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INTRODUCTION

Source sampling was performed for the Johnson Controls,
inc., Middletown, Delauware, plant to determine lead
emissions from the South Barton Oxide System. Four sampling
runs were conpleted 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 peollutant
concentrations were made according to U.S. Environmental
Protection Agency and the Delaware Department of Natural
Rescurces and Environmental Control (DE DNREC)
recommendations. Mr. Charles Krick, PE (DE DNREC), and Mr.
Ali ﬁirzakhalili (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 10-+
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 10—+«
grains per dry standard cubic foot. The mean lead emisesion
rate was 0.000530 pounds per ton. The mean lead
concentration from the South Process Baghouse was 0.467 X
10-® grains per dry standard cubic foot. The mean lead

emission rate was 0.000162 poundse 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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TABLE 1
SUMMARY OF RESULTS, LEAD SAMPLING

South Ventilation Baghouse

Run Number 1 2 3 4

Date ) 11/01/88 11/01/88 11/01/88 11/01/88

% Isokinetic 102.82 103.15 102.27 104 .42

Volume of Gas Sampled, 45.036 49.565 40.739 40.130
SCF * Dry

Stack Gas Flow Rate, 321.0 369.7 301.1 295.7
SCFM * Dry

Stack Gas Flow Rate, 347 .8 389.4 315.4 308.9
ACFM

. Lead:
Catch, mgrams 0.0580 0.0478 0.0780 0.0235
Concentratiqn, grains/ 0.0000198 0.0000149 0.0000295 0.00000902
SCF * Dry

Emission Rate, lbs/hr  0.0000563 g 0000471 0.0000761 0.0000229 °
Preocese Weight, tons/hr 1.211 1.211 1.211 1.211
Emission Rate, lbs/ton 0.0000465 0.0000389 0.0000628 0.0000189

*68op 29.92 in. Hg
**Nozzle, probe, filter, impingers
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TABLE 2
SUMMARY OF RESULTS, LEAD SAMPLING

South Melting Pot

Run Number 1 2 3

Date 11/02/88 11/02/88 11/02/88

% Isokinetic 100 .00 100.99 100.25

Volume of Gas Sampled, 41.717 41.898 41.773
SCF * Dry

Stack Gas Flow Rate, 1378.5 1371.0 1377.0
SCFM * Dry

Stack Gas Flow Rate, 1508.9 1496 .2 i512.8
ACFM

Lead:
Catch, mgrams 0.0398 0.1518 0.1978

Concentration, grains/ 0.0000147 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, lbs/ton 4 400163 0.000617 0.000809

*68<F, 29.92 in. Hg
*¥*Nozzle, probe, filter, impingers
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TABLE 3
SUMMARY OF RESULTS, LEAD SAMPLING

South Process Baghouse

Run Number 1 2 3
Date 11,/02/88 11/02/88 11/02/88
% IsoKkinetic 105.22 102.95 103.55
Volume of Gas Sampled, 41.458 42 .699 40.918
SCF * Dry
Stack Gas Flow Rate, 4240.7 4370.3 4298.9
SCFM * Dry
Stack Gas Flow Rate, 5614.2 5817.5 5760.1
ACFM
lLead:
Catch, mgrams 0.0083 0.0133 0.0163
Concentration, sgrains/ 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

*68eF, 29.92 in. Hg
**Nozzle, probe, filter, impingers
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PROCESS DESCRIPTION AND OPERATION

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 enissions

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 1lead oxide while ‘it is being stored for future
use at‘the battery plant. The emissions from the baghouse

are discharged to the atmosphere.

No wunusual c¢onditions 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 1locations of the
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
wh&ch 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.

10
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SAMPLING AND ANALYTICAL PRdCEDURES

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 Fedéral Regigter, 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 1locations and velocity measurements were made
by Methods 1 and 2. Gase composition was determined by
Fyrite and Methed 3 on continuous bag samples. Method 12

wag used for the lead concentration determination.

14
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Summary of Method 12 Lead Results

Johnson Controls 1Inc.

Run Number
Date
DN Sample nozzlé dia., in.
TT Net time of test
FB Barometric pressure, in. Hg.
PM Average orifice pressure
drop, in. H20
VM Volume of dry gas sampled,
cu., ft. at meter conditions
™ Average gas nmeter temp.
in degrees F.
VMSTD Volume of dry gas sampled
at standard conditions?*, SCF
Vi Total water collected in
impingere + silica gel, ML.
VMV Volume of water vapor at
standard conditions*, SCF
PMV Percent moisture by volunme
MD Mole fraction dry gas
PCOZ Percent CO2 by volume, dry
P02 Percent 02 by volume, dry
PCO Percent CO by volume, dry
,PN2' Percent N2 by volume, dry
MWD Molecular weight-dry stack gas
MW Molecular weight-stack gas
Cp Pitot tube coefficient
DPS Average velocity head of
stack gas, inches water
T8 Average stack temperature, F

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
28.836
28.673
0.84

0.3336

87.13

Appendix A

2

11/ 1/88

0.336
64
29.95

2.139

52.70

104.09

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

Middletown DE South Ventilation Baghouse

3

i1/ 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
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PSI

BES
V5
AS

Qs

QsW

QA
PERI
FMF
CAN
CAM
CAT
CAW
CAZ
FNP

RW

*68 Degrees F.

Static pressure of stack
gas, inches Hg.

Stack pressure, absolute
Average stack velocity, FFY
Stack area, inches sgrd.

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

29.92 Inches Hg.

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
43.5

369.7
375.5

389.4
103.15
0.0478

0.149E-04

0.151E-04

0.141E-04

0.471E-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

0.2B1E-04

0.761E-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

16

1.211
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Method 12 Lead Calculations Test Number 1

Johnson Controls Inc. Middletown DE South Ventilation Baghouse

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

VMSTD = =———mmmmmsmm e = 45.036
™ + 460
Volume of Water Vapor at Standard Conditions
VMV = 0.04709 * VW = 0.688
Percent Moisture in Stack Gas
100 * VMY
PMV = commcemmm—emem = . 1.504
VMSTD + VMV
Mole Fraction of Dry Gas
100 - PMV
MD = —mrmmmm———e = 0.9850
100

Average Molecular Weight of Dry Stack Gas

MWD = 0.44 ®* PCO2 + 0.32 * P02 + 0.28 * (PN2+PCO) = 28.8326
Molecular Weight of Stack Gas
MW = MWD * MD +18 * (1-MD) = 28.673
Stack Gas Velocity at Stack Cenditions
VS = 5129.4 * CP * DPS * SQRT(TS + 460)/(PS * MW} = 1146.8
Stack Gas Volumetric Flow at Standard Conditions, Dry

0.123 * V5 * AS * PS * MD
Q5 = e mm e = 331.0

TS + 460

Stack Gas Volumetric Flow at Stack Conditions
QS * (TS + 460)

QA = —emmmemm—r e = _ 347.8
17.64 " PS * MD

Percent Isokinetic
1039 * (TS + 460) * VMSTD
PERI = —-c—emmmmmm e rr e e = 102.82
Vs * TT * PS * MD * DN * DN
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Lead Loading -- Probe, Cyclone, Filter, Impingers
{ At Standard Conditions )}
CAN = 0.0154 ® FMF / VMSTD = 0.198E-04

Lead Loading ~- Probe, Cyclone, Filter, Impingers
{ At Stack Conditions )
17.64 * CAN * PS * MD
CAT = ~===-m—emmmmm— s oo = 0.189E-04

Lead Lb/Hr -- Probe, Cyclone, Filter, Impingers
{ At Standard Conditions )
CAW = 0.00857 * CAN * QS = 0.563E-04

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

Johnson Controls Inc. Middletown DE South Melting Pot

Run Number

Date
DN
T
PB

PM
VM

™
VMSTD
VW
VMV

PMV
MD
PCO2
PO2
PCO
PNZ
MWD
MW
CP

DPS

8 '

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 tenmp.
in degrees F.

Volume of dry gas sampled
at standard conditions*, SCF

Total water collected in
impingers + silic;~§e1, 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
Molecular weight-dry stack gaé
Molecular weight-stack gas
Pitot tube coefficient

Average velocity head of
stack gas, inches water

Average stack temperature, F

1

11/ 2/88

0.405

690

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

11/ 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
11/ 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
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PSI

PS

Vs

AS

QS

GSH

A

PERI

FMF

CAN

CaM

CAT

CAW

CAZ

FNP

RW

b 2123 Degrees F.

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/TGN

Net sampling points

Process weight, Tons/Hr

29.92 Inches Hg.

-0.003

29.567
850.4
254.5

1378.5

1401.5

1508.9
1006.00
0.0398
0.147E-04
0.149E-04
0.134E-04
0.174E-03
0.163E-03
24

1.063

-0.003

29.567

843.2

254.5

1371.0

1386.1

1496.2

100.99

0.1518

0.558E-04

0.564E-04

0.511E-04

0.656E-03

0.617E-03

24

1.063

-0.003

29.567
852.6
254.5

1377.0

1368.2

1512.8
100.25
0.1978
0.729E-04
0.740E-04
0.664E-04
0.860E-03
0.809E-03
24

1.063
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Lead Loading -- Probe, Cyclone, Filter, Impingers
{ At Standard Conditions )
CAN = 0.0154 * FMF / VMSTD =

Lead Loading -- Probe, Cyclone, Filter, Impingers
{ At Stack Conditions )
17.64 * CAN * PS * MD
CAT = —cmm—cmmmm e mmre e e - =
TS + 460

Lead Lb/Hr -- Probe, Cyclone, Filter, lmpingers
{ At Standard Conditions )
CAW = 0.00857 * CAN * @S =

Lead Lb/Ton -- Probe, Cyclone, Filter, Impingers
{ At Standard Conditions )
CAZ = CAW / RW =

0.147E-04

0.134E-04

0.174E-03

0.163E-03
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Method 12 Lead Calculations Test Number 1
-Johngon Contrels Inc. Middletown DE South Melting Pot

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

VMSTD = ~-c——mem oo = 41.717
T™ + 460
Volume of Water Vapor at Standard Conditions
VMV = 0.04709 * VW = J 0.697
Percent Moisture in Stack Gas
100 * VMV
PMV = ——crmmmemem = 1.643
VMSTD + VMV
Mole Fraction of Dry Gas
100 - PMV
MD = —--memeee ——— = 0.9836
100

Average Molecular Weight of Dry Stack Gas

MWD = Q.44 ® PCO2 + 0.32 ®* P02 + 0.28 * (PN2+PCO) = 28.836
Molecular Weight of Stack Gas
MW = MWD * MD +18 * (1-MD} = 28.658
Stack Gas Velocity at Stack Conditions
VS = 5129.4 * CP * DPS * SQRT(TS + 460)}/(P5 * M{) = 850.4
Stack Gae Volumetric Flow at Standard Conditions, Dry

0,123 * V5 * AS * PS * MD
QS = ——mcmm e e = 1378.5

TS + 460

Stack Gas Volumetric Flow at Stack Conditions
Qs * (TS + 460)

QA =2 ——mrmm— e = 1508.9
17.64 * PS * MD

Percent Isokinetic
1039 * {TS + 460) * VMSTID
PER] £ ~—cerrcmr e e = 100.00
VS * TT * PS * MD * DN ®* DN
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Summary of Method 12 Lead Results

Johnson Controls Inc. Middletown 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 0.18% 0.186

TT Net time of test 60 60 60

FB Barometric pressure, in. Hg. 29.585 29.55 28.55

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

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

VMSTD Volume of dry gas sampled 41.458 42.699 40.913
at standard conditions*, SCF

Vil Total water collected in 11.1 10.4 13.0
impingers + silica gel, ML.

VMV Volume of water 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

pPCoO2 Percent CO2 by volume, dry 0.00 .00 0.00

P02 Percent 02 by volume, dry 20.90 20.90 20.90

PCO Percent CO by volume, dry 0.00 0.00 0.00

PNZ. 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 weipght-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. water

TS Average stack temperature, F 220.00 224 .50 226.63
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PSI

PS
VS
AS

Qs
Q5W

QA
PERI
FMF
CAN
CAM
CAT
CAN
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 fiow 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

*68 Degrees F. 29.92 Inches Hg.

-0.065

29.485

4556.4

176.7

4240.7

4294.1

5614.2

105.23

0.0083

0.308E-0S

0.312E-05

0.233E-035

0.112E-03

0.105E-03

8

1.063

-0.065

29.485
4721.4
176.7

4370.3

4420. 4

5817.5
102.95
0.0133
.480E-05
.485E-05
.360E-05
.180E-03
.169E-03
8

1.063

-0.065

29.485

4674 .8

176.7

4298.9

4363.2

5760.1

103.55

0.0163

0.613E-05

0.623E-05

0.458E-05

0.226E-03

0.213E-03

8

1.063
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Method 12 Lead Calculations Test Number 1

Johnson Controls Inc. Middletown DE South Process Baghouse

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

YMSTD = e e e - = 41.458
™ + 460
Volume of Water Vapor at Standard Conditions
VMV = 0.04709 * VW = 0.523
Percent Moisture in Stack Gas
100 * VMV
PMV = m——emmerme e = 1.245
VMSTD + VMV
Mole Fraction of Dry Gas
100 - PMV
MD = =c—mmme—mem = 0.9875
100

Average Molecular Weight of Dry Stack Gas

MWD = 0.44 * PCO2 + 0.32 * PO2 + (.28 * (PN2+PCO) = 28.836
Molecular Weight of Stack Gas
MW = MWD * MD +18 * (1-MD) = 28.701
Stack Gas Velocity at Stack Conditions
VS = 5129.4 * CP * DPS * SQRT{TS + 460)/(PS * MW} = 4556.4
Stack Gas Volumetric Flow at Standard Conditions, Dry

0.123 * VS * A5 * PS * MD
QS = ~r—mr e = 4240.7

TS + 460

Stack Gas Volumetric Flow at Stack Conditions
@5 * (TS + 460)

QA = —--—mememr e = 5614.2
17.64 * PS * MD

Percent Isokinetic
1039 * (TS + 460) * VMSTD
PERI = ———-mmmmmmrmme e = 105.23
VS * TT * PS * MD * DN * DN
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Lead Loading -- Probe, Cyclone, Filter, Impingers
{ At Standard Conditions )
CAN = 0.0154 * FMF / VMSTD =

Lead Loading -- Probe, Cyclone, Filter, Impingers
{ At Stack Conditions )
. 17.64 * CAN * PS5 * MD
CAT = ~———-———mr e - =
TS + 460

Lead Lb/Hr -- Probe, Cyclone, Filter, Impingers
{ At Standard Conditions )
CAW = 0.00857 * CAN * Q5 =

Lead Lb/Ton -- Probe, Cyclone, Filter, Impingers
{ At Standard Conditions }
CAZ = CAW / RW =

0.308E-05

0.233E-05

0.112E-03

0.105E-03
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FIELD DATA

APPENDIX B




TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS .

STEADY FLow SAMPLING STRATE&Y FeR DUcTs
BETWEEMN & and |12Y 'n DTAMETER

Plant Johnsen Can“rpl& - M&Uk'&?wn; DE

Date ji-01-8¢

Sampling location Seth Ventiladien Bachause

Inside of far wall to outside
of nipple (X) ¢

‘Inside of near wall to outside of

nipple {nipple length} (I) 0.0"

Stack 1.Dp. (X-Y) (" x 7 25"

Nearest upstream disturbance .83

dd

~——— 48“——;—&41’-’4 '

Wal|

A
725" J 8
L D
b 7250
. . 3 s |4 5, 25—
e s PEEEC
-{. - 2,25
3 + . - i . f *
e D €7

091 2.72-4.53 6.34

Nearest downstream disturbance 73l

dd

Calculated by PrR)

-—%—I-'-!J- z 6,57"

Ee. Diemeter = L+W
4 x4 matrix SCHEMATIC OF SAMPLING LOCATION

1 2 3

TRAVENSE ' PRoDUCT OF YRAVERSE POINT LOCATION

PO FRACTION CoLUwRs 2 KD 3 MIPPLE | ymow ourite of moeit

aurBER OF STatk 1D STACK 1D (70 NEAREST § 3 120w, LENGTH (s DF COLUPKS 4 8 &
| o125 ¢ 0.75 0 0,75
2 ¢ 375 & 2.25 [ 2.25
3 e.025 4 3. 75~ o 3. 75
4 6,875 A 5,25 0 £.as5




Vi
:

METHOD 2 GAS VYELOCITY AND CYCLONIC FLOW DETERMINATION

{

Plant and City Johnsen Conbrols - M.’ddle"ﬂun ,J-‘—’ Run Date _//- a;-??‘

Sampling Location Seth Venhlyhbn %l\mue. Clock Time [/3/5
Run Number _| Operator f2)- ReM-IAT  Amb, Temp., °F 71

Bar. Press., in. Hg _ 29.95 Static Press., in. Hy0 4+ 0.2§
Stack Press., in. Hg 29 9% Static Press,, in. Hg 1 &, 019
Stack Dimension, in. - Diam, or side 1 7.25" side 2\‘5 600"

Pitot Tube (Cp) e,99 Pitot Tube Leak Check <0,1 @ 2 in. H0

Field data s Nuf‘ ?osfib_\c in Squar € 0'\-\(,‘*‘
T | 3
Velocity Cvclonic flow determination
Traverse head _ o Angle (=)
-} point Position,| (dpg), Stack temp., Apg at O which yie)}ds
number in. in. Hy0 oF eference a null
Ay 091X .15 cob o [=2 N\ y
> 2.25 ¢.085 : A 4
2 395 U070 -
] 5,25 .0 \X /L
B{ 272X o.15 2.e75
x a.25 0,050 A L ,
3 3.75 0.085 AN A
7] 5,25 0.c10 N 1/
€| 4.53x 0,175 2.090 N/
2 A, 25 ¢, 085
F) 3,95 o 90 7
] 5,25 o b5 4 AN
D 634X 0.5 ¢. g55° 4 A
'S A25 6,070 7 N
EY 3.7%7% €.098 V yd N
4 §.25 b.{00 // AY
/ \
/ N
AN
4 N\
-
0.083 0.098 : Average angle («)° \

& Average of (=) must be < 10 degrees to be acceptable.

NOMAGRAPH DATA

oy I.34 Ty 100 ™ (.2 P, /P, 1,90 C 115 D, _%b

E‘b‘
_ (es) Bp oois  Tg B DN 0355 DN, 2331 Ref.Ap o Wy gs;
. _ ?
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METHOD 3 - ORSAT AND DRY MOLECULAR WEIGHT DETERMINATIOXN

Plant Johnson &njrd_:} - My DE Sample Location South Vg\ﬁkﬁm %Imst
- Sample Type - Continuous _v~ Pump Leakfree 8 10" ?

Oxygen Check 20.9% % 0.1%3 20,9 Fuel Type ) i
Orsat Leak Check @ 4 min.: Pipet Levels - Leakfree ?
Buret /3.0 - 13.1 & <0.,2 ml ? ¥

Run No. ! Sample Date _//-¢/-2f _ Ambient Temp. °F _7/
Sampling Time (24 - hr clock) [340~- /512 Analysis By _f)_
Gas Ram Actj Net Actuaj.zi Vet [Actusl] Ne A;g. Mult. I}Jhlecib b n?c}l;
Co2 0.0 lool v.0 0.0 0.0 lo.v |ow | b | o vooO
02 809 208|208 (229|204 g | 2090] R | £ 65%
co 120.9 [0.0]) 208 |oo| #°7 |e.0 ls.00 | 28 | 4000
N2 100 |79.1| 100 |79, | 200 |79/ } M40 | .28 | 22.14%
r- 2% _ ap Total 28.93¢
%CO, . .
Run No. _2 Sample Date iﬂ_. Ambient Temp., °F
Sampling Time (24 - hr clock) _/s¥e- [Jol Analysis By fa
Cas e Tt [ ot Aot [ et it [ Wet] 3o |Midt. [ Holesiiar M
60 206 lop oo lpo 1on oo |om | S| 2o
. %2 o5 g | s |wd| wg lpg|awl 2| 4408
°0 24 oo L5 |00 | 2.5 {00 low | 28] gow
ne 100 {7 200 {7 | 20 {7 {7 | 28 | A48
_ 209-%0, _ wh Total K. 574
%CO

Run No. 3 Sample Date //-®/-%% Ambient Temp. °F 72—
Sampling Time (24 - hr clock) [7/8- jiq[ Analysis By _P&

Run J 2 3 Avg. .
Gas Tt Vet ictoal [ Net|iotwalT Wet] & |Mult. %béeibﬁgle
C02 00 oo | po loolo.o loo looo| | 0.000
- 2 204 w5 | 205 |205] 205 |oos || R | 4088
co 204 |po] 205 l0.0 | 209 |o.e Lo.00 | 28] o.000
N2 100 | 74,| 200 o)) 200 log, | 7900] 428 | 22148
Fusl type F, mnge .
s 7 T N
Wood 1.000-1.120
Wood bark 1.003-1.130
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METHOD 3 - ORSAT AND DRY MOLECULAR WEIGHT DETERMINATION

Plant ;zgﬂam !E&'}Qfsrjﬂdilm D Sample L;cation 5//1 /&Hyw&g}#ﬂ”’

_ Sample Type - Continuous _ ¥ Pump Leakfree @ 10™ ?
Oxygen Check 20.9% # 0.1%2 20§  Fuel Type MA

Orsat Leak Check € 4 min.: Pipet Levels ~ Leakfree ?
Buret /3! - /3] = <0.2 ml ?

Run No. ff Sample Date [[«Q[-'sg’ Avbient Temp. °F 7%

Sampling Time (2& - hr clock) (fs’[-]_ﬂgﬁ Analysis By _/itJ
Run 2 Avg, Molecular Wt
Gas Act_I Tet [fctual] Net Actual Net xg Multe| 2o °Sh AL mote |
c
02 po ro 1l 0o loesl poloslpes] b ] seso
02

2.9 a5l 209125 2.5 2.5 20.90] «R L &%

C
0 2.9 oo ) 209 60| 204 {0000 ] 28| 0.000
N2 100 196, | 200 |4,| 190 §49. 79.10| 28 | 22./L8
20.9-%0,
2™ = Total 8’ SG
r NA 288
! Run No. Sample Date Ambient Temp. °F

mpling Time (24 -~ hr clock) Analysi/s,B/

2l ] Avgs Mo )
Gas Actual] Neti{Actual | Net|Actua] 4o (M. | poleAT M
ooz > X
co
w o]
N 100 100 100. .28
L \1
o 20.9-%0, - Total
%CO:
Run No. Sample Date Ambient Temp., °F
SamMe (24 - hr clock) Analysis By S—
RTm &_ 2 3 AVE. Ay Wt.
Gas Actua T TNet [Actual | Net [Actuai] Wet] g0 Mte{Boresioar Wy
4_,,!2,”’ 100 100 100 28 | -
) Fusl trpe ¥, rnge
Coat ’ 209-%0 ' To&\
Do T T Ve %O \
1.000-1.120 -

Wood
Wood bark 1.003-1.120




Stored and Locked: Remarks: Donc.

ervironmenbal GOSting e, Lem ¥ o601 fbs/don
METHOD 12 SAMPLE RECOVERY AND INTEGRITY SHEET
Plant Jchnam Comdnfls- mMi Dz = Recovered By @l)-gsm—Ipc ¥
Sample Location_South Vel Recovery Date //-0i-F% "
Run Number S 2 3 4
Sample Date TR T T )1-01-28 J1-01-2&
Sample Box Number T 2 2 /
Probe Number 1 2 3 {
MOISTURE DETERMINATION AND SAMPLE RECOVERY - IMPINGERS
Impingers Cont. Number ) 2 ) 7
Description of Water an cfan s el oo
Liquid Level Marked v — v v
Final Volume (wt.), ml 203 202 202 203
Initial Volume (wt.), ml 200 200 200 200
Net Volume {(wt.), ml (g) 3 2 2 3
Silica Gel Cont. Number t . 2 3 7 ;f
Silica Gel Z Spent /0% /07 /5% 16%
Final Weight, g &1l Aiy o aitlo 0.}
Initial Weight, g 200. 0 20. D 208. 0 206.0
Net Weight, g JIN® N4 - 15,1
Total Moisture, g 4 b 1. 13,0 13
SAMPLE RECOVERY - FILTER
Filter Cont. Number miz - I Mlz-2 MmMla -3 mia- ‘7
Particulate Description _aqme vrs,/'ble Nowe Visible Nene s ble  rvone ws b,
Filter Cont. Sealed v b v —
Probe Rinse Cont. Number [ a. 3, 7
Liquid Level Marked v - W —
SAMPLE WEIGHT CALCULATION
Run # Conc., mg/l =x Vol., 1 - Blank, mg = Total mg Lead
1 0.232 x 0.250 - Nja = 0.05B0
2 0.191 x 0.250 - s = 0.0478
3 0.312~ x 0,250 - N/A = o.0780
4 o.0ad A 0282 - Nja = g 0238 -
BLANK CALCULATIONS
Conc., mg/l x Volume, 1 = Total mg
& 0,050 x 0.100 = o, 0% Filter Blank
<5.06D x 0.100 s <0005 Filter Blank
<o.080 x 0.100 = Lo 8 HNO, Blank
£P.010 Total Blank
LABORATORY CUSTODY *'
Received By: _prRy-RL&M-JAF Date Received: -pd-88
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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 = __g*ggg__
Standard No. 3 = 2.000 mg/l Absorbance = _ _0.134
Standard No. 4 = 4.000 mg/l Absorbance = 0.251

Standard No. 5 = 5.060 mg/l Absorbance = 0.307

SAMPLE CONCENTRATION DATA

Mean Concentration Run No. 1 = 0.232 -mg/l
Mean Concentration Run No. 2 = 0.191 mg/l
Mean Concentration Run No. 3 = 0.312 mg/1l
Mean Concentration Run No. 4 = 0.094 mg/l
Mean Concentration Filter Blk. A = <0.050 mg/1
Mean Concentration Filter Blk. B = 10,050 mg/l
Mean Concentration 0.10N HNO_ = <0.050 mg/1
Analyzed by PRJ Date November 17, 1988

Remarks ETI audit filter spiked with 0.7000 mg lead
Spiked recovery: 97.25%

0.250
0.232
Recovervy: 92.8%

Working range check: true

1

obtained

Precision checked every 10th sample = 1.2% avg, diff.
Matrix effect checked by Method of Standard Additions

all samples were verified to within + or - 4.07%




TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

Plant :&hh&ﬂ f;ujnls, M?c\d]em!p}f

Date _ ji-02-88
Sampling Tocation MeMine B+ Suby,

Inside of far wall to outside
of nipple (X) 7/~

Inside of near wall to outside of -
nipple (nipple length) (I) 2~ S
FaN

Stack 1.0, (X=X) g~
Nearest upstream disturbance _ 2 3 dd

e iﬂ'—)l

C

NURIES S

Nearest downstream disturbance (,.®  dd !
Calculated by _ PAT c1
X Syt
! a9 - { |
Port —f Y {SCHEMATIC OF SAMPLING LOCATION %~
1 2 3 g
TRAVERSE PRODUCT OF TRAYERSE POIRT LOCATION ‘
POIRT FRACTION COLLMNS 2 4RD NIPPLE FRO® OUTIOL OF MIPPLE
nuraEn OF §T4CK 1D Tacn (TO NEARLST 1 8 INCHy LENGTH {3UB OF COLUBKS 48§
] 0.62) [N AT, ©0.Sco 3" 3, 580
b2 0.067 { l. 206 4, 206 -
3 6.118 Ard 5sa2¥
4 0,117 3,180 L. 186
T | b2 4. Sbo 7. S0
A " 9.350b L.4oB 9, Yo
7 b. b 14.592 14, 59 2
g 0. 150 13.58p L. STO
9 0.523 1. et 17.814
o o0.5%52 15, 876 18,8
il 0.933 16,7194 19,794
iz 0.979 y ADT  I1. Soo v 2n, Sto




METHOD 2 GAS VELOCITY AND CYCLONIC FLOW DETERMINATION

_Plant end City TJokuses Cedn:lS, Middlehwa DE Run Date //-02-9%

Sempling Location _Meltinge Bt Site Clock Time _(Z%55
Run Number _ | _ Operator Pe7- ¢AM- IA Amd. Temp., °F S5

Bar. Press., in, Hg _ 29.57 Static Press., in. ﬁzo - 0. 040
Stack Press., in. Hg 24, 5077 Static Press., in. Hg ~¢.0063
Stack Dimension, in, - Diam, or side 1 18“ side 2

Pitot Tube (Cp) Q.BJ Pitot Tube Leak Check <0.1 P 2/ in, H20

Field data
Velocity Cyclonic flow determination
Traverse head o Angle (=)
point Position, (.‘.\pﬁ), Stack temp,, dp, at O which y;elds
\ in. in. H,0 oF eference s null Ap
number A~ 2p | & 5 £ ) A 2
1 Tt l.e52 Lote. | fee io% — 1o | —gos 2 2
2 4 206 255 | a8 ] - 005 - 905 = e
3 Fa2y  l.eeo | ,g35C 1 > PO -, 5wr a2 3
[ L ABG SLep | e3¢ Ji .00 5 &
5 7. S0t oo | .855 | 1 -, Q1D [ o
[A 408 ebp | 053 ~. 005 [ ﬁ =
7 14, 592 (035 | 055 ) © o ]
£ S0p £ L0353 - o 4. 205 I'7) 3
g {7.60 pco | 830 P 7] O ©
lo .7 Y Y + pof” |+ Odg5 [ <
{} 19,794 T W IC AP ] oo | t-ore 5 &
13- 20,500 LAp 1.0 o g o005 | . e°5 5 5

Average angle (=)*

e Average of (=) must be < 10 degrees to be acceptable,

NOMAGRAPH DATA

oty [8G T, 70 _ W 2% _ Pg/pyibo__ C 0% by 05
Zp G052 T, 1o DN 043 DN, 4405 RefApear] Wy (2

D[ o
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- Run No. __ d Sample Date Zl~02 -£% Ambient Temp. °F

eavironmentat lisshing g

METHOD 3 — ORSAT ANKD DRY MOLECULAR WEIGHT DE;I‘ERHINATION

Plant z/lg{mm {Lﬁ;&pl_s_, Eﬂiﬂ_l_gfmh ISE’ Sample Location _M&Hng.ﬂt_&ti‘u

Sample Type - Continuous / Pump Leakfree € 10" ? \/

Oxygen Check 20,9% % 0.1% 229 Fuel Type A
Orsat Leak Check @ &4 min.: Pipet Levels - Leakfree [
Buret /¥ - /%2 = <0,2 ml 7 v

Run No. | Sample Date (/-92 -2 Apbient Temp. °F
Sampling Time (24 - hr clock) Analysis By P@J’

Gas y Actu,a!'i Net Actu;zzzl Net [Actuz] $.53 A;g' Mult.| P2 leoh 1bnﬁl§
C02 @ \pol o ¢ leel o0 Bo (0o )| b | ©0.c00
02 20.9 e 3| 20.9 V09209 Woilae?e 21 L6857
co 209 (g0 |09 oo 207 |fofo.© | 28 &.008
N2 100 174,100 |77, | 200 |79 {%ro| 28 |22 147
r.- ”:;:“ = NA Totalsw.? 34

Analysis By/RT

Sampling Time (24 ~ hr clock)

-
ey

He

R\m _1 ? Av, . £ W‘b.
Gas Actual] Net|Actual] Net|Actuzi] Net 75" | Mult. l})hleg.b b mole
02 0.0 jeo| 0.0 vco}f .o oo |ooo | Al | 6. c00
T 1209 51209 loe 1209 boog |2050] oR | ¢.65%
C
0 205 |0.01209 loo|209 o, {0.00] 28 ) 9-990
N2 100 }99.1] 100 ]79.;] 200. 195, 179,0] 428 |22 /4€
o B9-%0: | Total 29.936
. NA
Run No. 3 Sample Date J/-02-25  Ambient Temp. °F
Sampling Time (24 - hr clock) Anslysis By A3
Run b < ; AVE. Mol Who
Gas Fotuall Wet|Actual] Net]|Actuai] Net 20" | Ml 12 °90 b mole
- C02 0.0 loo]l 00 0o 2.0 |o.0] oo i | 0000
. 02 209 (2089)2e8 ke 209 Poi 2090 | o3| 6.9 8
co .2’16, . 040 iﬂfq 'a.‘) azpﬂ 8.0 0,00 .28 0,900
N2 100 |[7940] 200 |75,0] 200 | 7900] #28 |22, /48
| k10 i hi o 05200 1] Total -25. € 36
Cost Anttvache end e e .| 10181420 P ———— "‘ﬂA
Biturmir 1.08)-5.230
Wood 1.000-1.120
Wood bark - 1.003-1.130




eaviroAmenbal besting ing.
'METHEOD 12 SAMPLE RECOVERY AND INTEGRITY SHEET

" Plant_J o, Mhadlhun DE "Recovered By _ foT
Sample Location i S Recovery Date //-0Z-F7

Run Number | 4 3
Sample Date 1/-02-98 //-02-5F /-2 -8
Sample Box Number ¥ 5 . &
Probe Number o 5 3

MOISTURE DETERMINATION AND SAMPLE RECOVERY - IMPINGERS

Impingers Cont. Number mz- 4 Miz- 5 iz -
Description of Water Cle e (o~ (b
Liquid Level Marked Lt L
Final Volume (wt.), ml 202 2o 203
Initial Volume (wt.), ml 2 o9 Zop 2od
Net Volume (wt.), ml (g) 3 2 3
Silica Gel Cont. Number wiz-¥ miz-5 iz~ &
Silica Gel Z Spent SO Tr 7, &
Final Weight, g 2418 2c7. % 2.7
Initial Weight, g Los. o A €00 200.0
Net Weight, g ' /1. 8 Kk 0.7
Total Moisture, g 148 Q. £ (3.7

SAMPLE RECOVERY - FILTER

! Filter Cont. Number m;z,-‘/ Miz-5 Mmz-&
Particulate Description wne ¢ixd< vl e E;-;;é
Filter Cont. Sealed . v o _

Probe Rinse Cont, Number M:z-"/ Miz- 5 mr2- G

Liquid Level Marked v v 1
‘ SAMPLE WEIGHT CALCULATION

Run # Conc., mg/l x Vbi., 1 - Blank, mg = Total mg Lead
1 0,159 x 0.250 - N/a = 0.0398
2 0. 007 x 0.250 - A/ = p.1518
3 0.791 x 0.250 - N/ A = 0,197%
BLANEK CALCULATIONS
Conc., mg/l x Volume, 1 = Total mpg
Lopo8D x 0.100 = <0.e08 Filter Blank
o.05T x 0.100 <0008 Filter Blank
£6.0850 x 0.100 =  <o.00¥ - HNO, Blank
Looiv Total Blank
LABORATORY CUSTODY
Received By: &) -RéM-JaF Date Received: //-o4-8§%

Stored and Locked: +~ Remarks: MNMow




evironmental besbing nc.

Standard No.
Standard No.
Standard No.
Standard No.
Standard No.

Mean
Mean
Mean
Mean
Mean

Mean

Analyzed by
Remarks ETI audit filter spiked with 0.7000 mg lead

METHOD 12 ATOMIC ABSORPTION DATA

SOUTH MELTING POT

CALIBRATION DATA

!’

1. = 3.000 mg/1l Absorbance = 0.183
2 = 1.000 mg/l Absorbance = 0.069
3 = 2.000 mg/l Absorbance = 0.134
4 = 4.000 mg/l Absorbance = 0.251
5 = 5.000 mg/l Absorbance = 0.307
SAMPLE CONCENTRATION DATA
Concentration Run No. 1 = 0.159 ng/l
Concentration Run No. 2 = 0.607 mg/l
Concentration Run No. 3 = 0.791 mg/1l
Concentration Filter Blk. A = <0.050 mg/l
Concentration Filter Blk. B = <0.050 mg/1l
Concentration 0.10N HNO, - <0.050 mg/1
PRJ Date November 17, 1988

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 verifjed to within + or - 4.0%




TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

Plant _TJohnsen Gutils, Middlefsux  DE

Date i-03.8%

Sampling location Frocess Baghewe St
Inside of far wall to outside

of nipple (X)

'8“

Inside of near wall to outside of
nipple (nipple length) (¥) 3*

Stack 1.D. {X-I)

!sﬂ

Nearest upstream disturbance
Nearest downstream disturbance >z

2,53

/

N R

Calculated by P23
SCHEMATIC OF SAMPLING LOCATION
1 2 3
TRAVERLL PRODUCT OF TRAVERLE POIRY LOCATION
romt FRACTION COLUPNS T AND ) FRrow DUTHIDE OF WiPPLE
BuvaER OF STACRID sTaCK 1D (10 REARESY ) § 8oy (3UB OF COLUPKS 4 § &
| - 067 Is” |.008 4 008
2 + 250 (s 3,156 7.756 -
3 .75b IS 11.25% i4,250
4 432 18 13,995 1%.995




METHOD 2 GAS VELOCITY AND CYCLONIC FLOW DETERMINATION

Plant and City _Johnsen (ouinple, Middlotpyu DE Run Date //-02-3¢

Sampling Location _[Iocess Bashpuse. SouMe  Clock Time 934
Run Number _‘ Operator PRT-¢pwm- JAXE .Amb. Temp., °F __ 44

Bar. Press., in. Hg 29, 5% Static Press., in., Hy0 ~d 98
Stack Press., in. Hg 29. 4?{ Static Press., in. Hg —~O. oL5
Stack Dimension, in. — Diam, or side 1 15" side 2 —_

Pitot Tube (Cp) 0 ﬁf Pitot Tube Leak Check <0.1 @ _#/ in, H,0

Field data

Cyclonic flow determination
Traverse head o Angle (=)
Apg at O vhich yields

point | Position,| (3pg), Stack temp.,
' oF reference a null Ap
A -3 A )

in. in. H,0
nunmber % 2 5 A " A

| boos Lss | L 201 292 2.4 403 %
2 1150 L2g Lo 22 YN 4 92 9. ¢ 13 -+
) 3 2

3 le% 30 202 202 opd 9. 0¥
1,9 g 1p.4¢ 202 202 4.23 o 03

1. L4e

Average angle (=)* 2:37‘{.

{

8 Average of (o) must be < 10 degrees to be acceptable./

NOMAGRAPH DATA

ong Jgn Ty 15 M 2%  PfPuo¥g  Cleg Dy A03

6.137
Zp o Tg 2T DN_ g5 DN, oL Refdp L4z Wy _£9

0.184
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Bavironmential lsting ine

METHOD 3 - ORSAT AND DRY MOLECULAR WEIGHT DETERMINATION

Plant ;E}“a. ﬁimls, M‘-ddlnﬁ[, , DE  Sample Location ﬂues_r, Bache vse. St~

Sample Type - Continuous v Pump Leakfree € 10" ?

Oxygen Check 20.9% % 0.1% 20.9 Fuel Tfpe mA
Orsat Leak Check @ 4 min.: Pipet Levels - Leakfree ?
Buret /39 - /39 = <0.2 ml 7 >+~

+

Run No. I Sample Date f/-224%¥  Ambient Temp. °F _5°

Sampling Time (24 - hr clock) Analysis By PRI
Gas o Act.ua]i Net Actua%. Net|Actual} Ne {;g' Mult,. gdeg‘ghlgn?:l:a
Co2 0.0 \to| 20 |oe|o.c |vo|r.oe | b |o.0c0?
02 208 e 200 o | 20.9 b1 J2s.90 | o3| 6.0 2E
co 208 991209 |9 )| 209 L’.o 0.00 | 28 ) o.00°
N2 200 |79.1] 200 |79,) | 200 [771(79,0 | 428 |22, 14Y¥
- 22-%0 _ ia Total 27.33¢
%C0,
Run No. 2. Sample Date _/{-¢?-2¥ jgpbient Temp. °F _<7
Sampling Time (24 - hr clock) Analysis By _EP_L_
tas ot T et Rt T [ Wet et T Wet] g0 | Mdte [ B ShAL mets
Co2 0.0 |0.cle.o |o.e]|o.e o |goc | b | ¢.o0c
. 02 204 |09 209 W (009 |od [0 | 32| c.s5#
co 207 |p.ol20.9 |60 1209 low .00 | 428 | 0.0V
N2 100 7971 100 [79.;] 100. [ 9711 729/0| 28 | 22 /4F
r- 2% A Total J2F.83¢
%COv .
Run No. __ 3 Sample Date J/-¢2-§8  Ambient Temp. °F __$U
Sampling Time (24 - hr clock) Analysis By _PRI”
Gas o Act?a% Net Actu;zl Net|[Actuzl] Ne A;f' Milt, f:bgle‘ibﬁgglﬁ,
Co2 gwo leoleo leo oo |ooleso]| Jb| .00z
02 204 g |204 bog l209 lsyglavss) R ) e¢s8
co 2084 |09 | 904 oo [asd |00 000 ] 28] 0.690
N2 100 7.4 | 100 {794 200 J7g/ 1790 | ,28 {22, ) 49
Fut typw F. range _ Total 2%.%3¢-
N P 290 _
esa i oo
Wood bk 1.003-1.130




Bavironmential tiesting ing
METHOD 12 SAMPLE RECOVERY AND INTEGRITY SEEET

Plant 7k

Sample Locai:ionﬁn,;i,@g&mf1 5,& Recovery Date_jr-02-2%

Run

Number

Sample Date
Sample Box Number
Probe Number

Recovered By

PRI

! 2

I} -02-8% HMH-02-8% -0 -8F
1 =2 e
/ 2 ¢

MOISTURE DETERMINATION AND SAMPLE RECOVERY - IMPINGERS

Impingers Cont. Number MZ -2 Miz-94 Miz - o
Description of Water o P L
Liquid Level Marked L [l
Final Volume (wt.)}, ml 22 3 20 2— 2073
Initial Volume (wt.), ml 200 NEYY 2op
Net Volume (wt.), ml (g) 3 2 3
Silica Gel Cont. Number Miz-2 wmz-9 Mmiz- so
Silica Gel % Spent /O7 1670 (0%
Final Weight, g 208, Jo K.Y 240. 0
Initial Weight, g 200.2 Qe0.0 200.0
Net Weight, g 5.1 54 0.0
Total Moisture, g H.] /ﬁﬁf /3.0
SAMPLE RECOVERY - FILTER
Filter Cont. Number M1z -8 M-z-9_ Miz2 - /o
Particulate Description Abu_pméé arne ol mord_nadl
Filter Cont. Sealed el N
Probe Rinse Cont. Number 2 4 12
Liquid Level Marked " " g

SAMPLE WEIGHT CALCULATION

Run # Conc., mg/l x Vol., 1 - Blank, mg = Total mg Lead
1 0,033 x 0,250 - N/A = D.0083
2 0.053 x 0,250 - NfA = 00133
3 0.065 x 0,250 - A = p,0163
BLANK CALCULATIONS
Conc,, mg/l x Volume, 1 = Total mp
£6.05D x 0.100 a <ooori3 Filter Blank
£6.050 x 0.100 = co.00% . Filter Blank
<0.050 x 0.100 a <e.00< HNO; Blank
£0.010 Total Blank
LABORATORY CUSTODY
Received By: Pry- PBM -JHF Date Received: ﬁBﬂJ'gg

Stored and Locked: Remarks: ARac




environmental besting ina

METHOD 12 ATOMIC ABSORPTION DATA

SOUTH PROCESS BAGHOUSE

CALIBRATION DATA

Standard No. 1 = 3.000 mg/l Absorbance = 0.183
Standard No. 2 = i.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 Abscrbance = 0.307
SAMPLE CONCENTRATION DATA
Mean Concentration Run No. 1 = 0.033 mg/l
Mean Concentration Run No. 2 = 0.053 mg/l
Mean Concentration Run No. 3 = 0. 064 mg/l
Mean Concentration Run No. 3 Dup. = 0. 066 ' mg/1
Mean Concentration Filter Blk. A = <0 .050 mg/l
Mean Concentration Filter Blk. B = ¢0.050 mg/l
Mean Concentration 0.10N HNO, = <0.050 mg/l
Analyzed by PRJ Date November 17 1988

Remarke ETI audit filter spiked with 0.7000 mg lead
Spiked recovery: 97.25%

0.250
0.232
Recovery: 92.8%

Working range check: true

obtained

Frecision 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%
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LABORATORY DATA

APPENDIX C
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AUDIT SAMPLES
Method of Standard Additions
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exvironmenBal kesbing ine

Method. of
Standard
Additions

A Trae
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oY Y

frras ceey [NV

AUDIT SAMPLES
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1

-
W

5y

ACALC

AUTO 2ER0 A
.-@.801

AUTO CAL
. STD 1

ACT CON 1.908

ORG CON 8.977

HEW COH 1.00608
AUTO CAL

STD 1
ACT CON 1.800
DRG CON 9. 997

NEW CON.1.9808
AUTO ZERD - A

-B. 860
ACALC

o,

OFLO
eensl.

