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1.0 INTRODUCTION

Scott Research Laboratories, Inc. performed source sampling
tests at the Wentz Plant of Westmoreland Coal Company during the week
of March 20, 1972. This plant is located in Stonega, Virginia. The
plant uses a Research Cottrell venturi scrubber to contrel the exhaust
" gas emissions from a coal cleaning and preparation qperation.

The exhaust gases, as they were being emitted to the atmos-
phere, were sampled and gnalyzed for the determination of total
particulate loading, oxides of nitrogen, total hydrocarbons, carbon
monoxide, carbon dioxide, and oxygen concentrations.

There are two types of coal processed at the plant, Osaka
coal and Wentz coal. The Osaka coal is a low sulfur, medium ash,
.high volatile steam coal of 55 grindability index, while the Wentz
coal is a low sulfur, low ash, high volatile metallurgical coal of 55
grindability index. One sample run with Osaka coal being processed
was performed on March 20, 1972, and two other runs were conducted on
March 22, 1972. Two sample runs were performed with the Wentz coal
being processed on March 23, 1972, Figure 1 shows the location of the

sampling point at the plant.

"\:§ | SCOTT RESEARCH LABORATORIES, INC.
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2.0 SUMMARY OF RESULTS

A'summary of test results is presented in Table 1. The
particulate weights are summarized and shown in Table 2, with all of
the particulate results included as Appendix A. Appendix B presents
all of the gaseous results,.and the raw data sheets are included as
Appendix C.

From Table 2 it is observed that the particulate matter
collected during the three runs while Osaka coal was being processed
averaged approximately 40 percent more than what was collected during
the two runs performed while Wentz coal was being processed. This is
also shown in Table 1 where the particulate emission rate to the atmosphere
was approximately 50% higher for Osaka coal compared to Wentz coal.

A visible trail of brownish smoke was observed from the stack
during the processing of Osaka coal. It was difficult to compare this
occurrence with the visible emissions during processing of Wentz coal,
since it was snowing the day of the tests. However, there did appear
to also be somewhat of a brownish trail.

The NOx concentrations wefe fairly consistent for all of the
tests. The total hydrocarbon concentrations, however, varied considerably.

They ranged from 18 ppm to 208 ppm.

N} | SCOTT RESEARCH LABORATORIES, INC.
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Run Number

Type of Coal

Sample Date

Sample Gas Vol., scf.

Moisture, %

Stack Gas' Temp., °p

Stack Gas Vel., fpm.

Stack Gas Vol., SCFM

Particulate Collected
Probe, cyclone, filter, mg.
Total, mg.

Particulate Concentration

Probe, cyclone, filter, gr/scf.

Total, gr/scf.
Particulate Emissions
Probe, cyclone, filter, 1b/hr.
Total, 1lb/hr. o
Percent Isokinetic

Carbon Monoxide, %
Carbon Dioxide, %
Oxygen, %

Total Hydrocarbon (ppm-C)
NOx, ppm

TABLE 1 - SUMMARY OF TEST RESULTS

1 2
Osaka Osaka
3/20/72 3/22/72
88.56 86.95
12.61 13.61
120 120
5165 4961
137,310 128,520
261.5 206.5
337.0 280.5
0.046 0.037
0.059 0.050
53.54 40.31
68.96 54.74
87.89 92.19
0.0 0.0
0.2 0.3
18.2 19.6
208.2 102.0
52.8 54.4

3

Osaka
3/22/72°
86.09
12.56
120

4847
127,100

242.0
314.0

0.043
0.056

47.16
61.22
92.30

0.0
0.2
19.4
48.0
37.6

4

Wentz
3/23/72
95.90
11.93
120
5120
135,450

169.5
220.5

0.027
0.035

31.57
41.09
96.48

0.0
0.3
19.8
31.5
59.6

5

Wentz
3/23/72
94.51
9.37
120
4998
136,070

173.0
225.0

0.028
0.037

32.88
42.80
94.65

0.0
0.4
19.8
18.0
44.6

¢L®0 St I8T1 T¥S
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TABLE 2 -~ PARTICULATE WEIGHTS SUMMARY

Run Number 1 2 3 4 5

Container 1, mg. 92.0 101.5 94.0 64.0 78.0
Container 2, mg. ' 169.5 105.0 148.0 105.5 95.0
Container 3a, mg. 5.0 9.0 8.0 9.0 8.0
Container 3b, mg. 61.0 54.0 5.5 32.5 30.5
Container 5, mg. 9.5 11.0 -13.5 9.5 13.5
Probe, cyclone filter, mg. 261.5 206.5 242.0 169.5 173.0
Total, mg. 337.0 280.5 314.0 220.5 225.0

Ai}| SCOTT RESEARCH LABORATORIES, INC.
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3.0 PROCESS‘DESCRIPTION
At.the Wentz plant the coal from the mines is screened,
washed and then dried. The exhaust from the drier passes through a
Research Cottrell venturi scrubber before it is emitted to the

atmosphere. Figure 2 shows a flow diagram of the Wentz plant.

