT lCOlSTURE IN GAS STREAM BY VOLUME 
~ ~~ ~~ 

BAROMETRIC PRESSURE AT WETER, in. Hg 

- 
STATIC PRESSURE IN  STACK, In. Hg 

(P,+0.073 x STACK GAUGE PRESSURE in  in. H20) 

RATIO O F  STATIC PRESSURE TO METER PRESSURE 

AVERAGE STACK TEMPERATURE, 0F 

AVERAGE VELOCITY HEAD, in. H20 

MAXlhlUM VELOCITY HEAD, in. H20 

C FACTOR 

CALCULATED NOZZLE DIAMETER, in. 

ACTUAL NOZZLE DIAMETER. in. 

REFERENCE Llp, In. H:O 

Tmavg. 

ps 

ps;P, 

1 
'avg. 

A P a v g .  
~ 

* P ma:. 

I, 7.0 

EPA (DIN) 234 
4112 . .  'I' 
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Ofiices 
REPORT OF LABORATORY ANALYSIS Mlnneapoils. Minnesota 

Tampa. Florida 
Coralville. lows 

ANALYTICAL OATA 

B 

D 

B 

Probe and F i l t e r  

Cl ient :  Johnson Controls, IIK. 
Swrce  ldentif icat ion:  Central Vacuuniw System #2 ( S I N  158 8) 
T e s t  Oate: S e p t h r  16. 1987 
A n a l y s t :  T i m  O'Oell 

............................................................................................... 
RUN 1 

I d e n t i f i c a t i o n  
Marks 

F i l t e r  # 7 
Probe Uash R u n  1 

Ueight Gain F i n a l  Ueight I n i t i a l  Ueight 
(grams) (grans) (grams) 

0.7263 0.7210 - 0.0053 
w.1m w . t m 2  0.0071 

Total 0.0124 
Acid Blank 0.0002 
Par t i cu la te  Ueight 0.0122 

-Gad-- 
ANALYST: 

............................................................................................... 
RUN 2 

I d e n t i f i c a t i o n  
Marks 

F i l t e r  # 4 
Probe Uash R u n  2 

F ina l  Ueight I n i t i a l  Ueight Ueight Gain 

(grams) (grams) (grams) 

0.7252 0.7194 0.0058 
98.5946 98.5920 0.0026 

Total 0.0084 
Acid Blank 0.0001 
Par t i cu la te  Ueight 0.0083 

ANALYST: Hfl 

RUN 3 
I d e n t i f i c a t i o n  

Marks 

F i l t e r  # 120 
Probe Yash R u n  3 

F i n a l  Ueight I n i t i a l  Ueight Uei gh t Gain 

(grams) (grans) (grams) 

0.7209 0.7206 0.0003 
97.6900 97.6857 0.0043 

Total 0.0046 
Acid Blank 0.0001 
Par t i cu la te  Ueight 0.0045 

ANALYST: 
............................................................................................... 

FILTER.IIAS 
Rev052384 

References: FF-131 

5460 Beaumont Center Blvd. 0 Tampa, Florida 33634 0 (813) 884-8268 



Offices 
REPORT OF LABORATORY ANALYSIS Minneapolis Minnesola 

Tampa. Florida 
Coralville Iowa 

ANALYTICAL DATA 

............................................................................................. 
RUN 1 

I 
lnpinger Nunber F ina l  Volune I n i t i a l  Volune Volune Change 

(mls) (mls) (mls)  

lnpinger T ra in  

C l i e n t :  Johnson Controls, Inc. 
S w r c e  Iden t i f i ca t i on :  Central Vacuuning System #2 (SIN 1588) 
Test Date: Septemter 16, 1987 
Analyst : T i m  O'Dell 

- 
157 100 57 
49 100 -51 
1 0 1 

257 21 D 47 

Tota l  Water 54 e ANALYST: 

............................................................................................. 
RUN 2 

lnpinger Nunber F ina l  Volune I n i t i a l  Volune Volune Change 

1 (mls) (mls) (mls)  

161 
48 
1 

240 

100 
100 

0 
190 

61 
-52 

1 
50 

Total Water 60 
ANALYST: e 

............................................................................................. 
RUN 3 

lnpinger N m k r  F i n a l  Volune I n i t i a l  Volune Volune Change 

(mls) (rnls) (mls) 

151 
18 
1 

278 

100 
100 

0 
231 

51 
-52 

1 
47 

l o t a l  Water 47 
ANALYST: w 

............................................................................................. 
1 

Il4PINGER.IUS 
Rev052384 

Refererees: FF-131 

5460 Beaumont Center Blvd. 0 Tampa, Florida 33634 0 (813) 884-8268 



Offices 
REPORT OF LABORATORY ANALYSIS Minneapolis ivlinnesola 

Tampa Florida 
Coralville Iowa 

PACE LABORATORIES, INC. 