CON B1 8,236
82 B8.216
83 0.235
64 8.230
85 9,228
86 9.234
87 8.233
88 6.227
89 0.236
16 8.258

NEAN
b 6.609

8.232

RSD  93.67
AUTO ZERO A

9.001
AUTO CAL

STD 1
ACT CON 1.088

" ORG CON 1.852

e ARty 4 nRna

AUTD CAL

510 1

‘RCT CON 1.068

ORG CON ©.998

HEW CON 1.0008
RUTO ZERO A

-9.6061

"RCALC

Bavz.

CON 81 8.198
62 ©.2060
83 8.187
84 9.188
85 8.187
66 0.188
a7 6.191

08 0.194

6% ©8.262
10 0.185

NERN 8.191

5D 8.887

k<D 83.63
AUTO ZERO A

8.6802
RUTO CAL

STb 1
ACT CON 1.666
DBRG COH 1.813

NEW COH 1.000
AUTO ZERG A

8.681

S;iv*-y
e

mmmm SOUTH BARTON OXIDE SYSTEM SAMPLES - REGULAR AA

ACALC
6u83.

CON 81 8.326
02 8.322
83 8.313
64 ©.3082
85 B.304
B6  8.325
g7 ©.383
88 8.303
P9 9.313
18 9.314

HEAN _9.312

SD 6.0089

RSD 83.01
AUTO ZERG A

-8.008

AUTO €AL

5TD 1

ACT CON 1.080
ORG CON 8.986

HEW CON 1.908
RUTO ZERG A

ARCALLC

8694,

CON 81 @.161
82 6.159
e3 8.159
84 8.156

85 @6.163
Be  08.154

87 0.157¢
88 0.167
89 8.16!1
16 9.153

FEAN 8.159
5D 8.604

RSD 02.66

e
oV




tavirgamential besting inc.

AUTO ZERC A

6.001
RUTO CAL

STD 1

ACT CON 1.0880

ORG CON 1.029

NEW CON 1.000
RUTO CAL

STD 1
RCT CON 1.068
ORG CON 1.885

NEW CON 1.98068
RUTO ZERD A

8.681
ACALC

2805,

CON 081
b2
a3
a4
85
86
87
08
89
18

8.665
#.608

8.683
B8.621
8.613
6.612
8.686
8.620
8.592
'9.689

MEAN
5D 6.889

‘RSD ©1.54
_HUTD ZERC A

e 8.0801
RUTO CAL

510 1
RCT CON 1.088
ORG CON 1.816

HEW CON 1.6088
RUTO ZERO R

8.8682

8.687
hakdcialin

SOUTH BARTON OXIDE SYSTEM SAMPLES - REGULAR AA

20086,

CON 81
4
23
64
es
a6
@7
88
89

8.793
8.798
B.796
8.7%96
B8.788

8.788
"8.786
6.789

10 8.797.

MERN
5D 8.086

RSD 80.76
AUTO ZERO A

0.06061
RUTO CAL

STD 1
ACT COH 1,008
pRG CON 8.978

HEW CON 1.068
RUTO CAL

&TD 1
ACT CON 1.6060
ORG CON 1.814

NEW CON 1.820
AUTO ZERO A

ACALC

0687.

CON 01
@2
83
84
85
86
87
68 ©.160
69 8.8%6
18 6.890

8.697
0.100
0.899
8.0892
©.886
8.0ee9

HERN

Sb 8.885

B.788"

8.791

6.691"

8.094

RSD

AUTD ZERC A

0.882
AUTO CAL

57D 1
HCT CON 1.008
ORG COM 8.963

HEW CON 1.880
AUTO CAL

ST 1

ACT CON I.BBB

(RG CON 8.995

HEW CON 1.088
RUTO ZERD A

8.001
RCALC

8098,

f.641
@.822
6.834
0.828
8.649
8.824
8.036
8.831

CON 81
82
@3
864
85
86
87
88
89
16 6.029

MEAN 8.033

sD #.008

--25.01
RUTG ZERD A

8.001
RUTOG CAL

57D 1
ACT CON 1.008
ORG CON 8.999

HEW CON 1.0080
AUTO ZERO A

-0.6808

B. 836
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RACALC
oee9.

CON 81 ©.944
62 0.851
83 0.048
a4 0.042
85 ©.863
p6 ©.868
‘87 8.859
8 9.845

B9 9.852

19 @.853
MEAN .53

5D 8.8e9

RSD 16.47
AUTO ZERO - A

-9.0801
AUTO CAL

STD 1
ACT CON 1.008
DRG CON 8.972

HEY CON 1.9880
AUTO CAL

‘STD 1

ACT CON 1.08068
ORG CON 1.635

NEW CON 1.8880
AUTO CAL

sTD 1
ACT CON '1.@88
ORG CON 8,987

HEY CON 1.008

RUTO ZERD A .

- 9.0868

SOUTH BARTON OXIDE SYSTEM -~ REGULAR AA

ga18.

CoN 61 6,856

@2 0.650 °

93 9.878
04 ©.068
g5 8.062
g6 ©.877
g7 ©.98708
g8 @.861
as 8.873
1@ 8.654

HEAN 8.664

——

SD 9.809

RSD 14.87
ACALC

8810.

CON 01 8.964
82 B8.862
83 0.863
84 8,867
85 8.866
66 ©.878
87 8.673
g8 B.067
69  8.0861
16 0.067

HEAN 8.066
—-—.—_""-
SD 8.084

RSD 86.32
ACALC

=

AUTD ZERD A

-B.001
RUTO CAL

STDh 1
ACT CON 1.0668
ORG CON 1.885

NEW CON 1.680
AUTO ZERD A

9.008

\-\Lo .

oot
S-hzyﬁ?
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eaviroumenta! beshing e MATRIX BLANKS — REGULAR AA

eenp. B Filier

. 9.019. . .
‘82 8,.885% - |
T30, 82150
©.ig4 - 8.814.

: @85 °.9.813 -
069,823

978,822

r. 88 .78.013

o Be B.B24 . .

4L R0 e, a12 3

L R D el MEANT a Bl?
- :.MMEHH "B, aar.*aw}“:;.- LTTTRIET S
; TR e _:;:-sp;ixf 0. 986
!“501L=:" e 699 ' Lo

“RSD © OFLO TR -
HCHLC 3 ".RSD: - OFLD“”'

HUTD ZERO

i RSD> " 37, 45
4 AUTO zsna ER
] .

," e :a BBI R
; "HUTU_CHL_ '

é;f¥: e-a aa
“RUTOCAL™

_ v Bes pa
“HUTO zeno

. BBTB cm. o : IR pRm T
[ : R H~.Hc7 CON 1.888%" - .~ ’
STD 1 ‘.» R R DRG cou 1. 92?

£y zf.'.‘ﬂﬁ'-' st

%ﬁiﬁjg?iﬁi--:-ua:z»;

'NHCT-COH.I aaa_,

acr con 1 9ae;a“;";", ,}tﬁ";_ T ngu :gu 1. agg L
o ] NEN CONT1IBeR auro an D

DRG tON 1 922 o AP AUTOTZERD CORTLTUATINIT 1 ST

-- S : L STD 1

“MEW' COR- 1. eaa:er;;_:_ -8.000

RUTO CAL Lo AcT cnn 1 Boo -

".'-

STD 1 : ) o ORG. CDN e 9?3

acr cou 1. eeajL B ] usu CON'1. eaa'“ o

e : HUTO an— ST

. BRG cou 8. 995ﬁ?;:;_ Y

i O sro 1
. HEW COM 1.808 . - :

RUTO ZERO A : ncr con 1,860 -

8.881 ORG COH 9 994

.'HEH CDN 1 BBB i
" RUTO ZERO R- e

- ‘l' _ ;a s -e,aai




P R TN O R T ¥ L2 Y A L

P

AVNAC PR TNYR Y

MATRIX BLANKS - REGULAR AA

e e e e e e -
S . T e e
".---—_ —-—-‘ T - ; _—.-—-—J-. ~ _H'___—a_ — U —— e e i —
LI o RS
! i e o - e e e e A et e | S

e -fé;i__-;m c,.,.,m;_,, ?Je;l
T T T iphhined 2,23
s : L. LTl .'. 423, g%qrerwhj ﬂzﬂ:

- o e ...-—_—-—...,.-_ -

= + I e .é:—:':'.:

E‘":j_;‘_“ = ':_": _ ”_.:__cz_op_{ _r_ng :F-H-f

e e T T T "“‘"“"*‘“‘.‘"’:T-‘j‘r—q@r :
S e R “ﬁc‘:‘a
LTI TTINL LT . 3
L = AT I T T LT -_,;_____.g__-m ‘
e +r,__1




eavireamental Besting inC

WORKING RANGE QC CHECK AND

ABSORBANCE VALUES FOR BLANKS
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8.258 - CfAbserbance T '
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867 8.298.. <7 85 9.902

or B.238. 86 ©.0860

S gg;f : 87 8.800

).+ ‘08 ©9.801 = .©

18 0,238, V&'R“Y3 - @9 e.ee1. . v |

'nsﬂuf‘=a 232L \nﬁi : 1@ 37999 ST
C s emy ‘ .
so 8. aas'TYurnﬁnso

q.? 8 | Absa!ydﬁ[f
ez. B &emm’?g' ncau: Filder Blank #

0.688 .. .-
Pt 118,881
o j o 12 -eieer ,
b 137=e.0027
14 -8.801 "
15 e.ep1 -
16 -8.001. .
17 .-8.081
18 -9.081 ;..
19-=@.@81 .. . L
287-8.801 . i

“RSD

Alasor'ban(&
ACALC L)), Glahk a {

. 9.088 .
- 21 -8.888 G |
“vrc 022 B.9BY Ll ¢
e 234 0,081
Tt 24 . 80888
T 25 - 9.888.
260 9.881
.27 8.882°
. .28 @.881
11029079, 881
" 03e e.eel”




eavironmental Besting iee

CALTBRATION -

AUTO ZERG A
\
HSTD 1
CON 1.600
S16 '8.853
o 9.851
@.853
8.853
8.852
6.852

MEAN 8.853

‘APP . CON

ST 1
1.008

STATISTICS

° CON 81 -8.235

92 -9.234

83 -8.229
864 -0.258
B85 -8.255

MERN -6.241°

S sp - 8.611

RSD  -84.65

METHOD OF STANDARD ADDITIONS

SOUTHE VENTILATION BAGHOUSE RUN 1
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CALIBRATION

RUTC ZERO A
"'9. BBI

5TD 1

CON 1.000

516G 9.852
8.853 .
8.655
@.854
9. 654

HERN - ©8.854

RFP CON

5Th 1
1.080

STATISTICS

CON 81 -B.166
02 -8.159
83 -8.159
84 -8.160
85 -8.147

HEAN - - ~B.158

sb 6.087
RSD -94,39

METHOD OF STANDARD ADDITIONS

SOUTH MELTING POT RUN 1
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CALIBRATION

AUTO ZERO A
@.001

STD 1
CON 1.000
516 0. 0852
@.851
8.851
© @, 855

8.847
MEAN  ©.851
APP CON

510 1
i.600

STRTISTICS

CON 81 ~8.827
82 ~0.838
93 -0.836
84 -0.0834
85 -8.033

MEAN = 8.932

sb '+ 8.6084

RSD -11.87

METHOD OF STANDARD ADDITIONS

SOUTH PROCESS BAGHOUSE RUN 1
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PROCESS DATA
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BattewKl Group

5757 Green Bay Avenue
Post Office Box 591
Milwaukee, Wi 53201-0591
Tel. 414/228 1200

JERINSON Brstromentad Testin, T
1Pl
CONTRELS o iy, et e

November 14, 1988

Dear Paul:

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

Listed below are the hourly everage production rates for the Barton
Systems.

North System

11/5/88 2111 1b./hour

. South System
11/1/88 2421 1b./hour (avg. for Runs 2, 3 and 4)
11/2/88 2125 1bs./hour

If you have any questions, Dlease call me at 314/228-2650.
Sincerely,
JOHNSON CONTROLS, INC.

M4 M

Mark R. Ishihara
Environmental Engineer

MRI/jap

cc:‘i. K. Brossmann
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APPENDIX E
TEST PARTICIPANTS

Paul R. Jenkins, Jr. Vice-President
Environmental Testing, Inc.

Jeff A. Francis Biologist
Environmental Testing, Inc.

Richard B. McCain, 111 Envirconmental Scientist
Environmental Testing, Inc.
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THURSDAY, AUGUST 18, 1977
PART 1l

ENVIRONMENTAL
PROTECTION
AGENCY

STANDARDS OF

PERFORMANCE FOR NEW

STATIONARY SOURCES

Revision to Reference Method 1-8




RULES AND REGULATIONS

have peroiide impurities that will cause
erroncously high sulfuric acid mist meas-
urementa, a test for peroxides In lsopro-
panol has been Included In the method.

4, The gravimetric technique for mois-
ture content (rather than volumetric)
has been specified becalse a mixture of
isopropyl alcohol and water will have a
volume less than the sum of the volumes
of its content.,

5. A closer correspondence has been
made between similar parts of Methods
8 and 5.

MISCELLANENUS

Several commenters guestioned the
meaning of the term “'subject to the ap-
proval of the Administrator” in relation
to using alternate test methods and pro-
cedures. As defined in § 80.2 of subpart
A. the “Administrator” includes any au-
thorized representative of the Adminis-
trator of the Environmental Protection
Agency. Authorized representatives are
EPA officials in EPA Regional Offices or
State, local, and regional governmental
officials who have been delegated the re-
sponsibility of enforcing regulations un-
der 40 CFR 60. These officlals In consulta-
tien with other staff members familiar
with technlcal aspects of source testing
will render decisinns regarding accept-
able alternate tect procedurer.

In arcordnnee with #cstion 117 of the

~cy puablieation of these methods was
procied by consultation with appropri-
ate advisory committees, independent
experts, and Federal departments wnd
agencies.
{Secz. 111, 114 and 301(s} of the Clean Alr
Act, sec. 4(s) of Pub. L. No. 91-804, B4 Stat.
1883; sec. 4(s) of Pub. L. No, D1-804, 84 Stat.
1887: sac. 2 of Pub. L. No. B0~ 148, Bl Stat. bhnd
142 U.5.C. 1867c-8, 1B57c-B, 1837gtn) | )

NWore —The Environmental Protectlon
Apency haa determined that this document
does not contain a major proposal requiring
proparation of an Economic Impact Anaelysin
under Erecutive Orders 116821 and 11938 and
OMB Clreular A- 107,

Dated: Aurust 10, 1977,

Doucras M. CoOsTLE.
Administrator.

Part €0 of Chapter I of Title 40 of the
Code of Federa! Regulations 15 amended
by revising Methods 1 through 8 of Ap-
pendix A—Reference Methods as
follows:

ATTEADIL A= PLFERENIE METHO

__"Fhe relerenee methads in this appendiz are refrrrad 1o
in § 60A (Perforgiaucs Tests) and I’lm.ll (Comniplsnea

CWarth Hiandards and Muintenance Requirsmente, of )
CFI Part o0, Habipart A tieaerat Provigeesn Bpectbie
neet of thiese referepes 1nethnds ara describm) 1n the
sianidards of perfoninanes contadned 1o the subparis,
beinning with Bubpart 1,

Within ench sianidard of performance, & s tion tUtisd
“Teat Mrthnils snd I'rocedurm’’ is provided w0 (1)
identifv the [est miethods phrable 1o the tacility
stbifeed bo reqwrlive ptandard and (2) deolily sny
“pecial theinienngr o eapahitinone o be followsd when
Rplying & mathad w the ¢ s feriice, Huch In.
clruennng (L example, F.'ll.ﬂh[lih satDHUE Mming vol-
HIMes, a7 trMperalurey are Lo he wasd alther in lddll.ion
to, o an s subistitieee Ior proceduras L a ralsrencs mathod,
Piroiluely, for sources siibject to erubwion monltorng
Faquiretiicnl, spacifle Ingtruetinons pertaining 1o any L
of & roference mothad are provided 1n the uhparel o n
Appendiy 1),

Incinson of methods in this sphendis 18 not Intended
&t an sndormatiient oF defrkl OF LAY ARLLMALILNLY W
‘Tha u"\:‘lhmnomt mn" ‘—‘t:.u'uur-_'

mat [ ylpz:lnbh ;
heowerar. appheability ahonld be confirmied by cureiul
and -rnr(mﬂnu evaluatinn of the conthilinna prevalent
at ich sonrees

‘The spproach followed in tha fymulation of the ref-
mrres MALTOAY Inwnbees spaetficatems ot aquipment,
procedures, snd perlurmanes, Ly onncenl, & periormanea
aper itienlon apreaeh woilld be preterabie in all methnds
tmeRine (B1E wline s Lhe prestsal Aeailnhity Lo Lha user.
In prachies, lowsver, Lhitapproneh inimpractical in mnst
rhres hecass  prrforimnes  apecificanans eannol ha
pstatthistied, Most nf the methods desenibed” herein,
(harefare 1avnlve spwedns sepiipiment specthrations and
peeedures and anty a few pyethods m thos appendis rely
GH T OEIIRNEr CTTIR

Mimst ebuneies i e reference methnds should not
nerosauryly affeet the validity of the resudly and it i
reeogmzed Lt allersthive and  eruivalent methods
eact, Heehion MR proavides aathanty tor tpa Administra-
tue 1o speeily or approve (11 aquivalent melhods, (2%
nllernatlve methods, and (3) minor chaness in the
methodolagy of the relerence methods, Jt shouwid be
cleurly underytond that vuled atherwise identified all
wirh methods and ghanges must haen prior approval of
the Adminiarrawe An nwner employtng mch methods or
de-viatione from the reference mathodn without ebtaming
priee approval doss so at the risk of subsequent disap-
proval And reteating with approved methods.

W1ithin the refersnce meihodn, evrtatn sgfllific sqnt
mant Or proreduras ars recogrired a4 being scceplable
or poiantially aceaptable snd are specifically 1dantifisd
in the methods. The items 1dmtifiad as scceptable op-
tlona may be osad withoul approval hul meaat ba idenu-
tiad in tha text repnrt. The potentiatly sapprovahle op-
1iony are citad aa “‘subjeet Lo tha spproval of the
Administraior’ or as *'or aquivai=nt.” fich potentislly
apprevahis terhniqumsa or aliamstives may bausad al Lhe
drﬁcrntlnn of Lhr ownar withnot prior approval. [lowevar,
detatled  deeniptinne for applylng  thess poientisliy
Aot RbR Tefinigaes nr alternatives sre not provided
i the peterenes ust hoets. Also, the potentially approv-
’Bie Gl ure nol nacevarlly acaspiable (n sl appics-
unnt  Therefore, an owner aleoling to usa tach po-
1shlally approvable Lachniquas or alisrnatives is re-
sponsibla far: (1) swmaring thet the techniques or
slisimataves are inm (acl applicable and ere prnruly
exmcuted: (27 Ineluding & writlan description of the
altrrnatlive wathod tn the test report (the written
meLhod st be claar and must te capable of heing per-
tarmea] wiLnioul sdoilinnal instruennn, snd the degras
of deunll shimid he siyiar to the detajl contained In the
sofarrnen methods); and {3} providing any ralionale or
supporuing dala necassary to ghow the valicity of tha
aliarnalive (n Lhe particular application. Fallurs 1o
mast thew reqrurements can reeoit in the Admints-
raLor s disappiovel of 1the slirrmat vo.

AMianen 5 SampPrl o oanp VFELOOTY Thravie 0 por
STATHONABY SOURCES

ol aerpic and A pplicatilny

1.1 Princlpla, Te mid in the fepreseniative niessure
ment of pollutant eniisyons and/or wwl voinmetrniclow
ale frar s StBLONArY SOUFSS, & MARKUFSINeNL Site Whers
the +fMucnt =ream 8 fowing in & kaswn dirretion 18

seterted, and the eross-section of the stack in divided intn -

A numbmr of aqual areas, A traverse poant 15 then located
witlun each of thasse equal arsas.

t ¢ Applicability. This method is applicalide to fow-
HIE K8A ntreares in ducts, stacks, and fluss, The method
ratinol be used when: (1} flow ycyclonic or swirhing (se
Saclion 2.4}, 12) & stark 9 smaller than shout 0.30 melsr
(12 i, in diameter, or 0.07) m! (1150 3 N CroRs-sec-
Uonal arna, or {3} the measurameiLL sit+ in less than two
slack or dust dismetam downstream of loss than & ball
diametsr uparram from s Avw diaturbanre.

The requirkmerita of this method must he considersd
hefora entatruction of s new [acility froni which amisstons
will be inagaured; filure to do s May raquire subsequent
milarations to the sack or devistion from the standard
prosedura, Cases involving vansnis are subjert 1o ap-
proval bv the  Adminmtrator, 7.5 Entironmenad
Pratechinn Arenoy .

2. Procedurs

21 Belartion of Messuremient Sile, Sathphuy or
Tekx i1y TheakaUFe et 1A perinrmad &l 4 Sila locawrd at
lenat etght siack or dust dismetsrs downsirearn and two
dwtietars peireadn fom any flow disturbages such aa
& hered. sapmaron, of rontraction in the stack, or from &
¥ouble Hame, il neansnary, an alternative location may
he peiveiad, at & poution sl Jeast (wo stack or duct di-
mneters downsiream 814 & hall diametsr upstroars
any flow dumturbanne. For a reclangulsr cross seciion,
an squivalant dismetet {11,) shiall be calculated trom the
Wnllowing equalion, to determine the upstream snd
dowtetream distances

LW

ooy lw :
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Dated: September 22, 1983,
William D. Ruckelshaus,

amended by revising Method 1 as
follows: -

Adrministrator. . . ,
- 1. By revising Figure 1-1 and Figure 1-
PART GHAHENDED] 2 gs shown: _
Appendix A of 40 CFR Part 60 is
L ° . /'
DUCT DIAMETERS UPSTREAM FAOM FLOW DISTURBANCE {DISTANCE A}
so” 10 R IS ‘2.0 25
' | i T i T 1
¥ HIGHER NUMBER IS FOR DISTURBANCE
" o RECTANGULAR STACKS OR DUCTS I
] : 1 [ MEASUREMENT] T
e . - ‘ - - SITE
-
wy
s * ‘
> 30~ _ ‘ e ]
£ 4 or 25" _l
- 24 OR ] kmswnamcs
& S
&
2 =al— .
3 : N
z . + 16 STACK DIAMETER > 0.61m (248 inl
2 ' 12
=
£ Wi - T l -
3 ® FROM POINT OF ANY TYPE OF s 00D
DISTURBANCE IBEND, EXPANSION, CONTRACTION, ETC.)
" STACK DIAMETER #0.30 TO 0.5 m {12.24 in}
o i ] } | ! ! |
2 F] N 5 6 7 8 9 10
DUCY DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE IDISTANCE 8)
Figure V-1, Minimum number of traverse points for particulate traverses.
DUC’T.DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A)
0os 10 L5 2.0 25
= S | T T 7 T 7
* MIGHER NUMSER IS FOR
DIST ANCE
RECTANGULAR STALKS OR DUCTS T STURBANC
2 a0 A _
S i IMEASUREMENT
z -t - 81T
[
£ l
g
o B
g ==
= OISTURBANCE
& =
=
g wl —
2 16 ETACK DIAMETER > 0.61 m (24in)
= . -
2 12
E L ' -
= 10t- L 8 OR g ™
=
STACK DIAMETER = 0.39 TO 0.61 m (12:2 in)
0 ! | | I 1 | ]
2 3 4 3 [ 7 8 9 10

DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBA!\'ICE {DISTANCE B)

_ Figure 1-2, Mlinirnum number of traverse points for velocity (nonparticulate) traversss.

2 By sdding Citations 7 through 12 to
Section 3 {Bibliography) as follows:

Appendix A—Reflerence Methods
*

L] L} - -

Method 1. Sample und Velocity Traverses for
Siationary Sources

3.010

7. Hanson, HA_, R]. Davini. J.K. Morgan,
and A.A. lversen. Particulate Sampling
Strategies for Large Power Plants Including
Nonuniform Flow. U.S. Environmental
Protection Agency. Research Triangle Park.
N.C. Publication No. EPA-600/2-76~170. June
1676. 350 p.

8. Brooks, E.P., and RL Williams. Flow and
Gas Sampling Manual. U.S. Eavironmental
Protection Agency. Research Triangle Park,
N.C. Publication No, EPA-500/2-76-202. July
1876. 93 p.

8. Entropy Environmentalists, Inc. Traverse
Point Study. EPA Contract No. E5-02-3172
June 1977. 18 p. N

30, Brown, ]. and K. Yu. Test Report:
Particulate Sampling Strategy in Circular
Ducts. Emission Measurement Branch.
Emission Siandards and Enginecring
Division. U.5. Environtental Protection
Agency, Research Triangie Park, N.C. 27711,
July 31, 1980. 12 p.

11. Hawksley, P.G.W., S. Badzioch, and |.H.
Blacketl Measurement of Solids tn Flue
Gases, Leatherhead, England. The British
Coal Utilisation Research Association, 1961.
p. 129133, .

12, Kpapp, K.T. The Number of Sampiing
Points Needed fer Representative Source
Sampling. In: Proceedings of the Fourth
Netional Conlerence on Energy eng the
Environment, Theodore. L., et al. [ed.).
Dayion, Dayton Section of the American
Institute of Chemical Engineers. Qciober 3-7,
1876. p. 563-568,

[Secs, 111, 114, end 301{2) of the Clean Air
Act as amended (42 U.S.C. 7411, 7514, &nd
7601{a))}

[FR Doc. £3-26377 Filed 9-29-£3; 845 am)

BILLING CODE 8560-50-o
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X -
DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A)

L _ 1.0 15 2.0 . 25
T | T ] T I |

DISTURBANCE

-3
(=]

MEASUREMENT
-~ '|:-— SITE

konswaamce

w
o

S

MINIMUM NUMBER OF TRAVERSE POINTS
2 :

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

| | ] | | | 1
2 3 4 s 6 7 . 8 g9 10

A * _
DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE B)

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

where [.=length and W= width.

22 etermining 1hs Number of Traverss Pointx,

221 Particulate Traverses. Whan Lhe eighl- and
I wa-dinmeler eritérion ¢am be met, Lhe minimizm pumbar
of traverse points shall ba: (1) twelva, for circular or
rectangular stscks with dismaters (or equivaleni -
amiaters) greatar Lhen (LAL mster (24 in.); (2) sight, for
cirrulnr stacks with dinmeters hatween 0.3 and 0.AL
wieter (12-24 1n,b; 1) mae, Ior rectangulnr siacks with
ratnvalent diameters hetwesn 0.30 and 41 pieter (12-24

mn b,

Whrn (he eight. and twooliamneter eriterlan eannot ha
mist, 1he mintmum Anmher of traverse poinis ia diter-
tned fron Figure 1=l Hefars refarting 10 tha HRure,
howsever, determine the disianees from the choasn mess-
urement e W Lhe prarest upstream and downstraam
diturlaners, and divido rach disianca hy 1he siack
dinmetor or equnvalsnt dinmetar, 1o driarmine 1hs
dixeance in Llerma of tha nminbar of duct diameers. Then,
determine fran Ewure 1-1 the minimum numbar of
traverse paints that correspands: {1) o Lha number of
duct dismnetsrs upstream; and (2) 1o the number of
diameiors downsream. Belect the higher of the twoe
miniminm namhars of traversa points, or & greater valus,
80 LhsL for circular stacks Lha number ia & multiple of 4,
and “ur rectangular f1ncks, the number = ona of thoss
shown tn Table 1-1.

Tant e 1-1. Crasscyctionnl tanoed dar roetnugiclar asincca

Ma-
trir
lny-

Nuanler of tracecar poiants oud
axy
0“3
4
and
hus
(113
10}
Tl

2

-
.
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DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A)
1.6

1.0

2.6 .

S 8 3
| |

MINIMUM NUMBER OF TRAVERSE POINTS
=

1

1 T

I | l

T ——;DISTURBANCE
A

[MEASUREMENT
-F+ - SITE

B
i
4 kmsrunsmce :

l I

|
02 3

4

5 6 7

8 9
DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE {DISTANCE R)

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

2.2.2 Velority (Non-Tarticulste} Traversea. When
veloclty or volumetrie flow rate i to be datarmined (but
not particulste matter), the pane procedurs s thet for
pgrticulate traversee (Heotion 2.2.1) i followed, sxcept
that Figurs 1 -2 may be used instead of Figure 1-1,
| 2.3 Cross-Bectional Layout snd Locotion of Traverse

'ainle,

2.3.1 Cirealar Siacks, Locate the traverse points on
twhn perpendicwlar dismeters adeording to Tahle 1-2 and
the example ahown In Figurs 1-3. Any equstion (for
sxainplics, see Citations 2 and 3 In tha Biblingraphy) that
wives the snme walues a5 those in Tabls 1-2 may be used
i liru of Table 1-2,

For parucuiate traverses, one nf the diameters must ha
kh o plane containing the reatsst ex pected conreniTarnion
variation, #.K., afller benda, nne dismeter shall be in tha
plane of the bead, This eecuirement Incomes laas critical
us the distsnce from the disturbance incraases; therelore
other diameter locationa may be used, subjeet o spprovn.f
«f vhe Adminiatrator,

tn adidition, for siacks having diametsrs greatet than
441 m (A in.) no waversn pointd ansll be located within
2 centitaerers (L0J 1n.) of the siack walls; and for atack
dammnelers enual W ar iesx than 061 m (24in.), no traverse
points shall be loented within 1.3 ¢m (0.501n.) of the atack
walls. To meet theso criteris, obmrve the procedures
given below,

2.3.1.1 Btacks With Diumsters Oreatsr Than 0,81 m
{24 in.). When any of the traverse pointa as located in
Beetion 2.3.1 fall within 2.% e1n (1.00in.) of the stack walls,
relorate them sway frnm the siack walls to: (1) a distance
of 2.5 em (L00in,); or (2} a distanse equal to the noztls
inaide diameter, whichewer in largar. These reiocated
ITAveTSe pointa (on cach #nd of A diameter) shall be ths
adjusted” imesrse porns,

Whenever two siccoasi ve (I8v¢re Doinis are oomhined
tn forin B mingle adjusisd traverss point, ireat the ad-
Jusred point as 1wo separain treverse paintd, hoth in the
sampling wr veloeity measurenient) procedire, sand in
tecarding the datn,

FEDERAL RRGISTER, VOL 42, NO. 140—THURSDAY, AUGUST 18, 1977
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TRAVERSE
PFOINTY

DISTANCE,
j_o' dismeter

4.4
1.7
235
706
856.3
85.6

BALLUN -

RULES AND REGULATIONS

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

Table 1-2. LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS
(Percent of stack diameter from inside wall to traverse point)

Traverse

point

"::b:'v ) Number of traverse points on a diameter .

diameter| 2 ] 6 a HIEEENEEEERERED
1 14.6) 6.7 a8 227 2.6| 20 v.8] ve| v v3l 1t
2 gs.4| 25.0}14.6|10.5| 8.2| 6.7 5.7 4.9} 4.4% 3.9| 3.5} 3.2
3 15.0)29.6|19.4 6| 1n.8| 9.9| 85| 7.5) 6.7] 6.0 5.5
8 93.3| 70,4 32.3| 22,6 17.7 [1a6|12.5| 10.9] 8.7 ] 8.7 7.9
5 as.a| 67.7 | 34,21 25.0 [20.1 [ 16.9) 14.6] 32.9 | 116 |10.5
6 95.6 | 80.6 | 65.8| 35.6 [26.9 |22 0| 18.8| 16.5 | 14,6 |13.2
7 89.5|77.4|68.4 |36.6|28.3|23.6] 20.4 [18.0[16.1
8 96.885.4| 75.0|63.4 37,5 29.6 ) 25.0(21.8 [19.¢
9 g1.8}82.3 731 |ez.5| 8.2} J0.8726,2|23.0
10 97.4188.2 |79.9|7v.7]6l.a]388|31.5|27.2
n 93,3854 |76.0] 70.4 ] 61.2|39.3[32.3
12l 97.9 [90.1 (3.1 76.4] 69.4)60.7 [39.8
1" 94.3|87.5|81.2] 75.0| 8.5 [60.2
" 9.2 |9v.5)85.4)79.6(23.8[67.7
15 ! 951 g9 laas|rez |2
16 oa.d|9z.5{87.v82.0(77.0
17 55.6150.3 | 85.4 | 80.6
18 98.6] 93.1(8%8.4 |B31.9
19 96.1191.3 |e6.8
20; 59,7194 1189 3
21 96.9 [ 97,1
22 98.5 [94.5
2 ' 96.8
24 9.9

2.23.1.2 Biacks With Dismetera Equal to or Lasa Than
OAlm (24in) Follow the prosedure In Beclion 231 1,
hoting only that any ““adjosted’ paints shouid ba
relocktad away [rom tha st K walls 1o (1) & distanee of
1.3 em (050 ), ar (2) & divtance aqual W Lhe ninzile
tnalde dignatar, whichsver (o inrger

912 HKactangilar Stacky  [delermina Lthe number
of travnres panits a8 saplained In Bections 211 ans 22 af
this method Fram Tehis 1-1, detarmuna the grid ron-
figiratinn Divida the stark rrowessclinn Into s msny
squal rectanguinr sletnental areas my traverss pointa,

FEDERAL REGISTER,

and then lneale a traverss point &t the centrald ol each
scpisl wris avording Lo the sxample in Figare 14

‘I'ha atvmtiiens of traverse nointd belisg oo clise to the
stack wallv 13 not expected Lo Arie with rwelangolar
stacks [ thus probisin should evar srise, the Adininis.
trator masy e contacted lor rasolution of the natter.

P4 NerNention of Ahsenes nf Cyelanie Flow  [n misst
slaticnary wiiress, the alireclion of stark gas low 13
atsentinlly  qaeRliel 1o the sitack  waily.  However,
cyvlanic low roay sl (Y alter sneh deviens as evelbarg
and ineruial demisters fotlowing ventun scrubhers, ot

VOL, 42, NO.

£3) in stacks h"tn; u.npnl.lnl Inlets or other duct con-
Induce o't'M|lm°lcmﬂ th:
inmancas lh- pmm or nhnnu on ow
the mm pling location must be determinad. The inllowing
tacbniguas are kcoaplable for Lhu detarmination.

T T ]
i i
o | © | o : o
1 |
St s Bk
o :.o Il o i o
! | |
U SR SR Py
i ! !
o | © : °o | °
! 1 1

Fiqure 1 4, Example showing rectangular stack cross
section divided inta 12 equal areas, with a traverse
point at centrond o! ecach area.

Farvel and sero the moenotester, Conneet & T a
piink i 10 the anametar. Bositien fie Typs 8 ol
(ubs &l sach (raverss point, 1 suecssion, 6 that tha
plunes of the tace apenines af 1he galol (iba are prrpendic-
uinr 1o Lhe slack cross-sretional pl.mn when the Tvpe B
pitot Uibwe s in thiy position, 1L 18 &g <0° refarenca”™ Nars
the difcrenlial presmire (Ap) reuding st sach (ravrrss
poanl, I 8 nuil ixaro) pitot reading 18 obiRinsd at i
FafPYPIICA AL R PIVEN {raverss point, an aceaptable tlow
ennditing w1915 Bt [hal pani. I the pltny reading is not
gern at 0% refaranee, toints thee prtol 1ube (p 10 £ 90% vaw
aagie) 1ol anul reading isotitained, Carefirlly delermins
aid rernrd the valus of 1he rotution angle (e o tha
nearesi degrea, Aler toe nitl teg i1z¢ L1ms baen npplied
al vnch travess geund, catrulate 1the average of the abeo.
Inte walues nf a, wxaeen o vabites of 09 10 Lhow paints lor
which 0o cotabiof was fegqaared, amd joclude thesa 1n 1he
avergll averagte 1T the nverags walus of o i3 grenier 1han
10°, thm averadl Taw ronditian in the slack (s unaccoprahia
and slieranliva meghodolgy, sublnnl Lo tha apsiravsl of
the At crnior, st be ysad Lo periorm oorurale
Sunple gind velorily [Taven e,

3. Ivliagraphy

1. Datermining Dust Concontpacinn in & Gas Stroam,
Ak\lr Ferfarmance Tewt Lode No. 7. New York.

. Idevarkin, Howard, ot Al Air Polhiion Zoures
Testing Msonal. Arr Potlution Control Distrier, Loy
Angrles, (A, Novamber 193

A Mettals for Datermanatinn of Vaelacity, Volume,
Trist pred Miar Cantent of (hasay, Western eecipiiation
Invigon of Joy Manufsciurning Co. Los Angeles, AL
Hulletin W' 50, [UAR

4 Sinudard Mathod for Sarapling Stacks far I'neiienlats
Marter. In: 170 Honk of ASTSA Standerds Part 26
A=TM Deslenstion D-2028-71. I'hnadelplin, e 1971

Soltansan, H. AL et sl Particulaw Sampiing Stmiagles
for larga P'ower P'Mants Including Nonugsuferm Flow,
USEPrA, ORLD, FSRE, Research Triangke ["ark, N
FI'A-80/2-78- 1700 June 11174,

&, Eatropy Environrnentaliste, Ine. Daterminaion of
the frptimum Nuamber of Sampling Poinis; An Anaidesis
of Metnad ) Criteria, Environmensal I'roteetinn Ageney.
Hewarch Triangle Fark, N.C. EPA Contract No, 88-01-
3102 Tank 7.

METOAD 2—DETERMINATION . AF STacx (has VELOMIYY

AND M GLUNETRIC FL.ow Rate (Tyre 3 I'trat Tuek)

1. Irinciple and 4 pplicatality

1.1 Frineiple. The average pas veloelly in K Stack 14
dntprriniasd fram the gas densiy and frnne measnrsmseng
ol Lhe average ol Bend with a "'y pe 5 (5 lassseh=dbn
i reverse Iy e e il

1. Appbentaniy Thie noarhadt ALl alde far
Toe st gren al The e vty ol o Pae s et Rl

it [ving e How
Tias proce-lige 1 oee apphicalde At MeRSUIPIICR] 211ry
which fatl fo el b respera of Melthand 1 Seetion 21,
Ao b el erpeent be el fGr direet R Iremeng
1 evelage or swehing gos Creans =eetien 2.4 ol Alethnd
1 shinw s hesw fa b becpere s celoone o swirhing fiow eon-
diliane, When unmcce sy comtmne o, mhiernmive
]l\rm—-lllru\ stbfert tothe aporoyal of the A 1|mm ~tPALAE,

Las Environmental Pronsedion Agepey st Lw eme
ploved Lo moke weeurste llow rale dererminaunne;
exrmples of such alternAt.ve procedires are: i 10 sRlE
srRliED At g YA, tooenlestlate the 1otal eolnmeing
Naw rata s1nichinmue Irlrwsll\r ar G e meve 1o anather
nuasurement site sl winech Lhe few 4 areeplablo,

2, Apparatug

fpeailications for 1he Apparkiis are prvern hielow  Any
other Apperalus 1hat s wen degionstrated (sableer 1o
approval of the ArdnnngIeator) 16 be caphble of mealing
the specihications will be constdeted ageeptablo
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4.1 Type B Pitd Tube. Before Ita [nitial use, care-

smamnine the 8 pitot tubs in tep, side, and
ﬁ’-_ﬁnhmﬂ!‘. u:m of the ube

iiiad tlona tlusirsied in are
aw &;ummhmuu s
maet thase alignoasnt

Al the e opening allgnment, measure
mant, m
and reonrd -dlmensiona of the pitot tube:

8 o,
b)Y end the

‘ ‘).ndP.. [E ) Dy s betwesn
& and .96 con (Me and W in. ) and I P, d Peure

i
3
3
g
E
H
g
i

It D, P4, and P g are outalds the specified limits, the
fl:‘;tmb' maust be calibrated as sutlined Ln 4.1.2 through

A ow.