}| SCOTT RESEARCH LABORATORIES, INC.
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4,0 LOCATION OF SAMPLE POINTS

Thé exhaust gases from the coal cleaning operation pass through
a Research Cottrell venturi scrubber to a mist eliminator and then are
emitted to the atmosphere through an 81 inch diameter stack. Two
sampling ports located at 90° apart were in the stack at a point
approximately 10 feet upstream from the top of the stack and approximately
25 feet downstream from the outlet of the mist eliminator.

There had been a platform installed at the sample point location
for some previous test work. An angle iron support rail extending ten
feet out from each port was used to hold the sample box. The sample
control unit was located in the same area. Figure 1 shows the physical
layout of the system and the location of the sample ports.

Figure 3 shows the traverse points used. A total of 48 traverse
points were sampled two and one half minutes each. In order to stay
at least two inches away from the wall, the first two and last two points
on the traverse were combined. Thus, the first and last points (eacﬁ
containing two traverse points) were samples for five minutes each. The
traverse points were chosen in accordance with Method 1 published in
the Federal Register, Volume 36, No. 24.

The two ports were designated as A and B, with A being the

port on the left_and B the port 90° to the right of A.

'$| SCOTT RESEARCH LABORATORIES, INC
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5.0 PROCESS OPERATION
Dufing the test all filter cake from flotation cells was fed
to the dryer. Measured loadout of rail cars indicated that the plant
production during our tests was 300 TPH, of which 200 TPH had been
thermally dried.
Process variables monitored during the test were the furnace

combustion zone temperature. These were recorded as follows:

Dryer Temperature

Combustion Zone Exhaqst Temperature
Date Test No. Hi Lo Avg. Hi Lo Avg.
3/22 2 1300 1100 1150 180 155 170
3/22 3 1250 1100 1150 180 170 175
3/23 4 1200 900 1100 150 140 145
3/23 5 1200 700 1050 155 140 145

Process operating data was not obtained during the first test

on March 20, 1972.

\§| scorr RESEARCH LABORATORIES, INC.




6-1
SRL 1281 35 0472

6.0 SAMPLING AND ANALYTICAL PROCEDURES
6.1 PARTICULATE SAMPLING AND ANALYTICAL PROCEDURES

Samples were collected for the determination of particulate matter
from the outlet of the venturi scrubber. The sampling and analytical pro-
cedures used were the same as those specified by Method 5, '"Determination of
Particulate Emissions from Stationary Sources', and published in the Federal
Register, Volume 36, No. 247, Thursday, December 23, 1971. In addition, the
impinger catch was analyzed. This method is attached as Appendix D.

Briefly, the method consists of withdrawing a sample isokinetically
from the stack through a heated glass probe into a cyclone, filter, and
impinger train. The cyclone and filter are contained in a heated box.

The sample volume is measured with a dry gas meter, and isokinetic conditions
are maintained by monitoring the stack gas velocity with an "S" type pitot
tube. After testing is completed, the train is thoroughly washed including
the probe. The washings are evaporated, dried, and weighed along with the
filter in order to obtain a total weight of particulate matter collected.

The stack gas velocity and flow rate was measured using
Method 2, "Determination of Stack Gas Velocity and Volumetric Flow Rate
(Type S Pitot Tube)'", and published in'the Federal Register. Using both
the weight of sample collected aﬁd the flow rate determined, a total

particulate emission rate was calculated.

6.2 GASEOUS SAMPLING PROCEDURES
Stack gas samples were taken at regular intervals during each

particulate sampling traverse to determine the concentrations of 02,

1}| SCOTT RESEARCH LABORATORIES, INC.
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co, C02, NOx and total hydrocarbons présent in the stack effluent. The
sampling location was the same with réspect to the venturi scrubber as
that used for the particulate samples. The sampling and analytical
procedures used were in accordance with Federal Register, Volume 36,

No. 247, December 23, 1972, "Standards of Performance for New Stationary

Sources".