Source Test Data S u n n a t i o n  

Conpeny Name: Johnson Controls,lnc. 
Source I d e n t i f i c a t i o n :  
Source Test For: Pa r t i cu la te  
Test Date: Septenber 16. 1987 

C e n t r a l  Vacwning Systen #2 ( S I N  158 E )  

RUN NUMBER 1 2 3 

V(w) Volune of moisture col lected, m l  

T(m) Average Meter Tnoperature, 'F 

V(m) Actual Sample Volune, cu. ft. 

CC Dry Gas Meter Coef f ic ient  

P(b) Baranetr ic Pressure, inches Hg 

P(m) Pressure across o r i f i c e ,  in  Hg 

N s )  Stack Diamter, inches 

A(n) Probe Nozzle Diameter, inches 

T(s)  Stack Tenperature, ave .F 

mg Yeighi o f  Par t icu la te,  mg 

t Sampling Tim, min. 

4dP Ve loc i t y  Head, ./(eve), in. water 

P(s) Stack Pressure, Ave inches Hg 

5.40E*01 

100 

4.25??E+01 

1.04E*00 

30.01 

1.44 

12.0 

0.224 

1M) 

12.20 

64 

0.770 

30.029 

6.00EW 

110 

4.4019E+01 

1.04E+00 

30.01 

1.49 

12.0 

0.224 

158 

8.30 

64 

0.770 

30.029 

4.70H01 

108 

4.1211E+01 

1.04E+00 

30.01 

1.28 

12.0 

0.224 

170 

4.50 

64 

0.720 

30.029 

CALCULATIONS 

RUN NUMBER 1 2 3 

SCF Sanpled 
Mater, X 
Gas Molecular Ueight 
Gas Stream Ve loc i t y  
ACFW 
SCFM 
Isok inet ic ,  X 
Emissions, g r l dsc f  
Emissions, l b I h r  

4.2127E+Ol 
5.6822 
28.34 

4.75E+01 
2.24€*03 
1.78E+O3 

106 
4.47E-03' 
6.8lE-02 

4.2795E*O 1 
6.1821 
28.29 

4.72E101 
2.22E43 
1.79E*03 

107 
2. WE- 03 
4.5BE-02 

4.0186E+01 
5.2105 
28.39 

4.44E*01 
2.WE*03 
1.67E+03 

108 
1.73E-03 
2.47E-02 

5460 Beaumonl Center Blvd. 0 Tampa, Florida 33634 0 (813) 884-8268 



Off!ces 
REPORT OF LABORATORY ANALYSIS Mmeapolls. ,VinnesoIa 

Tampa, Floriaa 
Coralville. Iowa 

PACE LABORATORIES. INC. 

Source Test Data Sunnation 

Conpany Nam: Johnson Cmtrol8,lnc. 
Source Ident i f i ca t ion :  
Source Test For: L eed 
Test Date: Sept-r 16, 1987 

Central Vacuuning System #2 (S/N 158 E) 

RUN NUMEER 1 2 3 

V(w) V o l w  o f  moisture collected, mI 

T(m) Average Meter Tenperature, .F 

V(m) Actual Sample V o l w ,  cu. f t .  

GC Dry Gas Meter Coeff icient 

P(b) Barometric Pressure, inches Hg 

P(m) Pressure across o r i f i c e ,  i n  Hg 

M s )  Stack Diamter,  inches 

A m )  Probe Nozzle Oiameter, inches 

T(s) Stack Tenperature, ave 'F 

mg Weight of Lead, mg 

t Sampling T i m ,  min. 