4.1.1 Type 8 Pitot Tubs Assembliss. During sample
and valocity traverses, Lhe isolated Typs B pliot tube is
notl Always uted; in meny instanoss, the pitot tube s
wind in com bination with other sourcs-samp
en (thermooconpls, mmpling be, notils) a8 part of
Ao "sssembly ** The pressnoe of other mmpling compo-
nanls ean someLlimes affact the baseline valus of the Type
B pitot tubs eneficient (Cltation 9 in Bection 8); thers
an masigned (or stherwise known) baseline cosfficleat

ing compon-

] o,

TYPE S MYOT TUSE

SAMPLING NOZZLE

walug may or may not be valid for a
basoline and sswmbly ccaflicleat
only when the rela

the amembly s mwoh thet amrod: e interfarsnos
sffecls are eliminated. Flgure 3-8 2-4 llustrete
in fior Type 8

tarfarence-irea oomponent
itnt tubes having estemal tublng
s.omd 0.08 oy {3{s and ¥ in.).

below. and pﬂln u‘(lélb::llm. the -'ﬁiu:hor the lni?i-.
anmponso! ngd L-iosils, Lt hermosoup=
P D robe sheatny wl be medsired and recorded.

NoTR—Do not um any T 8 pitat tubs assembly
which is construoted auch that the Impaot pn-unnraw
Ing plane of the pitot tube is below the sniry plane of the
notcle (vea Figure 3-6b).

4.1.2 Calihration Betup. If ths 'ma pitat tebe s ta
be calitratad, one leg of Lhe tube be permacantly
marked A, and the other, 3. Callbration shall be done in
» flow system having the following essentisl design
features:

‘r 22180 cm (/4 in) FOR Dy = 1.3 cm (1/2 i)

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

SAMPLING
NOZZLE

' Oy
i TYPES . — — )
MTOT TUBE

NOZILE ENTRY

STATIC PRESSURE.
OPENING PLANE

IMPALT PRESSURE
OPENING PLANE

PLANE

N

B SIDE VIEW; TO PREVERT PITOT TUBE
FROM INTERFERING WITH GAS FLOW
STREAMLINES APPROACHING THE
NOZZLE, THE IMPACT PRESSURE
OPENING PLANE OF THE PITOT TUBE
SHALL BE EVEN WITH OR ABOVE THE
NOZZLE ENTRY PLANE.

— et ¢ Smns———

F'igure 2-6. Proper pitot tube - sampling nozzle configuration to prevent
aerodynamic interference; buttonhook - type nozzle; centers of nozzle
and pitot opening aligned; Dt between 0.48 and 0.95 cm (3/16 and

3/8 in.).
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WoThlem .

THERMOCOUPLE

— I Z>190cm{d/4in)

Qinl

THERMOCOUPLE

41785

>
Qin}

- .

TYPE SPITOT TURE

adl
TYPESPITOT TUBE S ,

oR

o

Figure 2.7 Proper thermocoupte placement to prevent interference;
Dy between 0.48 and 0.95 cm {3/16 and 3/8 in.).

T

TYPE S PITOT TUBE

ISAMPIEPRUBE
L )
l a

~— Y >7.62¢em (3in)

I

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

4.1.2.1 Tha flowing gas stream miwst be ronfined to &
duct of definile oromy-sectional ares, sither circulsr of
rectangulear, For cireular cross.sections, the minimum
duct diametsr shall be 30.5 cm (12 in.); Tor racian
rrosa-seciions, the width {(shorter aide) aball be st Jeast
254 cm (10 4n.).

4.1.2.2 Thas cross-sactional area of the calibration duct
mnst be constant ovar & diziance of 10 or more duct
diameters. For s rectangular crots-sectlon, use an squivie-
lent diametar, calculated from the following equation,
indeternsine the mumber of duct dlameters:

2LW
D,
(L+ W)
Frptian 21
wlnre:
$ra=Fauivalent dinneier
L=lesnglh
W=t dth

‘To ensure tha precance of siable, fily develapad fow
palterns at the ralibration sile, or “lest section,” the
site must be loested Bt least fight dininelers downstraaig
and iwo digmelers upstreamn Irum Lhe pearest dasturp-
aNCes, .

Kotz —The eight- and twa-diainster criterin are not
abhisglulo; nthar Lest section localions may be usad (i
el to approval of the Adminisieator), providad that the
flow sl tha Lest site i5 stable and demonstrabiy paralie]
1o Lhe duct sxis.

4.1.2.% The flow aystam shall have the capacity to
FenrTAlLe B 1681 -So0 Linn velocity aroued 015 memmn (1,000

FEDERAL REGISTER, vOL. 41, NO.

MWminy, Tlas velocity must Le eon<iant with Uine Lo
iaranies sisady fAow’ during eailbration. Nots that
ypo 8 pitot Lube costficisnta abrained hy single-velosity

ealibration &t 815 m/min {3,000 ft/min) witl generslly be

wald 6 within +3 perrent for the measurement of
wvelocitiea above 306 m/min (1.000 ['min) and to within

46 10 8 percent for Ltha measursment ol valocilisa be-
tween 380 and 305 m/min (500 and 1,000 [t/minl. Il &
more precise correlution beiwsen O, and velocity Ls

dealred, the flow system shaell bave the capatity Lo
genarate sl leant four distinct, Ume-lnYaHANT tadl-aecLION
eelocitiag covenng Lthe velocily rangs from 1K0 Lo 1.525
m/min (0 o 3,000 fi/min), snd calibration data shall
na taken at reguiar velority Intarvals over Lhis rhage
{3ne Crtatinns O and 14 in Baction ¢ for datally).

4.}1.2.4 Two entry ports, one sach for the standard

" and Tyin B pitot Libes, shall be cut 1n Lhe tast section;

ttis standard piwt sontry port shall be located slightly
downstream of tha Typs 3 port, so that the standard
and Type H rmpmet openings will lie in the same croas-
sectlonsl plana during ealibmation. Ta facilitale slign-
mment of the pitot tabes during Calinration, | 3 advisahls
vhat the 1091 seelion ba construcied of plesglas or soroe
oLhar Lranisparant matenal

413 Cahbration I'rocedurs, Node Lhat this nroesdurs
Is & general one and must not be used witheus tisst
refercing Lo the special eonciderations procented an See-
ton 4.1.5, Nole al<e that this procedurs applies onty to
single-valority calibration. ‘To obtain ealibretion daia
far the A and B <ples of 1he Typee & pitol Lube, procssd
na Iollows:

4.1.3.1 Make sure that the mancmnter in propsrly
filled and that the osl is [res rom contaminatnan and 18 of
the proper density. Inspeet and leakaheck all piiot hines;
PRLAIC oF Tepdnar of nece ATy,

6.1.42 Level and zero thse manometar. Turn on tha
fan and sllow the iow 10 stabllize. Beal the Type S entry

port

4,133 Ensare that the manometer s lavel and reroed,
Fosition the stendard pitot tube al the callbration ponnt
(dstermined as outlined in Bcilon 4:1.5:1), and. align the
tubae 50 Lhat its tip ia pointed dizsctly into the flow. Par.
tiqular care should be taken 1o aligning the tibe o avoid
yaw and pitch angles. Make yure thai the entry paott
surrounduig the tube ia properly saled.

4.1.2.4 Read 4pwqe and record iLn value in a dsia tahls
situiiar 10 the one shown in Fuygurs 2-5. Remove the
atandard pitot tube trom the duct and disronnect it frors
the manomelrr. Beal the standerd enlry port,

4.1.55 Connect the Type 5110t tuhe 10 Lhe manom-
etar, Upen Lhs Type 8 entry port. Chisck the manom-
eter leveland rera. Insart and align the Type 8 pltot tube
ac Lhat rts A side Impact onening 13 sy 1be same point ay
was the standard pitot tuibe sod 1S pownted darectly Inie
the ilnw. Make sure 1hat Lhe sulry port surroundivg the
tube 13 pmm pealed. 4

[BR.X.7 Aps and enter ts value in the dats tabls,
Remove the T'ype 8 pitot tubs from the Jductl snd dis-
conmaet it from the manometer.

4.1.4.7 Hepeal steps 4.1.3.3 through 4.1.3.8 above until
three paire of Apresdingy have heen oblained,

4.1.7.8 Hepest staps 4.1.3.3 thenugh ¢.1.3.7 sbave for
the H vide of the Type 3 pitot tube.

4.1.3.9 l'erform calculations, as deseribed In Reetion
4.1.4 halaw.

1.1.4 Uslcolations,

4.1.4.1 For mach of the =iz pairs of ap readings (lLe.,
three from side A and threa lrom side H) obtained in
Bactinn 4.1.3 abovs, caleulsts the value of the Type B
bt Luba coellicient as folluws:
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4.1.4.3 Calculate the daviation of sach of the Lhres A-

t DATE: #ide valuee of C, () from T, (side A ), and the Sevistion of
PIYOT TUBE IDENTIFICATION NUMBER - e aluesct Cocy o G, (e A ) and the dovition o

CALISRATED BY: . lowing squation:
’ : Dcvialion—'-(_‘,r.,-f.(A or B)
IEquation 2-3

" Bpad At
4.1.4.4 Caleulata o, the averaxe davistion from the
emHz0 1 emH20 DEVIATION mean, for both the A and I sides of the pilot tube. Lse

RUN ND. (in. M0} {in. H20) CP‘S) C’(d . c.(‘] the fotlowing equation:
3

t 22iCoa- Gy A or 1)
ofside A vk B)= n
z )
- Equation 2-4
3 : 4145 Usethe Type 8 pitor tube only if the values of
= ® (sidn A) and ¢ (sids B) are leas than or equal to 0.0
cll {SIDE M and if tha shsoluta valug of the difference Lelween Cy
(Avand £, (1) is 0,01 or less,
. 4.1.5 Bpeelal considerailons,
4.1.5.1 Belection of eslibration point.
4.1.5.1.1 When an isclated Type 8 pitol tube jx ealls
braiad, select & ealiliration point &t or near 1he conter of
1ha durt, and follow m';‘ mo_cl-‘mlurrg ottlined I;,I Hertiona
- 4.0 8nd 4.5.4 aboce. The Tvpe B pitnt cocllicients 3o
LU — —
B” SIDE CALIBRATION obtained, i.a.. T, (side A) and Ty (aida B), will be valid,
£0 long as sither: {1} Lhe isclated pitot tube is used; or
A Pstd [ Pis) 12} the pilnt e js used with other componenis (nozxls,

M - therinocouple, sampla probe) in a0 arrsugrment that is
em K20 em H20 DEVIATION fren from ssrodynumic interforence eflects (seo Figure

RUNND. | (in. H20) lin. W20) °| Cpts) | Cpla)-Cptd) 3-8 through 2-8).

“A” SIDE CALIBRATION : ;

41312 For Type B pitot tuledhermocoupls enm-

. binations (without sample peohe), reloct 8 iLiration

1 . NOLBL &L of near Lha canlaz of ths duct, and follow .the

F_rocedurn outlined in Bentions 4.t.3 and 4.1.¢ shovs.

he coeflicients 30 ohtained will be valid so long sa the

2 pitot Lube-tharmoceupla combinkiiog is uaed by itsalt

or with other componsutsin an interfoerence-free AtTanges
ment (Figures 2-6 and 2-8),

3 4.15.3.3 For assemblien with ssmple probes, the

ealihration point should b locaisd &L or near the canter

- of Lha ducl: however. inssrlion of & probe sheath jnto &

C’ {SIDE B) amall duct may catne siznifirant crosssecitonal ares

hlockage and visld incorrect coefMcient valies (Citation9

in Section 8). Therefore, to minimies the Linckage ¢Mect,

the calibtation paint misy be & lew (nchey off-center il

Aeceuaary. Tha actusl blockage affect will be negligitits

when the theoretical hlockagn, ss determined by a

rojecied-area model of the probe sheath, is 2 percent or

1 - as af tl:e#urll r:rm-m-n:nnl ares lsr assemblisy v:m\out

- external sheaths (Figure 2-10a4, and 3 pereent or less for

"-' Icﬂm CFM oA ',] asscmblics with axiernal sheaths (Figure 2-100),

= —— 4.1.5.2 For thoss prahe assemblies in which pitnt

‘vsnlsi.nsv'Armn ) M OR B} 3 . MUST BE <°‘°! tiibe-nozels interference js & factor {i.e., those in which

the pitot-nozzsl separation distance fsils to meet the

apecification illugtrated in Figure 2-0a}, the walus of

»t) depends upon the amount of free-space between

H Hy -t tha tube and nortls, snd therslors is a function of noxsls
| c’ {SIDE M'c’ {SIDE B) I MUST BE <0.01 Size, In these instances, ssparats calibrations shall be
with each of the commonly used notsie sizes
e 1 Lecepiable ot perrs? cabration tech.
. N . . nifque is sece 8 even tho

Figure 2-8, Pitot tube Cﬂllbfatwﬂ data, lmlornonlo'rim()ﬂ.mcm &“}i 1.} are not orgfnsrﬂ.
‘ s, o soiprl mimplive b, relacit s b
: m/min, (3, rmin), ch fa the ealibration velocity;
c C AP it rﬁg'&'{lgh";l:mogm"' of Boctions 1.7.1 to note also Lhat it is not necessary to draw an Isnklml‘{c

o =hopterdr 4f =0 Apua = Velocity head messured by the standard pliot  38mple during calibration (sse Citatlon 19 in Bection 8).
Ps tube, ¢m A0 (In. H;0) by the T S ottet It 1.!].{;3 l;"or_ unlprobe m::lnhi'y construeted m:ch thint

. 4p,=Valocity bead meanired . 4 oL tube is plways used In 1he same orivntation, on
Equation 2-2 P tube, a:. H)0 (in. H50) 4 o 8 5l m}oi ﬂdaiﬂ'rm ?‘i:oﬂt m)bo'r?wdl he calibrare.d u'llT lid:
where: i 4.1.43 Calrulate 3 coaf- Which will face Lthe Nlow). The pitot tuhe must still meet
Cp(o)="Typs 8 pliot tubs coeMclent felent mdug “d.c'agddt;.‘;::: :::.Aa::rjmt' ihralignment specifications of Figure 2-2 or 2-3, howewer,
(i) =Btandard pitot tube cosMeient; use 0.00 if the calculste the difference bLetwean these two aversge 9nd Must have an average devialion (s} value of 0.01 or

coaficient lsunknown and the tube Is designed  values, tesy (see Scction 4.1.4.41,
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SHEATH

—0

(b)

100

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

416 Fleid Use and Reealibration.

4181 Fiald Use.

4. lobl .1 When a Typs B pitot tube (isolated tuhe of
[ %)

17} s used In the fiald, ths sppropriate coefficient
value {(whethar assigned or obtnlnn(? by calibratinn } shall
be used to perform velocity eslculationa. For calihrated
Type B pttot tubes, the A side coeflicient shall be usad
whan the A side of the tubs facea the flow, anid tha B aide
cosMeiant shall be used when the B side iacea the flow;
alternatively, the arithmetic aversge of the A and B atds
eoefMiclent Yaluss may be used, irrespective of which side
tnces the ftaw.

4.1.8.1.2 When & prabe assminbly fs nred to sample &
ymal! durt {12 to 38 in. In dimmeter), the nrobe sheath
sometimes blocks & significant part of the duct crose-
section, causing 8 reduction in the cfferliva value of

Ton. Consuit Citation 9 In Bection 6 tor detalls. Con-
ventional pitnt-sampling probe asasembhes sra not
recommended for use in durts having inside diameters
smaller than 12 inches {(Citation 18 in Section ).

4.1.8.2 Hecalibration.

4.1.0.21 Isolated Pliot Tuhea, After each ficld irse, the
pitot tnha shall he carcluly recxamined in top, side, and
end views, If the pitat fars openings ars 5101 nligned
within the specilicatlons ilhustrated in Figures 2 2 or 2-3,
it can be assiimed Lhat the haseline corfficient of 1the pltnt
tube has net changed, tf, however, tha tilm has
damaged 1o the extent LhAT it no longer meets the specifl-
eationa of Figure 2-2 nr 2.3, the damags shall #ither ha
repaired to restorn proper alignrnert of tha [Bee openings
ar the tube shall he disearded.

4.1.0.2.2 Pitot Tubhe Assernbhilica. After each Aetd use,
eheck Lhe face opening alignment of the ptot tuhe, as
In Begtion 4.1.8.2.1; alan, reinesaurs ths inlereomponent
Apacings of the assembly. 11 the intercomponent apacinges
hawe not chanped anx tha fars opening aleament s
seenptable, it ean he assiimed that the coeflicient of the
sasembly has not changed, [f the face opening aligntment
it no Inneer within the specitications of Figures 2.2 ar
2-%, #ither repair Lthe damage or Teplace 1he piiol tithe
{enliliriting the new assembly, if heeossary). 1 the inter.
eomponent spacingy hnve changed, restore Lhe oripinal
anacings of recalihrate the sttembly,

4.2 Standard pitot tube (if applicahte). 1f & standard
&m‘. Luhe 18 usad for the valocity Lraverss, the tube shall

onnstructed accordlng to the criteria of Baction 2.7 and
ahall be amigned & haseting coefficient value of 0.99. I
the siandard pitot tube i used a3 part of an assembly,

the tube shall ba In sn intsrference-fres arrangement
subhject to the approval of the Administrator).

4.3 Tempersture Oauges. After each feld use, call-
brete dial thermometers, liguid-fAlled bulb thermom-
etars, tharmoeouple-potantiometer a, and otber
gaugess at 8 tamperaturs within 10 pereent of the avarags
shsolute stack temperature. For tem ntu.ru up to
#05° C (761° F), uss 8n ABTM mercury-In-glass reference
ithermometer, or squivalent, s s relerence nltarnnlve]y.
aither & reisrdance tbermocouple snd polentiometer
{eallhrated by N BS) or thermomatric £1ad points, s.g.,
{)u btath and bolling water (correcisd for barometrs

resurn) may be usad. For temperatures above 405* C
{761* F), use an N BS-calibrated refaronce thermocoupls-
potentiometst aystem of an sltarnate raferancs, gubject
to the approval of the Administrator,

If, during ealibratinn, the abaotute temperaturag meas-
ured with the gange heing calihrated and the referenns
RIS AITRS within 1.5 percent, ths lsmperatiire dats
taken in the fiald shall he conmidered valid. Otharwiss
tha pollutant smizmon tast shall sither ha mmldarbd
invalid or adjustmenta (if appropriste) of the tast ratilta
shall bs mads, sihject 1o the approval of the Administra-
tor.

4.4 Barometar. Calibrate the barcmeter naed ngainst
& mercury bargiueler.

5. Calenlatinna
Curry out caleulations, retaining st lepst ana oxtra
drcimal Agure bayond that of the acqnired daia. Round
off fgvires afler fined caleulation,
5.1 Nomenclatnte.
A=Cron-sectional area of atack, m? (i),

Ry.=Water vapor (n the gea streamn (from Method Sor
Reufersnce Method 4), proportion by volume.

C,=Pltot tithe conflicient, dimension)asa,
K ,=TPitot tube coustant,

m [(giy- m(_-:-']ilnm lln) LB
W07 o L Ry Tmm IL0)

for the metric aystem and

[(lb[lh mole) (in. 11g)

85.40 SRy, 10)

BeC

for the Engllah »
M 4= Molec -elght of stack ‘u dry Laals (ses
Bection 3.8) g/x-mols (bb-mo
M, = Molscular weight of stack gas, wei basis, g/g-
mola (lbflb-mole’.

=My (1 ~Ha)+18.0 Bu Equation 2-3

Pn.mBn.romqu;ic pressure at measursinent sits, mm
[{
P.sgtmk matle pressurs, mm Hg {in. Hy),

.= Absclute stack gas pressurs, mm Hg {In. Hg).

= Prart P, . Equation 3-8
P.m-Btmdud absoluts presyure, 700 mm Hg (9.9

Q-a- D mlumnmo stack gas flow nt,a eorru:tnd 0
stendard conditions, dxmpr (dse
t,=81nck temperaturs, *C {
To=Absolutes stack temparaluro *K ("R).

w=273+1. for metre Equation 2-7
= 480+¢, for English Equation 3-8

Tua=81andard absoluis temmparature, 203 °X (528° R)
o= Avarnee sack gak valocity, myses (ft/pec).
Ap=Velocity bead of stack gas, mm HyO (in. Hs0).
1,600 =Converalon factor, sse/hr.
ln.0=blfoln¢ulu weight of water, g/g-mole (b-lb-
mola),
5.2 Average stack pas veloolty.

=K,Co(Vap)ea

T v}
PIM.
Equation 2-9

5.3 Average siack goa dry voliumetrie flow rate.

Qua=73,600(1-- B} A (T.,.-.») (P )
Equation 2-10
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3. Bhigshars, R. T., W. F. Todd, and W. 8, Smith. Probes. Prepared by the Unirersity of Windsor for the
Stgnificancs of Errors In fitncy Sampling Measoriraants. Ministry of tbe Environmeni, Toronto, Caoads. Fab-
UB. Rnvironmental Protssijon Axenicy, Rasearch ruary W75,

Jo Park, N.C. {Prasenied sl the Annu L:;:tiuool

Triang!
the Alr Polluiion Control Asmsocistion, Bt Metrop 3—{1as ANasLYE voB CARRON Dioxon,

June 14-19, IRT0.} OXYOEN, EXCKEn AR, AND DY MOLECULAR wWewnt
4. Standard Mathnd for Bamplin Aok for Particulats
rrm:slﬂl “;"‘ ‘i‘.’?f :'S%ll'rl) a‘““dl" d'b l;;ﬂn-ﬁ 1. Principls and Apphcabliiy
! , I's. . saignation D~ .
8. Y onard, . K. Els ¥ Fruld Mechenies. New 1.1 Principia. A gas sumple I3 extracted from & stack,
York. John Wilsy snd Sons, Inc. T, by one of the lollowing methoda: (1) ﬂﬂh‘&dnt. [ ]
& Fiold Maters—Their Theory and Application. sampiing; {3) Hngle-paint, integraisd smmpling; or ()
Amariean Bocioty of Mrchanisal Enginears, Now York, multi-peint, Integrated ssmpling. The yus sample W
J¥. 180, analyssd for percont carbon dinxide {Ch), parcent oxy-
7. ASILRAE andhook nt Pundumentais. 1972, p. 208, gen (D), snd, 1f necrssary, pergent carbon monoxida
2 Annusl Book of ABTM Stundards, I’arL 26. 1474. p. (C0). I w dry rmolecuiar weight determination s to be
Py mumds, sither an (ireal or & Fyrite | analytar may be
¥, Vollaro, R. F. Ouideiines far Type 8 Pltot Tuhe Ior the snalysis; inr exceas sir or emission rats correction
Callbration. V.8, Environmental Protection Agency. factor datermination, s Orsal anslyssr must be .
Rraenrch Tiangly Park, N.C. (Preseniod st lat Annual 1.2 Applicability. ‘This method is applicable for de-
Meating, Bource Evatustion Baciety, Daytoo, Ohio. tarmining COy and Oy concentrations, excnas wir, sod

Baptember 18, 1073.) dry maircular weight ai & sampis (rom & £as sitaam of &
10. Voliara, R. F. A Type 8 Pitat Tuls Calibration Iossi}-iusl commbualon procrss. Tha mathod may -l-o'::

Swudy. U.B. Environmentsl P'rotection Agency, Emis. appiicable tanther sirocoases whereit hat haen

sion ’Ma:uurmmt Rruoeh, Rescarch Tnmzn Park, that compounds bther then COy, T, CO, snd v itengen

N.C, July 1974 {Nyj are not present in concentrations saflicient to
il Volaro, B. F. The Eftects of Impact Opsning '"("3‘ the resuita,

Misalignmant on the Vaiie of the Typs B P'itol Tube Jihar metnads, sy well aa modificatinng io tha prmoss

Contlicient. U.B. Environmentnl Proteetion Agency, dure deserihed hersin, sre also appiicable for some or atl

Fuission  Mewmurement Branch, Reseacch Triengle of the above dsterminiations. ¥xampiea of specilc math-

Park, N.C. Ociober 19708, ods and modlflcatlons inciude: i) & muiti-point am
T2 Vollarn, R. §. Fstablishment of s Tiascline Coefli- ling method using an Ursat anslyter to snaiyse indlc

vidual grab sampins ohisined st roch point; (2) & method
using C Oy or )2 and stoichiometrie caleniations 1o deter-
sinn Mensirement Branch, Resvarch Triungls ark. mine dry molecular weight and v1ces Al (3) sasigning o
N.C. Navember 1078, vatue of 30.0 for dry molscuisr weight, 1n e of actusl

12, Vollaro. R. F. An Feshaiinn of Sngie-Velocily measurementa, laor processas burning nalured gas, cnel, or

Calibration Trchnigues sy a Means of Distepmining Type oil. These methods and modihiestions mey b nand, but

elent Valus Ior 'roperly Construrind Type 8 {'itot
Tubes. 1).5. Envimnmanial Froieetion Agrncy, Emis-

8 Mint Tuhn Coafficents. U4, Envirenmental Urotee- ar6 subject Lo the spproval of tha Administrator.
tinn Agency, Fnussian Morsuramelit Brancl, Resowrch
Triangle 1'ark, N.C. August 1075 2. Apparaius

1& Vollare, T, F. The Tissof Type 8 Plint ‘Tubes for As an alternative (o the sampling apparatus and sys-
the Maasurement of Low Volociuss. U.S. Environmenta tems deseribed herein, other sampling Aystnms (e.R.,
J'rotection Agenicy, Fmission Meassurament Hranch, linyuid displassment) may be used provided such systems
Jesaarch Triangle I*ark, N.C. Novemnber 1978, are capabla of ohtaining & reprasentatlvs sample and

15. 8mith, Marvin L. Velocity Calibraiion of EPA MAIMAAIAING & constant sampling Tate, and are otherwise
Type Bource Bampling Probs, United Tochnolog ble of yisidi acoepiabln resuits. Use ol nch
Corporation, Pratt and Whilnay Aircraft  Division, sysiems ls subject i the spproval of the Administratof.
Esst Hartford, Conn. 1073, 2.1 Orab Bampling (Figura 3-1}.

16. Volluro, K. F. Recommendad Procadure for Sample 21.1 Probe, The probe should bs made of stainlems
Traversas In Ducts Smoaller than 12 fnehes in Diameter. steel or borosilicate giass 1ubing and should be squip
1.8. Environmental Protaction Agency, Emission with an in-stack or out-siack lilier wo reraove parijculae
Measuramont [Branch, Ressarch Triangle Pork, N.C. matler (s plug of glasy wool is satisiactory for this -
Novomber 1976, , poss). Any oLher matarisl inert L0 0y, CO4, CO, and Ny

17, Ower. E. and R. C. Tankhurst. The Mensursmont antd teatstANt 10 tampersture st sampl ng condillons may
of Alr Flow, 4Lh Ed., London, Pergamon Presa. 1968, be used for Lha probe; azamples ol such materinl are

18. Volisro, R. F. A survey ol Commemlalt{na\vnhhh aluminum, coppet, guant glass and Teflon.
Instrumentation for tha Measurement of w-Ranxe 21,2 Pump. A one-way aqusze bulb, or squivalent,
Gias Veineities. U,B8. Environmental i*rotectlinn Agency, {3 usad L0 Lransport the gas pia 10 Lbe analyser.
Fmisaion Msasurement  Branch, Research Trisngle 42 Lntegraied 8smpling (Figure 1-2).

Park, N.C. Novamber 1078, (Unpublished Paper) 2.2.1  I'robe. A probe such as that deacribed in Bectlon

19. Qnyp, A. W, (0. C. Bi. Plerre, D. 8. Bmith, D. 2.1.1 is suliahle.

Mozzon, snd J. Bislner. An Expsrimeantsl Invesiigaion ————

of the Effect of [itat Tuhe-Bampling Frobe Conligurs- } sletition of trade names or specific products doss not
tions on the Magnituds of the 8 T{Dﬂ Pl1or Tube Co- constitnie sndorssmant by the Enviroumentsl Protas
efficieny for Commerciully Available Bource Bampling tion Ageney.
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2.2.2 Condenswr. An sir-sooled of watar-pooled eon-
denewr, or otber eondenser that will not removs Oy,
CO1, CO, and Ny, may be used o rernove exoem molstare
which would interfere with the oparstion of the peamp
and fiow metar,

2.2.3 Valve. A needls valve i» peed Lo sdiust sampls
o8 flow rate.

2.24 Pump. A kak-fres, dllphnm-u&- gnmp. o
squivalent, is upsd to irensport smmpio paa Lo the flezible
bex. Install & emall surxe lank belwean the pump and
rals meter Lo sliminale the pulmtion affact of the dis-
phragm E.l.mp on tha rotamester.

2,08 ala Metar. The rotamater, or nqulvaient rats
mater, used should he capabie of meaturing fllow rets
to within +2 percont of the selected flow rats. A Bow
Tatn range of 300 Lo 1000 cmd/min I3 sugkested.

2.2.8 Fletihie Bax. Any loak-Ireo plastic (e.x., Todlar,
Mylar, Teflon) of plasticenalsd aldminum (s.x.. slumi-
nised Mylar) bag, or squivalant, having » uwllz
consisienl with the selectad finw rate snd Lime langl
of the Leat run, may he nsed. A capacity in the range of
88 to 00 liters bs sugrrsted.

‘Tolsak-chack Lhe bag, connect It to & waiaT inanoatar
and presgurize the bag to 8 Lo 10em HeO (2to 4 In. Hy)).
Milow to stand for 1) minutes. Any displacement in ths
waler manometer indicstes s irak. An altarnative leak-
ehack method |8 to preasurires the bax to 6 to 10 em Hed
{210 4 in. HyO) and sllow to stand overnight. A deflated
bag indicates n leak. -

227 Premiire Gsiuge. A watar-filled U-t1itbs manom-
wtar, Ol'uullvtlonl. of sbout 28 em {12 In.) s weed for
the flexible baa leak-chack.

228 Vaouum Usie, A Maroiry menometer, of
sgqulvalant, of st least 740 mm Hy (30 In. Hg) is used for
the mmpling train leakchack.

23 Analyss. For Ormt and Fyrita analyter main-
tanance antt operation procechires, follow tha instmictions
recommended by the manufacturer, unlesy otherwim
specified hersin,

231 Dry Molscular Weight Determination. An Orsat
analyrer or Fyrite type combustion gas analyssr may be

212 Emlsion Rate Corractlon Factor or Excess Alr
Detarmination. An Orsat snslyner mnst be used, For
low CO+ ey than 4.0 parcent) or high O: (greater than
150 nt} concentrations, the measuring buratts of
the Ormst must bave st least 0.1 percent subd!visions.

8. Dry Moleruiar Beight Determination

Any of the three sampling and analytical procedures
described helow may be used for determining the dry

molecular waight.
Grab Bampling snd Anslytical

3.1 8ingle-Foint,
Procedurs.

3.1.1 The mmpling point In the duct shall sither be
at the cantroid of the cross section or al s point no closer
to Lthe walls than 1.00m (3.3 ft), unless otherwise specifed
by the Administrator.

3.1.2 Bet up the squipment sa shown in Fi 1,
roaldng sure all connactions shesd of the analyter are
tight and lea':-frea. {f an Oreat anelyter la tsad, iU Je
recommended that the snalyeer be leakad-checkad by
Jollowing the procadure Ln Bection 5; howavar, the leak-
chack is optionsl. . ‘

3.1.3 Plsos the prohe in the stack, with the tip of the

positionsd st the sampling point; purge the aampl-
ng lina. [Draw a sample inlo the analyter and imme-
distaly snalyte it for pareant COyand percant G, letar-
mine the percentage of the gaa that is Ny and CO by
subtracting the sum of the percent COj and paresnt Oy
from 100 parcent. Calculats the dry molectlar weight ae
Indicatad in Beetion 8.3,
3.1.4 Repeat the sampling. snalysis, and calculation
sdures, until tha dry molecular weights of sny thres
grab samplea differ [rom their mean hy no mors than
0.8 g/g-mole 10.3 Ib/ib-mole), A varage thase thras molse-
ular weights, nsnd report the rasulta to the nearsst
0.1 g/fg-moie (IbAh-mole}).

3.2" Bingle-1'uint, Intsgrsted Sampling and Ansiytical
Procedure.

3.2.1 Thn sampling point In the duct shall be locatad
saspecified in Section 3.1.1,

3.2.2 lLeak-cnock (nptionsl) the flezible bag a8 In
Baction 2.2,8. Sat up the eqnipmant as shown in Figilre
3-2. Just prier to sampling, leakcheck (optional) the
train by piacing & vacuum gauge st the eondensar niat,
pulling & vacuum of a1 least 250 mm Hg (10 in, lig),
ptugzing the otitlel sl the muek disonnnect, and then
turning off the pump, The vacunm shovld remain stalile
for 8t l#ast 0.5 minute. Evacuate the flexibie hag. Connest
the probe and place 1t in Lha stack, with the tip of Lthe

robs poaitioned st Lhe sampling point; purgs the sampl-
ng line, Next, connect the hag and make sure that sil
gonnections are Light and leak free.

32.3 Bample sk 8 conatant rata. The sampling run
should be simultansous with, and for the same total
length of time &y, Lhe pollistant smission rate datarmine-
tlon. Colleclion of a1 1nast 30 Jiters (£.00 [t3) of sample ghs
la recommended. however, smsaller volumes may be
collectad, it desired.

124 Obtain one integrated Nue gas sample during
rach pollutant smission rate determination, Within 8
hours after Lhe aample is taken, snalrze it for pereent
(:()3 and percent Op using e¢ither an Ornal analyter ot &
Fyrite-typs combustion gas anatyrer. If an Orsat sna-
jyzer is used, 1 ts recommendsd thst the Orast leak.
check described In Bection 5 be performed belore Lhis
dstarmination; howaver, the check is optionsl. Deter-
mine the percentags of the gas that i3 Nyand CO by sub-
tracting the sum of the percent CO. and percent O,

RULES AND REGULATIONS

from 100 perosnt, Calonilate the dry molecnier weight e
indicated in Saction 4.3,

335 Repest the analysts and salculatton procadures
tnti] the individusl molsolir waights ke’ any thies
analyws differ Brom m-nlx-r.nmmo.l
g/g-mole (0.3 |b/1b-mols). A vemge thres molecular
weights, and report the results to the nearest 0.1 g/g-male
0.1 IbAb-mole ).

33 Multi-Point, Integrated Bampling and Anatytionl
Procadurs. L

211 Unism ctherwise specified by the Adminis-
trater, s minimum of aight travars polnts shall be tsed
for circllsr sacks having diametars less then 0.8]1 m
(24 in.), s mnimum of nine shal) he used for rectangular
stacks having eqhivslent dlametera isss than 0.81 m
(M in.}. and & minimum of twelvs traverss points shall
be used for all ather cusms. The traverse points shall be
looatsd sccording to Method 1. The use of fewer poinis
s subject to approvel of the Adminlstrator.

2132 Follow Lhe proosdurss outlined In Bsctions 3.2.2
through 3.2.5, except for the following: traverss all am-
pling poinis and sample st sach point for sn equsl length
of time. Record sampling dats as shown in Flgure 3-3.

L Ewmisvion Rate Correstion Faster &t Extess Ak Deler-
-ination

Nore—A Fyritetype combustlon gas sualyser s not

scosptabls for sxosm air of amission rate corvection inotor
determination, (nless approvsd by the Administrator.
If both peroent COy mnd t Oy are d, the
snpiytieal results of lnLO' the thres procedurss givea
buo-; may also be used jor ealculating the dry molsoutar
woight.
KEach of the thres procedurea helow shall be nsed oniy
whaen specified in an spplicahis subpart of tha standards,
‘The use of Lthess procedures for othet mirpons: murt haws
specific prior approval of the Adminmsireion.

4.1 Blngle-I'oint, Grab Bsmpling and Analytical
Procedurs,

4.1.1 ‘Ths mmpling point In the duct shall sither be
at tha centrold of the cross-saction or st & point no closer
{0 the walls than 1.00 m (3.3 ft), nniess otherwiss specified
by the Administrator.

4.1.2 Bet up the squipment aa shown In Figurs -1,
making sure all connections sh of the analyzer are
ught and leakres, Loak-check the Orsat analyier ao-
eording to the procedurs describsd In Baction 3. Thia
leak <heck 18 mandatory.

TRAVERSE

TIME
PT.

Q

1pm % DEVS

AVERAGE

Q-
a

_ avg
"% DEV = ( g ) 100

(MUST BE <10%)

Figure 3-3. Sampling rate data.

4.1.3 Placs the probe In the stack, with the tp of the
probe poattioned at the mmpling polat; purgs the sm-
pling Uos. Drew 3 sample into the aneiytsr, For smission
rats correction [actor determination, rmmodintr? aNA-
Iyte the sample, as cutlined in Bacttons 4.1.4 and 4.1.5,
for percent (. O, of parcent Os. I s3cass air 1y desired,
procsed a4 follows: (1} inmediatoly anatyes the samples,
a8 In Sections 4.1.4 and 4.1.5, for percenot Oy, O, an
CO: (2) detmrmins the percaniage of the gaa thet 11 Ny
by subtracting the sum of the percent C Oy, percent Oy,
and percent CO from 100 percent; and (3) calculats
parcent excass air aa qutlined in Section 6.2,

4.1.4 To ensurs complsts absorption of the C Oz Oy
or il applisabis, CO, make repeatad Pasasa through sach
absorblng solutlon untl two conseculive rradings are
the same, Feveral paases (thres or four) shotld he made
between readings, {Il oonstant geadlngs cannot be
obtainsd after thres consecutive readings, repisce the
abaarbing salutlnn,)

4.1.5 After ths analysts I8 complsed, lmak-check
(mandatory) tha Orsat anslyter once again, sa deseribed
in Section 5. For the rerults of the snalysls Lo he velld
tha (rsat analyter musi pmss this leak trat befors an
aflar Lhe analysis. Nore.—Since this singls-peint, grab
mmmpling and analytical procedure 1a normaily conducted
in sonjuncilon with 8 single-paint, grab sampling and
wnalytleal procedure for & polluiant, only nna anslyals
15 ordinarly conducted. Thersfors, great care musi be
taken Lo obtain & valid sampls and analyss. Although
in most cases only CO, or Oy i required, it i resom-
mended that hoth CO; and O3 be measured, and that
Citation 5 in the Blbliograpby be nsed to validate the
anaiytica! dats,

4.2 Bingle-I'cin!, Integrated Bampling and Analytical
Procedure.

4+.2.1 ‘Thr samphng peint in the duet shall be loealed
a8 spacified in Haction 4.1.1.

42,2 Lank-check (mandatery} the flexible bag as In
Section 2.2.8, 8a1 up tha squipment as shown in Fipire
3-2. Just prior to mmpling, leak-check {mandatory) the
train by placthg a vacuum gauge st the condenaar [nlet,
pulling & vacunm of st least 250 mm Hyg (10 in. Hg},
plugeing the outlet st the quick dissonnect, and then

turning off the pump. Tha vacuum shall rmmain stable
for at leaat 0.5 minuta, Fvsowsde Lhe Bexible bag. Con-
nact Lhe probe and plass it in the stack, wilh the tip of the
probe ponjtionsd at Lhe sampling polpt: purgs ths sam-
pling hne. Next, connect Lha bag and make surs that
all connections are tight and ieak fres,

4.2.3 Bample 6t a constant rats, or as specifisd by the
Administrator. The sampling run musy be simultasnsous
wilth, and for tha sama total langih of timas a8, the potlut-
ant smisalon mate determinailon. Collect st ileast 30
liters 71.00 ttd} of mmple gas. Bmaller volumes may be
colleered, suhlect to approval of Lhe Administratar.

424 Obtpin ons intsgraiad flue gas sample during
each poliutant #+misticn ruls doterminstion. For smisaion
rata carraction factor dsterminsation, snalyzs the sample
within 4 hours afler [t 13 taken for parcant COj or percant
s (as outlinsd 1n Bections 4.25 thromgh 4.2.7). The
Orsat anslyter must be leak-checked (ses Snctlon B8)
befnra the analysis. Il sxceas mir is desired, procesd sa
follows: {1y within 4 hours after tha sampls is taken,
analyze it (A% in Bectiona 4.2.5 through 4.2.7) for parcent
Coyy, Oy, amld Ci}; (2) determine the Pnuntlle of the
gas Lhat iy Ny by subtracting the sum of Lhe percapt COy,
pereant Uy, and percent C() from 100 percent:®3) cal-
cuisle pereant excess air, as outlined in tion 8.2,

4.2.% To ensurs completa absorption of the COy, Oy,
orif appllcabis, CO, maks repeatsd passes through sach
abaorbing sojution until two consacutive readings are the
samea. Bevaral pavses (thras or four) should be made be
twean readings. {1f constant readings cannot be obtalned
after three consasculve readings, replace the absorbing
solutdon.)

4.2.6 Repeat the anslyeis nntil the following criteris
are met:

4,2.0.1 For percent C0y, tepeat the snalytical pro-
eadurs until the results of any thres analyses differ by no
mors than (s) 0.3 pereent by volume whan CO; I8 grester
than 4.0 percent or (™) G.2 parcent by volume when COs
I8 lea3 than or squal to 4.0 pereent, Average the threy 8o~
oceptable waluea of pereant CO; and report the results te
the neareat 0.1 paroent.

4.2.0.0 For parcent Oy, rapeat the analytioal proosddre
until the results of sny three anslyss differ by no more
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than (s} 0.3 pereent hy salume when O is lesa than 15.0
wreetit or (L) 0,3 perecnt hy volunia when 3y 1o grestar
han 8.4 rent. Avernac tha thrso scosntable veluse of

pereent O ansl roport the resitite Lo the nesrsst 0.1

reniil.
"4.2.8.3 For perecnt CO, repeat Lhe analytical
diro unitl the eemalin of any thees shalynsa iliffar by no
mare than 0.3 pereent. Avernge the three sceaptabla
waluna 0l porcent CO and report Live rosulls (o Lhe nearast
0.1 porernt, )

607 After the analysls 1s eompletied, 1eak-shek
tmandalnry ) the Cieu aNRTYZET DLCS RN, B9 dacribed
in Beelhon . For Lhe nanliaal the anakysn to I valid, the
Oragy RpAtVEes 11U DA Thin laak Lemt tnifure and after
the annlyuin. Note: Afthoughin moxt instances only GO
nr Chy it peopuaared, QL iR reenonmendsd g bath Coy and
Oy b qeanu bt andd dhot Cliation § i the 1ibtaeraphy
bies savenh io viviubate Bl ond s tiead Wdria,

&4 Mutt-Pont, Integested Sampling and Analytival
1'rocednre. -

4301 lish the minhmum nnmber of sampling polals
and Lhe sampling paint {neation aball be as apeeiisd jn
Bection 4.3.1 of thix methed. ‘Phe nsa of fswer paniathan
aprcilind ia sbijeet to the spprueal of the Administralor,

432 Follow Lhr penecdrres oiithiaed In Hectiona 4,22
throueh 4.2.7, exeepl for the following: Traverse all
gvneting potota and somple at eseh point tor an eequenl
bavst by of fima, Hecors sampling dala as sheaoom Fonra
LR

K, Feaf €heck Proceduee pur Oread Annlgrera

Maovinz an Oesst ansleeer frequms e eanses it e ook,
Therofore, an Orat Apals 2er <bould be thovenebly beak-
chevked nn site hefore The oe pas sammle s invendneed
it “Uhe provednes me bak-cheet i an Or<atanadyzer

Wl evel in rael pipette g tn the
Petlny fubene el vl elose the

N I e 1T Lewedinge badh conleantly G biing 1he

eanlming gt meseens ontn i eemdoastes) e bane of

Lthe Banet e il then elose e niadold stopeock,

34030 Wevord the inendxe s posibinn,

. Ohgerye the meniseus in the bureite st (ha

Menisl fevel tn the pipette for mavement aver the neal 4

minnies.
A I'or the Grant analyrer to pass Lhe beak-cheek,

Ti1fnas st b vt

5.01.5.0 The ligiddd Yewel In each siyef e innst nnt fahl
helow 1he bottmn of the vapillary tubkng during Lhis
4-minuleinterval,

5.0.5.2 The menlseus in the hirette st ant change
by mare than 0.2 mi during this 4-mlnute interval.

L.0.4 ithe analyeer lalls Lhe leakvheck procedire, all
rabiber ranneciions and stopeocks should be checked
untdl Lhe cnise of the leak is itentilied. Leaking stopencks
must bo disssaembled, cleaned, and regreased. Leaking
mbber eonnections nuyst ba replaced. Alter the anslyeer
i reassemblod, the loak-chaek procedure miust be
ropeuled.

RULES AND REGULATIONS

8. Caloulations
8.1 Nomencltire,
M o= Dry molscular weight, p/g-mole (1b/1b-ronk).
%L1 A = Parcsni szoem air,
45 C Qe Posvanit C Uy by volums ( bld,l).
.:).

“nNrem Parosnt O b‘ volume (¢

9.0 = Peroent ({0 hy volume :zn

“MNem= Parosnt Ny by volume (dry
0.284= Ratlo of {1y tn Ny in sir, v/v.
0,00 = Mnlecri lar weight of Nyor G, divided by 100,
320 = Llaleculus wuixht of Oy divided by 100,

. 44t1m Malerular weiglit of (200 divided by 100,

8.2 I'ereenl Eaeess Arr. Culeulate the pereent exress
air (i applieables), by aabstinting  the approprints
walines of peeeant (hyy, G0, nnd Ny (ebLatied fram Beetion
4.0.70r 1,.24) into Eouation 31,

. Gl d3—0.5%C0 ]
n —_ 4 1 e H - -
“-""‘"[n.zm A F’;ﬂ.-u.s 4 C0) 100

Pyuntion 3-1

Nore —The sqution alove asspme4 that amhient
nir is used us e souree of Uz and that the lyrl does not
contsin appreeiable winnunia of Ny (as do eoke sven or
Dlust fiprpmet gases). For thnse ciaes when apprecishle
Annty of Nooare present feomd, oil, sl neturd gus
du nnt contain apprecable amonnts of Ny or when
oxyren enficlimant s nwed, alternate methods, subject
Lo approval of (he Administrator, are peruired,

n..l Iiry  Maleeulnr Weikht, 1'sa EAuation 3-2° fo
culenlate the dry nolecular weight of Lhe stack pos

Ma=0 g 08 103207 0 080U N 45 0 0)
Ejuatlan 3-2

N E —The slvuyve eyuation does nnt consider argon
wiosur ahont B pereent, moleealar weight of 37.9).
A tesntive error ol abont 0.4 pereent is introdaced.
Tte 1osler mMAY opt W0 inelude areon in the analyas using
prwedures subject 1o ADPproval of the Adiinistrator,

7. Hittingraphy

1. Alshulier, A, . Boaraee of Gaser and Vapors in
'lastic Pags, wiional Journal of Air and Waler
I'ollation, 675 v, 1L,

2. Conper, Willlnm D ane J. & Nader. Alr Snnpling
Tlasiie fings. Jmuinal of the American Industrial Hy-
givne Associwl i, 28 -7 1064

4. Bsureel) Manpul for (las Analysta, Beventh edition,
Rurrell l‘orr:mlmn, +rry Fifth Avenus, )iusburgh,
1'a. 55219, Juil,

4. Mitchel), W, 1 and M. R Mideett, Fisld Reliahility
of the Qrsar Annlyzer. Journal of Air Pollution Contrel
Assacinlinn }400- 405, May 1978

5 Ahigehara, R. T., R. M, Neulicht, and W, 8. Bmith.
Validat Ing (rsal Analysis Datn from Fasail Fuel-Fired
Undts. Siack Bampling News, £02):21-20. August, 1978,

am

or Mowrvat Canveny

MErant —DErvEANINATION
1N Brack OasEs

1. Principls snd Applisbiity

1.1 Prinociple. A sample s axtracisd st & sonstant
rats from tn-pmm.::olmrn is removed from Lhe sam-
pls stroam and detarmined eilhar volumatrically or

vimetrically.
'r:.'z Applicabllity. This rnnumdul:n applioabls for

Wotarmining the molsiiire content ol

[

Two ures are given. The firal is & relerence
‘matliod, tar aecurate detarminationa of malstites content
{such &8 are peeded 10 calenlats emismsion data). The
second is an appmzimation mothod, which provides
eulimnias nf poteanl moisturs 1o atd in asiLing isokinetie
sampling rotos prior to a pallniant emisdon measure-
ment run. ‘I'ha approsimation method deseribsd harein
iv only n sugpested spirowchiyelternativa mesns f(ov
approximating the moitiure content, e.x., drying Lubes,
wat bnib-dry hully technigues, condensa ton 1echniruea,
stoieltlomeirie culeulations, peevious cxpericncs, cle.,
arn alw nceeplable.

The reference mathaod i aften eondncted simultans-
onsly wilh u pollutani emiision messursmant mn; when
it ix, enlrulatinn of pereent isokinetie, pollutinnt emis-inn
rale, oie., fr tha min ghall he based wpou the results of
the refereer methnd or ity enuivalent; 1hese caleutatinny
shall 101 he haked upon e resaits of the upprozimation
mcthad, uninas Lthe appraximation method is shown, 10
the sutisfaction of the Administmtor, U.S. Knvironmen-
inb I'ratection Agency, 10 he capabio of yiclding resali
within 1 pereent 11240 of the refarencs method.

NoTg.«~The reference method may yield mizestionahle
eexiiite when opplicd 10 saturatod gus sireams or 1o
sxtreams that cantain water droplets. Therclore, when
thesa canditions #xist or are guspertad, o second deter.
1oimation of the tnstsiure content shall he made simul-
taneonsly with the refarence method, as follown: Asxuia
that the gas stream in ssturstod. Altsch a temperatinre
sensor [rapable of measuring to =1* C (2° Fj) tr the
relerenca imethod probe. Mrasire Lhe stack gas tempers-
trire ot each traverss point tsee Bection 2,2,1) during 1he
raleranen method traversa: caleulato Lhe average sta-k
gas temperature, Next, determine tha moisture parcent-
age, either by: (1) vsiug & paychrometric chart sud
niaking spnropriate corrections il stack pressure in
diiferent from that of the chart, or (2) uaing zsturailon
wapor presvire tabler. [n cases where the paychirometric
chart or the msturalion wapor premurs tables are not
applicahls {hased on fvabiation of the nrocess ), sltsrmate
methnds, sithiect to the approval of 1the Admninistrator,
shall be naed,

2. Refctenee Method

The procedure dascribed in Method 5 fot determining
mnistitra contant is acceptable aa & reference mathod.

2.1 Ap tus. A sch ic ol the ling train
used in this reference method s shown in Figure 4-1.
All components shall be maintained and calibrated
according to the proredure outlined in Method 3.
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FILTER
{EITHER IN STACK
OR OUT OF STACK)

RULES AND REGULATIONS

CONDENSER-ICE BATH SYSTEM INCLUDING

SILICA GEL TUBE 7

ORIFICE

: VACUUM
THERMOMETERS ACUUN
BY-PASS VALVE
e -,
) - oy -
. MAIN VALVE
DRY GAS P~
METER a’n AIR-TIGHT
PUMP

Figure 4-1, Moislure sampling train-reference method.

21.1 TProbe, The probe b3 constructed of rislniess
steel or giass tubing, sullicirntly hesied to prevent
waler condenastion, and is squipped with & lilter, s har
in-stack (s, & plug of zlass wool inssrtad Into the and
of tha be) or healrd cOt-siack {e.x., &8 described in
Mrthod 53, to reinave particulste matter,

When stack condiliens permil, other metals or piwstie
tuhing may be used for the probe, suhject to the approval
of tha Administrator,

2.1.2 Condenser. The condenser consista of lour
fmpingers connected in teries woth ground pinss, leak-
free fillings or any sitnilarly ieak-frea noneantaminatung
fitttngs. The first, third, and foyrth smpingers shall ba
of 1the Oreanburg-Smith design, inodilied by replacing
the up with a L3 eentimeter (b inehd L1 plass tuba
srtending Lo about 1.3 cm ¢35 ino fram the bottem of
the fask. ‘I'he seeoni] impinger shnll be of the Cireenbuarg-
Binith Aresign with the standard tip, Madilicalions (e.g.,
using flexihie connectinns bei ween Lhe irnpingers, using
materiale ather thao risss, nr using fiexible cacuum hnes
ta connect Lhe hiter holder 1o the ronidenser) inay ba
usnd, siibject o the appravn) of the Adpunjaratar,

Tha lirst two impingsrs shall contam known solumes
ol wotet, the third shall be rmipty, and the [ourth shall
cantsin & knnwn weight of A- 1o 16-mesh indicating Lyps
milica gel, or squivalent desiceant. 1f Lthe silica gel has
been previously used, drv a1 175° C (150° F) for 2 hours.
Naw tilica gel may be used as teecived. A thermometer,
capable of messuring temperature o within 1° C (2 F),
shall ba placed at Lhe outlel of the fourth impinger, for
moniloring pHrposss.

Alternalively, sny aystem may ha used (sublact to
the approval of the Adminisirator) that rools Lhie sampls
gas sirram Bnd allows neasirement of both the waler
that has been eondonsed and the moistitre lraving Lhe
enndanssr, each to within L mior 1 2. Acceptable means
srt 0 measure the eondensed water, either pravi-
metrically of volumetrically, and to measurs the mnis-
ture leaving the condenssr by: (1) monitoring the
tempPerature and pressure st tha exit of the condenser
sod walog Dalton’s law of partial preasures, or (2) passing

the mample gas stream through a tared silics gel (or
squivaient dosiccanl} trap, with exit gased kepl below
C (88" F), and dalermining the welght gain.

1f means other than sllics gel are used Lo determine the
smount ol mnisture lenving the condenser, it is recoms
mended Lhat silica gel (00 equivalent) still be used be-
itwsen the eondenter system sand pump, to prevent
mojsture condensation in the pump snd metering
devices and to avaid the need Lo make corrections for
morstire in 1he metered volume

2.1.3 Conling 8ysiern  An ice bath container mnd
erushed ice (of equivalent) are used Lo aid in condensing
molsture,

2.1.4 Melering Bystem. This system Includes & vac.
uum gauge, leak-lree pump, thermometers capable of
maasuring lemperature to within 3* C (5.4 F), dry gas
metar capabl- of measinog velume to within 2 percent,
wnd relalad euipment as shown in Flgure k. Other
melering syisterns, capalile of maintaining s constant
sampling rate and determining sarople gas volums, may
be used, suliirct to Lhe approval of the Admunistrator,

2.1.5 Harometer, Mcrcurv. anernid. or other bharom-
eler capabite of measuring stmoasphecic prossurs to within
25 im Hg r0.1 in, Hg} may be used [n many cases, the
barometric reading may bs obtatned from a nearby
natlongi weather service station, in which case the sta-
tion value (whirh is the absnlute barometric presaure)
shall be requested and an adjustment lor elevation
diffcrences belwern the wealher station and the sam-
pling pnint shall he applled al & rate of minue 2.5 mm Hg
{0.1 wn.-LR) par 3 m (100 {1) elevation Increase or vice
verva [or eirvalion decrenase,

2.1.6 Graduniwed Cylinder andjor Talancs. These
{tems are used Lo mensure condensed waler and mnl~ture
caught in the silica gol to within | mt or 0.8 g, Gradusted
cylinders shall have subdivisions no greater Lhan 2 ml.
Moat Inborstory halances are capable of weighing L0 the
nearesl 0.5 g or lesas, Thess balances ars muitable lor
s here.

2.3 Procedure. The Iollowing procedure iy written for
& condensar aystem (such a8 the lmpinger system de-

xribed in Bactlon 2,1.2) Incorporating volumeatric snaly.
3i3 o measure Lhe condenssd motsture, and sllica gol and
gravimelnic anslysin Lo messurs the motsture leaving the
condeiser

2.2.1 Unlessotherwise specified by the Administrator,
& minimum of sight traverse points shall be usd for
circuiar staoks having diametars leas than 0.81 m (24 in.),
s minimum of nine points shall be used for reclangular
siacks hawving squivalent diameters less Lthan 061 m
{24 tn,), and & Mminmum of twelvs traverd points shall
be used in 8l othar canes, The traverse points shall b
located aceording to Method 1. The use of fewer pointa
i3 subject Lo the spprovsl of the Administeator, Belect &
nutabie prohe and probe length such thet all traverss
points ean be sampled. Consider sampling from opposits
sides of the stack (four total sampling porws) for large
stacks, Lo permil use of shorter probe lengths. Mark the
probe with heat resistant tape or by some other method
ta Jenote the proper distancs into the stack of duct for
each sampling point. Place Enown volumes ol water In
the firat two impingers. Weigh and record Lthe weight of
the silica gel to the nearest 0.5 g, snd traaster the ailion
gel to the fourth implnger; alternatively, the silica gsl
may first be transfarred to the impinger, and the weight
of the silicas gel plusimpinger recorded,

2.2.2 Belect a total sampling time such that & minl-
mum total gae volume of 0.00 sem (21 scf) will ba enl-
Iascted, st a rate no greater than 0.021 m¥/main (0.75 etm).
Whisn hoth moisture contsnt and pollutant smixsion rats
ars 10 be determined, the moisture detsrmination shall
be sirmilltaneoits with, snd for the same total length of
time a3, the pollutant emiasion rate run, unlessotharwise
spacliied in sn applicahle subpart ol the standards.

2.2.3 Bet up the .ampling train s shown in Figure
4-1. Turn on the probe hester and (if applcabis) the
Olier heating sysmam ‘¢ \eruperstures of about 120° O
(248° F), to proveny water condensation ahead of the
condenser; allow tims for the tamperaturss to stabllise.
Place crushed ice in the lce bath container. It is recoms
mended, but not required, Lhat & leak sheak be dons. a8
follows: Disconnect the probe from the first impinger o
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In) from the Altar holder. Plug tha inist to Lthe
S,',"'f'.:::,']ﬂ;.,’ (or Nitar holdar) and pull & X80 mm {14 1n.)
1ig vacuum: a Inwer yacuum may be usad, provided that
it I8 nol eEeecded daring the teat. A |eakage ratle in
pucase i 4 poreant of the Runrage samling rate or .0M67
Wi (A2 clin), whithewver s less, is uneereptahin,
¥ollowing the mi chreel, Toconusct ths probe o the
wemipling Lruin, .

224 [hiriog the spnpling fun, maintaln & smmpling
rmte within 10 percenl of constani rate, or as spawitisd hy
the Admitsirstor, For each min, record the data re-
auiresd on Lhe example dets sheet shown in Figure 4-2,

RULES AND REGULATIONS

svar mmpling s halted. Take other approprists readings
sl each mmple poiut, st least oncs during each Ume
Inerameant

2.2% To begin mmpling, r-lunn tha probae tip at the
first travarse Moint. Immedisgsly start tha pump and
aatjust the flow o the desired rats Traversa the crom
action, mmpling sy sach travams point for an agual
lanigth of time, Add more ice and, Il nacsary, il to
imeiniain & tampersture of iass than 20° C (08° ¥)al the
piticm gel ouellel,

2.2.6  After enllanting the snmpia, disronnact the prhe
from the filier hokise {(or framn Lha first im pinger jand con-

41773

2.2.3. Racord the leak rats. If the inaktage rats excoeds the
alowahls rats, Lhe lestar phall aither rajert Lhe tast re-
sulw or shall correct tha ample volume as in Bection 6.3
of Mathod 8. Next, measure the volume of the molsturs
sondansed (0 ihe nearest ml. Detarmine the incream in
weight of the silice ge) (¢ slica gel plits impinger) 10 the
nemcest 0.5 g. Record this information (see stampla data
shest, Figire ¢-3) and eslculats the moistune percentags,
as dascribad In 2.3 balow,

2.1 Caleulatinns. Carry oint ths lollowing ﬂlﬂuhﬂon:i
retaining at leagt one extra decimal finure begrond that
the acnuired data. Round off after calculs-

e wuire to reenrd Lhe JFY RS mstar reading sl the hegin.  duet o leak check (mandatory) as described in Section  tion.
rng and cnd of oaeh ssmpling time incremsnt and when-
PLANT
i OCATION
OPERATON
DATE
RUN X0
AMBIENT TEMPEAATURE __
BARDMETAIC PRESSURE
PROBE LENGTH mit)
SCHEMATIC OF STACK CROSS SECTION
FRESSURE TEMPERATURE
DIFFERENTIAL METER GAS SAMPLE TEMPERATURE OF GAS
ACROSE READING AT DAY GAS METER LEAVING
SAMM WG STALK OR(FICE METER | Gas saMPLE CONDENSER OR
TRAVERSE POINY TIME TEMPERATURE Law, VOLUME Vg INLET ' OUTLET LAST MAMNGER,
RUMBER {0), min. o [*F) mafin) H20 wd (1Y) wlind | (Tm), P | (Tmgyl, *C(*F) % *n
e = -
1
TOTAL Avwy Aw. :
AVERAGE v

Figure 4-2. Field moisture determination-reference method.
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. . nGER BLICA GEL

VOLUME, WEIGHT.
-l [
PENAL
TNITIAL
DIFFERTNGE

Figure 4 3. Andytical data - reference mtﬂm&.

2.2.0 Nomenelatwree.

ftews I'raportine of water vapor, by voluime, in
",
u-hl. of waley, IR0 g/e-male

revloe Illl pnw-nu-] ut Ilu- 1lry gns m- Ler,
el e, Elp).
'a wdnrd abkolile pressure, 780 mm llg

B L1

R ‘lfll'n] gas eanstant, 0 238 Omm g (ntl/
-l 19K ) fur meleie amits and 21,85 (in.
ey m']uth.mnl--l 1t} for r.nLIu-h nnits,
\ st g meler, “K

B i [N
Fam L bry pas volime mensAred Ly ey gas meter,
tle-nn nlely,

AV. lwrrempental dry pnas volume mensifed by
dry pas pwter ut each traverse poing, dem
triefy,

Vadiray - D1y gas volinnes measured by {he dry gas
ieter, enerected Lo stasdird  condibions,
n ey,
fuine of water eapar condensed corrected
L] wikard ronrlitione, Senn (%),
V aettords = Voliyme af waler vapar colleeted in silica
golrmrm'lml o stivlard conditions, sem
(~f).
Vi Final volime of eondenser water, ml,
1 .-Inlltml volume, if any, of comlemrr water,

V.nl'nu"-

.~ Final weight of silien gel or siliea gel plua
impinger, g

I|.=-]n11‘!n| woight of siliea gel or siliea grl plns
impinger, ¢,

3 = | ey gas teter ealibientinn fartor,

. Puo=Denxaty of water, 0rm2 g/ml  @H002201
2a2 \'nhll,!ll'::I:-)I-wnll-r wipor condensed.
o (V0= ¥ ) Ty
; PoaM o
=K, (V;~V,)

Equation 4 1

wherr:
2Cy=0.0M333 mi¥m! far ineiric onits
w(0.04707 1t4'ml for English unita
233 Volurmne of waler vapor collected in silles gel.
v W= WIRT\u
waylaul} P.u»’.
=Ky(Wr—~W.)
Equatlon -3
where:
Ay 001338 /g ko1 metrie unity

(. (4718 ft4/g for Enghiah units
2.3.4 Bamnpie gas volume.

' (Pu)(Tou)
Vnuvl)“‘vuY ?P:uj ( -)

=Ky YoE=
T
Fipintion 4-3
whers: .
Ky~ 30N K mm Tle e imetre goits
w37 04 Y e, g fur Enghshotaity

MNoTE —If the posi-test leak rate (Seetinn L2 0) »3-
weods 1he Allowable mte, eorrect the value af Va in
Feunarian 4-4, aq deserihied in Seetinn 6.3 of Methesd 3,

2058 Moitare Condent,

w}’-.p(u i + . Slet

H .=

Vit 07 Vaws tany | Ve taen
Eaunatien § 4

Note =1 storated or nistuye droplet-laden gas
s, 0w eah plnt s of 1he masture eantent of tha
gas shall he miade, nne using & eajte based upon
the sutvrated condilions (see Heclion 1,2} and another
haserd upon the resolts of the nnpinger analysis. The
Inwer of thea twn valiies of M. 5hatl be ronaidered cor-
rect .

26 Mepibention of canstant mmrlmg rate. For each
luno joererent, determine the Al Caleulsts tha
avcrage 1 the v alno Tor pny time inereiment diiTera fram
the aeerage by e thaus 1D peresal, reject 1hie resnlty
Anet repueat L

A peprasimatiun Mthad

“1'he approsimalion method describied below i€ pre-
aonlod anky v a suggested incethad {see Secton 1.2),

S ApPPArRLIS.

LD Probe, staindess steel or glass Lubing, suliclently
d 10 prevent waler eondensalion eqiipped
willt a filter (either iu-stack or heated nut-ciark) to res
mava pArLicilele matter. A phig of glass wonl, inserted
into tha end of Lhe probe, is & satisfactory futer.

141U Impingers, Two midget impingors, each with
3 inl caparinty, ar equivalent.

A1 les liath, Container and ice, 1o 8id in condens-
ing pruAstare i impingers
4 lirvine Tube, Tuabe packed with nrw or re-
teel He 16 Hiemresh inddicatie-rype sikien gel {or
alent desrcant), 10 dry the gamale g8 aned to pro-
lh.» mader aned pannpy,

vatve Neslle valve, to eegalate the sample gag

Now cite,

B Prump, Leak-dvee, digphragm tvpe, or cqilea-
e, v puild the gns Ranaple through the train,

T Vedue meter. Diry gas neter, sulliviently ae-
eventr 10 measites (he sample volume within 2%, snd
culihwated nver the range of Aipw rates and conditiona
actuallv sueanntered during sampling,

N1 Hate Meter, Rownster, to measurs the flow
range (rom 6 to 3 b pm (010011 ¢fm),

1.0 Uradusted Cyhinder. 23 ml,

2.0.10 Harometer. Mercury, aneroid, or olher harom-
eter, aa described in Bection 2.1.5 ahnve,

ALY Varumm (Isuge. AT leant 78 min Vg (30 in.
Tlat mange, tn ba used ior the sampling leak check.

4.2 Procedure.

3.2.1 Placa exactly 5 ml distilled water in each im-
pinger. Azsemhie the appuratus without tha probe sa
thown in Figure 4—4. Leak check the train by placing s
wacuum gaugs at the inlet to the firet impingsr and
drawing & vacuum of at least 25¢ mm Hg (10 in. Hg),
plugging the outlet of the rotameter, and then turning
oft the pumP Tha vacuwmn shall remnain eanstant for st
apal ons minute, Carefily release the vacuum gaugs
ibefore unplupging the retameter end.
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222 Cannect the probe, inpart 1L into Lhe stack, and
mmpla at & ennetant rais of 2 Ipm (0.071 chm). Conttnus
mmpling until tha dry ges merar regittern about
litarn 71,1 [0 ot atntil wiailde Ngnid dropieia are carried
aver from tha first Impinger 10 Lhe soond, Record
temperatnre, pressore, and dry gea meter readings ap
required by Fizure 45,

A3 After enllecning the sample, combina the con-
tentnof the twnitpangeraand meastire tha volumo ta the
neareat 05 m|

3.3 Calenlnvions, The ealenltinn method pressntead i
Arsignad Lo aslimale the maosiure In Lhe atack gaa;
iherefora, sther datn, which sre ouly necrasary for ac-
eurals moisture dleterminadions, are not roliected. The
following equatinies aderuntlely estimats tha moisiure
eontent . Jor the puarpose of deqerinbising jokinetic sam-
phing rare sp1ings,

A%l Nomesnclaturs,

Ilemm Approsimaute praporiion, Ly valume, of
waler vapor in the gos sirewn leaving the
areand inmypinger, (L0245,

.. =Water vapor th {he pus stream, proportion by
volume,

A e=Mualecular weizght of water, 18.0 gif-mols
(1RO h{b-mnle )

Daw= Atsaliie pressure {far this method, ssme s
harémelric pressiire) a1 Lhes dry gas meler.

Pos=S1amlard absnlnle pressurs, 780 mm O
tZrud i, e,

R=ldeal gaz eonsiant, 000230 {mm Hg) (m%)/
tg-male) (°K) for meiriec units and 2185
{n. Hg) (HAb-mole) (*R} for English
unix,
= Absolule Lrmperaiure at meter, *E (*R)
Taa=Biandard aloolute temperataro, 2° K
(A24° Ky
V'y= Final volume of Impinger eontonta, ml.
V= [nitinl volume af impinger onnienta, mi.
Vo= 1ry gan valums messured by dry gas mater,
dem (def},
Vaiug)=Dry gua volums meamred hy dry gas metar,
ngrn'-clnd o standard conditions, dsem
{daeh),
V auteegy=Volumea of water yapar onndensed, sorrected
10 standard oondifiong, sem (sef).
s.m Density of water, 0.00R2 pymi €0.002201 tb/mil).
3.3.2 Volume of waler vapor collected,

Voo V= VidouRT oy
e Plld Mn
=K, (V,=V,)
Ilquation 4-5
where:

Kp=0.00100 ni?jml for metrie unlia

= 004507 1% ml for Enghsh unita,
333 Qas volume,

Vo =Va(72 ) (52
Va P

=Kyomm
Equation 46
whaere:

EK1=0.3058 * K/min g for melrie unis
=17.84 *R{in. LUg for English uznits

3.4 Approilmate motsture sonteant.

V.
Ru P i —_ e
VeetVa um-r-
V.
= T e 4 (0.025
V-r+ V- {eed) + ( )
Equation 4-7
4. Caliliration

4.1 For the relerence methad, calibeate equipment aa
specified in 1he following reetions of Method 5; Kectlon 5.3
(nirtering xywiem:; Heeilan 55 {lemperniure gALBEes);
and Eegiinn 6.7 (baremeirer). The recommended leak
chock of Lhe melering System (Sestlion 5.8 of Method &)
als0 appling 10 the teference method, For tha approxima-
tinn method, usc the procedures ot lined in Sectinn 3.1.1
of Method 6 Lo calihratn the muatering system, and the
procedure of Meihod 5, Section 5.7 10 calibrate the
barometer.

5. Hibliography

1. Air Pellution Engineering Manual (Recond Edition).
Danirlson, J, A. {ed.}, UK. Environmental Protection
Agency, Office of Alr Quallty Planning snd Rtandards.
l';:-ua.rch Trisngle j'ark, N.C. J'ublication No. AI'0.
1473,

2. Devorkin, Mnward, et al. Air Pollution Soures Test-
Ing Manugl, Air I'sllniion Control Disiricl, Los Angeles,
Callf, Navrniber, L',

4. Mathods for Determination of Velocity, Volume,
Dust and Mist Content of (1ases, Wealern Precipitation
Division of Joy Munufacturing ¢’o., Los Angeles, Calif,
Bulletin Wi-50. 11ed.

METHOD 5—DETEAMINATION OF PARTI(CULATE FMISSIONS
FROM BTATIONARY BUURLES

1. Principle and A pplicatility

1.1 Principla. Particulats matter Is withdrawn [so-
Rinetlcally from the soures and collected on s glass
hibar hiter maintained aL » umﬁsnture 1o ithe range of
120140 C {4B+25" F) or stich other tempersiure as
specilisd by an applicabla subpart of the standards or
approved by the Administrator, U.0. Eovironmental
Frotection Agency, for s particulac spplleation. The
parijculste mass, which includes any material that
condenses st or abovs the Hitration tempersture, |s
determuined gravimetrically alter removal of uncombined
waler.

1.2 Applieabllity. This method is applicable for the
drtermination of partictlaie smissions from stationacy
solircey,

2. Appernius

2.1 Sampling Train, A schemstle of the sampling
tran used in this wethad 13 shewn in Figure 5-1, Con-
plete consiruction drtails ara given in APTD-0581
(Citation 2 in Seclion 1); commercial modals of this
train wre sleo avsilable, For changes from A IPTD-0M01
and for allowahle modifications of the traln shown in
Figtira 5-1, arc the follnwing subsections,

The operaling and maintenancs procedures for the
sampling train ars daseribed in APTD=0578 (Citatien 3
in Ssetion 7). Bines ¢orrect usage is tmportant in shiain-
Ing valld resulta, all usars alicuid APTI-0578 and
adopt the opersting and maiutenance procedurss out-
lined in it, unicsas otherwise apecified hersin. The sam-
pling train consiats of the follnwing componenta.
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am

IMPINGER TRAIN OPTIONAL, MAY BE REPLACED

= - BY AN EQUIVALENT CONDENSER
— PROBE
= TEMSPEE:s%TnURE HEATED AREA THERMOMETER THERMOMETER
CHECK
PITOT TUBE - FILTER HOLDER / CHESK
Paoas STACK ————
-~ WALL :
;L&
‘r 3 VACUUM
’ .- . L LIHE
REVERSE-TYPE . °
PITOT TUBE :
- _' e W
PITOT MANOMETER IMPINGERS ICE BATH
BY-PASS VALVE
ORIFICE /
O
VACUUM
GAUGE
THERMOMETERS MAIN VALVE

21.1 Pmbe Noula Btainlens sioal (318) or glnas with
Illg’ lsading edge. The angia of aper shall
30° and the taper shall be on the outside o presarve
& constant internal diametsr, ‘The probls nozele shall be
of the button-hook or elbow design, uniess otherwise
specifisd by the Admlnistrator. I made of A
stoal, 1he notele shall be construcied from seamless tub-
ing; other malarinls of construction may be used, subject
10 the approval of the Administrator.

A range of pozele rises suilsbls for Isokinetic sampling
shoild be avallabls, e.g., 0.32 t0 1.27 em {44 to 3 in. ]—
or larger {( higher volume mmpling Umnina are
ingide dismeter (11}) nozelaa in increments of 0.18 om
(Me in.). Each nortle shell be calibrated according to
the procedures ontlined in Beaction 5.

2.1.2 TProbe Liner. Borosilicate or quartz glass tubing
with & bealing systern capabla ol MAINLGINING & RAS [AM-
rernuro at the exil end during sampling of 120:14° C
248425 F), or such olher tempearsiure &3 apecified by
an lpplimbln subpart of the standards or approved by
ths Admunistrator for & particutar spplication. (Tha
tesler may opt Lo oparaie the pquipment sl a ternparature
Jowar than that speclfied.) Bineq the actusl temperature
at the outist of Lhe probe i3 nol uauslly monitnred dunng
mmpling, probes constriucted according w AT 1 -05K1
and utilizing the calibration eurves of AT D-(576 (o1
ealibrated according o 1hs proerditre outlined in
AFPT1N-0578) will be considerml acceptahla.

Either borosilicnte or quarie glass probe liners may be
nsed lor siack temparsiurss up (o aboun 480° C uu"‘ F)
quaris liners shall be usad jor .empemiures bealwean 440
and C {0 and 1,850" F,. Both Lypes ol liners may
be used AL higher 1emperatinas than specifisd for short
periods of Liras, subject 10 the approval of the Adminis-
trator. The softening Lernperainre for bhorosihicale is
200 C (1,508° F), and for quariz 1t s 1L300° € (2,730* F)

Whenaver praclicsl, every eflor should be made Lo use
borozilicate or quarit ginsy probe nners. Alternstively,
meial inera (o.5., 316 stainless sisel, Incoloy %252 or orther
©Orrosion resisLant matais) mads of seamless (ULINg may
be umd, sublec. 10 Lthe upproval of the Adminisirolor.

2.1.3 Pitol Tuhe. Type 3, s described in Bevnion 2.3
of Method 2, or other device approved by the Admim»
trator. The pitot tube shall be atiechad 10 1he probe (as
shown in Figure 5=1) to allow constani monitoring of the
stack gas velocily The umpact (high preasure) opaning

* Mention ol trade names or spacific product: doss not
econstituta andorsement by the Environmentsl I'rotec-
tion Agancy.

FEDERAL REGISTER,

-f-—._._._

DRY GAS METER AIR-TIGHT

PUMP

Figure 5 1. Particulate-sampling train,

plane of tha pitol tube shall ba sven with or abore tha
norzls em? piane (see Method 2, Figure 2=8b) during
hi

mmpling. o Typs R pitot Lzbe assambiy shall have a
snown cosflicient, determined as outlinsd [n Bection 4 of
Method 2,

214 Differentia. Prassurs Osugs. Inclined manom.

wlal of eqiuvsienl dev «y (1Wwo), b efibed in Bection
2.2 of Methed 2. One nanomostar 3 iall be usd o veioclty
head (Ap) readings, and the other, wr onfics differantis.
pragzur, resdings.

2.1.5 Fliter ilcider. Borosllicste glass, with s glam
trit filter support and a silcone rubber gasket. Other
materiais of construction {e.g., "tainiemy sieel, Taflon,
Viton) may be used, subjert Lo approwsl of the Ad-
mintstraior, The bolder deaign shall prowide & positivs
seal agalnst lsakage .rom the sulside or around Lhe filter,
The holder shall be attached immedisicly st the outlet
ol Lthe probe (or cyclone. it usad),

2.1.4 Filter Fleating Systam. Any heatlng syfiem
capahble af malntmning 8 temperature Aronnd Lhe Altar
holder duartng sampling o 120=14% C (248+2.° F}, or
such other temperature 85 specilled by an appbeabls
sbpart ol the standards or approved by the Admlins
tmior lor o particular npplication. Allernatively, tha
tesier may ond toOperate t_hr equipm#n} Bl s LFMperalurs
lower than thet specified. A wmkt‘nlurﬂ gauge capabla
ol measiiring temperstare o withen 3° C (5.4° F) shall
be installed 3o that the temperatire around whe fifter
hnider can be regulsted and monitnrad duning sampling.
Heating systems mther than the one shown in APTL)-
0581 may be used.

2.1.7 Condenser. Thr following system shall be n1sed
1o dJduirrmine the slack gas malsture content: Four
impipgers conpeeled o series wilh leak-iree gronnd
glass littngs or any similar lrak-Iree non-eontaminating
nttngs. The fiest, thand, and fourth impingers <hall ba
o Lhe tirrenburg-Stmth design, randified by replacing
the tip with Licm 45 iu) LD glass tube extending 1o
ahoul Lidem (4 ind Irom the hotteam o the llask, Tha
socandd tmpinger shall be ot the Ureenburg-simlh design
with the standard up, Modifications (e.g,, using fhexible
counectinny betwern Lhe inRers, using  malerials
olher thaifttass, or using Arxble vaCUUm LLNes 1o ennneet
ihe [Uter holder to the condenser; may b used, subject
to the approval ol the Administralor. The frst and
second implngers shall rentaln known uantinies of
waler (Snciion 4,1.4), Lhe thard shall be empty, and Lha
fourth <hall eontain & known weight of siica gri, or
oquivalent deslecant. A Lthermameter, capable of measur-

iaced

Ing temperaturs Lo within 1* C {2* F) shall be
toring

at the outlet of the lourth implnger fof o

purposem.

Alternatively, any system that cnols the sample gaa
stream and silows messuremsnt of the water condensed
and mopisture lsaving the condenssr, sach to within
1 mi or | g caay be used, subject (o Lbe approval ol the
Administrator. Aecnpuhlo MeaAns are L0 massure Lhe
condensad waler sither gravimetrically or volurastrieally
and to measure 1he molsture leaving the condenser by:
{1y monitoring the tempersiure and preasure st the
exlt af the condenser and uaing Dalton's law of partial
preasures; of (2) ing Lhe sample gas stream through
a tared silies gel (or equivalent desiceant) trap with
erlt gazes k:FL below 20° C (66° F) and determining
the weight gain,

If maans other than silica gel are used to detarmine
the amoitnt of molsture leaving the condenser, it 13
rreommended that silies gel (or equivalent) stll be
used between the condenser system and pump Lo prevent
moisture enondensaton in the pump and metering devices
and Lo uvoid 1he nend Lo make corractions lor molsture in
thr metered voiume.

Note. —l1 8 determination of Lhe particulnte matter
eolineted Ly the impingers Is desired in nddition 16 mois-
ture content, Lhe impsloger syatem deseribed above shall
be used. withoul modilieation. Individus, Btates or
control agencies reqoiring  this information shall be
contacled as o the sampte recovery and analysis o Lha
tmunger contents,

YL Metering Bystemn. Vacuum gauge, lesak-res
pump, Lhrrmomelers capable ol measurtng LemperaLturs
Ltowithin 3° C (5.4° F), dry gas metercapnble ot measuring
wnlumr to within 2 pereent, and related equipment. &8
shawu in Figure =1, (1 her metering systams rapable of
maintaining sampling rates within 10 percent of 180~
kinelic anid oi determining sample volumes 1o within 2
pereent may be nsed, subject to the appraval o the
Administrainr. When the metering systam s used
conjunclinn with u pitel tube, Lhe system sha)l ensbls
checks o isokinetic rates,

samplngirainsut Niing metrring systems designed for
higher finw rates than that deseribed in APT D-0381 or
APTL13-057, may he "1sed provided that Lhe speciBes-
tions o 1his method are met.

21w  Barometer. Mereury snerold, or other barometer
eapable ol measuring atmaospheric pressure W within
2.5 inm flg (0.1 in, HR), In many cases, Lhe barometric
reading roay be oblained Irom 8 nearby nationsl weather
service station, In which case the station value (which is
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» almolut e barometric preasire) shall be raquastad and
:‘r‘! :djuntm-m tar slevation differences bhetwesn ibe
weul lier akation and sampling point ahall he applied at s
rate nf minus 2.5 mm g (0.0 in. HE) per 30 m (100 R}
firvnlinn inerimee or vice verw {ar elrvalion decrmane.

110 Osd Danslity Determinstion Equipment.
Temparsturs snsor and prawaire gaige, as daxeribad
in Bectiena 23 and 2.4 of Mathod 2. and gan snslyeer,
1l rimeammary, nd deacribed In Mathod 3. The Lamperatire
scnanr ahall, pretershiy, ba anently stts-hed to
ths pitot Lithe or sampling prabe i a Nxed ennliguration,
niirh that the tif of the senyor extends heynnd the isading
aclge of the probe sheath and does nat toirch any metal,
Altrrnatively, the sensor may be sitdrhed just prior
10 1we i) the field, Nnote, howswer, that if the tLemperature
cenzar in sitached in the liold, tha senxor mist be placed
11 &N interierance.frea arrangement with respect to Lhe
‘U'ypse A pitnt Luhe apeninga Lo Method 2, Figure 2-7).
Ax a sarond alternatiee, if & difference nf not mors than
) pereent in the sverages ¥elocity niessurement is to be
introduced, the Lemperature gaiige need not be allsched
ta Lha probe or pitnt tirhe. CI'his sliemative 3 suhject
10 1he approvsl nf tha Administrator ) .

22 Samplke Rerovery. The fullowing items are
needed.
221 Probe-Liner and Probe.Norrle Brushes. Nylon

briatis hnwthes with steinles steel wire handles. Tha
probe hruah shall hewes sxtensions (st lesst as lohx ss
tha proba) af stainless stes], Nylan, Taflan, or ssmilarly
inart matarial. The brshes shell he properly slied and
shaped (o hrish ant the probe liner and nozzle.

222 Waah Rotllee—Twon. {ilans wash bottiss are
recatmended, polyethylene wath hottlss may ba isad
atthe aption of the taster, 1t 18 raroinmendsd that acetone
nnt be atored 10 polyethylens bottles for longsr than s
month.