4dP Velocity Head, 4Cave). in. uater 

P(s) Stack Pressure, Ave inches Hg 

5.40E+01 

100 

4.25??E+O 1 

1.04E+00 

30.01 

1.44 

12.0 

0.224 

168 

1 .oo 

64 

0.770 

30.029 

6.00Et01 

110 

4.4019E*01 

1.04Et00 

30.01 

1.49 

12.0 

0.224 

158 

0.57 

64 

0.770 

30.029 

4.70E101 

108 

4.1211E*01 

1 .04E*00 

30.01 

1.28 

12.0 

0.224 

170 

0.18 

64 

0.720 

30.029 

CALCULATIONS 

RUN NUMBER 1 2 3 

SCF Sampled 
Water, X 
Gas Molecular Weight 
Gas Stream Veloc i ty  
ACFM 

SCFM 
Isokinetic, X 
Emissions, gr ldscf  
Emissions, Ib /hr  

4.2127E*01 
5.6822 
28.34 
4.75E+Ol 
2.24E*03 
1.78E+03 
106 

3.66E-04 
5.59E -03 

4.2795E+01 
6.1821 
28.29 
4.72E*01 
2.22€+03 
1 .79E+03 
107 

2.0%-04 
3.15E-03 

4.0186E*01 
5.2105 
28.39 
4.44E*01 
2.WE*03 
1.67E+03 

108 
6.91E-05 
9.BBE-04 

5460 Beaumont Cenler Blvd. 0 Tampa. Florida 33634 0 (813) 884-8268 



SECTION 5.0  

Opacity 



64M) BamumonlCantar Bird 

Phon.: 1813) 8w.aaaa 
Tampa. Florlda 33634 

VISIBLE EMISSIONS OBSERVATION 
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APPENDIX A 

Calibration Data 

e 



SUMHARY OF SAHPLING EOUIPHENT C A L I B R A T I O N  

I 

Equ i pment Da te  o f  P lace  o f  
C a l i b r a t i o n  C a l i b r a t i o n  C a l i b r a t i o n  

Nozzle 9/16/87 On S i t e  

Method o f  
C a l i b r a t i o n  

V e r n i e r  C a l i p e r  
Ave. - 
FDER A l t .  Method P i t o t  Tube 1/87 l n t e r s c i e n c e  

Dry  Gas Meter  
end O r i f i c e  10/19/87 PACE Yet  Test Meter  JU 

Barometer .___ Tampa A i r p o r t  ____._.___ 

Thermocouples 1 /87  l n t e r s c i e n c e  C a l i b r a t e d  a t  
ambient and b o i l i n g  
Ha te r  temperatures 
a g a i n s t  
ASTH mercury b u l b  
thermometer 

Nomograph 
Accuracy 1/87 l n t e r s c i e n c e  EPA Pub. “ A d j u s t -  

ments i n  t h e  EPA 
Nomograph f o r  
d i f f e r e n t  P i t o t  
l u b e  Coef f .  and 
Dry Mo lecu la r  
Ue i gh t  s 

C a l i b r a t i o n  Date 

See F o l l o w i n g  

C = 0 .84  P 

MCF = 1.043 

il 12 noon 

: 5’F 

: 10% 



N O Z Z L E  D I A M E T E R  C A L I B R A T I O N  D A T A  

C l i e n t :  Johnson Controls.  Inc .  
Source 1.0.: Cent ra l  Vacuum System #2 (S /N  1588) 
Test Date: September 16, 1987 
Computed BY:  Michael C .  Jackman 

Nozzle Diameter 
1 2 3 L 5 6 Averaae 

0 . 2 2 4  0 . 2 2 3  0 . 2 2 4  0 . 2 2 5  0 . 2 2 4  0 . 2 2 4  0 . 2 2 4  



OHices 
REPORT OF LABORATORY ANALYSIS :Ainneapolis. Minnesota 

Tampa, Florida 
Coralville. Iowa 

DRY GAS METER AND O R I F I C E  CALIBRATION 

Cal ibrat ion Date: Septenter 9, 1987 

I n i t i a l  F ina l  
vo L V O l  

0.000 6.294 

0.000 7.681 

0.000 8.479 

0.000 10.595 

0.000 12.129 

0.000 13.336 

0.000 14.500 

vu dy 

6.294 0.30 

7.681 0.30 

8.479 0.30 

10.595 0.35 

12.129 0.40 

13.336 0.40 

14.500 0.40 

T W  

'F 

74.6 

75.0 

75.0 

75.0 

75.0 

75.0 

75.0 

._____ ___-. 

I n i t i a l  
vo L 

525.516 

531.526 

539.001 

547.398 

570.848 

582.788 

596.182 

Barometric Pressure: 29.995 i n  Hg 

Ca l ib ra t i on  Time: 15 min 

dH = O r i f i c e  Pressure 
dy = Pressure ( - 1  a t  Yet Test Meter 
Vm = Gas Volune, Dry Gas Meter 
Vu = Gas V o l m ,  Yet Test Meter 
Tu = Temperature, Yet Test Meter 
Tm = Tmperature, Dry Gas Meter 
t = Ca l i b ra t i on  Tim 

MCF = Meter Correction Factor 
dHa = Stardard O r i f i c e  Pressure D i f f e r e n t i a l  

0.75 CFM dry a i r  a70'F, 29.92 inches 

. - - - - - - - - - - D R Y  us METER-- - - - - - - - - - - - .  