223 Olss Aampile Rtorage Containers, Chemicslly
resistant, horosihents gisws botllax, for acetone washes,
S0 ml ar 1000 mi. Heesw cap liners shsll sither be riubber-
hacked Teaflon ar shail be canstnirted so & Lo be loak-frae
and resistant o chemiral sitack hy acetons. (Narrow
mouth glass bottles have haen iound to ba lrsx prene to
Isakags. ) Alternatively, palyethylens bottias may be
nenerl

224 Peirl Dishes For Dlter samples, giaes or pold-
ethylens, unims otherwisa specified by the Admin-
Istratns.

22.5 Oradusted Cyiinder and/or Nalance. To meas
urn condensed water to within 1 ml or 1 g. Oradustad
eylinders shall have subdivisions no greater Lhan ¥ ml.

nst Inborainry halances are capable of welghing to tha
nearast (.5 g or leas, Any of thase hatanrces is witabie for
uss here and 10 Saction 2.1 4,

224 Plastic Siorage Containers Airstight rantmners
i stores silica gel.

227 Funnel and Robber Policetman To aid In
transfer of e gek 1o contmeet nal Necessery i silies
gel is wrighed in the field.

428 Fuunel (ilass or polyethlens, to aid o sample
trovery.

21 Analysis. For gnalysis, the llowine rqnipient s
neerdnet,

231 {Hass Welghing Dishes,

222 Dasccstar. .
217 Analytical Balance. To rmeacsnie 1o within 0.1
g,

21.4 Relancs. Ta measure to within 04 g,

2.2.5 Beakers 2% ml.

2.2.0 Hygromater. To measure the relative humidity

of tha lahnratory sneirpnmeant.
23.7 Temperatnre Unirge, To mieasyre e (eniperss
ture of the taharory snvironment,

3. Rragenia
33 Sumpling. The reggead & nsed in samplng? sire as
follows; .
A.0.1 Filters, Gilaxs fiber filters, without arganie

hinder, exhubiting st least erun pereent clticiency 1 <005
percent peneiratven) an 8,3-nyeron dioctyl phthalate
smoke particles, The filicr aMcirney test ahsil be con-
ducted in aetordanes with AHTM sandard methed
2mA-71. Tost data fram the sunplier’s qualny conrrsl
prograrn are sullleient for this pumpase,

2.1.2. Bilies U#, Tndbieating type, & tn 16 mesh, I
previousty used, dry nt 175° C QN° F) lar 2 haues, New
atlica gel may b ured as reecived. Allernatively. otlier
typon of desiceants tequivalent or bettert may be nesd,
suybjwet Lo the apmowal of the Admanisiravor.

4.1.3 Warrer. When anoly it of the materal csught in
the impangees is required, sistilled water shall be used,
Run blanks prier to ek nse 1o climioale s mgh hiank
nn st sunpl s,

404 Crushed Jes,

3.1.5 Sopeack Livose, Acotanesdnsolhirhla, heat-slatia
tilieone grense, This 13 ol necessary il serew-on enn-
weetors wilh Tellon sleeves, or similar, are nsed. Alteron-
tively, othier tynes of stopeock grease oy Le uscd, sub-
fret 10 Lthie appoval of Lhe Adminisirator,

2 Famphe Heeavery . Acctons—reagpent grade, <0001
pracent trsulue, in gnss hottles—ix reqguired. Acrtong
froin metal containers generally has o hikh residae blank
ased shotld not he used. Bometimes, supplirrs transier
arclone 10 gians boltles frorp motal containers; thus,
uerfona blanks shall he run prior to lieid use and only
acetone with Jow hlank walues { <0.001 percent) shall ba
usnd. [n o casa shall & blank velus of greater than N.001
percent Of the waight of acetonc used be subiracted from
1the sarople walghs,

’

RULES AND REGULATIONS

1.3 Anslysls. T'wo reagenta are required for the soaly-

IH
231  Acetons, Bame s 3.2
3.3.2 Desiocapt. Anhydrous oalcium sulfste, Indioat~
Ing iype. Alternatively, other i of desl¢cants may be
uscd, subject to the approval of the Administrator,

4. Precedura

4.1 Bampling. The camplexity of this method s such
that. 111 ordar 10 obLain ralinble reeuits, taters should be
wrainad and etprrienced with the 1esi procedures.

4.1.1 Pretsst 'reparstion. All the enmponenta shall
he maintuined snd ealibraled scenrding to the procedurs
2mr~r|h»d i APTI)-0576, uniesy otherwise apeclfied

rEeLIY,

Weigh several 20016 300 g portion= af silien gel [noair-tight
rantaners (o the nearan 0.0 g, Record the Lotal weight of
the silics gel plas conininer, on snch container. As An
nitvrnaiive, 1ne siiiea Kt need not be proweighed, but
sy be weighed direclly in 1its impinger or sampling

holder Just prior to traln asarmbly.

Cheack filters visunlly sgainst Lght for irregularities and
flaws ar pinbnie leaks. Label Bliers of the proper dinmeter
i the back sida nesr the sdge using numbeanng machins
ink. As an abitrrpstive, Iahel the shipping contminers
iglass or plastie peiri dishea) and keep the filters in thess
cantainers 1 sil Limes eacept during sampling and
weighing,

Dexiecata the Aliers at 20+5.8° 0 (#8-£10° 1) and
ambhisnt preastire dor st Isaar 24 hours snd weigh st in-
1ereals of at leaet 8 hour Lo & constanl waight, e
<05 mg changs fram pravinng weighing: racord resutts
10 the nearest 01 meg. During sach weighing the Niter
mist nnt be expased 1 the laboratory simosphers for s
nerind groater than 2 minutes and & reiative humidity
ahnee 50 pereent. Alternatively (uniess otherwise speci-
fird by the Administrator}, the filters may bs oven
dried ul 105° C (22° F) for 2 1o 3 hours, deaiceated for 2
hours, and weighed, Proceduras other than those de-
reritied, which aeeount for relative humidity effects, may
be tiserd, suhlect Lo the approval of the Admiuistrator.

4.1.2 Preiiminary [leterminations, Helert the sam-
phine gite and the minimum namber of sainpling pointa
acrording to Mathod | ot a4 specified by the Administra.
101, Lletermins the atack pracaare, temperangrs, and the
range of vetoeity heuls pung Methoa 3514 e preammended
(bt A ienk-chirek of The patot lines (qer Meothod 2, Hee-
L 3,30 be perforined, Dotermang the momstiaes content
using Approximahion Method 4 or 1ty sllernativea for
the purpose of meking isoinefic SAmMpBING rale S*11iNES,
Detarmine 1he siack gax dry meolncular wrightl, a4 des-
enthedd 1 Method 2, Sechion 3 8 1 integratsl Method X
sarpling 15 naed for malecuiar weight determinanion, the
1iegented bag samnpte =hall he taken simulbtancnosly
with, and for 1he sane total Iength of 1une as, the par-
Uctlnte sample mn,

Relret g nozzhegize based o e ranee of eelocity heads,
s1ech LAl 11 1= nnt neesssary 10 chaaee e nozsdr siten
arder 10 maintaie 1sokinetie spienhog Taies, buring the
rrn, dn not change the no7zie wize, kosars that the
proper ciTerential presate gauee ssoehosen lof the FRDRe
afl velocity heads encruntered see Secuen 2.2 of Methnd
uy

Seleet a suitnhle probe liner and prohe Inngth such that
nt traverse points cun” ba sampled, For large stacks,
consider sampling from apposite sies of (he stack to
Tedure tha langth of probes,

Helact & tolal sampling Lme# grepter Than or squsl to
the minimum tmal sampling fite specilied in Lhe test
proceduren for the spreitic iodustey auch that (1) the
sampling times per poInt i9 not 1esa Lthan 2 min (or some
greater 1imes interval as specihind by the Admindstrator),
und (21 the sample snlume aken (correcird Lo standard
eonditiens) will steead the regiired moumnm (o1al gas
sample volume, Tha Iatter 18 based on oo ApproLimate
averarre sampling rate,

Lt Is recammended that the numher of minates sanm-
R]Nl a1 #ich punnd he wn integer aor sn 10deger plus one-

I manuie, ju order o avond umekreping ercors.

I 8otoe cipcmsianess, o.g., batch cycles, it may he
fircessily 10 sample far shorier Ginaes st the tragcrse
pents and to abtain smnlleT gas semple volumes. In
these cases, 1he Admistrater’'s approval must Brst
| TR |

414 Prevaratim of Callection Train Turing prep-
arang and assemizly of the sampling trawn, keep all
openinge whefe cantatiRALIGH CAN oCcur eovered until
Jirs1 prior 1o wssenthly or antit sampling i3 ahout to hegin.

Plaece 100 ) of seater ihefo boof Lhe [iIrst teo ympingers,
leave the Lthird inpinger empty, snd transfer spproxi-
mately 200 o 3k g of preweighed siliva gel from 1ts
contalner W the Jaurth impinger. More sllica gel may be
nsed, hut rare shonld be taken to ensure that it is not
eutrasned and wried put from the impimger during
stinpshng  Dlaee the contsiner in & clean place for later
1se tn the sample recovery. Alternatively, the weight of
the sillea gel plus impinger may be determined to the
neares U 5 g and recorded

Teing & twoster or clean disposah!s mirgical gloves,
plu s s Jaheled Gdentitiedr and weighed fter In the
filirr holder. Fie surs Lhal 1he filler is property rentersd
and the gaskrt properly placed sc a8 to prevent the
suruple gas siream from carcumventing the fNiter. Check
the liiter for tears afier aasemhly is completed.

When glass bnerz are nsed, install the sglectead notrls
Hsing & Viton A O-ning when stack tem
lexs than 2P C (500° F) and an ashestos stning gasket
when temperstures, are higher. Sse APTD-0676 for

datalla. OLher conne-ting syctems using either 316 staln

staal of Teflon farmylea may be used. When taetal
liners are ured, install the nossle as shove or Ly a leak-
fran direct mechanical cannection, Mark the probe with
hoat Fesistant tape or ity some other method to denots
Lha proper distance into the stack or duct for oach sam-
pling point.

Aetl up the train ss in Figure 51, mh:! (If necessary)
» very rum cont of silicone greate on sall gronnd glum
fointa, gresding only the outer portion (see A 1T D-05T6)
%0 arvold ihility of rentamination by tha silicone
greass. Bubjact Lo the spprovsl of tha Administrator, s
glans cyclone may ba used hetwedn the probwe and fliter
holder whe the total particuinte rateh is expected to
axceed 100 mmg or when water draplets are present in the
stark gos.

¥lace crushed ice around the hpingers.

4.1.4 Leak-Check Procedures.

4.1.4.1 F'retent Leak-Check. A pretest beak-cleek (8
recommended, hut noat required. If the taster opts to
rnndirt the pretest lesk-check, the following procedurs
shall he nsed,

After the sampling train has Leen assembled, tum on
and set the filter and prohs heating systenis at the deirsd
operating tempearatiires. Atlow time for the temperatures
tostahilize, if a Viton A U-ring or other laak-fres connec-
tinn I8 uved in assembling thes proba notele to the probe
Hner, lsak-rheck the train at the sampling site hy ping-
ging the noteie and pulling a 380 mm Hg (15 in. Hg)
vACL M.

NoTE—A lawer yacuium may he used, provided that
. in not eacesded during the test.

If an sthestos string is used, do not connect the prohe
to tha train during the laak-chack. instead, loak-cherk
the train hy first plugging the inlet to the filtar holder
teyctone, it applicable) wnd prlling & 380 mm Hg t15in,
1ig} varunm tsee Note immedisiely above), Then con-
nect Lthe prole to the train and ledk-check at about 25
mm Hg {1in. HE) varinm; altsmatively, the probe may
ha leak-chearked with the rest of the sampling train, in
one xtap, At i mm Hg (15 in. Hg) vacnoum. Leskags
rotes 1n exease af 4 peareent of the average samphing rate
or 0.00AST tw iYmin (02 ¢fm), whichever Is lens, nre
unsereptable,

T'he lollowing leak-rheck instrertions for the sampling
train deserthed im A 1T L-407% and A PT1-0581 msy be
helpful. Gtart the pump with bhypass vaise fully open
anc‘ roarse adjust valve ecompletely closed. Partialy
open the coarse adjust valve and siowly rlnse the bypaas
vulea ntil the desirsd vacuum isreached. Do not ravarse
direction of hypass valve: this will ranse water to back
up inta the filter holder, |f the desired vacuum is er-
ceeded, rither leak-check 8L thix higher vacuurm of end
the Irkk check ns shown helow and star over,

When the iesk-rheck 1s compieted, first slow by remove
tha plug frem the indrt ta the probe, tiller holder, or
cyclane ¢if apphienble) and imanedinteiy turn off tha
Taeenm pump, Tl prevents Ths wiater in the impngers
fromn herng foreed tawkward inte the Dlter holder snd
siluen gel fram being emirimned hickward into the third
impinger.

1.4 Lenk-i hecks During Bampte Nun. 1, during
the sampling run, & rompaonent (e.g., filler sasembly
or impinger} rhange beromes necessary, a leak-check
sbhall ba condtierted immediately beinre the changs 18
made. The lenk-cheek shall be done arcording to the

roeediire sutlined in Section 4.1.4,1 above, sxcept that

1 shrll be done at & vacoiim squal to or greater than the
maximum walue recerded up ta that point in the test.
I the Isnknge ral# 18 found to ha no greater than 0,00047
m¥min (a2 efm) or 4 pereent of the average pamplin;
rote (whirhever is [#82), the results are acceptable, an
nocorrectinn will nesd tn he applied to the rotal volume
of dry gas teteared; if, however, 8 higher leakage rats
15 obtained, the tester shail either reentd Lthe lankage
rate und hian to correct Lhe sanmiple volume s shown
EBectign 6.3 of this method, or shall void the rampling
run.

linmediately after component changes, leak-checks
ure nptionil; if sueh leak-checks are done. the procedure
oullined in Hection 4.1.4.1 ahove shall be uged.

4,1,4.3 Post-est Lenk-Clieek. A leak-check iy manda-
tory at the enneins<inn nf sach sampling run. The iesi-
eheek shall ba done in weconinnes with tha procaditrea
owmitined 1 Section 4.1.4.1, sreept that it shall ba con-
ducted al & vAcuum el 1o or greater than the mati-
mim value reached dirig tha sampling run. If the
Iraknge rate 1= [onnd 10 be ne grenler than 0.00057 mymin
(0.02 cfm) or 4 pereent of the average somphing rate
twlichever 35 less), the resulls wre occeptable, snd ne
catrection necd be applied 10 the tolal volumo of dry gns
metered. 11, however, & higher lsakage rais i ohisined,
the teater shall either record the leakags rato and onrrect
the sampla volume as shown in Bection 6.5 of Lhis merthod,
or ahail void the sampling run.

4.1.5 Particulate ‘Traln Operstion. During  the
sampling run, maintain an isokinetic sampling rete
twithin 10 percent of 1rue lsokinelic unises otherwis
specified hy the Administrsior) and s tamperature
around the filter of 120:+14° C (148225 F), o such other
temprrature a8 specified by an applicable subpart of Lhe
standarda or approved by the Administrater.

For each run, record the data required on & dats sheet
mxch sathe one shown In Figure 5-2, Be sure Lo record the
initial dry gas meter c3oding. Hecord the dry gaa metar
raadings at the beginniig sad and of each sampling Wme
incrament, when chang.:a in Sow ratea are made,
and after asch leak check, and when sampling 1s haliedy
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Take othet readings required by Figurs 5-2 at lesst onos
st rach sample pulnnurin; wash time incramant and
sddltions| readingy when sipnificani changes (20 parcant
waristion in welocity head rudmﬁ neceasitate addi-
tionai adjusimants io flow rata. vel and garo Lhe
mannmeter. Bacause the manomater lavsl and esro may
drilt dua ta v bralions and tamperaiure changes, make
pwrintic cheeky during the traverso,

- RULES AND REGULATIONS

.
Clean the portholas prior to the test rua ts minimise
the chaoos of -mgu tad metarial Te “I:
mmp , TeEMOYe eap, varily that Um
and probe heating systems are up to tam ture, and
that ithe pitol tube and be are proparly positloned.
Position the ncatle at the traverse potnt with the Up
poinileg directly ints the gas stream. esdintaly start
the pump and adjust the flow Lo isokinetie oendillons.
Nomographs are svallsble, which aid in the rapid hdjust-

PLANY

LOCATION
OPEAATOR,
DATE
RUN ND.
SAMPLE BOX NO.

AMBIENT TEMPERATURE
BAROMETRIC PRESSURE
ASSUMED MOISTURE, %
PROBE LENGTH, m ()
"NOZZLE IDENTIFICATION NO. -
AVERAGE CALIBRATED NDZZLE DIAMETER, cm (if) e

41779

mant of the Lsokinstie sampl nt‘:.'lthaut ouh'ﬂn

the B pitet tobe sosfisient is .03
the stack gas squivalent denaity (drn molacular walght)
- taily the proosdurs o
! Cp and My are cutside the
ranges do not uss the nomographs unless
APDTopriste sapa (ses Citation 7 in Becticn 7) are taken
0 compoasats for Lthe deviations.

METER BOX NO. PROBE HEATER SETTING
METER AMg LEAK AATE, m3/min.{ctm) -
CFACTOR PRDBE LINER MATERIAL
PITOT TUBE COEFFICIENT, Ty SCHEMATIC OF STACK CROSS SECTION STATIC PAESSURE, mm Hy [In. Hgj
FILTER N0,
PRESSURE
DIFFERENTIAL TEMPERATURE
ACROSS ]
. p GAS SAMPLE TEMPERATURE UF GAS
: | stack | vetociTY | OMIFICE AT DRY GAS METER LEAVING
sawrLinG | vacuum | TewperaTure|  wWEAD METER GAS SAMPLE FILTER HOLDEN| cONDENSER OR
TRAVERSE POINT TIME mm Hg iTg) (Arg). e H20 VOLUME INLET OUTLET | TEMPERATURE, | LAST IMPINGER,
. NUMBER {91, min, lin. Mg} oC (*F) miin.#z0|  (in. 104 w3 0w i C 'R 0 |-ﬂ_. *C(*F)
- - - |
TOTAL Avy. Avg.
AVERAGE Ao

When Lhie stack i9 vnedar signifi-ant negativa praasure
Meight of irnpunger stem ), take carn to closa the roarse
© adiust vales hefors insarting tha proba inlo tha stack to
prevent water from backihg inte tha Hlter holder. If
necassary, the pump may be turned on with the coarss
sdjust valvs closed.

Whan tha probe is in pagsition, black off the apanings
arnund Lthe probe and porthole W prevent unrepte-
santative dilntion of Lhs gus straam.

‘T'ravarse the alack crosnsaction, ssrequited hy Method
1 or as spacilied by the Administrator, being caraful not
to bump ths probs norzie into the stark walls when
sampling near the wally or when remnving or inasrting
the prabe through the porihinles; this minimizes the
chanee of pxtrocting deposited mmatenal.

During the wast run, maks periodic sdjustments to
Keep the temperaturs aronind the filter holder st the
proper Ievel: add mote ice and, il necessary, salt Lo
msintain a temperature of lpss than 20° C (68° Fi st tha
eondenser/ssiies gel nutlet.  Alsa, perindically check
the lewel and sero of the nsnonieter, .

if tha presanre drop arross the Hilter hecomes too high,
making 1wkinetr sampling diffiealt to maintaln, the
Aller may ba replacad 1n the midst of & sample run. [t
is recammended Lhat another complets {liter assemhlr
e 1ised rather than attempling to chapge the filter iaell.
Netore 8 new [lter assambly is installed, eonduect o leak-
check (sse Section 4.1.4.2). The tolal particnlate weight
shall inelnde the summation of all filter asseinbly catches.

A ungla Lrain ahall bs used for the sntirs sampls nn
exrept 10 fassy whare 3imultaneons sampling is requ
in Lwo or mors separate ducts or at two or mors different
jocations within the sama duct, or, in cases whesa squip-
mant falliurs neceasltates s change of traina. In all other
situstions, the uss of two or mora trains will ba subject to
the approval of the Administrator.

Flgure 5-2. Particulate field data,

Nota that whan {wo or mors tralnz are used, separate
analyses of the front-hall and (il applicable) impinger
eatches from sach train shall he parfarmed, inless idanti-
eal nogele sicas ware used on all traing, in which cass, the
front-halfl eatches from the individusl traina mey be
rambined {8a may the impinger catcbea) and one analysls
of front-hal!l cateh snd one analysis of impingar calch
may ba perlormed. Conmit with the Administralor for
detalls conrerning the calculation of rasudts when two or
[0rs Lrains are usad.

Al ths end of the sampls run, turn nff the coarse adjust
volva, ramove the prohe and noszle from the stack, turn
oft the pauinp, record the inal dry gas metar-reading. and
eondiet & post-test Irak-check, aa ontlined in Section
4.3.43. Also, leak-cherk the pitot lincs a8 drecribed 1n
Method Z, mection 3.1; Lhe linas miust paas Lhis leak<check,
in order to validate the velocity head data.

4.1.6 Caiculation of Parcent Isolunetic. Caleulats
percant [sokinetic {see Calenlations, 8ection 6) to deter-
mine whether the run was valid sr another tast min
shonle ne made. | there was difficulty in maintaining
Isolfinetir rates dys to sonrce conditiony, consult with
the Admin:steator for possible variahce on Lhe isokinetic
rated

4,2 Sample Recoverg. DProper cieanup procedurs
begitiz as soon a8 the probe i3 remnved Irom the stack aL
1he end al the sampling perlod. Allow the probe to cool.

When the peotw can ba safely handied, wipe oft all
rxiernal particulate matler near the Up ol the probe
nozzle and place n MB nver It to prevent Inalng or gaining
particulate matter. Do not cap off the probe tip tightly
while the sampllng train 1 coallng down sa this would
creale & *acUUm 0 the filler holder, thus drawing water
from Lhe implngers in1n the filter holder,

Reafara moving the sample 1rain to the cleanup site,
remove the prote from the sample troin, wipe off the

siticona greass, and cap the apen outlet of the probs, Pa
earsfl not to loss any condenaate that might be present.
Wipe off the silicone gresss from the filter Inlet whers the
probe was Insiened and cap it. Remove the umblilcal
cord from the last Impinger and cap the impinger. 1 &
Mexible lins ia used batween the first 1m?’|n or oon-
fenser and the fltar holder, disconnect tha line st the
Aitar holder and let sny condensed water of liquid
drain (nto the impingers of condenser. Alter wining oft
the silicnne greass, cap off the fOlter holder outlat wnd
impingsr inlet. Either ground-glass stoppers, plastio
a9, or saTum caps may ba usad to closs thase o{mnln(s.

‘Transier the probe and fAlier-impinger assembly to the
¢leanup ares. This area should be clean and protected
fram the wind 30 that the chances of contaminating of
loming the sarmple will he minimized,

Save & portlon of the acetone used for cleanup oo &
hlank. Take 200 mi of this acetons direat!y [rom the wash
botils being used and pisce it {n & giass sample contalnar
Iabinled “meetone blank.'

Inspect the train prior to and during disassembly and
note any sbnormal conditions. Trest the samples s
follnws:

Container No. |. Carafully removs the filter from the
filter holder and place 1t in 113 ideniified petri dish oon-
tainer, Usa a pﬂﬂ of tweezers snd/or clsan disposable
surgical glnvea to hendla the fliter. [F it 13 necemsary to
fold the [ilter, do so such that the particulste cake s
instde the fold. Carsfolly transfer to the patri dish sny
particulats matler endfor fAlier fibers which adhere Lo
the Aliar holder gasxst, by usina a dry oylon bristle
brush and/or a sharp-adged blade, Seal the container.

Container No. £, Taking cars 1o see that dust on the
oulsides of the probs or other sxterior suriacm doss Dot
get Into the sampls, quantitatively recover partloulats
matler or any condensats [rom the probe notsla, probe
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41780 RUAES AND REGULATIONS

fitting, prole liner, and frant half of the fAillar bolder by

'uhfmpma- oot ponants with acetans and placing the Pharrt .
wash in s giass contamer. DistiBed water may be camed ]

indtsad of acstone when approved by the Administredor

and sha!l be used when sDecified by tha Administrasor; Deta
in thase casse, Bave & watar bienk and lohow the Admin-

istrator's directions on scalyss. Perform ibe scelons

rinses as follows: Run No.

'arafutly reriove the prohe nozzle sud elean the tnside
sutfues hy rnsing with arctone from & wash hartle and .
Lrushing with & nylen hrstie brosh. lirush until the th" Na.
Aeetnne fnse thoawa on visihile particles, siter whilch
nraks & Iual ninse ol the un'ui;- uprinee wrnh acriane, ok )

Tirush s rinse the duskde parts of the Bwagelol H T
fitang with seelgne in a similer way until no vidbie Amnunt ilql.lld Iu“ dl.ll'lﬂﬂ tf'ﬂ!pﬂﬂ
particies reminin, . .

Hits Lis probs Jiher wille aeetone by filting and Acetone biank volume ml
rolniine (he prabe w e squivtiog aceinne Lo S aper *
ek w0 that wll [nsile surfsees witl [» wettsd with nee.

e, et the avetane deain (aan the lower ek ita ths Au‘one msh vulume m'
mmple roantainer A funnel (zinse ar palvethylene) mny ’

e e 1o aned io rwnsteering Bousd wisties 1o the eone. . K
tainer. Follaw the aeefone o with 8 prote ek Aggtone biank concentration, mg/mg (equation 54)
ekl the probe 4 &0 el posain, SQHIFL scelnbes +

1ta the npper #nd A the peabe heoshis e prsshed .

with niwasiing aetion threnet D prate: hold a sampls Acetone wash blank mng (equaunn 5_5,
eembainer ndernesth e dower o ol the prebe, and ’

eateh any acetone aml partkealate matter which iy
brushied fron the prate Ttan the Sansh thirsngh 1l

rula: three s of Juns untd i bl parbeulne
i':.!:],l:i‘:,‘-ll‘ r-::l:wln‘.--il ||'::‘l. I:\vl.l-:-‘ |II\‘- \I.:l‘:;nlllnn'-:l.-i ‘F;'.:lul:l u::?; WEIGHT OF PARTICULATE COLLECTED.
(1 s the pry! e ol FURTIRT T . CONTAINER mu

statndrss steel or oudsr wetal prodees, o sbee hrash

throweh o the above presao inmeiy Al leist s

times sinee il J|-m|w\- 1 rall ereties i wiich NUMBER

parHlale bitiee can beostegpeced, Hinee e bensh

wilh acetone, ainl qunnneiias iy eatloo e e waslanges FlNAL WElGHT TARE WE'GHT WEIGHT GA‘N
Hw hrishing, mabe 3 ———

e the mungde cantiner Allo
Nl aeetghe Fise 6f The probe s aleseribud] above,
1t is recommanded that twn people he ysed Lo clean 1
the prabe Lo manimige samnpie inses Hetween camphing
runs, Keap brishes clean and pratacted from contaminge
nn 2
Aftter snmrting that all jointc have bren winped rlean
of siljrone grerse, cloan the psnde ol e front half of the
Biter holder hy rubhing the suefaces with & nylos bristia TOTAL
brth and rinsibg with Acclone  ldaes each nerlars
three times ar mnre |f needed tn remove wicihie partici
iate. Make & Himl Finse of the brosh gl hier halder,
Carsfiilly rinte sut the glass cyelnne, also Ui applucable ), Less acetone blank
Aler all Bestone wahINEs A1) pariicrigte TUATTRT have
beent enllectsd in the sample contamer, tighten the hid H H
on the asuiple contaaner so that Acctone sitl unt leak wa.ght o' meCUIate matter
out when it in shipped 1o the laboralnry. Mark the
height af the find Ievel 1o determnine whether or not
leakage necurred during transpert  Labwel the contatber
Lo rlearly ndentify s contenls
Contasmer N6 3 Sate the eolar ol the indieating <liea
gel o derermyne s it has beetconplet ey speut and make

& notatinn of it< eomdinion Trwe fer the <ilien gel fron VOLUME OF L'QulD

Lha foneth Imipoger Lo 1ts angimal sontaier arnl wwal

A tunnel nimy make it casier to pour thesilica gel wialhonot
spilling A mibhar poliwerpian may b nsed s 6o sid n WATER COLLECTED
remaging the silica pel from the impinger 1t 1s nat

heceasary to reinnve the sinall anvonnt of dust pineiieies .
that mey adhere to the impinger wall anet are diflienit IMPINGER SILICA GEL

to remove. Ewies Lhe guan n weight 1 (o be nard for VG-UME WEK;HT
L] *
g

moistiire calculstions, 4o uot nse kuy water or otler
linuids Lo tratisfer the siliva gel Ha holanee 1< svainble mt

yn the feld, follaw the procedure for container Na, 3
in faction 4 4 e

fmpinger Water Treat the impinger follows. Maka
anotational any colorar blny i e fepund vh Measstre FlNAL
the hipid winehos o the lirst three pognogers to withn
o« | ml by ixing o graduated eylinder or by welghing it
1n withln =0.5% g hy using & haisnee (if nne s seatiable), lN"—lAL
Racord the volume or weight of liqund present. This
information is required Lo caleulate the maisture rontent

of the ¢fAuent gas.
Dizeard the Linsid aftsr measuring and recording tha . LIOUID COLLECTED

wolitme or weight, unleas analysiz of the impinger ratch
1 reqrired (sre Note, Bertion 2.1 7).

1 » different type nf candencer ix used, mensnrs tha TOTAL VOLUME COLLECTED u. ml

amonnt of maiclure condensed either volumetrically ot
gravimetrirslly

TP ihle, e inara shonld ha shi d
“’?’f:}::.;EF‘R:'!.;E:S,‘:’.'E':‘?:E‘. '.:t".rf;lg;‘lf:"m:: ¥ CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT
xurh a3 the one <hawn in Figure =3 Handle earh ample INCREASE BY DENSITY OF WATER {1g/ml).

enntainer &s laliows:

Containet No. |. Leswe the contents in the shipping
rontainer or transier the Aler and any loose particyisis 'NCREASE- 8 2 VG-UHE \VA‘I‘EII t
from the saniple container to s wared glass weighing dish, . My
Daertecate for 24 hourt in & desiecator containing snhy- 1 ﬂ/l‘lll

drous calvium mliste. Weigh to & constant weigbt and
repart the remita to the nearest 0.1 mg. For purpones of -
:,hi; Bectlon, 4.3, the ugm “rconstant welght' means s ’
iftarence of no mors than 0.5 mg or 1 perrent of total -
waight less tare wuight, whichaver is greater, between Flnum 5 3‘ Analy"cal data'
two consecutive welghings, with no leas than 8 boun of
desicration time between weighings,
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Allernatively, the sample may he oven driad st 108° C
F) for 2 10 3 hours, oooled In tha desiceator, and
waighad Lo & constant weight, unless otharwiss spacifind
by ths Adminstrator. The testar may slso opt to oven
dry the asmpie st 104 * C (220 ° F) for 210 3 bours, weigh
the sampis, and use thia weight as & finsl weight,

Container Mo 2. Note tha leval ofliquid In tha contalnes
and confirm on the snalysis sheei whether or not lsakage
occurred during tranapert. 1l 8 noticeable amount of
Inakage has oecurred, sither wold the sample or use
methods, subisct tn the spproesl o the Administeator,
Lo corract the finsl rasuits. Measurs the liquid in thia
oontainer elther woliumetrieslly to =1 mil or gravi-
motrically to +0.5 g. Transler the contents to & tared
250l buaker and avaporate Lo drynes< et ambient
temparature and pressurs. 1Wsiceate for 24 hours and
weigh to & constant weight. Heport the results to the
nesrsst 0.1 my.

Contatner No. §. Walgh the spont sltica gel for sllics gal
plus impinger) to the nesrsst 0.5 g using & balanen, This
slep may be condurted 1n the fickd.

"Acetons Blank” Condainer. Messurs scelons In thia
containar eithar volumetrically or gravimetrically.
Tranafes the sortone to s tared 250-m] begkar and avap-
orsts Lo dryness at amhiant tamperature and pressura.
Dwaiccate for 24 houry and weigh to & contasnt weight.
Report the resulta to the nsarsst 0.1 my,

OTE,—AL tha option of the trster. the eantents of
Containar No. 7 33 wall as the scetane blank contauner
may ba avapaoratsd at tomperaturss higher than smbi.
ont. 1f avaporation ia «dnna sl an alavated temparstor,
the tarnperatiira mist ha helow tha hailing pmint of the
solvant; alss, to prevant "'humning,’”” the avaporstion
procass mual he clossly supervised, and tha contants of
the beakor must he awirled ocentionally to maintain an
aven tamparslurs. isa axtrama rare, &3 Boskans is highly
fammabls and has a low Jash poiut.

5. Calfbratinm

Maintaln s isbnratory log of all calibiratlans.

51 Probs Nottls, Probe nozzics shall be calitirated
hafors their initial waa in tha ficld. U sing & mieromelor,
meadurs the in3iddn dinineter of the noeelr to the nearest

AUBBER

AUBBER STOPPER

TUBING

CLOSED
BLOW INTO TUBING
UNTIL MANOMETER
READS 8 T0 7 INCHES
WATER COLUMN ORIFICE
MANOMETER
41 Nomesnclaturs

- w rogg-aac; 10nal wrea of nozrle, mt 13,

Baw =Water vapor in Lhe gas scream, propartion
by volumm,

Ca = Aceions blank residus conoentrations, mlf‘.

& = Conoanimtivn of particulats matier in stan

gaa, dry baats, corrected to standard condi-
tions, g/dsem (g/dact).

I = *arcent of isokinetls samapling.

L =Mazimum scorpiabin lnakage rata for slther a
pteteal leak check or for & irsk cheok follow-
ing s cornponent change; equal to 0.00087
mi/min {0.02 cfm) or ¢ percant of the avelage
sarmpling rate, whichever is less.

I = Individusl leakage rats observed dul‘ln, the
laak chack conducted prior o the i
component changs (i=1, 2, 3...,. R},
mitmin {cfm).

L» w Lankage rata ohaerved daring the post-test
leak chack, m¥/mia (efm),

" « Tota) amount of particulate matter collacted,

mg.
=Mnlseular weight of water. 18.0 g/g-mols
{18.01bth-mole;.
=Maas of retidue of ncelonoe after evaporstion,

mg.
va: = Barometris pressure si the sampling site,
mm Hg (in. Hy).
P = Absoltute atask pressure, mm Hy ([n. Hy).
mBtandard sbecluls prassurs, 760 mm Hg
(20.92 0. l1g).

RULES AND REGULATIONS

0.025 ram (0.001 in. ). Make three sspamts measuramanta
using diffarent dismeters sach Lime, and obtaun the aver-
ags ol the megauremsnta. Tha Aifferenss between the high
snd low numbears shall not axceed 0.1 mm (0.004 in.).
When 1os b nicked, dented, or corrodsd, they
shall be rashaped, sharpensd., and recalibrated before
use. Each noetie shail permsnently and uniquely
Identified.

5.2 Pitot Tube, Tha Typs B pitot tuhe asssmbiy shall
he calibrated sccording to the procedurs outlined in
Bnaction 4 of Method 2.

53 Matering Hystam. Before ita initiad nae In the fAsld,
the mecering *ystein shall bha calibratad aceording to the
procodure outlinad in A 1"T D 40746, Instead of physically
sdjusting the (ry gas motar disl rapdings to correapand
Lo Lha wat Lest meter raacingy, callbration factors mlr he
used Lo matheamatically correct the gas meter dial resdings

to the proper valtea. Halors calibrating ths metaring sys-
temn, it 18 suggestad that s leakcheck be conducted.
For metoring syMems having diaphragm pumps, the
normal teskcheck procedure will not detect leskages
within the 0f thess rases the Inllowing inak-
check proredure is suggested: makes & [0-minute ealibre-
tion run at 0.00057 m Ymin {0. 02 cfm); st the and of tha
run, taks the difference of the measured wal test mater
and dry aas meter volumes; divide the diftazences hy 10,
to get the leak rate. The Insk rate should not sicesd
0.0057 m $min (0.02 clm).

ARer sach Reld uss, the ealibration of the metsring
system shall be chackad hy parforming thres callbration
runs alL & singls, intermarliate arilice setling {hased oa
the previons fiald test), with the vacuum set at the
maximum value remehad during the test seriea. To
adjust tha vactunym, insert & valve hatween the wel test
mrter and tha inlst of ths melering aystem. Calculats
the average value of the caditration factor. If the calibre-
Lion hiay changed hy mars than 5 percant, recalihrata
ihs metar over tha full rangs of onifice settinga, sa out-
lineed in APT L -Qn 7t

Alternatier procedures, sg., using the orifles meter
cewtliciendd, may ke wsed, subject 1o the approeal of the
Adnzinlstrator, .

ORIFICE

BY-PASS VALVE

41781

Nore.—Tf the dry gas mater confMcient values obiained
befors and sftar a tesi. series differ by more than 5 pereent,
Lnn Lost saries suisl} sither be volded, or calculations for
the teat sarios shall be perfortoed uping whichaver metsr
cosMgient walus (.., befors or after) gives the lower
value of total sample voluma.

54 Probe iieater Callbration. The probs heating
.vatem thall he calibrated befors its initinl use in the
11l mecording to the procsdurs gullined in A PT D-0376.
Probes constructed aceording to APT D-0581 nerd not
be calihrated if the calthration curves In APTI)-0578
ara used. .

5.5 Tempearatars (augm. Use the prooedurs io
Saction 4.3 of Method 2 to callbruts in-stack temperaiure
gnugte. LHal thermometors, siuch as are usad for the dry
ka3 metor and condensar outlet, shall be callbrated
saalnst merenry-in-glass Lhermometsra,

5.8 Leak Cheek of Metering Systam Shown In Figure
51, That portion of the sampling traln trom the pump
to Lhe orifice meter shoitld be leak chacisd prior to Initisl
useand alter each shipment, Leskage sfler the pamp wil)
remult in laas volumée being recorded than s actusily
sampled. The following procedure s suggeated (ses
Fiqure 5~4): Close the main vsive on Lhe meter box.
Insert & onehale rubber stopper with rubber tubi
atlached Into the ortfice szhauslt pips. Disconnect an
¥anl the iow side of the orifice manomster. Close off Lhe
tow side orifice tap. Pressurite the system Lo 13 to (18 em
{5 to 7 In.) water column by biowing inilo the rubber
tubing, Pinch off tha tubing and cbasrvs the manometer
tar one minute. A losa of pressurs on the manometer
indicates s leak in the metar box; leaky, If presant, must
be corrmeted.

5.7 Barometer. Callbrate agalnst & mercury barom-
olar,

8, Coleutations

Carry outl csleulations, retaining st least one extrs
decimal Aigure beyond that of the scquired data. Round
oft figurea after the Anal calculstion, Other forms of the
rnuations may be used as long a3 they give equivalent
results.

VACUUM
GAUGE

MAIN VALVE
CLDSED

AIR-TIGHT
rUMP :

Figure 5-4. Leak check of meter box.

R =1deral gay constant, H.0623 mm Hg-mi*K-g-
moks (2185 in. Hg-ft3® R-1b-mole).

Ta = Ahsolute avarage dry 1{&5 melar Lam perature
(see Flgure 8-2),°K (°K),

T. = Abslule svernge atack gas tamparature {(ses
Pigure 8-2), *K {°R).

Tua =8tandard sbaolute tempersturs, #23* K
(528° R).,

1, =Vglume of acatons hlank, ml.

Ve =Volums of acetone ussd In wash, ml.

V1,=Total volume of liquid collsctad in impingars
and silles gl (pon '}-‘imm 5-3), ml.

Vo= Volime of gas sample & measured by dry gas
meter, dem (def).

Vearad=Yolume of yas sample meamired by the dry
gas meter, corrected to standard conditiona,
dscm (dsel).

Veatwar=Voluma of water vapor in the gas sampla,
corracted to standard conditions, scm -‘5

V.=8tack gas velociiy, calculatsd by Met! 3,
Equation -9, usl dats obtained from
Mathod 5. m/see (fi/sec).

W,=Welght of residue in acelons wuah, myg,

Y= Dry gaa meter calihration Iactor,

Al = A verage preasure diffarsntint across the orfice
motsr (ssa Flgure 53), mm H:O (in. H:O).

"-tl;)omfs":., of acetone, mg/ml (ses label on

itle ).

pa D‘fm“l" of water, 09082 g/m! (0.002201

Ih/ml).
¢=Total sampling Lime, min.

# = Sampling tims interval, from the beginning

;{1 & run until the Arst component changs,
n.

f.=8ampling time Interval, betwesn two suc-
cemaive component changes, beginning with
the interval betwessn the Arst and sscond
changes, min.

#, =Bampling tims Intsrval. from the final {n»)
component change untid the end of ths

1 SEERCL IO, U
A=8pecific grarvity merc! .
6l =Bac/min. ur

100=Conversion to percent.

6.1 Averags dry gas metar tamparsiurs and aversge
aeifice Bn-un drop. 8ee data sbest ( Figure 5-2).

83 Dry Gas Volume Correct the sample volums
maasired by the dry gas mater 1o stan conditiona
(30* C, 760 mm Hg or 48 F, 20.92 in. Hy) by using
Eqguation 6-1,

AH
L T..,,\r‘p“'ﬂs.s
V—(l‘d}-_.‘ Ill‘ T O
- L

Pnd

P+ (8H/13.6)
Ta

Equation &1

=K,V.Y
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RULES AND REGULATIONS

,-o 3858 *K fm for mwtrie onita
=17.04 * Riin. Bl Engiish uniis

obaarved during .o.lthm
mis any
= (Lo, the bost-tert ieek chack of lmk cbacks

d d priof to )] u
ot L. axceeds L,, Equstion #~1 musi be moduud Y]
e,

(a) Cass I. No somponent changss made during
- sampling run. In this case, repince Vo in Equation 51
with Lthe expression;

Va—(L,--L,)0]

(b} Cass 11. One or more componant changa mads
during the sampling run. [n thia ease, replacs Va
Equation -1 b7 tha espromuinn.

[V.— (r,— 1.8,

—3 (L— r..}o.—-r.L.—L.)a.]

1=2

and substitute only Inr thoee leakage rales (L, or L,)
which avesed L,

#.4 Volume of water vapor.
Equation $- 2

i) () -mwe
where:

Qe 0.00020 mifml for matrie tnirs
= 0.04707 N¥ml for Fonghsh units.
6.3 Molsture Content.

n.= -

| ™ i) + l'. ':-.n

Vn o) = Vl-

" AL IN

Equaiion 3 3

‘N’m —In mstorsted o walar dnp'l-t-lndm
two emlculations of the moisture sontent of

mmmﬂlhmﬂ-.mm mlmmmcmﬂ
{Rquation: 43}, and & scond from the ssumption
storaied conditions. The lower.of the two valve
B o ¢hall be considerad enrrect. The proesdure kr
mining the molsturs contant based upan amMption

mturated conditiona is given b the Nots of Bection |
of Mathod 4. For the purposns of this method, the average
nack gas temperatirs from Fimure 5~2 may be taed to
make this detarmination. providad that the sccuracy of
tha in-atack tamperetirs sansor is & 1° C (2* F).

t.4 Arcstons Bisck Concentration.

Eniﬂ

-3

™Ma
Com 5
Vapa
Foguation h—4
65 Acotone Woast Rlant
Vo= Cu Vs pa
Fquatlon 5-5

68 Total Particilate Walght. Detarmine the total
jculata eateh from tha sum of the welghts obtalned
m contalners 1 and 2 s the sostans blank (e Flgure
5-23). NoTE.— Reler to Bertinn 4.1.5 1o naaist (n calculation
of remilta involving two or more filter assernhlica o two
ar more sampling taine.
89 Particulats Coneentratlon,

€,= (0.00] g/mg) (my/ Vi)

. Equn'tiun 54
610 Conversinn Factors:
From Tn Multiply by
arf mi LR 7e%
gl w3 15. 43
FEGL e 2. 20810
FE U £mt

011 Isokinstin Varistion.
8.11.1 Caleulstion From Raw Dats.

I 10 T KoV, 4+ {Va/ T (P, + AH/13.60]

6080. LA,

Whare.
Ky=0 4 mm Ilg - mmb—"K lor matrie onlts.
- 002084 in. Hg—-tymi—"R lor English unita.
8.11.1 Cslculation From Intermeadiate Values.

Je oo TVt Dy 100
Toar 0 AP 6UET 100

T‘-\(-M‘n
Mopviaen i,

Fruution -R
where:

= 4,320 for metric unita

«{).00450 for Englhb anita.

8.13 Aoccepiabls Kesalta L 90 percent < /<110 per-
eant, the resuits are soceptable. 1f the results are low in
companson to the sandard and f is beyond the accept-
ahle range, or, if / is a8 than 90 percent, the Adminis-
trator may opt to sreept the rasuits. Use Citallon 4 to
maks judgments. Otherwise, reject the resulisand rapast
the test.
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1. I'rinciple and A pplicabiluy

1.1 Prociple. A gas sample s extracted irom tha
smnpling point in toe stack, T'he sullunce seid mist
uncluding ity trionide} sod the sulfor dioxide are
separatad, The suliur dinxide fraction w measured by
the bariun-thorin titration melbod.

1.2 Apphicabliiny, This method is applicable for the
deatermination of sulfur dio11d+e emissions from sistionary
sources. The minimum detectabls limit of tha method
hea heent detarmined to be 3.4 milligrams (mg} of 80y/m?
(2 12%Urt 1b/iv Y. Although no upper Mmit has bHesan
satsl:lishad, tesia bave ahown that concentrations as
ligh a8 BU.UN0 mg/md of Bl)y can be collected stficiently
in (wo midget impingers, sach contalning 13 millilitars
of 3 parennil hydrogen perotide, at & rate of 1.0 lpm for
20 minutes. Bassd on theorsticsl ealculauons, the upper
soncenlmation limit lo & 20-hter sammple s about 93,300
mg/m?,

Posaible interfrrents are frae amimonis, water-soluble
eatlons, and fucriden. The eaticos finorides are
rsmoved hy glam wonl flters sand an unnrownol babbler,
and hanee do not affect the BOy anal yate. Whan sampley
ars balng aXen from & gas siream with high concantra-
tions of vary fine metallic fumes (meh ss in inleta te
control devices), & high-eiciency ginss fber Alter must
be need in plaea of the glass wool plug {1.a., the one in
the probe) Lo rotiovs the catinn interieretts

Free ammomis interferes by reacting with A0 to form
Emcuhu suifite and by reacting with the indiestar,

fres arnmonia ls pressnt (this can be determined by
knowledge of the process snd noticing white m
mattar tn the probs and lsopropanal babbler),
thvs methods, mbject 4o the lpro'll of the A
sar, U.8. Environmenial Prmection Agsncy, s
reqtired

1 Apporatud
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— _ N
oe required by standsrds of . .. plants, Glass 8nd glass producls, Grains, after January 14, 1880, is subject 1o the
ot Intergovernmentsal relstions, Jron, Lead,  requirements of this subpart.

nce for new sources. -
”Ez:ﬂ;, States are free under Sgctiun

g of the Act 1o eslablish even more
u ent emission limits than those
"Tf‘gblis}md under Section 111 or those
:‘accssﬂﬂ' to allain or meintain the

‘ « sources mey in some cases be

Yiject 10 Jimilations more stringent
'um EPA'S standards of petformance
gnder Gection 111, and prospective
gWheETE and operators of new sources

- ghould be aware of this possibility in

planning for such facilities.

-« regulation will be reviewed 4 © -
This guu:e date of promulgation as * -

m
jpn [r;by the Clean Alr Act. This

"?-;1:: will include &n assessment of

Jch factors as 1he need for integration
with other programs. the existence of
JMernetive methods, enforceability, -
iﬁpmvemenls in emission control
sechnology, and reporling requirements,
Tte reporiing requirements in the
regulation will be reviewed as reguired
under EPA’s sunsel policy for reporling
reguirements in regulations. .

nder Executive Order 12201, EPA

past judge whether a regulation is-
“Major” and therefore subject to the
sequirement of a Regulstory Impact
Analysis. This regulation Is not Major
because: (1) The national annualized
compliance costs, including capital
charges resulting from the standards
10'a} less than $100 million; (2) the
stendards do not cause & major increase
in prices or production costs; and (3) the
stendards do not cause significant -
sdverse efTects on domestic competition,
employment, investment, productivity,
tnnovation or competition in foreign - -
merkets. This regulation was submitted
to the Office of Management and Budget
(OMB) for review as required by - .-,
Erecutive Order 12281, “.<-.- <77

Secction 317 of the Clean AlrAct -
tequires the Administrator to prepere an

* economic impact assessment for any

new source slandard of performance .
tomulgaled inder Section 111(b} of the
Act, An economic impact assessment
was prepared for the promulgated
reguletions and for other regulatory
alternatives. All espects of the
sssessment were considered in the
formulation of the promulgsted -
v'zndards to insure that the slandards
v.ould represent the best? system of
tission reduction considering costs.
Tte economic impact assessmen! is
Included in the background information
document. : )

List of Subjects in 40 CFR Part 60 -
Air pollution control, Aluminum,

Ammonjum sulfate plants, Cement

Bdustry, Coal, (;opper. Electric power-

-y AQS under Section 110. Accordingly,

Administrator. -~ "

“to produce in one day (24 hours}

Metals, Molor vehicles, Nitric acid
plants, Paper and paper products " -
industry, Petroleum, Phosphate, Sewnge
disposal, Steel, Sulfuric acid plants, .
Wasle trestment and disposal, Zinc.

Deled: April 8, 1882, .

Note.—The tegulatior does not knvolve &
*collection of information” ss defined under
the Paperwork Reduction Act of 1930.
Therefore, the provisions of the Paperwork
Reduction Act epplicable lo collections of
infermetion do nol apply 1o this regulation.
AnneM.Gﬂﬁ\IdI. B . A

et

PART 60—STANDARDS OF
PERFORMANCE FOR NEW -
STATIONARY SOURCES -,

40 CFR Parl 60 is amended by adding
a new Subpar! KK and by edding a new
reference method to Appendix A as
follows: o

1. A new subpart is added as follows:

Subpart KK—S5tandards of .
Performance for Lead-Acid Battery
M.anufacturing Plants - :

60.970 Applicabilily and designation of
affected fucility.

60.371 Definitions.

60.372 Standards forlead..

60.373 - Moniloring of emissions and
operations. T, ) .

60.374 Test methods and procedures. |

Authority: Sec 111, 301{} of the Clean Alr
Act as amended (42 U.S.C. 7411, 7601{a)). end
additions] authority as noted below,

Subpart KK—Standards of . > -
Performance for Lead-Acld Battery -
Manufacturing Piants® »:rs o Wi

$60.370 Applicabllify and designationof

affected facility. - - - . )
{a] The provisions of this subpart are’
applicable to the affecled Tacilities listed
in parsgraph {b).of this section at any ’
lead-acid battery manufacturing plant
that produces or has the design capacity

batteries containing an amount of lead
equal 1o or grealer than 5.9 Mg (6.5 tons),
(b) The provisions of this subpar! are
applicable 10 the following effected
facilities used in the manufacture of

. Yead-acid storage balieries:

{1} Grid cesting facility.

{2) Pasle mixing facility. :
§3} Three-process operation facility.
{4} Lead oxide manufacturing facility, .

{5) Leed reclamstion facility. "» "

(6) Other Jead-emitting operationa.

{c) Any facility under paragraph [b) of
this seclion the constructionor - -
modification of which 1s commenced

§ 60.371 Definltions.

* Ag used in this subpart, 8l terms not
defined herein shall have the meaning
given them in the Act and in Subpart A
of this part. . . . o

{2) “Grid casting facility"” means the
facility which includes all lead melting
pots end machines used for casting the
grid vsed in batlery manufacturing.

. .{b) “Lead-acid batlery manufacturing -
plant™ means any plant that produces &

slorage batlery using lead and lead "~

compounds for the plates and sulfuric -

acid for the electrolyte. -
(c) “Leed oxide manufacturing

facility” means a facility that produces '

lead oxide from lead, including product
recovery. =

{d) “Lead reclamation facility" means
the facility that remelts lead scrap and
casls it Inte Jead ingots for use in the
battery manufacturing process, and
which is not 8 furnace affected under
Subpart L of this part. ' T

(e) "Other lead-emilting operation™
means any lead-acid battery- .
manufacturing plent operation from -
which lead emissions are collecled and -
ducted to the almosphere and whichis’
nol par! of a grid castiag, lead oxide
manufacturing, lead reclamation, paste
mixing. or three-process operation -
fecility, or & furnace affected under
Subpart L of this part. o

{f) “Paste mixing facility” means the
facility including lead oxide storage,
conveying, weighing, metering. and
charging operations; paste blending.
handling, and cooling operations; and

 plate pesting, takeofl, cooling, and
_ drying operations. - . .

(g) “Three-process operation facility™
means the facility including those
processes involved with plate stacking.

. burning or strap casting. end sssembly

of elements Into the battery cese.

£60.372 Standards for lead

{s) On and after the date on which the
performance test required 1o be

conducled by § 60.8 is completed, no - -_

owner or operator subject 16 the”
provisions of this subpart shall cause to
be discharged inlc the atmosphere: . .

{1) From any grid casting facility any
gases thal contain Jead in excess o[ 0.40
milligram of lead per dry standard cubic
meter of exhaust {0.000176 gr/dscf).

f2) From any paste mixing facility any
gases that contain in excess of 1.00
milligram of lead per dry standard cubic
meter of exhaust (0.00044 gr/dscl).

{3) From &ny three-process operation
facility sny gases that contain in excess
0f 1.00 milligram of lead per dry
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standard cubic meler of exheust {0.00044
gr/dsch). o .

{4) From any lead oxide
manufacturing facility any gases that
contain in excess of 5.0 milligrams of
Jead per kilogram of lead feed {0.0101b/ -
ton). - o

. |5) From any lead reclamation facility
eny gases that contain in excess of 4.50
milligrams of lcad per dry standard _
cubic meter of exhaust {0.00198 gr/dscl).

(6) From any other lead-emitting
operation sny gases that conlein in
excess of 1.00 milligram per dry °
standard cubic meler of exhaust (0.00044
gr/dscl). .

{7) From any effected facility other
than a lead reclamation facility any
gases with greater than 0 percent
opacity (measured according to Method -
0 and rounded to the nearest whole
percentage). .

{8} From any }ead reclamation facility
any gases with greater than S percent
opacity [measured according to Method
9 and rounded 1o the nearest whole
percentage). ] )

(b) When two or more facilities a! the
same plant [except the lead oxide-
manulacturing facility) are ducled lo &
common contro) device, an equivalent |
standard for the total exhaust from the
commonly controlled facilities shall be
determined as follows: -

- -

2 e -

N B
5= Z SAQufQe)
g=1 ’ L L

Where: (O Tl -

S, =13 the eguivalent standerd for the total’

" exhaust siream. .o .

S, =is the actual standard for each exbaust
streare ducted to the contro) device.,

N=is the 1o1a] pumber ol exhaust streams
ducted to the contro] device.

Q. =is the dry standard volumetric flow
rate of the effluent gas stream from each
tacitity ducted 1o the contro) device.
== is the to1al dry standard volumelric
flow rate of all eTluent gus streams
ducted 1o the control device.

§60.373 Monltoring of emissions and
operetions. - e
The owner or operator of any lead- .~
- acid battery manufacturing facility - -
subject to the provisions of this subpar!
and controlled by a scrubbing system(s)
shall install, calibrate, maintain, and
operate & monitoring device[s) thet
measures and records the pressure drop
pcross the scrubbing system(s) at Jeast
once every 15 minutes. The monitoring
device shall have an accuracy of =5 - .-
-percent over iis operaling range. ’
1Sec. 114 of the Clean Air Act s amended {42
US.C. 7414)) .

$60.374 Tes! methods and procedures.
{a) Reference methods in Appendix A

of this part, excepl as provided under

¢ 60.8(b). shall be used to determine

compliance eccording to § 60.8 &8

Afollows:* - .

{2} Methed 12 Jor the measurement of
lead concentrations, .

{2) Method 1 for sample and velocity
traverses, S .

{3) Methoed 2 for velocity and
volumetric flow rate, and R

(4) Method £ for slack ges moisture.

[b) For Method 12, the sampling time
for each run shall be at Jeast 60 minutes
and the sampling rate shall be at least
0.85 dscm/h [0.53 dscf/min], excep! that
shorter sampling times, when - -~ . -
necessitated by process vatiables or
other factors, may be spproved by the
Adminisiraior.

{c) When different operations in a
three-process operetion facility are -
ducted 1o separate conlrol devices, the
lead emission concentration from the
facility shall be determined using the
equation: . .

.
Crr= D 1CnQu Q)

a=1

Where:

Cy,=i8 the facility emission concentration

for the enlire facility,

N =is the number of coniro! devices 10 which
separale operations in the facility are
ducted. .

. =15 the emissian conoentration from
each rontrol devioe. - - .
=is the dry standards volumetsic flow
rale of the efMluent gas stream from each
control device, - . P
=I5 the tolg) dry standard volumetric
fiow rate from all of the contro! devices.

{d) For Jead oxide manulacturing
facilities, the average lead feed rate to a
facility, expressed in kilograms per bour,
shall be determined for esch test run as
follows: .o '

. [1) Calculate the total drount of Jead
charged to the facility during the run by
muMhtiplying the number of lead pigs
{ingots) charged during the run by the

average mass of a pig in kilograms orby -

another suitable method.

{2) Divide the total amount of Jead -

charged to the facility during the run by .

" the duration of the run in hours.

- {e) Lead emissions from lead oxide: -

. mamfacturing facilities, expressed in
milligrams per kilogram of Iesd charged, ™

shall be determined using the following

equations * - - ™ <o

En'=ch.J_F ‘.' "

Where: .

Ep=is the lead emission rate from the -
facility in milligrams per hilogram of tead
charged. - . .

Cn =i the concentration of Jead in the
exhsual stresm in milligrams per dry
standerd cubic meler ax determined
sccording to paragraph {a){1} of this

. section. | . o

Q.e=1i8 the dry stendard volumetric flow rate
in 8ry s1andard cubic meters per hour as
determined eccording to paragreph (8)(3)

- of this section. -

F=is the lead feed rate to the facillty in
kilograms per hour as delermined

. &tcording 1o paragraph (d) of this

T * section. T

[Sec. 114 of the dean Air Acl as amended |42

USC. 7aM)y -

2. Appendix A 1o Part 60 is amended
by adding new Reference Method 12 as
follows: .~ ~, " . - -

Appendix A—Reference Methods .
LI I R ..
Method 12, Delermination of loorganic Lead

. Emissions From Stationary Sources

1. Applicability and Principle.

11 Applicability. This method applies-to
the determination of inorganic Jead (Pb)
emissions from specified siplionary sources
only. . ) R

1.2 Principle. Particulate and gaseous Pb
emissions are withdrawn fsokinefically from
the source end collected on & f)ler and in

- dilute nitric acid. The collected samples are
digested in rcid solution and enelyzed by -
etomic ebsorption spectrometry vsing en air
ncetylene flame. -

2. Runge. Sensitivity. Precision, ond
Interferences., ’ .

21 Range. For a minimum analytical
accuracy of +10 percent, the Juwer linit of
the range is 100 pg. The upper limdt can be
considerably exienged by dilution. (

2.2  Anahytical Sensitivity. Typical

" sensitivitles for a 3-percen! change in
absorption (0.0044 ebsorbance units] are 0.2

* and 0.5 pg Pb/ml for the z12.0 and 2833 nm’

‘Yines, respectively.”

23 Precision. The within-laborslary
precision, as measured by the coefficient of
varistion renges from 0.2 {0 9.5 percent ..
relative to & run-meae concentration Thece
values were besed on tests conducted ata .

* " gray iron foundry, 8 lead storage baltery

. menufacturing plant, & secondary fead
smeller, and o lead recovery furnace of an
alky! lead manufacturing plant. The
concenlrations encouriered during these
1ests renged from 0.61 to 123.3 mg Pb/m®
24 Interferences. Sample matrix effects.
may interfere with the analysis for Pb by
DName s1omic absorption. If this interference
is suspecled, the analys\ may confir the
presence of these matrix effects end

frequently eliminate the Interference by using -

the Methed of Standard Additions. -

High concentrations of copper may
interfere with the analysis ol Pb at 217.0 nm.
This interference cen be svoided by _
analyzing the samples at 283.3 nm.

3. Appargtus.

31 Sampling Train. A schemalic of the -
sampling train is shown In Figure 12-1; it i
similar to the Mcthod § trein. The sampling ~
train consisis of the following components:

. . * .
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313 Probe Nozzle. Probe Liner, Pitot
Tubse. Differential Pressure Gauge. Filter
Holder, Filler Heating Sysicm. Metering
Sysiem. Baromeler. end Ges Density
Determinetion Equipment. Same as Method 5,
Seclions 2.3.1 to 2.1.6 and 2.1.8 10 2.1.10,
respectively. ) .

312 Impingers. Four Impingers connected
in serics with leak-free ground glass fittings
or any similar leak-free noncéntaminating
fittings. For the first, third, and fourth
impingers, use the Greenburg-Smith design, |
modified by replacing the tip with a 1.3 cm
(% in) ID glass tube extending lo sbout 1.3
cm (% in.} from the botiom of the flask. For
the second impinger, use the Greenburg-
Smith design with the standard tip. Place s
thermometer, capable of measuring
temperature 1o within 1°C (2°F} &1 the outlet
of the fourth impinger for monitoring
purposes.

BILLING CODE &560-50-M - -

- -
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32 Sumple Recovery. The following ltemy
ETE needed: :

321 probeliner and Probe-Norzle
Brushes, Petri Dishes, Plastic Storage

‘Containers, and Funnel and Rubber

Pollceman. Seme es Method B, Sections 2.2.1,
224,220 ond 2.27, rerpectively.” 7 .

322 Wesh Bottles. Gless {2).

323 Samplc Storege Conlainers.” -
Chemically resistunt, borosilicate glass
bottles, for 0.1 nitric acid (HND,) impinger
and probe solutions and washes, 3000-ml. - -
Use screw-cap liners that are efther rubber .
backed Tellon® ot leak-free and resistant io .
chemical attack by b3 N HNO,. [Karrow - .
mouth glass botiles have bean found tobe -
less prone to leskege) . - R

324 Graduated Cylinder andfor Balance.

" To measure condensed waler 1o within 2 m]

or1g. tise & gracuated cylinder that has &
minimum capacity of 500 ml, and .
subdivisionk no greater than 5 ml. Most
Yshoratory balances are capable of weighing -
tothe nearest0S5gorlesa) ..o -. . |
325 Funnel. Glase. to aid insample -
recovery. ' R
43 Analysis. The lfollowing equipment is
needed: . e e
331 Atomic Absorption - e
Spectrophotometer. With lead hollow -

cathode Yamp and burner for alrfacetylene .

Name. . —
232 Hot Plate. . -
333 Erenmeyer Flasks. 125-ml, 24/40 8.
334 Membrane Filters. Millipore SCWPO
4700 ot equivalenL R
335 Filtration Apparatus. Millipors
vacuurn filiration unit, or equivaleny, for use

335 Volumetric Flasks. 100-ml, 250-ml
snd 3005-ml. . .

4. Recgents. .

&1 Sampling. The reagents used in
sampling are gs follows: -

413 Filter. Gelman Speciro Grade, Reeve .

-

. Ange! 934 AH. MSA 1106 BH, alt withlot' .- ...

assey. for Pb, or other high-purity glass fiber
filters, without organic binder, exhibiting at
Yeest 99.95 percent efficiancy (<0.05 percent ...
penetrztion) on 0.3 micron diociyl phthalate _ -
smoke particles. Canduct the hlter efficiency
test using ASTM Standard Method D 208571
or use 1est dala from the supplier’s quali!y
contro! program.’ o

412 Silica Gel, Crushed Ice,and * -~
Siopr.ock Grease. Same as Mcthod §, Seclion
31.2 314, and 315, respectively. ~~

415 Waler. Deionized distilled, to
confurm to ASTM Specification D 1193-74,
Type 3. 11 high contentrations of organie
malter are not expected to be present. the
anelyst may delete the potassivm — ~ -
purmanganale test for oxidizeblr organic
matter. .

414 Nitric Acid, 01 N. Diluie 65 ml of
concentrated HNO, 10 1 liter with deionized
distilled water. (it mey be desirable to run
blanks before field use to eliminaie 2 high
blank ontest samples) ~ . - :

4.2 Prelest Prel;aarslion. 6N HNO,1s
needrd. Ditute 390 m! of concentrated HNOG,
to 1 liter with deinnius! distilied waler.

e ———————— . -~ - .

adention of trade pames or specific prutucts
s nof constitule endorement by the LS.
Ens jronmental Protection Agency. -

_ Figure 12-1

4.3 ’Samp!e Recovery. 0.1 N HNO, {same

as 4.1.4 ebove) is necded for sample recovery.

‘§4 Apalysis. The following reagents are
needed for analyris {use ACS reagent grade
chemicals of equivalent. unless otherwise
specified}: .

443 Water. Same a8 4.13 ghove

4.4.2 Nitric Acld Concentrated. -

443 Nitric Acid, 50 percent {V/V). Dilute
500 ol of concentrated HNO, to 1 liter with °
delonized distilled water. °

444 Stock Lead Standard Solution, 1000
p2g Pb/m). Dissolve 0.1588 g of lzad nitrate
[PL{ND,);) in about 60 ml of deionized -

distilled water, 8dd 2 m! concentrated HNO,.-
and dilute to 100 m] with deionized distilled

water. -

£4.5 Working Lead Standerds. Pipel 00,

1.0,2.0, 3.0, 4.0, and 5.0 m! of the stock lead
glandard solution (4.4.4} into 250-ml
volumetric Nasks. Add 5 m! of concentrated

HNO, 10 each Bask and dilvle 10 volume with |

deionized distilied water. These working -
glandards contain 00, 4.0, 8.0, 12.0, 16.0, and
20.0 pg Pb/m), respectively. Prepare, as
needed, additional standards et other
concentrations In B simflar manner, :

448 Al Suitable quality for atomic
absorption analysis. =~ .

447 Acelylene. Suilable gqualtty Tor
atomic absorption analysis.

448 Hydrogen Peroxide, 3 percent v/
Dilute 10 m!} of 30 percent H:0, 10 100 m! with

deionized distilled water.
5. Procedure .
51 Sampling. The complexity of this
metbogd is such thal in order to obtain .
reliable results, testers sbould be trained and
experienced with the 1es1 procedures.

513 Prefest Preparation. Follow the same
genera! procedure given in Method 5, Section
_ 411, excep! the Kller need not be weighed.

512 Preliminary Determinations. Follow
the same general procedure given in Method
5, Seclion 412 S

.513 Preparstion of Collection Train.
Foliow the sume general procedure given in

Method 5. Section 4.1.3, except place 100ml , .
of 03 HNO, in each of the firsttwo - .. . -1 ...
impingers, leave the third impinger empty, -

snd transfer approximately 20010 300 g of .

prewrighed sifica gel from iis container to the

fourth impinger. Set up the train as shown in

514 Lesk-Check Procedures. Follow the
general leak-check procedures given in
Method 5, Sections 4.1.4.1. {Pretest Leak- .
Check). 4.1.4.2 [Leak-Checks During the
Sample Run}, and 4.1.4.8 (Post-Test Leak-
Check). - .

5.5 Sampling Train Operation. Follow
the same general procedure given in Method
5. Sectiun 4.1.5. For each run, record the date
required on a data sheet such as the one
shown in EPA Method §, Figure 5-2 '

516 Celculation of Percent Inokinetic.
Kume as Method 5, Section 4.1.6.

+ 52 Somple Recovery. Begin proper
cleanup procedure as soon as the probe is
removed from the stack at the end of the
sampling period LT

" Allow the probe to cool. When 1t can be
safcly hondled. wipe off all exterpal -

. particulate maller near the 1ip of the probe
* nozzle and place a cap over IL Do not cop off

the probe tip tightly while the sampling train

»

is cooling down as this would create o

_vatuum in the filter holder. thus drawing " -

liquid from the implngers into the filter.

Belore moving the ssmpling trainto the |
cleanup site, remove the probe from the
sapling train, wipa off the silicone grease. and
cap the open outlet of the probe. Be careful .
rol 1o Jose any condcnsate that might be

. present. Wipe off the siticone grease from the

glassware inlet where the probe was fasiened
and cap the inlet. Remove the umbilical cord
from the lust impinger and cep the impinger. -
The tester may use ground-glass sfoppers,
plastic caps, or serum caps fo close these
openings. | . ’ ’

Teansfer the probe and filler-Impinger |,
essembly to 8 cleanup area, which is clean -
ond protecied from the wind ao that the -~
chances of contamineting or losing the
semple are minimized. - .

Inspect the train prior o and during =
disassembly and note any sbnormal
conditions. Treat the samples os Jollows:

521 Conlainer No. 1 [Filter], Carefully -
remove the filter Irom the filter holderand
place i In its ideptified peiri dish container. f
it Is necessary 1o fold the filter, do s0 such
thal the sample-cxposed side {5 Inside the
fold. Carefully trensfer to the petri dish any
visible sample matter and/or filter fibers that
sdhere o the filler holdcer gasket by using @
dry Nylon bristle brush and/or & sharp-edged
blade. Seal the contalner. .

522 -Container No. 2 [Probe). Teking care

- that dus! on the puiside of the probe or other

exterior surfaces does nol gel inlo the
sample, guantilslively recover sample matter
or any condensaic from the probe nozzle,
probe fitling. probe linct, and front half of the
fitter holder by washing these components
with 0.2 N HNO, and placing the wash Into a
glass sample storage container. Measure and
record [to the nearest 2-ml) the tolal amount
of 0.1 N HNO, used for each rinze. Perform

. the 0.2 N HNO® rinses a5 follows: .

Carefully remove the probe pozzle and
rinse the inside surfaces with 0.1 N HNG? |
from & wash botile while brushing with a
staintess steel, Nylon-brisile brush. Brush

. until the 01 N HNO, rinse shows no visible

particles, then make e fina} rinse of the ihside”
surface. . . . R - ;
& Brush and rinse with 0.3 N HNGQ, the inside-
parts of the Swagelok fitting In @ similar way
until no visible particles remain. - .
Rinse the probe liner with 0.1 N HNO,.
While rotating the probe so that &l inside
surfaces will be rinsed with 0.1 N HNO,. tilt
the probe and squirt 0.1 N HNO, inlo fts.
upper end. Let the 0.1 N HND, drain from the
Jewer end into the sample container. The
tester may use a glass funnel 1o gid in
transferring liguld washes to the container, - .
Follow the rinse with a probe brush. Hold the
probe in en inclined position, squint 0.1 N*
HNQ, into the upper end of the probe as the
probe brush is being pushed with a twisting
action through the probe; hold the sample
contsiner underneath the lower end of the
probe and catch any 0.1 N HNO, and sample
matter that is brushed from the probe. Run
the brush through the probe three times or .
more unti! no visible rample matter is cairied
ol with the 0.1 N HNO, end none remuins on
the probe liner on visval inspeciion. With

L
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stainless stec! or other metal probes, run the
brush through In the sbove prescribed
manner al Jesst six limes, since melal probes
heve small crevices In'which sample matter
ctan be entrapped. Rinse the brush with 01 N
HNO, and quentitatively collect these
washings In the semple container. Afller the
brushing meke & final rinse of the probe as
described pbove. - . . .

1t is recommended that two people clean
the probe to minimize loss of sample,
Between sampling Tune, kecp brushes clean
and protecled from contaminetion. .

After Insuring that 8l joints are wiped
dleen of silicone grease, brush and rinse with

0.1 N HNG, the inside of the front half of the -

filter holder. Brush and rinse each suface
three times or more, if needed, to remove
visible semple malter. Make & final rinse of .
the brush and filler holder. Aflterall 61 N
HNO, washings end sample matler are
collected in the sample container, tighten the’
1id on the sample container so that the fluid
will not leak out when it Is shipped to the
Jeboratory. Mark the height of the fluid level
to determine whether Jeskage occurs during
transport. Label the container to clearly
jdentify its contents. - -

- 529 Container No. 3 [Silica Gel). Check
the color of the indicating silica gel 10
determine i it has been completely spent and
make & nolation of iis condition. Transler the
silica ge! from the fourth impinger to the
original container and seal. The tester may
use a funnel to pour the silica gel and &
«rubber policeman o remove the silica gel* .~
from the impinger. It is not necessary to ¢
reingve the small amount of particles that
may edbere 10 the walls and are difficult to
remove. Since the gain in weight is to be vsed
for moisture calculations, do not use a0y - |
waler of other Jiquids to transTer the silica -
gel. If a balance i» availgble in the Deld, the

tester may follow procedure for Cootainer -

No. 8 under Section 5.4 [Analysis). )
524 Contoiner No. 4 [mpingers}. Due to -

the large quantity of liguid involved. the -

tester may place the impinger solutions in ™

several conlainers. Clean esch of the firsl |
three Impingers and connecting glassware in--

the following manner: . - -
1. Wipe the impinger ball joints free of

silicone grease and cap he joints.

" 2 Rotate and agitale each impinger, so that

the impinger contents might serve as & rinse

solution. -

8. Transfer the contents of the lmpif:gers to -

& 500-m) graduated cylinder. Remove the
outlet ball joint cap and drain the contents -
through this opening. Do not separale the”" -
impinger paris inner and ouler tubes) while
transferring their contens 1o the cylinder.
Measure the liguid volume to within 2 mL
Alternatively, determine the weight of the
Yiquid to within 0.5 ¢. Record in the log the
volume or weight of the liquid present, along

_ with a notation of any color or film obscrved

in the impinger catch. The liquid volume or

" welght is needed, along with the silica gel

dota, to calculate the stack gas moisture -
conlent {see Methog 5, Figure 5-3).
4. Transler the cantents to Container No. 4.
5. Note: In steps § and 6 below, measure

. . and record the total amount of 0.1 N HNO,

used for rinsing. Pour approximately 30 ml of
0.1 N HNO, into each of the firs three - .

T

impingers end agitate the impingers. Drain
the 0.1 N HNO, through the euvlle arm of
each fmpinger into Conlainer No. 4. Repeat
this operetion & second time: Inspect the
impingers for eny sbnorma) conditions,

8. Wipe the ball foints of the glassware
‘connecling the impingers free of silicone
grezse end rinse each piece of glassware
twice with 01 N HNO, ; transfer this rinse
into Container No. 4. (Do not rinse orbrush
the glass-fritted filter support) Mark the | ¢
height of the fivid level to determine whether
Yeakage occurs during transport. Lebel the
container to clearly identify i1s contents.

> $25 Blanks. Save 200 mlofthe01 N -
HNO, used for sempling and cleanvp asa ™ .
hlank. Teke the solution directly from the .

* . botile being used snd flace Into n glase

*+ sample container labe
‘tHlank”

ed “01 NHNO, .
53 Sample Preparation. - '

531 Container No. 1 (Filter). Cut the filter ‘_

into strips end transfer the strips end all
loose particlate matier into 8 325-mt . -
Erlenmeyer flask. Rinse the petri dish with 10
m) of 50 percent HNO, 1o Insure @ ’
quantitative transfer and pdd 10 the fask
[Note: If the lotal volume reguired in Section
£.3.3 is expected to exceed 80 m), vse » 250-ml
Erlenmeyer flask in place of the 125-m] Nask.)

5 §.82 Containers No. 2 and No. 4 [Probe
end Impingers). {Check the liquid levelin
Conlainers No. 2 andfor No. 4 end confirm as
1o whether or not leakage occurred during

" transpory; note observation on the analysis

sheet, If e noticeable amount of lpakage had

occurred, either void the sample or take
$1eps, subject 1o the epproval of the -
Administralor, 10 edjust the finel results.}
Combine the conlents of Containeis No. 2
_and No. 4 and take to dryness on & hot plate.’
533 Sample Extraction for.lesd. Based on
the approximate siack gas pariiculate
concentration and the tolal volume of stack
.- ges sampled, estimale the totel weight of

., particulsie sample collecied. Then transfer

:

the residue from Conlalners No. 2 and No.4 -~

. -to the 125-m! Erlenmeyer flask that contains
. the filter using rubber policeman and 10 mJ of -
30 percent HNO, Yor every 100 mg of sample -

“. gollected in the train ora minimum of 30 ml

*_-of 56 percent HNQ, whichever is larger.

="+ Place the Erlenmeyer flask on a hot plate
‘and heat with periodic stirring for 20 min &t &
. temperatwre just below bofling. If the sample
volume falls below 35 ml, edd more 50
percent HNO,, Add 10 m) of 8 percent H,O,
ard continue hating for 10 min. Add 56 m) of
hot (8 C) deionized distilled water and heal
Tor 20 min: Remove the flask from the hot
Pplate and llow to cool. Filler the sample -
Through e Millipore membrane filler or :
equivalent and transfer the filtrate 1o 8 250-
ml volumetric flask. Dilute to volume with -
deionized distilled water. :

534 Tilter Blank. Determine a filter blank
vsing two filiers rom each 1ot of filters used
in the sampling train. Cul cach filicr into
$trips and place each filler in & separate 125-
mi Ertenmeyer flask. Add 15 m} of 50 percent
HNO, and trest as descfibed in Section 5.3.8
using 30 ml of 8 percent H:O, &nd 50 ml of
hot, deionized distilled water. Filier and
dilute to a toal volume of 100 m! using
deionlzed distilled water. L.

545 0.1 NHNO, Blank. Take the entire

© 200ml of 6.1-N HNG, te dryness on & steam

L)

beth, 8dd 15 m! of 50 percent HNGh. and treat
o1 described in Section 5.3.3 using 10 mi of 8
percent H,O, and 50 m! of hot, deionized
distilled water. Dilute 1o & total volume of 100
m! using dejonized distilied water.

54 Anzlysis, -

541 Lead Determinslion. Calibrate the
spectropholometer as describyd in Section 8.2
and determine the ehsorbance for each
source sample, the filter blank. and 8.3 N
HNO, blank. 'Anelyze each sample three

_ times in this manner, Make appropriate ~ ~

dilulions. &s required, to bring ell sample Pb

¢ concentrations into the linear absorbence
‘. yange of the spectrophotometer. . .. . - °
If the Pb concentration of » sample fs at the

low end of the celibration curve and high ~
sccuracy is required, the sample can be teken
1o dryness on & ho! plate and the residue

dissolved in the appropriate volume of water . -

to bring it into the optimum range of the .. ..
calibrationcurve. . . . R
54.2 Mandatory Check Jor Malrix Effects
on the Lead Results. The snalysis for Pb by
alomic absorption is sensitive lo the chemical
compositon and to the physicsl properiies
{viscosity. pH) of the sample {matrix effects).
Since the Pb procedure desgribed here will be
applied 1o many different sources. thany -
sample matrices will be encountered. Thus, .
check {mandalory) a1 least one sample from .

_ each source using the Method of Additions to
* ascertain that the chemica! compasition and
. physical properties of the sample did not -

cause erroneous snalytical results, - .
__Three acceptable "Method of Additions™ -

. procedures are described in the General -

Procedure Section of the Perkin EYmer
Corporation Manuel (see Citstion 8.1}, If the
results of the Method of Additions précedure
on the source sample do nol agree within §
percent of the value oblained by the ",
conventional atomic absorption enalysis, -
then the tester must reanalyze sl samples
from the source using the Methed of .

- Additions procedure. .

543 Contajner No. §[Silics Gel). The
tester may conduc! this step in the field. ~
Weigh the spent silica gel [or silica gel plus
impinger] to the nearest 0.5 g: record this
weight s L. ’

6. Calibration. _ -

Maintain & laboratory log of all _ . -
calibrations. - - -

61 Sampling Train Calibration. Calibrate
the sampling train components according to
the indicated sections of Method 5: Probe
Nozzle [Section B.1); Pitot Tube {Section 5.2}
Melering System {Section 5.3); Probe Heater
[Section 54); Temperature Geuges (Section
5.5) Leak-Check of the Meterlng System  ~
[Section 5.6); snd Baromeler {Section 5.7).

62 Spectropholometer. Measure the
ebsarbance of the standard solutions using
the Instrument setlings recommended by the
spectrophotometer manufacturer. Repeat
until good agreement {+3 percent) is .
obtained between two consecutive readings.
Plot the sbsorbance (y-axis) versus
concentration In pg Pbfinl {x-axis). Draw of
compute a straight line through the linear
portion of the curve. Donot force the . -
calibration curve through rero, but if the
curve does not pass throagh the origin or a1

-

~ Jeast lie closer to the origin than 30.003

. -
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#bsorbance units, check for incomectly ’
prepared standards and for curvature in the

culibration curve. -

curve, run & biank and u stendard sfter every
five samples and recelibrale. es necessary.
7. Calculations. v

73 Dry Gas Vo]um&..Using the data fmm - Wheré':‘.

this test. calculate Vg the total volume of
dry gas melered corrected to stendard .2

conditions (20°C and 780 mm Hg), by vsing

Equation 5~1 of Method 5, ¥f necessary, adjust
V,tug for leakages &8 outlined in Section 63
of Method 5. See the field data sheet for the ~
sverage dry gas meler lemperature apd . .
average orifice pressure drop.” "- <. v
72 YVolume of Waler Vapor and Moistare
Content. Using 8ats obiained in this test and
Equstions 5-2 and 5-3 of Method 5, calculate
the volume of water vepor Vo w) and the
moisiure conlent B,, of the stack gas.  ~ -
2.3 Tolal Lead in Source Sample. For each

" source sample correct the sverage -

absorbance for the contribution of the filler.. -
blank and the 0.3 N HNO, blunk. Use the

_ calibration curve and this corrected

absorbance to determine the ug Pb -
concentration in the sample aspirated into +-
the spectrophotometer. Calculate the total Pb -
content C'p, (in pg) in the originel source -
sample; correct for all the dilutions that were
made to bring the Pb concentration of the ’
sample into the linear range of the )
spectrophotometer. .

. - ns follows:
To determine stabllity of the calibration 7~ -. - .

74 Lead Concentral{nn. Calculate the
stack gas Pb concentration Gy, In mgldscm

N

Gn_

- - 7

-

-

Conk

K=0.001 mg/pg for metric units, * T
=2.205 1b/ pg for English units,

7.5 lsokinelic Variation anil Acceptable i
Results. Same 85 Method S, Sections 8.11 and
.12, respectively. To calculste v, the nverage |

stack gas velocity, use Equation 2-D of

_Method 2 and the data from this field test

B. Alterngtive Test Methods for Incrganic -

Leod -
81 Simultaneous Determination of

determine Pb provided that [1] be uses
scetone to remove particulate from the probe
ant inside of the filter holder as specified by

Method 5, (2] he uses I N HNO, In the - -

impingers, {3) be uses & glass fiber filler with
& low Pb background, and (4) he treats and
snelyzes the entire train conlents, including.

- the impingers, for Pb az described in Section

5 of this method. .

glase-lined probe and at least two impingers.
each conteining 100 m] of 0.1 N HNO,. after
the in-stack filter and {2) he recovers and
analyzes the probe and impinger conlents for
Pb. Recover sample from the noztle with
scetone il & particulate analysis is 1o be
made. R .
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RECOMMENDED PROCEDURE FOR SAMPLE TRAVERSES
IN DUCTS SMALLER THAN 12 INCHES IN DIAMETER .