F i n a l  Vm dH T T 

vo L i n  out 

531.526 6.012 0.50 102 78 

539.001 7.475 0.75 107 80 

547.398 8.397 1.00 109 81 

558.093 10.695 1.50 1 1 1  63 

582.788 11.940 2.00 111 85 

596.182 13.394 2.50 112 86 

610.671 14.489 3.00 112 87 

Tm 
ave 

90.0 

93.5 

95.0 

97.0 

98.0 

99.0 

9 9 . 5  

ETACK\DGM7CAL .MAS 

AVERAGE 

inches uater 
inches Hg 

cubic fee t  
cubic fee t  
'F 
'F 
minutes 

H9 

--CALIBRATION--- 

MCF dH@ 

1.065 1.594 

1.051 1.602 

1.035 1.750 

1.016 1.675 

1.040 1.698 

1.020 1.752 

1.025 1.775 

1.036 1.692 

5460 Beaumont Center Blvd. 0 Tampa, Florida 33634 0 (813) 884-8268 



Oiiices: 
REPORT OF LABORATORY ANALYSIS Minneapolis, :.:inresofa 

Tampa. Florida 
Coralville. Iowa 

DRY GAS METER AND O R I F I C E  CALIBRATION 

Calibrat ion Date: October 19, 1987 
Calibrated bv: Michael Jackman 

Barometric Pressure: 
c a l i b r a t i o n  Time: 

--.._ __. 

I n i t i a l  
Y O 1  

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

. - - - - -YET TEST METER.---------.-.. 

Final Vu &! TU 

V O l  'F  

6.332 6.332 0.30 75.0 

7.625 7.625 0.30 75.0 

8.691 8.691 0.30 75.0 

10.444 10.444 0.35 74.5 

11.801 11.801 0.40 74.5 

13.289 13.289 0.50 74.3 

14.387 14.387 0.60 74.0 

dH = O r i f i c e  Pressure 

., 
---...-------.-------ORI as W E T E R . - - - - - - - - - - - - - - - - - - -  

I n i t i a l  F ina l  Vm dH T T Tm 
VOL vo 1 i n  out ave 

888.062 894.109 6.047 0.50 102 TI 89.5 

894.109 901.449 7.340 0.75 106 80 93.0 

901.449 909,895 8.446 1.00 108 81 94.5 

909.895 920.160 10.265 1.50 109 82 95.5 

920.160 931.837 11.677 2.00 111 84 97.5 

931.837 944.974 13.137 2.50 112 84 98.0 

944.974 959.371 14.397 3.00 113 85 59.0 

AVERAGE 

inches uater 
dU = Pressure ( - 1  at  Yet Test Meter inches Hg 
Vm = Gas Volurr ,  Dry Gas Ueter cubic feet  
Vu = Gas Volune. Yet Test Meter cubic fee t  
Tu = Temperature, Yet Test Meter 'F  
Tm = Temperature, Dry Gas Meter 'F  
t = Cal ibrat ion Time minutes 

MCF = Meter Correction Factor 
dHi! = Standard O r i f i c e  Pressure D i f f e r e n t i a l  

0.75 CFM dry  a i r  370.F. 29.92 inches Hg 

30.02 i n  Hg 
15 m i n  

- -CALIBRATION-- -  

UCF dHi! 

1.063 1.579 

1.061 1.625 

1.053 1.664 

1.041 1.722 

1.035 1.792 

1.033 1.765 

1.018 1.802 

1.043 1.707 

5460 Beaumont Center Blvd. 0 Tampa, Florida 33634 0 (813)  884-8268 
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APPENDIX B 

- 
Process Weight Statement 



Offices 
Minneapolis. Minnesota 
Tampa, Florida 

momxmu UALITIOU aunm BUNIBWG 0 
5460 Beaumonl Cenler Blvd. 0 Tampa, Florida 33634 0 (813) 884-8268 

STATEMENT OF PROCESS WEIGHT 

COMPANY NAME Johnson Controls, Inc.. Globe Batten Division 

ADDRESS P. 0. Box 16068. TamDa. Florida 33687 

SOURCE IDENTIFICATION Central Vacuum Svstem # 2 IS/N 158B) 

SOURCE LOCATION 10215 North 30th Street. TamDa. Florida 
- 

DATE 09/16/87 SAMPLING TIME: 1000 TO : 1645 

DATA ON OPERATING CYCLE TIME: 

START OF OPERATION, TIME 

END OF OPERATION, TIME 

ELAPSED TIME 

IDLE TIME DURING CYCLE 

DESIGN PROCESS RATING 

PROCESS WEIGHT RATE (INPUT) PRODUCT (OUTPUT) 

DATA ON ACTUAL PROCESS RATE DURING OPERATION CYCLE: 

MATERIAL Lead Bearins Dust RATE 15.5 lbs/hr 

MATERIAL RATE 

MATERIAL RATE 

TOTAL PROCESS WEIGHT RATE; 

PRODUCT Lead Bearins Dust RATE 15.5 lbs/hr 

I certify that the above statement is true to the best of my knowledge and 
belief. 

# 

signature William Scott 

Title Manaains Engineer 