Robert F. Vollaro

INTRODUCTION
In source sampling, stack gas velocity is usually measured with a
Type-S pitot tube. In many fielq_appliéations, the pitot tube is attached

to a sampling probe, eqbipbed with'a nozzle and thermocouple. This combi-

i )

nation is called a pitobe assembly. Most conventional pitobe assemblies*
have a cylindrical sampling probe of 1-inch diameter, but, occasionally, T

an assembly has an external cylipdrical sheath of about 2-1/2 inches in

W o,
T

diameter, encasing the probe, pitot tube and thermocouple. When a pitobe f‘
assembly is used to traverse a duct that is 36 inches or less in diameter,
the pitobe assembly can "block® a significant part of the duct cross section,

as illustrated in the projected-aréa models, Figures la and 1b. This reduction

in the effective cross-sectiona1 area of the duct causes a temporany. 1ocal ‘1wn':?:f

increase in the average velocity of the flowing fluid. In most pitobe *
assemblies, the impact opening of the Type-S pitot tube liesin approximately
the same plane as the probe sheath (Figure 2) and, whenever appreciable sheath
blockage exists, velocity head (aP) readings made with the pitot tube tend A
tﬂ reflect the locallipcrease in gas velocity, and are not truly representa-

tive 6f the mainstream velocity. Recent studies‘ 2

have shown that, for
sampie‘traverses in ducts having diameters or equivalent diameters between

12 and 36 inches, blockage effects are not particularly severe, and a simple

*Designed according to; the specifications outlined in APTD-OSB] (Reference 3).

or allowable modifications thereof.
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. adjustment in the value of the Iype-S'pitot tube coefficient (Cé) can be
made to compensate for the pseudo-high aP readings (Figure 3). When the
duct diameter (Ds) is less than 12 inches, however, probe sheath blockage .
effects intensify, and the adjustment technidue f1lustrated in Figure 3 no
Tonger applies. Therefore, alternative methodology must be used in order
_ to obtain representative sample traverses in ducts of this size. The
purpose of this paper is to propose a method by which satisfactonf sample

traversés can be conducted when Ds §s between 4 and 12 inches.

_ PROPOSED METHOD FOR SAMPLE TRAVERSES
WHEN 4 1n. < D < 12 in.

METHODOLOGY

To conduct representative sample traverses in ducts having diameters
between 4 and 12 inches, it is recommended that the arrhngement i1lustrated
in Figure 4 be used. In Figure 4, velocity head {aP) réadings'are taken
downstream of the actuﬂi sampling site. The purpose of the straight run of

»
At

duct between the sampling and velocity measurement sites is to allow the flow .

profile, temporari]y disturbed by the presence of the sample probe, to redeve1op

and stabilize. The pitot tube and sampling nozzle shown in Figure 4 are

different from those of a conventional pitobe assembly;> construction detailé?&{

of these components are discussed below.
A. Pitot tube.
A standard pitot tube shall be used, instead of a Type-S, to monitor
stack gas' velocity: When D, is less than 12 inches, a Type-S pitot tube can
begin to block a significant part of the duct cross section and yield

*atg.
v

s

Gt
"
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Ao oy i



3
pseudo-high aP values. Cross-section blockage fs not a serfous problem
with a standard pitot tube, however, for two‘reasons:il(l) the impact and
static pressure openings of a standard pitot tube, unlike those of a
Typé-s. follow a 90° bend, 'and are located well upstream of the stem of 2
the tube (compare Figures 2 and 5); and {2) when properly aligned, the .
sensing head of a standard pitot tube is para11e1. not perpendicutar, to
the flow streamiines in the duct.

The preferred design for the standard pitot tube is the hémisphericaI-
nosed design {Figure 5). Pitot tubes constructed according to the criteria
i1lustrated in Figure 5 will have coefficients of 0.99_1.0;014’ 5. Note,
however, that for convenient tubing diameters {dimension "D"™ Figure 5), the
static and impact sensing holes pf the hemispherical-type pitot tube will
be very small, thus making the tube susceptible to plugging, in particulate
or liquid droplet-laden gas sfrepms. Therefore, whenever these conditions
are encountered, either of the fpllowing can be done: (1) a "back purge®
system of some kind can be used to clean out, periodically, the static and ~__
“impact holes; or (2) a modified hemispherical-nosed pitot tube (Figure 6), -
which features a shortened stem and enlarged impact and static pressgre:hoies.-:
can be used instead of the copventional hemispherical type. It has recértiy

: X
been demonstrated that the coefficients of the conventlonal and modified -, .

6

hemispherical-nosed tubes are essentially the same.
B. Sampling nozzle. |
The sampling nozzle can efther be of the buttonhook or elbow design.
The nozzle shall meet the general design criteria specified in Section 2.1.1
of the revised version:of EPA Method 5, except that the entry plane of the

e,

e —



4
nozzle must be at Teast 2 nozzle diameters (§.d.) upstream of the probe
sheath blockage plane (see Figure 7).

PROCEDURES )

The following procedures shall be used to perform sample traverses
using the arrangement illustrated in Figure 4:

A. location of sampling site.

Select a sampling site that is at least 8 duct diameters downstream
and 10 diameters upstream from the nearest flow disturbances; this allows
the velocity measurement site to be located 8 diameters'downstream of the
sampling location and 2 diameters ubstream of the nearest flow disturbance
(see Figure 4). For rectangular stacks, use an equivalent diameter, calﬁu-

lated from the following equation, to determine the upstream and downstream

distances:
D, * L_Z’.*ng - (Equation D
Where:

qe = Equivalent diameter
L. = length of cross section
W = Width of cross section

If a sampling site located 8 diameters downstream and 10 diameters upstream-
from the nearest disturbances is not available, select a site that meets
these criteria as nearly as possible. Under no circumstances, however, shall
a samplfng site be chosen-which is Jess than 2 diameters downstream and 2.5

diameters upstream from the nearest disturbances; this guarantees a minimum

-

- i ’ R
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of 2 diameters of straight run between the sampling and ve1oc1ty_measdfe-
ment sites, and 0.5 diameters between the velocity measurement 3ite and
the nearest flow disturbance.

B.  Number of traverse points.

The correct number of traverse points shall be determined from

Figure 8. To use Figure 8, proceed as follows: first, determine the three
distances, A", “B", and "C", and express each distance in terms of duct
diameters; second, read from Figure 8 the number of traverse points
corresponding'to each of‘these three distances; third, select the highest
of the three numbers of travérse points, or a greater number, so that for
circular ducts the number is a multiple of 4; for rectangular ducts, the
number should be chosen so that it_is one of those shown in
Table 2.

C. location of traverse points, circular cross sectionﬁ.

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 Tess than 1/2 inch from the stack wall will not be acceptable
for use as a sampling pbint; all ;uch traverse points shall be “adjustequgg

by relocating them to a distance of 1/2 inch from the wall. In some céée§,‘

this relocation process may involve combining two adjacent traverse poinfs;-.

to form a single “"adjusted” point; thus, in some instances, the number of
points actually used for sampling may be less than'the number of traverse
points obtained from Figure 8.
D.'.locatibn of traverse points, rectangular, cross sections.
For rectangular stacks, divide the cross section into as many

equal rectangular elemental areas as traverse points. (as

a?
b LI




pitot tube coefficient.

6
determined in Sectionnﬁg“fabove),.accorqingmto Table 2. Locate
a traverse point at the centroid of each elemental area.:according to the
example of Figure 9b.
E. Sampling.

Sample at each non-adjusted traverse point for the time interval
specified in the method being used (e.g., Method 5). If two successive
traverse points have been fe1opated to a sfng]e "adjusted" traverse point,
sample twice as long at the adjusted point as at non-adjusted points, taking
twice as many rgadings, but record the data as though two separate points
had been sampled, each for half of the total time interval. During the
sample run, velocity head (4P) readings shall be taken at points downstréam
of, but directly in line with, the sampling pbints."The sampling rate
through the nozzle shall be set based upon the P readings; if a nomograph -

js used, be sure when setting it to use the correct value {~ 0.99) of the
7

" ALTERNATIVE SAMPLING STRATEGY (STEADY-FLOW ONLY)
If the avérage total volumetric flow rate in a duct is constant with
.

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

Thus, whenever time-invariant flow is believed to exist in a stack (e.g.,

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

in lieu of those outlined in the preceding sections:
A. location of Sampling-Velocity Measurement Site.
When steady flow is believed to exist in a duct, the sample and
velocity traverses can be conducted non-simuItanéous]y; therefore, the

sampling and velocity measurement sites need not be separate. Rather, a
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single location can be used for both sampl{ing and velocity measurement
(see Figure 10). ‘

Select a sampling-velocity measutrement site that is at Jeast
8 duct diameters downstream and 2 diameters upstream from the nearest
flow disturbances. For §ectanngar stacks, use an equivalent diameter
(Equation 2) to ﬁetermine_the upstream and downstream distances. If a
samp]%ng-velocify'méasurement site located 8 diameters downstream and
2 diameters upstream from the nearest disturbances s not available,
choose a site that meets these criteria as nearly as possible. Under no”~
circumstances, however, should a sampling-velocity measurement site be
chosen that is less than 2 diameters downstream and 0.5 diameter upstream
from the nearest disturbances. | -

B. Number of Traverse Points.

The correct number of traverse poi;ts'shéll be determiﬁed from .
Figure 11. To use Figuré 11, proceed as follows: first, determine the
distances "A" and “"B" and expréss each distance in terms of duct diameters; .
second, read from Figure 11 the number of traverse points corresponding to |
each of these distances; third, select the higher of these two numbers of
traverse points, or a greater number, so that for circular ducts the number
is a muiti@1e of 4 and, for'rgctan§u1ar ducts, the number{s one of those
shown in Table 2.

C. Location of Traverse Points, Circular Cross Sections

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 be unacceptable
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for use, either as a velocity traverse point or as a sample point; all
such points shall bg'“édjuéted" by re1oca£1ng themto a distance of 1/2
inch from the wall, In some cases, this relocation process may Involve
combining two adjacent traverse points to form a single "adjusted” point;
thus, the number of traverse points actually used will sometimes be less
than the number of po1nts obtained from Figure 11:
D. location of Traverse Points, Rectangu1ar Cross Sections.
For rectangular stacks, divide the cross section into as many

equal rectangular elemental areas as traverse points_(as.

determined in Sectfon "B" above), according to Table 2..

locate a traversé point at the centroid of each elemental area, according

to the example of Figure 9b.

. Preliminary Velocity Traverse.

Perfonn a preliminary velocity' traverse of ‘the duct. Teke velocity

head {aP) readings at each traverse poinfi using i.étandard pitot tube

(designed as shown in Figure 5 or Figure 6} Calculate the average velocity.
in the duct, us1ng Equation 2-2 in the December 23, 1971 Federal Register.a.'

F. Sampling

sample at each non-edjusted traverse point for the time interval
specified in the method being_used (e.g., Method 5). If two successivé
traverse points have been relocated to a single "adjusted” traverse point,
sample twice as long at the adjusted point as at non-adjusted points, taking
twice as many readings, but record the data as though two separate points
had been sampled, each for half of the total time interval. Time-invariant

*ox
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L‘ . flow ;is assumed; thergfore'.-the sampling rate at each:ﬁoin; shall be set
based cn the AP reading 6b‘ta1ned at tbét, point during the preliminary
velocity traverse. '

6. Post-Test Velocity Traverse.
Per.form a second velocity traverse of the"duct. at the end of the
sample run. Calculate the _average've'locity"in the duct (V) avg., using

¢

Equation 2-2 of the December- 23, 1971 'Fedefal R'egister'.8 1f the value of

(v,) avg. is within + 10 percent of the value obtained in the preliminary
traverse, the assumption of time-invariant flow is valid, and the results
are acceptable. If the difference between the pre—test-a'nd post-test values
of (Vs) avg. is gr_eater than + ]O'percent,'rejegt"the _:esu'lts" and repeat the

vun, monitoring velocity during sampling, as shown in Figure 4.

[ =
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Teble 1. LOCATION OF TRAVERSE POINTS
{N CIRCULAR STACKS (PERCENT OF STACK "~ .
AMETER FROM INSIDE WALLTO TRAVERSE POINT)

DI
- Traverse
point - !
numbeft T Number of traverse points on 8 diameter L
ona —-—-‘"‘ —-“] | ‘ -1
© giemeter | .21 % . 6] 8 10‘ 12 | 14 15‘ ig | 20| 22)24 T
______-_______....___________ 22 ) 4% .
31 | 14.6| &7 a4l 3.2] 26| 21 38| 1.6] 14| 13 14| 1.
2! - | 85.4125.0 1461105 82| 87| 57 a0 a.4| 38| 38} 32
3! 75.0]29.6 19.4]14.6]11.8 g59] 85] 1.5 €.7] 6.0 6.5
a! 93.3|70.4]32:3 22.6] 17.7|14:6 12.5]108] 87 87| 7.9
5‘- 85.4167.7]34-4 25.0]20.1} 16.2 14.6)12.9111.6 105 -
6" 95.6160.6|65.8 35.6|26.9 22.0|18.8]16.5{14-6 13.2
7! 1. “go.5|77.4|64.4] 366 20.3| 23.6]20.4|18.0]16.1
8! _ 05.8185.4|65.0 63.4] 37.5|29.6|25.0 21.8|19.4
o) | B I U LA 62.3]73.1] 62.6|38.2| 306 26.2|23.0
: - 10 - - o7.4|88.2[79.9{71-7 c1.8|38.8131.5\27.2
‘ 1 ' : 03.3|85.4|78.0{ 704 61.2|38.3]323
12 a7.8100.1|83.1]764 69.4160.7}39.8
3 94.3| 875 g1.2|76.,0|68.5|60:2
14 ‘ 8.2|81.5 g6.4]79.6]73.8 67.7
15 : 05.1|80.1|83.5|78:2 728
16 : . og.4}92.5|87,1|82.¢ 77.0
17 - : o5.6|90,3|85.4|80.6
18 . ) ' - |98.6 93,3|88.4183.9
’ 19 . ) : ' 06,1|91.3|868
20 - | , . .lgs.7]es.0]|89.5
21 2 ) ~ |es.5182.1
22 _ 1 jes.0|943
23 -\ N . B 96.8
24 . l _\. [___[ l \ : 98.8
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Table 2. CROSS-SECTIONAL LAYOUT

No. of traverse
poinﬁ;
9 H
12
16
20
25 -
. 30
36 -
42
n9

FOR R%CTANGULAR STACKS

tayout

3x3

4 x3

ax4

5 x4 -
"5x5

6x5

6 % f

7x6

7%
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“Figure 9a. Cross section of circular stack divided into

12 equal! areas, showing location of traverse points.
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Fi:qure gb. Cross section of rectangular stack divided
into 12 equal areas, with traverse points at centroid

of each area.




. G - — \‘\
N - . N
) ' N .
.
.
.
.
‘ >
.
.
' - e
' .
. s
* . - #+ !
1 ] -
1]
-
-+
.
. .
.
.
\
.
. . . ,
. . “

. RS B oL 24nBid

. T e e duses popuawwoday 0L TS,
ot b Yquawabuelse Buyl ) . .

tuyzh > Q> WP L :

*Ajuo moyy-hpears

.

T T . T
: t INIWIYNASVIN

C . ALI20T3AONINENVS —

] |
sonvesnisio | : .
, )

o4

ﬁ — | o 39NVEYNLSIO
) . MOY3 .




- on..ll e

o re was

.

s - ——

_"_E_.E E:EE_E. m_. .ﬁsm_w

>_co _so:.%mus ..E N_. V Sas .c_ p! .3:.2_ as1aAed} JO e
e e e m e e wuzﬁm_a .- . .
(3ONVEUNLSIO M014 1S3UV3N woud) s&EngS mcmmssn 1900 40 YIBWAN

0t [ ] - 3 s . [} ¢ [
— 1 1 T ,

S— d o ' - B
e ' .a s — o=t m

wg»ta> Ul
. —_ T}
352:55
Mmod
pp—— | °N
L L g
avis > a> il
L | ALIJ0T3A . 14
) 1. .
ONIdNYS v . ) ‘ .
| - f _ . ) — BT
muzgmss_a ) .
MO .
—— ﬂ . — 28
§'¢ : 02 ‘ 5 : L 50
=0 yagNvisie N

‘@anvesnisic MO 1538v3N oY) WVaBLSEnSE GSTINVI0 190

L RELLULE

%

.

S1NIDd 35H3AVH1 0 y3swnN




e

9.4

4

When using organic solvents, the standard and sample solutions must be prepared
with the same solvent. All solutions should be allowed to come to the 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 of 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 to a known volume with solvent.
Make up the second and third aliguots to the same volume with suitable quantities
of known standards added so that the final solutions contain different additions of
the metal to be determined.

0.2+
w SAMPLE + 10mg/L 10
O
z
«
o
o
o SAMPLE + Smg/L, 111
0 0,14
m
4
SAMPLE + BLANK, 1!l
4.2 mg/L
1] L] 1
5 0 5 [+
mg/L mg/L ADDED

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 concentration of the metal in the
diluted sample sokution,

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

January 1982




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 Sl
The blank solution (which must be representative of the sample matrix) is then
read. This negative reading corresponds to the concentration of the element in the
sample solution.

CONCENTRATION
DIRECT (EXPANDED ABSORBANCE)

METHOD OF 7.5
ADDITIONS

5.0+

I sev onuTeED sameLE
SOLUTION TO READ 2ERO.

II. sev “seixep” soLUnON
{SAMPLE SOLUTION
DILUTED WITH KNOWN
CONGC. OF ELEMENT OF
INTEREST ) TO READ
THE ADDED CONCENTRATION
OF THE ELEMENT
OF INTEREST.

T . ReAD CONCENTRATION
FOR BLANX SOLUTION,
ABSOLUTE VALUE 1S
CONCENTRATION IN
DILUTED SAMPLE.

"NORMAL" METHOD

OF ADDITIONS ZERO
/ss‘rnm; (BLANK]
‘ ............ L [=50)- g e c e -

Figure 9.5 .
Direct Method of Additions

Two factors must be considered when using this method:

= I. 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 Inter ferences

Af high analyte concentrations, the atomic absorption analysis 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 the
photomultiplier s proportional to the total 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 lamp current, diluting the sample, and using a cooler
flame.

January 1982
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APPENDIX F

CALIBRATION INFORMATION

NOZZLES

Each new set of nozzles purchaced by ETI are first machined and
calibrated before being put into field use. Thereafter, whenever it
becomes apparent that a nozzle has been damaged, it ie again pachined
and recalibrated. A set of three is matched to within 0.002 inches
(Difference between high and low readings). Nozzles are checked prior
to each source test.

PITOT ES _
All pitot tubes used by ETI whether separate or attached to a sampling

probe were made by ETI personnel. Prior to being put into field use,
they are calibrated. In general, if a type "S" pitot tube 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 a8
the pitot tube ie not damaged its calibration should not change. All
ETI pitot tubee are made to have a Cp of 0.84. 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 METER AND ORIFICE METER

Cormplete wmeter 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 source
test. If the dry gas meter calibration factor differs from 1.00 by more
than \0.02 then the dry gas wmeter is repaired and given an annual
calibration.

THERMOMETERS, FYRITES, ORSAT AND ORSAT BAGS

Each new thermometer, pyrometer and thermocouple purchased or
manufactured by ETI is checked and calibrated before being put into
field use. After each source test each temperature sensing device used -
on the test receives a one point calibration check according to U.S. EFA
guidelines.

Fyrites, orsat and orsat bags are checked before and after each source
test. If they do not function according to U.S. EPA protocol that piece
of equipment is either repaired or replaced.

LABORATORY EQUIPMENT

ETI has & written 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, Etopwatches and wet test meters are traceable to N.B.S. A
copy ‘of our quality assurance document may be obtained by written
reguest.
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METHOD 5 PRETEST - POSTEST CALIBRATION CHECKS
Plant Muﬁo’ﬁ, Tuc. Calibrated by ﬁf)md/ ,

Meter box number [3Y§ Date :o'/z,g_@% m!%

Dry Gas Meter
Pretest meter calibration factor, Y |.0O (within * 2%)

Postest meter calibration factor, Y el (within £ 5% of pretest)
Recalibration required? Circle one: yes or(no) If yes new Y =

Lower cal. factor, Y = —— for calculations (pretest or postest)

Dry Gas Meter Thermometers

Was a pretest temperature correction used? Circle one: yes or If yes
temperature correction —— (within * 5.4°F over range)

Postest comparison with mercury-in-glass thermometer? (within 110.8°F at
ambient temperature) Recalibration required? Circle one: yes o

Recalibration temperature correction? _—— (within %5,4°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 correction _—— °F (within #1,5Z in °R over range)

Average stack temperature of compliance test, Y6 °R

Temperature of ref. thermometer for recalibration #1 _S35° #2 —— °R
(within * 10% of the average stack temperature)

Temperature of stack thermometer for recalibration #1 S8  #2 - °R

Diff. between ref. and stack thermometer temps. #1 2~ #2 _— °R

Do the ref. and stack values agree within $1,52? Circle onet:i§§jor no
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 field barometer reading correct? Circle one: (§ or no

Postest comparison? _ o s~ _in. Hg (#0.1 in. Hg) Recalibratiom Fequired?
Circle one: yes If yes, no correction necessary for
calculations when the field 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 29.392 29, 435
Field 2940 29 44
Difference , 009 O
Nozzle

Was the nozzle calibrated to the nearest .001 in.? Circle one:r no
Nozzle #1: _£.339 _p.329 B3k 0337 0.325 : Average ¢33
Nozzle #2: p 33, 0. 33 .33 0325 _©326 : Average ¢,33(
Nozzle #3: 0.339 0,325 0. 3% £.339 4,328 3 Average 0,339
ﬂjc)»zz le aty) 0,33, .33 L33 p 338 o 330 " 0. 226
Impinger Thermometer

Was a pretest temperature correction used? Circle one: yes or@ If yes
temperature correction __—— {within 35.,4°F over range)
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METHOD 5 PRETEST - POSTEST CALIBRATION CHECKS

Plant 1 whtohls c, Calibrated by ﬂfbmd/ .
Meter box number JB'-[E - Date lo!zgjg% "féif;g
Dry Gas Meter

Pretest meter calibration factor, Y = |.0O (within % 2%)

Postest meter calibration factor, Y = 0 (within = 57 of pretest)
Recalibration required? Circle one: yes or(no) If yes new Y =

Lower cal, factor, Y = ——— for calculations (pretest or postest)

Dry Gas Meter Thermometers

Was a pretest temperature correction used? Circle one: yes or If yes
temperature correction _~—— (within % 5.4°F over range)

Postest comparison with mercury-in-glass thermometer? (within +10,8°F at
ambient temperature) Recalibration required? Circle one: yes o

Recalibration temperature correction? _—— (within *5.4°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 correction _—— °F (within #1.5% in °R over range)

Average stack temperature of compliance test, St 3 °R
Temperature of ref. thermometer for recalibration #1 Jpo #2 __— °R

(within % 10%Z of the average stack temperature)
Temperature of stack thermometer for recalibration #1 =§53” #2 _— °R
Diff. between ref. and stack thermometer temps. #1 #2 _— °R
Do the ref. and stack values agree within *1,5Z? Circle onet:i§§>or no
If yes, no correction is necessary for calculations
1f 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 field barometer reading correct? Circle one: § or no

Postest comparison? 005~ _in. Hg (20.1 in. Hg) Recalibration Tequired?
Circle one: yes or{no) If yes, no correction necessary for
calculations when the field 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 79.392 29.43
Field 29.40o 25, 44
Difference , 009 oK
Nozzle

Was the nozzle calibrated to the nearest .00l in.? Ciyle one:r no

Nozzle #1: Q,%é%— AP Q,sjoﬂfig; 0@@( O, doS : Average -
O oS O ¥

/ 55
Nozzle #2: /. 0. oy /. 465+ Average o, YO
Nozzle #3: (. 4o¥ ndoS  _pdeS oo _0.¥6S 3 Average p.4oS
Impinper Thermometer

Was a pretest temperature correction used? Circle one: yes or fig) If yes
temperature correction _—— (within #5.4°F over range)
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METHOD 5 PRETEST -~ POSTEST CALIBRATION CHECKS

Plant .ﬂnwt\ (Iéwf’fo,s.ﬁc. Calibrated by ﬁﬁ)Mé/
Meter box number {34§ Date __t0/28/8% Wef€ s
Dry Gas Meter
Pretest meter calibration factor, Y = .00 (within % 2%)
Postest meter calibration factor, Y = _/.06( (within * 5% of pretest)
Recalibration required? Circle one: yes or(ho) If yes new Y =
Lower cal, factor, Y = ———— for calculations {pretest or postest)

Dry Gas Hetef Thermometers

Was a pretest temperature correction used? Circle one: yes or@ If yes
temperature correction —— (within % 5.4°F over range)

Postest comparison with mercury-in-glass thermometer? (within #10,8°F at
ambient temperature) Recalibration required? Circle one: yes o

Recalibration temperature correction? _—— (within #5.4°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 correction _—— °F (within #1.5% in °R over range)

Average stack temperature of compliance test, f °R

Temperature of ref. thermometer for recalibration #1 (70 #2 _— °R
(within * 10% of the average stack temperature)

Temperature of stack thermometer for recalibration #1 ¢¥2 #2 _.— °R

Diff. between ref. and stack thermometer temps. #1 4 #2 — °R

Do the ref, and stack values agree within +1.5%? Circle one@;or no
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

Barometex

Was the pretest field barometer reading correct? Circle one: r no

Postest comparison? 005 _in. Hg (#0.1 in. Hg) Recelibration Tequired?
Circle one: yes If yes, no correction necessary for
calculations when the field 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 29.392 29, 43
Field 29.4¢ 25. 44
Difference , 009 LS
Nozzle

Was the nozzle calibrated to the nearest .001 in.? Circle one:r no
Nozzle #1: p {‘% pIER  _O4FEK 0.187 _OI57 : Averagep, /]
Nozzle #2: 0./ o 159 04859 O, 150 . /90 + Average J. /¢
Nozzle #3: 0 I§C G 8l . D45 o0 d&  _p 1% s Average 0./8(
Inpinggr ‘Thermometer

Was a pretest temperature correction used? Circle one: yes or@ If yes
temperature correction _—— (within +5,.4°F over range)

P fghee S



<uFw ‘und UOTIBIQT[EI JO JWRL =

LR

i cur sganssalad dyJjaswoaeqg =

1S0°0 ¥ & 1s2313ad = aduelafol
fsuni aaiyy [1e 103 138U sel £ap 03 1238E 303 394 JO £seindoe jo oried adeaday = |

unl yoea loj 1933w sul Kip 07 1932w 31537 13A JO Aoeanooe Jo O3By = '}
o 1 Ot Tuy ‘oO13Tl0 550108 1CTIU3ISIITP wu:mmuum = Y

de ! Py pue Py jo 93eaaas a3yl Aq pauyelqo ‘1333u sed £ip oyy uy sed ayl jo ainjeiadway 2Juvl1aay = P,
o
do ‘4913u se3 £1p 2y Jo sed 3a1IN0 3yl 30 ainjuiadus], = Py
¥
J, '1935uw seg £ap ay3 jJo sed 3I3[uT Y3 3O ainjeladua)l = L
4, ‘4970w 1821 19A Y3 U} sed ayy jo ainieiadwd] = "4
' IS SRR ERLL ged Lap aya ysnoayd Suyssed aunjoa se) = u>
900"/ 133 ‘1239w 3593 1M ay3l yBnoayy Sujssed JunioA 68H = 3>
ﬂq:, +.587) wm_......_.uu_ﬁuv ol i . i )
— Al o9 L an| sevor | 12! . Lo 9
A SV seser | 26 589 /e o1 S
@4\&&@&&\ ;ICm.wNw aval N . : .
g | ¢ ‘9 ‘0 s
hos_f.\:vét.tﬁx al Jm. 7 HE bol &b 1 A & "ol ot .
(ke B¢ TRASIA I B I \ .
o Q 3 .5 b0 1 : '
(b v se0)) 752 vl § P (e} el sb I S8 A o1 <77
: P °p Tp S A P A
a  LEL 4 8y ‘U] @ 3 2 3 3 A A HV
L, ooyt MCHY * A Ay 8upazes |- do do do
= e L | wnnoep |awil a8eaaay | 2210 | ISTUL Jo fa913u (13 ‘a9lau 13 ‘1933u 0l SaYdu¥
= (o9% + "3)°d A To79K S8 AaQ 837 19K sed Lig 1593 194 ‘Buy319s
= Jajauousu
52 ﬁw ) aianjeaadwa], awnyop € 3213110
= .
= .
W a0’} L1 18231214 \ ‘o 1319} SB) L1g 8y ‘vt hST .mn. ..nn_ tainssaly 2Fdlauwoleqg
— ~ T a5 3ue 0N xo0g 1919} 238 ~ 1aqun) 383
E T e K A7 s grsl N xog 3exeH: BFJEI;M oA ([ AeAUNN 8L

(s17un ysTI8ul) WiCd VIVd NOILVALITVD ¥FidaW SvD Aud 1S4.150d




Uolhis (4 Swtic

Brvironmential esbing inc.

‘uTw ‘un: uoyleilqyled JO JWIL =8
8y *ut ‘sanssaad J11l8WOIEBY = nm
150°0 F A 3se3sad = adue1afol
tsunl @aayl [TE 303 l1ajaw sed £ap 01 1339u 1533 38A JO Aceandoe jo orjes Ideraay = |
uni1 yoes Joj 1232w sed A1p 01 1235w 1§33 I3A JO £oeandde jyo olley = ﬂ»
o T QfH "uT ‘92TJTl10 Ssoi1de [BTIUIIIJITP BINSS3ld = HW
PO uu pue L jo adeaaae aya 4q pauteiqo ‘iajdw sed A1p oyj ur se8 ayi jo ainjeradway alfersay = Py
o
do ‘4939w sed £i1p 3yl 3o sed ja91Ino oyl jo ainmiesadwad] = P,
¥
) Jdo ‘4232w se8 Lip 3y3 jo sef jaul ay3l jo 21njeaddua] = Py
d. ‘4212w 1523 32A Y3 ul ged ayy jo ainjeaddua] = "
 t13 ‘198w sed £1p ay3 y3noayy Buyssed aun{os seH = H.>
200"} ©33. ‘1238w 31831 32A A3 y3noays Bujssed aunjoA €8) = :>
AP B sz ez) 4 . . ;
CEGERR ~ o1
SN+ p5267) ava| N . . .
(P 87) G /7 Sl ¥ Lom| seot | 86| 1 %% %) al o1 570
(o7 +s5on ) psz6z ¥ Ql | -~ -~
O&v+xﬁ&~ﬂﬂ\+¢ﬁ~meL;§ N _ .
kil N I M 0l b 1 : n'qf )
(ob +_rool) ps7's2 2 g 7 |e S 8 / PR A 01 <7
P °p *p » "
a LEL o o 84 ui| @ . 1 d 1 1 " A HV
09y + "DCHY + d)A|, |Buraies|rum do ER do
- "L wandep|awL] afeaaay | 321InQ | IVTUI J, ‘I938W (13 ‘i1alsu ¢33 ¢t 1930uW OFll Sayauy
(ogy + vuvpm A 1939 SB9 A1 1523 19y sed £ag 1591 130 ‘8utiles
Jajawoued
ﬁw aanjeaadwua], auniop B9 92131410
oo’/ K 359134 / ‘oq 1933 sen ki@ SH ‘UT NMN L n_.._n_ ‘a1nssal] STijsWoley

\UA .%vm_-.w\suj\\t .Mﬂ*au.xmb\ﬂwvf Jjuetrd

(s3tu ysTI8ug) WH0d VIVA NOTLVHGITYD YAIAH SVD A¥d LSILS0d

ghel

‘oN xog 1939 - \w%uw\\\\ aie( /

Jaquny 3I§3]




RAvirgnmential besing it

*ujw ‘una uotTIBIQTIEI JO JUTL = 6
dj cut saanssaad d>1a319woleq = nn
160°0 F & 359132d = 2OUBII[OI
ssuna @91y3 [[e 10] Ja18uw sed £ap o1 1939w 3591 I9A JO £oe1nddu JO Oyl 2deiaay =
uni yoea J10j 1232w sud LIp 01 1933 I8 j9M jo Aoeindde jo 0118y = ﬂ»

o T QFl} ‘ur ‘2d>1jra0 SSO1d8 1eYIUaIa)JTp ainssald = HV

‘ds , pue Py jo adesoas ayi £q pauvyelqo ¢ 7070w sed £ap ayy uy sed ayl 3o aanjesaduwady adelraay

L3
&

4, ‘4019w sed Aip ay3 Jo se8 jarIno ayl Jo aanjuiadwa] = L

T

de ‘4230w sed Lip 2y jo se8 jayut 8yl jo aanjelodwa], = "

3 T

4, ‘4930w 1593 1a3a 3yl U} sed ayl jo ainjwladwa] = 3

. ("33 t193j3u sed £ap ayl ysnoayy 8uyissed awn[oa €Y = v>
Q00 * (33 ‘1079w 1833 Ja3A ay3 ysnoayy Suyseed sunTos 68) = :>
@; o)y rs2ez) 14 . . . .
— Al Q9 | aw| seves | 12! 89 AL 7
(ot ppesw) (3262 % ol ¢ ALY P A86 A8 o1 57
AB*,.*.\QQVA.HJH.“\ + hs? .S,w aval| N . . '
9 ol ¢ <89 ol ot 571
ORI 7 _Stol | 86| 1w | 573 »)
hoei «&?n\....au.m@ IR , )
e ol . Q . N \NE . ) \ »
n.aaw 1 Y60l PSTHTNY % Q mv.c M 4ol wv ! \4 39 \m¢ ¢ 1] 4 MQ *
p ou ﬂv " a P n .
a QEL ool 84 *ur| @ . 3 2 1 3 A A nv
ooy + *DCUY + "d) Al |Buyaresum do do do
" 1| wondep{awt] a8eaaay | 331300 | 3ILTU] J, ‘a@3au 13 ‘aajauw (13 fiajau 0} sayauy
(o9 + vuunm A 1939y 589 AlQ 1597 19M sed £ag 1833 313 ‘8uja1iss
Jajauwousw
Hw ainjeaaduway - ' auntgop Sen 2313140
o0 & 1893314 / oy 1938 seg £Liq BH Uy hSZ &l _-am iainssatd 2¥alawolsg

.\uA ...%%‘ .wﬁ*i_wtai% juerd ghel *oN xog 933N ° % ajeq IINII Jaquny 183

(sarup ys¥1dud) WAOJ VIVQ NOTLVAAITIVD ¥ALAW SVD Add LS41LS0d




Bavironmeniial iesbing ine.

PRETEST — POSTEST THERMOMETER CALIBRATION

 Cltent __ Johwsn Gadmols, Tue. Date /?-/2»3’/55 i %’/5’3
Location /%Jd’é‘/ﬂ«hv DE Ref. Thermometer #”
Pretest Postest
Thermometer || Temp., °F Ref. Temp., °F Temp., °F Ref. Temp., °F
DGM # 34p 7o/ 70 70 69/6 5 65 /es
oot # 14,5 | 49/ % 695 i
DM E Igp 70/ 70 70 — —
DM # 1264 | /70 70 — —
Impinger #1 1D 10 9 &9
Impinger #2 7) o 70 ¢9
Impinger #3 70 10 . 70 éf
Impinger #4 69 70 70 G 7
Impinger #5 70 70 65 (9?
Bl | Wl 70 6965 | 49
BHl2 70/ 70 70 69/65 69
Box #1 70 70 %3 G9
Box #2 70 “To A L4
Box #3 A 70 70 69
Box #4 -75 70 09 &9
ox #5 70 70 L | 69
Box #6 wi 10 61 &9
Onega 873 7 70 (5 LS
DB Omega 873 7o “1 9 G9
8 Onesa £/, 6970 A% /65 G4
DB Omega #"/ 70/79 i) 797[9? G9
Probe 4' #1 20 0 X b9
robed 42| P | - 70 (o 6§
bobe ' - — ' —_— —
IProbe '#2 —_ _— — —~—
— — — e —




gnvironmenta! besbing ing.

RAC STAKSAMPLR CALIBRATION SHEET
Meter Box Serial Mumber: 1348 Barometric Pressure (P,}: 29.522

Leak Check @ 6.2 in. H,0: OK

. Pump: OK Pump 0il: OK Clean Guick Connects:
Manometers: OK Dry Test Meter: OK Thersometers: OK
Lights: oK Flectrical Check: OK Variac: OK
Yacuum Gauge: OK Leak Check @ 27" Hg.: <«0.001 CFM
Man. Orifice  CF_ CFq . ITa 0T, Te ave. Time t
0.5 5 5.31 71.0 111.0 97.0 104.00 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
2.0 10 10,68 71.0 122.0 101.0 111.50 13.28
3.0 10 10.68 71.0 124.0 102.0 113.00 10.93
4.0 10 10.68 71.0 127.0 103.90 115.00 9.61
Calculate Y and .H, as follows:
CF,, Po (Tq ave. + £60) 0.0317 H 1.+ 460}t =
= =1.00 s ] t 1.86
Cy (Py + ~H/13.6)(Ta + 460) Py {1a ¢ 45D) CF.
Tolerances: Y=0.90-1.00- 1.10 ¥ /- 0.02Y R =1.6- 184~ 2.3 Hou /- 0.15 fn.
CALIBRATION CALCULATIONS FIMP AND ORIFICE METER
Manometer Delta B 0.5 in. R0
. 5 x 29.522 (104.00 + 460) .91585 {71.0 + 460) 12,74 =2
¥= « 0,99 M, - ( } £1.783
. 5.31 (29.522 + 0.0368)(71.0 + 460) - 29.522 {104.00 + 46D) 5
Manometer Delta H 1.0 in. B0
S x 29.522 (105.00 4+ 460) 0.03120 {71.0 + 460) 9.24 o
Y= £ 1.001 By = ( } =183
5.30 (29.522 + 0.0737}{71.0 + 460) 29.522 (105.00 + 460) 5
Manmmeter Delta H 1.5 in. B0
10 1 20.522 (107.50 + 460) 0.04755 (71.0 + 460) 15.31 2
£ - = 1.003 z ) =18%
10.62 {29.522 + 0.1103){71.0 + 460) 29.522 {107.50 + 460) 10
Maroscter Delta B 2.0 in. R0 .
10 ¥ 29.522 {111.50 + 46D) 0.06340 {71.0 + 460) 13.28 »
Y 1.003 1.889
TR e oo e T et R e v 10 bl
) Mancmeter Delta B 3.0 in. Hp
10 x 26.522 (113.00 + 460) 0.09510- {71.0 + 460) 10.93 =
Ys £ 1.003 & = ) =1
10.68 {20.522 + 0.2206)(71.0 + 460) 20.522 (113.00 + 460) 10
A Manoweter Delta H 4.0 in. Hg
]
10 3 29.522 (115.00 + 460) 0.12680 (71.0+ 460) 9.61 , *
. . ] 945
@ Y * e oS e 0 R0+ aen” ™ e T R is.00 s aEn) 10 ) =1

Date: 09-16-88 .Calibrated by: PRJ

oK



environmental besuing ine

TYPE S PITOT TUBE INSPECTION DATA FORM

Date: 09-15-88
Calibrator: PR}

ications: .
itot tube assemxbly must be level.
f pitot tube is damaged explain under comments section.
= A gin v (¢0.125) and w = A 8in € {<0.03125)
¢10* and f# «5°

8 N M

=)
.

1.p. a,* qz' 81

L
m
N

8" A, in. 2z, in. w, in. P4, in. Pg, in. Dy, in.

pb

3%'*'-1 2.0 2.0 1.0 1.0 1.50.5 0.778 0.020 0.00679 0.389 0.389 0.376
3'*'-2 2.0 1.0 1.5 1.5 0.00.5 1.152 0.000 ©0.01005 0.576 0.576 0.376
40''-1 1.0 2.0 1.0 1.0 0.0 0.5 1.058 0.000 0.00958 0.549 0.549 0.389
S4*''-1 3.0 2.5 1.0 0.5 1.01.0 1.005 0.018 0.01754 0.502 0.503 0.379
66'°-1 1.0 0.5 3.5 0.0 0.01.5 1.042 0.000 0.02728 0.521 0.521 0.385
9'"'-1 1.5 0.5 2.5 2.5 2.01.0 0.908 0.032 0.01585 0.454 0.454 0.376
4' -1 1.0 2.5 1.0 3.5 0.50.5 0.97 0.008 0.00844 0.483 0.484 0.376
4* -2 2.0 2.0 1.0 1.0 0.51.0 0.893 0.008 0.01558 0.446 0.447 0.371
4" -3 4.0 2.0 1.5 3.0 1.01.0 0.877 ©0.015 0.01531 0.438 0.439 0.375
4' -4 1.0 3.5 3.0 1.0 0.50.5 0.83%9 0.007 0.00732 0.419 0.420 0.375
4 ~-5S 1.0 1.0 2.0 2.0 0.50.5 0.865 0.007 0.00755 0.432 0.433 0.372
4' -6 2.0 1.5 1.5 0.0 1.00.5 0.955 0.017 0.00833 0.477 0.478 0.375
5* -1 2.5 1.0 1.0 0.5 1.01.0 1.000 0.017 0.01745 0.500 0.500 0.377
5* -2 2.0 2.0 1.0 0.0 0.01.5 1.044 0.000 0©.02733 0.522 0.522 0.376
5 -3 1.0 1.0 1.0 1.0 1.00.5 1.049 0.018 0.00915 0.524 0.524 0.375
$*' -4 0.5 2.0 1.0 0.0 2.01.0 1.038 0.036 0.01812 0.519 0.519 0.380
6'-1 00 0.0 2.5 0.5 0.51.0 0.996 0.009 0.01738 0.498 0.498 0.381
6'-2 1.0 05 0.0 0.0 1.01.5 1.006 0.018 0.02628 0.502 0.502 0.377
6 -3 1.0 1.0 1.0 1.0 0.50.5 1.006 ©0.009 0.00878 0.503 0.503 0.377
6' -4 1.0 0.5 1.0 0.0 2.01.0 1.000 0.035 0.01745 0.500 0.500 0.375
8 -1 1.0 1.5 3.0 2.0 3.01.0 0.845 0.045% 0.01475 0.423 0.422 0.378
6'-2 0.0 1.0 2.0 2.0 0.01.5 0.905 0.000 0.02369 0.452 0.453 0.380
8°-3 4.0 6.0 3.0 0.0 0.01.5 0.932 0.000 0.02440 0.466 0.466 0.376
8" -4 15 2.0 1.5 1.0 0.00.5 1.017 0.000 0.00887 0.509 0.508 0.379
8' -5 2.0 1.0 0.0 0.0 1.01.0 0.985 0.017 0.01719 0.492 0.493 0.379
B*' -6 0.0 0.0 0.5 3.0 1.00.5 0.925 0.016 0.00807 0.462 0.463 0.378
8'9'* 1.0 2.0 0.5 0.5 0.02.0 0.895 0.000 0.0312§ 0.447 0.448 0.380 -
9'7'*'-1 2.0 2.0 0.0 2.0 0.01.0 0,918 0.000 0.01602 0.459 0.459 0.382 .
9'7'°'-2 1.0 3.0 1.0 2.5 1.51.0 0,960 0.025 0.01675 0.480 0.480 0.375
12'6°* .15 1.5 2.5 2.5 0.0 0.5 0.809 0.000 0.00705 0.404 0.404 0.377

Cosments: Only minor filing and cleaning required.

Pitot tubes requiring further calibration: None.




environmonbal beshing Ing.
WET-BULB & DRY-BULB: OMEGA TEMP
TEMPERATURE SENSOR CALIBRATION DATA FORM
TOLERANCE: +/- 5.4 F

.. DATE: 09/15/88B BAROMETRIC PRESSURE: 29.34
AMBIENT TEMPERATURE, F : 70 REFERENCE THERMOMETER # 22
- CALIBRATOR: PRJ '
REFERENCE THERMOCOUPLE
REFERENCE THERMOMETER POTENTIOMETER TEMPERATURE
POINT & SOURCE TEMPERATURE,F  TEMPERATURE,F DIFFERENCE, %
" Onoga Yeap HR-2 7
bbt A water bath 70 70 0.00
B. oil bath 120 120 .00
C. oil bath 1n 176 0.16
D. oil bath 220 225 -.15
K. oil bath 265 265 0.00
Wi A. water bath 70 . 70 0.00
B. oil bath 120 n -1
L. pil bath in 178 -.16
b. pil bath 20 221 -15
| & oi} bath 265 265 0.00
Owega Tesp HH-2 #2
b2 A. water bath 70 n -.19
B. oil bath 120 n -.17
© €. oil bath 178 178 0.00
D. oil bath iyl 222 -15
‘ 5 oil bath %7 27 0.00
w2 A. vater bath 70 (4] 0.19
B. oil ath 120 121 -.17
c. oil bath 178 19 -.16
b. oil bath 2 222 ~-.15
| 8 oil bath 2%7 268 -4
Omeza Teap 873-
Dbt y Y vater bath n n 0.00
B. oil bath 121 122 -.17
€. oi)] bath 178 179 -.16
D. oil hath 222 m -.15
E. oil bath 268 210 -7
Wb A. vater bath )] n 0.00
B. oil bath m i 0.00
C. oil bath 178 178 0.00
D. oil bath m m -.15
- L oil bath %8 29 -.14
Oscga Tesp 873-F High Tesp
A oil bath 330 381 -.12
B. ¥, PFurnace 435 43 =22
C. %. Furnace 560 56t =10
D. K. Furnace p12 Bi4 -.16
b ) E. H. Furnace . 1130 un -.13

TEMPERATURE  (REF TEMP, F + 460) - (TEST TEMP, F + 460)
DIFFERENCE & —-mw~memmm—mc—scmmsmecmom e~ o em—mm o e me—e X 100 <= 1.5%
REF TEMP, F + 460




environmental besting Ing

WET BULB - DRY BULB - NOx & 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 # SOURCE TEMPERATURE,F  TEMPERATURE,F DIFFERENCE, %
Bimetallic
Wi A water bath Vi 70 0.00
B. oil bath 120 120 0.00
. 0il bath mn 17 -.31
D oi] bath y1} 0 -.15
E. oil bath 265 266 -.14
M A water bath 0 71 -.19
B. o0i] bath 120 121 -17
C. of] bath 1n 176 -.16
D. oil bath il 222 -.15
| & oil bath 265 266 ~.14
W2 A -water bath 70 70 0.00
B. o0il bath 120 120 0.00
c. oil bath 177 176 0.16
D. oil bath 2 m -.15
K. oi] bath 25 265 0.00
bb2 A uater bath 70 69 0.19
8. oil bath 120 119 0.17
<. o0il bath 17 128 -.16
D. 0il bath v} m 0.00
0il bath 265 266 -.14
Nox A. water bath n n 0.00
B oil bath 1 121 0.00
C. 0il bath n 1 0.16
D. oil bath 222 223 -.15
K. oil bath %7 267 0.00
Fot Box A. water hath n ) 0.00
B. oil bath 122 123 -.17
C. oil bath 18 178 0.16
D. oil bath 23 22 0.00
L. oil bath %7 266 0.14

A S o S e e . S A B S S g T g 0 e e G R e S e P ek S S e e S A e O

TEMPERATURE  (REF TEMP, F + 460) - (TEST TEMP, F + 460)

DIFFERENCE = —comcmemwmmmmomcme oo m s e e = X 100 <= 1.5%

REF TEMP, F + 460




environmental besting ine.

DATE: 09/15/88

PROBE THERMOCOUPLE -
TEMPERATURE SENSOR CALIBRATION DATA FORM
TOLERANCE: +/- 5.4 F

AMBIENT TEMPERATURE, F : 70
CALIBRATOR: PRJ

—---._----...--u--—-—-.--—.————..—--——--————--——--———-—-q——-\.-——-—q..--————-—--—’-—_—

REFERENCE THERMOCOUPLE

0il bath
oil bath
oil bath
pil bath
oil bath
oil bath
oil bath
oil bath
o0il bath
ol bath
oil bath
o0il bath
oil bath
oil bath

oil bath -

oil bath
oil bath
eil bath
oil bath
oil bath
oil bath
oil bath
ofl bath
oil bath
oil bath
oil bath
oil hath
oil bath
oil bath
oil bath
oil bath
ofl bath
oil bath

THERMOME

BAROMETRIC PRESSURE: 29.34
REFERENCE THERMOMETER ¢ 22 & #5

TER POTENTIOMETER

TEMPERATURE,F  TEMPERATURE,F

._—-——-.—__——-——_——-————---n_—-a-———-———.—--—---—---..-—-.—_—-—.—--_—-——-—-—

97
255
3%
9

376

255
376

100

. O A S s e . R AP g e A 8 S W

REFERENCE
POINT # -
frobe - §
&1 A
8.

C.

-2 A
B.

. -
-1 A
B.

C.

5%-2 A
B.

C.

6-1 A
B.

C.

-2 A
B.

C.

8'-1 A
B.

C.

8'-2 A
B.

C.

-3 A
8.

C.

g9 A
B.

C.

97T A
8.

C.

TEMPERATURE

DIFFERENCE =

n

376

259
n

259
an
100

101
261
380

261
n

—— T O P . e S = T g -

REF TEMP, F + 460

TEMPERATURE
DIFFERENCE, %

0.16

0.18
0.00
0.12
0.00
-.14
0.12
0.00
-.14
0.24
0.00
0.14
-.12
-.18
-.14
-.12
0.18
-.14
0.12

- ———— - - -




environments) besting no
TEMPERATURE SENSOR CALIBRATION DATA FOR!?

TOLERANCE: +/- 5.4 F

DATE: 09/15/88
AMBIENT TEMPERATURE, F : 70
CALIBRATOR: PRJ

- — . - o S i S S A s Py e S O g e ST . i v i o ) - ke e S S e P i Wy Al O A O M e O S T S

REFERENCE
POINT #

SOURCE

METER BOX

REFERENCE

THERMOMETER
TEMPERATURE ,F

THERMOCOUPLE
POTENTIOMETER
TEMPERATURE, F

BAROMETRIC PRESSURE: 29.34
REFERENCE THERMOMETER # 22

TEMPERATURE
DIFFERENCE, %

- e - 0 e P e B A S e I e A . WY S S W A S A T A o

Meter Box
1264A

h

13484

1348

14014

14018

19654

19658

P NEr AR NS OE AR NErO RO DS

ice bath
vater bath
oil bath
oil bath
jce bath
vater bath
oil bath
oil bath
jce bath
water bath
oil bath
oil bath
ice bath
water bath
oil bath
o0il bath
ice bath
vater bath
oil dath
oil bath
fce bath
water bath
oil bath
oil bath
ice bath
water bath
oil bath
oil bath
ice bath
water bath
oil bath
oil bath

120
n

0

120
n

120
1n

17
n
121
178

121
178

178
n

1m

121
178

121
178

n
120
178

n
121
1

120
178

0
122
i

12
in

12
14
1

0.00
0.00
-17
-.16
-20
-.19
-.17
-.16
-.20
-.19
0.00
-.16
0.00
-.19
0.00
0.00
0.00
0.00
0.17
0.00
0.20
0.19
-.17
~-.16
0.00
-.19
0.17
0.16
0.00
-.19
0.17
-.16

———— i v S g o o S - S W o e S e S Sy et e (R W S S S G O e S o Sy o g S P e S

TEMPERATURE
DIFFERENCE =

REF TEMP, F + 460




g
T

environmential besking g

IMPINGER
TEMPERATURE SENSOR CALIBRATION DATA FORM
TOLERANCE: +/- 2.0 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 # SCURCE TEMPERATURE,F  TEMPERATURE,F DIFFERENCE, %
Ispinger :
4 A. ice bath 34 34 0.60
B. vater bath Fi! 70 0.00
c. o0il bath 102 101 0.18
§2 A ice bath 3 M 0.00
B. vater bath 0 n -.19
C. oil bath 12 101 0.18
b ] A. ice bath 34 n 0.20
B. vater bath 70 n 0.00
C. oil bath 102 161 0.18
#4 A ice bath k1) 3% 0.00
B. vater bath n n ~.19
. oil bath 102 101 0.18
F 1] A ice bath k' n 0.20
8. vater bath n 70 0.19
C. 0il bath 102 102 0.00

ke T T P i T . - o S e . A e S S W S S e e e e i g e g R e A o

- TEMPERATURE  (REF TEMP, F 4 460) - (TEST TEMP, F + 460)

DIFFERENCE & —ememmmemmmmemmmo o cmcmmm e e e e e e e e n X 100 <= 1.5%
REF TEMP, F + 460
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environmental Deshing 1.

SAMPL
TEMPERATURE SERSOR C
TOLERANCE: +/- 5.4 F

DATE: 09/15/88

E BOX

AMBIENT TEMPERATURE, F : 70
CALIBRATOR: PRJ

e S i e P R T S S A O R S S L T G R S G S e S A - e A AP A

SOURCE

REFERENCE
THERMOMETER
TEMPERATURE,F

ALIBRATION DATA FORM

BAROMETRIC PRESSURE: 29.34
REFERENCE THERMOMETER # 22

THERMOCOUPLE
POTENTIOMETER
TEMPERATURE,, F

TEMPERATURE
DIFFERENCE, %

—— i g e T T T - W = Yo T e o da P e R o e o e S e L L S e S L S e e e ke g

vater bath
o0il bath
oil bath
oil bath
oil bath
water bath
oil bath
oil bath
oil bath
oil bath
water bath
oil bath
oil bath
oil bath
oil bath
sater bath
oil bath
oil bath
oil bath
oil bath
vater bath
oil bath
oil bath
oil bath
oil bath
vater bath
oil bath
pil bath
pil bath
oil bath
sater bath
oil bath
oil bath
oil bath
oil bath
water bath
oil bath
oil bath
oil bath
oil bath

178

0
121
n

69

122
178
220
25
n

121
1n

263

123
mn
N

123
176

n

1m
21
265

124
178

267
n

12
178

267

0.00
0.17
0.16
-.15
0.14
0.19
-17
-.16
0.9
0.14
0.00
0.17
0.16
0.15
0.41
0.1%
-.17
0.16
0.9
0.34
0.19
0.00
0.31
0.29
0.14
0.19
-.17
0.16
0.29
0.28
0.00
-17
.16
0.15
0.14
0.19
0.00
0.16
0.15
0.14

e o A P i it B S e o e U S s S s M o i - S A S W e W S G e g ol U A L S

REFERENCE
POINT #
Sazple Box

)] A
B.

c.

b.

E.

2 A
B.

C.

D.

| &

3 A
E.

c.

D.

-B.

# A
8.

c.

D.

&

# A
B.

C.

D.

.8

] A
B.

c.

D.

L

L I A
B

C.

. D

: E.
$ A
8.

C.

D.

I

TEMPERATURE

DIFFERENCE =

REF TEMP, F + 460
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CORNING Coming Gises Works
Corning. New York 14831 USA
Tel: 607-974-9000

# OORNING Laboratory Sciences Company

November 18, 1986

Mr. Paul Jenkins

Environmental Testing Inc.

1700 University Commercial Place .
Charlotte, NC 28213

pear Mr. Jenkins:

Confirming our telephone conversation, our volumetric apparatus
is calibrated in conformance with ASTM Standard E 542.

Very truly yours,

T K:’Z.Zv

Allen R. Fuller
Product Engineering Supervisor

b10012




KIMBLE
Division of
Owens-llingis

December 11, 1986

Mr. Paul R, Jenkins
Environmental Testing, Ine.

1700 University Commercial Flace
Charlotte, North Carolina 28213

REF: Calibration of volumetric glassware
Hr. P. Jenkins letter 12-5-86

Dear Mr, Jenkins,

Volumetrie standards, utilized by Kimble for calibration of class A and B
laboratory glassware, are designed to meet applicable calibration requirements
of ASTM Standard E 542.

Accuracy of balances, weights and thermometers employed for calibration of
volumetric standards is traceable to National Bureau of Standards.

Sincerely,

Lew Horan
Standards Dept. -

Aok LA
Mike Mollick
Quality Control

ces® 'Hr'. N. DeBello - M.O.
Mr. E. Trasoras - Q.A.

Gt




WALTER H. RESSLER CUNMAINT,; WY

THERMOMETERS

<[>  «vorometens

I . ONE-SIXTY HICKS STREET e WESTBURY, LONG ISLAND, NEW YORK » 518 EDGEWOOD 4-4004

MANUFACTURERS CERTIFICATE OF CALIBRATION

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 &vailable, against
National Bureau of Standards certified master standards.

Certified for:

Fisher Scientific Company

Thermometer #15-041D -1/201°C in 0.2° Div Total Immersion

Descriptiont
811 007

Instrument Serial ﬂa.

Date Centified: January 30, 1981

Reading of This Instrument

Reading of N.BS. Standard
{True Temperature)

+0.02C
20.00C
| 40.00C
‘n 59.96C
| 79.98C
100.02C
119.92¢
““ 139.98C
160.00C
180.00C
199.86C

0.00C
20, 00C
40.00C
60.00C
80.00C
100.00C
120.00C
140.00C
'160.00C
~180.00C
200.00C

The ta.bulaled readings apply provided the ice-point reading taken after exposure for not less than 3

days to a temperature of about 25°C (77°F is

+0.02C - U the ice-point reading is found to be

higher (or lower) than stated. all other readings will be higher (or lower) by the same amount.

Serial & Test numbers of National Burcau of Standards certified instruments referenced in certification

of the thermomeler listed above:

NBS Standard M44165,78A-227,M44451,78A-220,78A-601/602

. NBS Test No 176240,219883,176240,219883,219606

WALTER H. KESSLER COMPANY. INC,




« DATE: 12.-10-85

CERTIFICATE OF CALIBRATION

-

CUSTOMER: ENVIRONMENTAL TESTING INCCustomer Purchase Order: 2861RO -

1700 UNIV COMMERICAL PL OMEGA Work Order No: SO 5112687€0

" CHARLOTTE NC 28213 MODEL: HH-2

. SERIAL NO:z_14403

OMEGA ENGINEERING certifies that the above instrumentation has been
calibrated and tested to meet or exceed the published specifica-
tions. Thils calibration and testing was performed using
instrumentation and standards that sre traceable to the U.S.
National Bureau of Standards.

Reference: NATIONAL BUREAU OF STANDARDS TEST NO(s): 36320

VETNO ‘
or, Instrumentation

- -«

CAL-3
of & OMEGA ENGINEERING, INC. . |
] ' «B
LPomecarress of )] OMEGA INTERNATIONAL CORP. BIOMEGA

One Omege Drive, Bax 4047, Stamford, CT 06907-0047 (203)355-1650 Telex 996404 Cablo OMEGA FAX (209) 3587700

-

PP e ——
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WEIGHT TRACEABILITY
CERTIFICATE

’ ]

TO: n
1700 Univ, Commercial  Dr.

Chaclotte , NC 2%€213

The balances fisted below have been serviced by our representative
on Decemher 21, 1997

This is to certify that the test weights used are traceable to the
National Bureau of Standards.

Analytical
Mettler identification number of test weights used: 13
Mettler calibration date of test weights used: g-1-¥9

National Bureau of Standards test number. J}J.J_QM

Mode! end serial number of balances serviced:

_fElL3- ¢57742

HBYAR- 617277

N
|
3

Date of issve (609) 448-3000

A ONS

Mettier Service Representath { J : m
- |-| 8 Mettler Instrument Corporation
- 3 Box 71, Hightstown, NJ 08520

%
R
i
f
R
1
i
1
1
1

MMMMMMi
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. .‘ . . g%g?ompgcnfénuﬁc Group

GCA ' 3737 Wes! Cortland Strest

Chicago, ilinois 60647
Telephone: 312-227-2660
Telex: 254028

February 2, 1984

Envirormental Testing
1700 University Commercial Place
Charlotte, N.C, 28213

Attn: Mr. Paul Jenkins

Subj: Certification Wet Test Meter

Dear Mr, Jenskinss

In lieu of any printed certification from our company, we offer as follows
our statement on the referenced subject.

"The Wet Test Meter catalog number 63123, has been
tested at our plant facilities using a Meter Prover
Bottle NBS registration No. 4897. The Meter was
fourd to perform to our advertised specifications
of plus or minus 1/2% exror in flow rate and con-
forms to specifications of ASTM D-1071."

Haspectfully;

;3051\'7/4@%9

Bob Husberg
Supervisor, Customer Ser\uoe

BH/ing
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A8 /1 Whatman Inec.

Whatman Inc. ¢ 8 Bridewel! Place, Ciifton, New Jersey 07014 » Telephone: (201) 777-4825
Telex: 133426 « Cable: REEVEPAP ' .

February 1, 1979

Mr. Paul R. Jenkins, Jr.

Vice-President -

Environmental Testing Ine.

1700 University Commercizl Flace

Charlotte, North Carolina 28213 X

Dear Mr, Jenkins;

FPurther to our telephone conversation on January 15, 1979 Reeve Angel Grade
900AF is tested with a Q128 DOP Penetrometer manufactured by the Air Technology
association to measure DOP. This is a more sophisticated unit than that
1isted in the Federal Register, Part II, Thursday, August 18, 1977, Environ=-
mental Protection’Agency, Standards of Performance for New Stationary Sources.

Grade 900AP will meet the EPA DOP requirements of 0.05 £ percent penetration
on a 0.3 micron dioctyl phthalate smoke particles as listed on page 41778

of the Federal Register, Vol. 42, No. 160, Thursday, August 18, 1977 under 3.
Reagent, 3.1.1 Filters.

I hope this will satisfy your inquiry. If we can ba of any further service,
pPlease contact us at your convenlence. :

Very truly yours,

()/\(” fvr

. John Zachariaa
Vice President
Business Manager, Paper Division, N. A.

JZ/mpm
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lcboratories, inc ot

PROFESSION AL ANALY TICAL CHEMISTRY & ENGINEERING

5460 Beaumont Center Blvd. (] Tampa, Florida 33634 (J (813) 884.8268

TEST REPORT

Particulate and Lead
EMISSION RATE

Central Vacuum System #2 (158B)
10215 North 30th Street
Tampa, Florida 33687

Test Date: September 16, 1987

Project Number: 270923.401

Report Prepared for:
Johnson Controls, Inc.

P. O. Box 16068
Tampa, Florida 33687

Report Prepared by:
PACE Laboratories, Inc.

5460 Beaumont Center Boulevard
Tampa, Florida 33634

October 20, 1987
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TEST SUMMARY




@

<4

Offices:

'Oborofories, nc. Tampe a0

PROFESSIONAL ANALYTICAL CHEMISTRY & ENGINEERING

5460 Beaumont Center Blvd. [ Tampa, Florida 33634 [] (813) 884-8268

On September 16, 1987, PACE Laboratories, Inc. ceonducted
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 Director
Timothy M. 0’Dell Team Leader
Michael C. Jackman V.E. Observer
James E. Franklin Technician

Ronald F. Brock Technician

The results of the Particulate and Lead emissions tests are
summarized in the following table.

Actual
Date Operation Parameter Emission
Rate*
9/16/87 CVS #2 Particulate 3.06 X 10”3
9/16/87 CVS #2 Lead 2.13 X 1074
9/16/87 CVSs #2 Opacity 0
* = gr/dscf except for opacity (%)
Respectfully submitted,
cz;sg/;aboratories, Inc. )
%;%/}’r , O S 70
Timothy M. 0’Dell Thomas A. Jackman, Ph.D.
Project Manager Director, Florida Division




ch REPCRT OF LABORATORY ANALYSIS
loboratories, nc

PACE LABORATORIES, INC.
Source Test Summary

Company Name: Johnson Controls,Inc,

Source Identification: Central Vacuuming System #2 (S/N 158 B)

Test Parameter: Particulate

Process Weight Rate: 15.5 Pounds / Hour

Test Date: September 15, 1987
RUN NUMBER 1 2 3 Average
SCF 4,2127e+01 4.,2795E+01 4 .0186E+01 4.1703e+01
ACFM 2.24E+03 2.22E+03 2.09E+03 2.18E+03
WATER, % 5.68E+00 6.18E+00 5.21E+00 5.69E+00
ISOKINETIC, % 1.06E+02 1.07E+02 1.08E+02 1.07E+02
EMISSIONS, GR/DSCF 4.47E-03 2.99E-03 1.73E-03 3.06E-03
EMISSIONS, LB/HR 6.81€E-02 4.58E-02 2.47E-02 4.62E-02

EMISSION SUMMARY:

Particulate, gr/dscf

Actual: 3.06E-03

5460 Beaumont Center Bivd. © Tampa, Florida 33634 0 (813) 884-8268

Offices;
Minneapaolis, Minnescia
Tampa, Fiorida
Coralville, lowa




Oftices:

Q(e REPORT OF LABORATORY ANALYSIS Minneapolis, Minnesota
) Tampa_. Fiorida
lcboratories, inc Coralvite. lows

PACE LABORATORIES, INC.
Source Test Summary

Company Name: : Johnson Controls,Inc. .
Source ldentification: tentral Vacuuming System #2 (5/N 158 B)

Test Parameter: Lead

Process Weight Rate: 15.5 Pounds / Hour

Test Date: September 16, 1987

. RUN NUMBER 1 2 3 Average

SCF &.2127E+01 4.2795E+01 4.0186E+01 4. 1703e+01
ACFM | 2.24E+03 2.22E+03 2.09e+03 2.186+03
WATER, X 5.68E+00 6. 18BE+00 5.21E+00 5.69E+00
ISOKINETIC, % 1.06E+02 1.07e+02 1.08E+02 1.07E+02
EMISSIONS, GR/DSCF 3.66E-04 2.05E-04 6.91E-05 2.13e-04
EMISSIONS, LB/HR 5.59€E-03 3.15E-03 9.88E-04 3.24E-03

EMISSION SUMMARY:

Lead, gr/dscf

Actual:  2.13E-04 \/

5460 Beaumont Center Blvd. O Tampa, Florida 33634 O (813) 884-8268
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Source Description




SQURCE 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
grids are then used in the production of 1lead-acid storage
batteries for automotive and marine applications.

Central Vacuum Svstem #2 (S/N 158B

The Central Vacuum System #2 (S/N 158B) 1is 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.

e
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Methodology




GENERAIL SAMPLING METHODOLOGY

Sampling methodologies as described in the latest revision
of the Florida Department of Environmental Regulation

publication Standard Sampling Techniques 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 PM100
Manual Stack Sampler.

Gas stream velocity is measured using a Type 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 + 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
200qg). The contents of the first and second impingers
depends on the nature of the test being conducted. The
third impinqer 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. Aall
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 ana1y51s. 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 1lines) 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.

SPECIFIC SAMPLING METHODOIOGY

Central Vacuum System #2 (S/N 158B

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.

ANALYTICAL METHODOLOGY

Particulate and Lead Methodoloqy

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 1labeoratory, the filter and 1loose
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 24 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 probke
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 1:1
nitric acid and 3% hydrogen peroxide. This solution was
filtered and this filtrate diluted to 250 ml. A blank
containing 0.1 N 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 EQUIPMENT DESCRIPTION

a.

Nozzle

Stainless steel, type 316, with a 0,226 inch diameter
orifice as measure on site with a vernier caliper.

Probe

Five (5) foot type 316 stainless steel with a heater
type 316 stainless steel liner.

Thermocouple

Chromel-Alumel K-type
Pitot Tube

Five foot type 316 stainless steel Strauschribe type.

Sample Collection Assembly

Contains separate hot and cold modules. The hot box
houses the filter holder and is designed to maintain a
temperature of 248+25°F. This temperature is monitored
periodically during each test run. The cold box module
houses the impinger train and ice bath. Impingers one,




3.6

three, and four are modified Greenburg-Smith and the

second is of standard design.

Lear Siegler Control Unit

This unit contains a diaphragm vacuum pump,
meter, digital pyrometer, temperature contreollers, and
dual Dwyer Inclined Manometers (five inch).

LABORATORY PREPARATION

a.

Glassware

Washed and dried prior to each stack test.

Filters

Oven dried at 105°C to constant weight
minimum) and weighed to the nearest 0.5 mg.

dry gas

(four hours

Tared

filters are stored in a desiccator until used in a

test.

Silica Gel

Dried at 250°F for two hours and stored in air tight

containers until used.
Control Unit

Check operation of all systems.

SAMPLE RFCOVER EQUIPMENT

Probe Brush

Water Wash Bottles
Sample Storage Bottles
Graduated Cylinder
Desiccator

Analytical Balances

1. Mettler EL

2. Mettler H1Ow
Filters

Whatman EMS 2000 borosilicate glass

fiber

filters




j'

1.

(10.16 cm diameter)

Silica Gel

Indicating type, 6-16 mesh, dried at 350°F immediately
before test.

Acetone, ACS Reagent Grade
Nitriec Acid, ACS, Reagent Grade
Water, Deionized

Ice
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Source Testing Nomenclature and Dimensions

Delta H

I
Mg
MS

(Delta p)1/2

Actual ft3/min
Probe nozzle tip area, ft2
Area of stack, ft?

Proportion of water vapor in gas stream by
volume, dimensionless

Pitot Coefficient

Average pressure differential across the
orifice nmeter

Percent of Isckinetic sampling

Molecular weight of stack gas, dry basis
Molecular weight of stack gas, wet basis
Square root of velocity head, inches of H,0O
Barometric pressure, inches of Hg

Absolute stack pressure, inches of Hg

Dry volumetric stack gas flow rate corrected
to standard conditions

Sampling time, minutes

Vp (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.




. Vwe (std) Volume of water vapor condensed corrected to
standard conditions, scf.

Dry gas meter calibration factor

v
0




EQUATTIONS

Water Vapor Volume of Moisture Condensate
Vyc(std) = 0.047 (V¢ - Vj)

Moisture in Gas Stream

Bys = Vwe (std)

Vyc(std) + Vg (std)

Wet Molecular Weight of Gas

Mg = Mg (1-Byg) + Bys

Gas Stream Velocity

Tg 1/2
(—
Vg = 85.49 (Cp) (Delta P)1/2avg PMg
Sample Gas Volume Corrected to Std. Conditions
Vp(std) = 17.64 VpY (Pp+Delta H/13.6)
Tm
% Isokinetic
I = 0.09450 TgVp (Std)
Stack Volumetric Flow Rate (ACFM)
ACFM = Ag X Vg X 60
Stack Volumetric Flow Rate (SCFM) corrected to std, cdts.

| . 528 Pg
Qsd = 60 (1-Byg)Vghg (
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QOfiices:
Q(c REPORT OF LABORATORY ANALYSIS Minneapolis, Minnesota
Tampa, Florida
|Ob 1_ . _ Coralville, lowa
OI’O Qres, nc. ANALYTICAL DATA
Probe and Filter
Client: Johnson Controls, Inc.
Source ldentification: Central Vacuuming System #2 (S/N 158 8)
Test Date: September 16, 1987
Analyst: Tim O'Deil
RUN 1 .
Identification Final Weight Initial Weight Weight Gain
Marks (grams) (grams) (grams)
Filter # 7 0.7263 0.7210 - 0.0053
Probe Wash Run 1 99.1773 99.1702 ¢.0071
Total 0.0124
Acid Blank 0.0002
2 Particulate Weight 0.0122
ANALYST:
RUN 2
Identification Final Weight Initial Weight Weight Gain
. Marks (grams) (grams) (grams)
Filter # 4 0.7252 0.7194 0.0058
Probe Wash Run 2 98.5946 94.5920 0.0026
Total 0,0084
Acid Blank 0.0001
Particulate Weight 0.0083
ANALYST: —F2
RUN 3
1dentification Final Weight Initial YWeight Weight Gain
Marks {grams} {grams) {(grams)
Filter # 120 0.7209 0.7206 0.0003
Probe Wash Run 3 97.6%900 97.6857 0.0043
Total 0.0046
Acid Blank 0.000%
ﬂb/ Particulate Weight 0.0045
ANALYST:
FILTER.MAS References: FF-131
Rev052384
5460 Beaumont Center Bivd. O Tampa, Florida 33634 O (813) 884-8268




Offi :
nce REPORT OF LABORATORY ANALYSIS Minneapolis, Minnesota

Tampa, Fiorida

[ : Coralville, lowa
|ObOFOTOFI€‘S. INC. ANALYTICAL DATA
Impinger Train
n‘.
Client: Johnson Contrels, Inc.
Source Identifications Central Vacuuming System #2 (S/N 158B)
Test Date: September 16, 1987
Analyst: Tim 0'Dell
RUN 1
Impinger Number Finat volume Initial volume Volume Change
{mls) (mts) (mls}
1 157 100 - 57
2 49 100 -51
3 1 0 1
4 257 210 47
Total Mater 54
ANALYST: —
RUN 2
Impinger Number Final Volume initial Volume Volume Change
(mls) {mis) {mls)
1 161 100 61
2 48 100 -52
3 1 0 1
4 240 190 50
Total Water 60

ANALYST: — 2

R RN R R R R R R R N N N LR N N N A

RUN 3
Impinger Number Final Volume Initial Volume Yolume Change
(mis) {mls) {mls}
1 151 100 51
2 48 100 =52
3 1 0 1
4 278 231 47
W Total Water 47
ANALYST:
IMPINGER . MAS References: FF-131
Rev052384

5460 Beaumont Center Blvd. O Tampa, Florida 33634 0 (813) 884-8268




pace

loboratories, inc

REPORT OF LABORATORY ANALYSIS

PACE LABORATORIES, INC.
Source Test Data Summation

Company Name:
Source Identification:
Source Test For:

Johnson Controls, Inc.
Central Vacuuning System #2 (S/N 158 B)
Particulate

Test Date: September 16, 1987

RUN NUMBER 1 2 3
V(w) Volume of moisture collected, mi 5.40E+01 6.00E+01 4.708+01
T{(m) Average Meter Temperature, °F 100 110 108
v(m) Actual Sample volume, cu. ft. 4.2577E+01 4,4019e+01 4, 1211E+01
GC Dry Gas Meter Coefficient 1.04E+00 1.04E+00 1.04E+00
P(b) Barometric Pressure, inches Hg 30.01 0.0 30.01
P{m) Pressure across orifice, in Hg 1.44 1.4%9 1.28
A(s) Stack Diameter, inches 12.0 12.0 12.0
A(n) Probe Nozzle Diameter, inches 0.224 0.224 0,224
T(s) Stack Temperature, ave °F 168 158 170
mg Weight of Particulate, mg 12.20 8.30 4.50
t Sampling Time, min. &4 &4 64
JdP  velocity Head, J/(ave), in. water 0,770 0.770 0.720
P{s) Stack Pressure, Ave inches Hg 30.029 30.029 30.02¢9

CALCULATIONS

RUN NUMBER 1 2 3

SCF Sampled 4.2127E+01 4. 2795E+01 4.0184E+01

wWater, % 5.6822 6.1821 5.2105

Gas Molecular Weight 28.34 28.29 28.39

Gas Stream Velocity 4. 75E+01 4. 72E+01 4 . 44E+01

ACFM 2.24E+03 2.22E+03 2.09E+03

SCFM 1.78E+03 1.79E+03 1.67E+03

1sokinetic, % 106 107 108

Emissions, gr/dscf 4.47TE-03° 2.99E-03 1.73E-03

Emissions, (b/hr 6.81E-02 4.58E-02 2.47E-02

5460 Beaumont Center Blvd. 0 Tampa, Florida 33634 C (813) 884-8268

Offices:
Minneapclis, Minnesota
Tampa, Florida
Coralville, lowa




pace

REPORT OF LABORATORY ANALYSIS

loboratories, ne

PACE LABORATORIES,

INC.

Source Test Data Summation

Company Name:

. Source identification:

Source Test For:

Johnson Controls,Inc.
Central Vecuuming System #2 (S/N 158 8)

Lead

Offices:
Minneagolis, Minnesota
Tampa, Florida
Coralville, lowa

Test Date: September 16, 1987

RUN NUMBER 1 2 k]
V(w) Volume of moisture collected, ml 5.40E+Q1 6.00E+01 4. 70E*01
T{m} Average Meter Temperature,K °F 100 110 108
V(m) Actual Sample Volume, cu. ft. 4.25T7TE+01 4.40196+01 4.1211E+01
GC Dry Gas Meter Coefficient 1.04E+00 1.04E+00 1.04E+00
P(b) Barometric Pressure, inches Hg 30.01 6.0 30.01
P{m) Pressure across orifice, in Hg 1.44 1.49 1.28
A{s) Stack Diameter, inches 12.0 12.0 12.0
A(n) Probe Nozzle Diameter, inches 0.224 0.224 0.224
T(s) Stack Temperature, ave °*F 148 158 170
mg  Weight of Lead, mg 1.00 0.57 0.18
t Sampling Time, min. &4 &4 &4
JdP  velocity Head, J(ave), in. water 0.770 0.770 0.720
P{s) Stack Pressure, Ave inches Hg 30.029 30.029 30.029

CALCULATIONS

RUN NUMBER 1 2 3

SCF Sampled 4.2127E+01 4.2795E+01 4.0185E+01

Water, % 5.6822 6.,1821 5.2105

Gas Molecuiar Weight 28.34 28.29 28.39

Gas Stream Velocity 4. T5E+01 4, T2E+01 4, 44E+01

ACFM 2.24E+03 2.22E+03 2.09E+03

SCFM 1.7BE+03 1.79E+03 1.6TE+03

Isokinetic, % 106 107 108

Emissions, gr/dscf 3.66E-04 2.05e-04 &.91E-05

Emissions, lb/hr 5.59E-03 3.15€e-03 9.88E-04

5460 Beaumont Center Bivd. 0 Tampa, Florida 33634 0 (813) 884-5268
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APPENDIX A

Calibration Data




SUMMARY OF SAMPLING EQUIPMENT CALIBRATION

Equipment
Calibration

Kozzie

Pitot Tube

Dry Gas Meter
and Orifice

Barometer

Thermocouples

Nomagraph
Accuracy

Date of
Calibration

Place of
Calibration

9/16/87

1/87

10719787

1/87

1/87

on Site

Interscience

PACE

Tampa Airport

Interscience

Interscience

Method of
Calibration

P

Vernier Caliper
" Ave.

FDER Alt. Method

Wet Test Meter JU

Calibrated at
ambient and boiling
water temperatures
against

ASTM mercury bulb
thermometer

EPA Pub. "Adjust-
ments in the EPA
Nomagraph for
different Pitot
Tube Coeff. and
Dry Molecular
Weights

Calibration Date

See Following

C, = 0.84

MCF = 1.043

4 12 noon

+ 5°F

+ 10%




NOZ2LE DIAMETER CALIBRATION DATA

Client: Johnson Controls, lnec. *
Source [.D.: Central Yacuum System #2 (S/N 158B)
Test Date: September 16, 1987
Computed By: Michael C. Jackman
. Nozzle Diameter
DATE 1 2 3 [ 5 é Average
9/16/87 0.224 g.223 0.224 0.223 T D.224 0.224 0,224




OHices:

nce REPORT OF LABORATORY ANALYSIS sAinneapolis, Minnesota
Tampa, Florida
Iob T 0 Coralvilie, lowa
Oraiories, rnc.
. DRY GAS METER AND ORIFICE CALIBRATION
Calibration Date: September 9, 1987
Calibrated by: Michael Jackman
Barometric Pressure: 29.995 in Hg
Calibration Time: 15  min
------------- WET TEST METER-+--=-=s-ssv==  =secas-c--s=cm==--2--DRY GAS METER---=-===-=-----=scocx  =-CALIBRATION---
Initial Final v o™ Tw Initial Final vm dH T T Tm MCF dha
Vol vol *F Vol vol in owt ave
0.000 6.294 6.294 0.30 74.6 525.516 531.526 64.012 0.50 102 78 90.0 1.065 1.594
0.000 7.681 7.681  0.30 75.0 531.526 539.001 7.475 0.75 107 80 93.5 1.051  1.602
0.000 8.479 8.479 0.30 75.0 539.001 547.398 B8.397 1.00 109 81 95.0 1.035 1.750
0.000 10.595 10.595 0.35 75.0 547.398 558.093 10.495 1.50 111 83 ¢97.0 1.016 1.67%
0.000 12.129 12.129 0.40 75.0 570.848 5B2.788 11,940 2,00 11 85 98.0 1.040 1.698
. 0.000 13.3346 13.336 0.40 75.0 582.788 594.182 13.3%4 2.50 112 86 99.0 1.020 1.7%2
0.000 14.500 14.500 0.40 75.0 5906.182 610.671 14.489 3.00 112 37 99.5 1.025 1.775%

AVERAGE 1.036  1.692

di = orifice Pressure inches water
W = Pressure (-) at Wet Test Meter inches Hg
vm = Gas Volume, Dry Gas Meter cubic feet
VW = Gas Volume, Wet Test Meter cubic feet
Tw = Temperature, Wet Test Meter *F

Tm = Temperature, Dry Gas Meter *F

t = Calibration Time minutes

MCF = Meter Correction Factor
dHd = Stendard Orifice Pressure Differential
0.75 CFM dry air a70*F, 29.92 inches Hg

MCF = [VvW*(Tm+&60)*(Pb-dW)1/ V™ (Tw+480)* (Pbr+di/13.6)]

dHa = [(0.0317*dH/{Pb*(Tmout+460))3 [{Ta+460)"t/Vw] "2

STACK\DGM7CAL .MAS

5460 Beaumont Center Blvd. 0 Tampa, Florida 33634 0 (813) 884-8268




Offices;
nce REPORT OF LABORATORY ANALYSIS Minneapolis. Minnesota

' Tampa. Florida
loboratories, re

Coralville, lowa

DRY GAS METER AND ORIFICE CALIBRATION

Calibration Date: October 19, 1987
Calibrated by: Michael Jackman
Barometric Pressure: 30.02 in Hg
Calibration Time: 1% min
------------- WET TEST METER----==-=s=-svr  =cesecccmoeceacooce-DRY GAS METER----------==---------  --CALIBRATION---
Initial Final Vi -] Tw fnitial Final vm di T T Tm MCF dHa
Vol vol *F Vol Vol in out ave
0.000 6.332 6.332 0.30 75.0 888.062 894.109 6.047 0.50 102 77  B9.5 1.063 1.579
0.000 7.625 7.625 0.30 75.0 894.109 901.449 7.340 0.75 106 80 93.0 1.061 1.625
0.000 8.6 8.691 0.30 75.0 901.449 909.895 8.446 1.00 108 81 94.5 1.053 1.664
. 0.000 10_444 10,444  0.35 74.5 909.895 920.160 10.265 1.50 109 82 95.5 1.041 1.722
0.000 11.801 11.801 0.40 74.5 920.160 931.837 11.677 2.00 111 B4 97.5 1.035 1.792
0.000 13.289 13.289 0.50 74.3 931.837 944.974 13,137  2.50 112 B4 98.0 1.033  1.7&5
0.000 14.387 14.387 0.60 74.0 964.974  959.371 14.397 3.00 113 85 9.0 1.018 1.802
AVERAGE 1.043  1.707
dH = Orifice Pressure inches water
o = Pressure (-) at Wet Test Meter inches Hg
vm = Gas Volume, Dry Gas Meter cubic feet
Vi = Gas Volume, Wet Test Meter cubic feet
Tw = Temperature, Wet Test Meter °F
Tm = Temperature, Dry Gas Meter °F
t = Calibration Time minutes

MCF = Meter Correction Factor
dHa = Standard Orifice Pressure Differential
0.75 CFM dry air a70°F, 29.92 inches Hg

. MCF = [(Vw*(Tm+460)* (Pb-dW)]/ [Vm* (Turd60)* (PbedH/13.6)]

dHa = [(0.0317*dH/{Pb*({Tmout+460)3] [(Tw+é60)*t/Vu] “2

5460 Beaumont Center Blvd. 0 Tampa, Florida 33634 0 (813) 884-8268
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APPENDIX B

Process Weight Statement




Offices:

'Oborofories. nc. oo e

PROFESSIONAL ANALYTICAL CHEMISTRY 8 EMNGINEERING

5460 Beaumoni Center Bivd. {3 Tampa, Fiorida 33634 O (813) 884-8268

STATEMENT OF PROCESS WEIGHT

COMPANY NAME Johnson Controls, Inc., Globe Battery Division
ADDRESS P. O. Box 16068, Tampa, Florida 33687

SOURCE IDENTIFICATION Central Vacuum System # 2 (S/N 158B)

SOURCE LOCATION 10215 North 30th Street, Tampa, 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 RATTING;

PROCESS WEIGHT RATE (INPUT) - PRODUCT (OUTPUT)
DATA ON ACTUAL PROCESS RATE DURING OPERATION CYCLE;
MATERIAL Lead Bearing Dust RATE 15.5 lbs/hr
MATERTAL RATE

MATERIAL RATE

TOTAL PROCESS WEIGHT RATE:

PRODUCT Lead Bearing Dust RATE 15.5 1lbs/hr

I certify that the above statement is true to the best of my Knowledge and

belief.
¢

Signature William Scott

Title Managing Engineer