6.3 NOx SAMPLING AND ANALYTICAL PROCEDURES

| All NOx samples werevtaken through a % inch 0.D. glass probe
heated to approximately 250°F. Each sampleAwas drawn through this probe
into a previously evacuated 2 liter flask containing 25 ml. of NOx
absorﬁing solution. bThe.flasks were shaken for 5 minutes following each
sampling ﬁeriod and then allowed tovstand for at least 16 hours.
Following this, the éamples were shaken again for 2 minutes just prior
to measuring the final flask pressure. The samples were then transferred
to glass shipping bottles with distilled water washes and neutralized
with 1.0 N sodium hydroxide. At the end of the test ﬁeriod, all samples
were returned to the laboratory for analysis.

The samples Qere analyzed via the phenoldisulfonié acid

procedure described in the aforementioned Federal Register. The absor-
bances were measured with a Bausch and Lomb Spectronic 20 Colorimeter

and the results were reported as parts per million NOZ'

Ni}| SCOTT RESEARCH LABORATORIES, INC.
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6.4 ORSAT SAMPLING AND ANALYTICAL PROCEDURES

Integrated bag samples were taken for Orsat analysis (CO,
CO2 and 02) during each particulate sampling period. The sampling
apparatus consisted of a % inch 0.D. stainless steel probe, a stainless
steel coiled tube condenser, a‘glass water trap, a carbon vane pump,
a flowmeter and needle valve assembly, a 3 inch #21 stainless steel
hypodermic needle, and a 5 liter Tedlar sample bag fitted with a
syringe cap.

The sampling procedure was initiated by purging the probe
and condenser system with stack air,.adjusting the sample flow rate
to approximately 80 cc per mintue, and inserting the hypodermic needle
into the syringe cap on the sample bag. The integrated sample was
taken over a 1 hour period yielding approximately 4.8 liters of sample
for analysis.

At the end of each test day, the sample bags were analyzed

by Orsat for CO, C02, and O Repetitive analyses were performed on

9"
each bag to insure satisfactory duplication. The results were reported

in percentages.

6.5 TOTAL HYDROCARBON SAMPLING AND ANALYSIS PROCEDURES

The same integrated bag sample that was taken for Orsat analysis
was analyzed for total hydrocarbons via a Beckman Model 108-A Total Hydro-
carbon Analyzer. Following each Orsat analysis the Tedlar sample bag was
connected to the hydrocarbon analyzer via a Teflon sample tube. The
sample was drawn into the instrument until a stable reading was recorded
on the meter. Before and after each analysis the instrument was zeroed

with hydrocarbon free air (<0.1 ppm-C) and spanned with a Scott close

1$| SCOTT RESEARCH LABORATORIES. INC.
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tolerance blend of 99.9 ppm propane in nitrogen (analysis: *2.0%). The
meter readings for each sample were converted to ppm-C as shown in

Section E-5 of Appendix E.

#\i}| SCOTT RESEARCH LABORATORIES, INC.
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APPENDIX A

COMPLETE PARTICULATE RESULTS WITH EXAMPLE CALCULATIONS
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APPENDIX B

COMPLETE GASEOQUS RESULTS WITH EXAMPLE CALCULATIONS
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ORSAT ANALYSIS DATA SHEET

Run Analysis % A A
No. Date Number co <o, O,
1 3/20/72 1 0.0 0.2 18.2
2 0.0 0.2 18.1
3 0.0 0.2 18.2
Avg. 0.0 0.2 18.2
2 3/22/72 1 0.0 0.3 19.6
2 0.0 0.2 19.7
3 0.0 0.3 19.6
Avg. 0.0 0.3 19.6
3 3/22/72 1 0.0 0.2 19.4
2 0.0 0.2 19.4
3 0.0 0.3 19.5
Avg. 0.0 0.2 19.4
4 3/23/72 1 0.0 0.3 19.8
2 0.0 0.4 19.7
3 0.0 0.3. 19.8
Avg. 0.0 0.3 19.8
5 3/23/72 1 0.0 0.4 19.8
2 0.0 0.4 19.8
3 0.0 0.5 19.8
Avg. 0.0 0.4 19.8

\:}| SCOTT RESEARCH LABORATORIES, INC
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TOTAL HYDROCARBON DATA

Run ' Sample Meter THC* THC
No. Date No. Range Units (ppm-C3§81 (ppm-C)
1 3/20/72 1 100 69.5 69.4 208.2
2 100 69.5 69.4 208.2

2 3/22/72 1 100 35.0 35.0 105.0
2 100 33.0 33.0 99.0

3 3/22/72 1 100 16.0 . 16.0 48.0
2 100 16.0 16.0 - 48.0

4 3/24/72 1 100 10.5 10.5 31.5
2 100 10.5 10.5 31.5

5 3/23/72 1 100 5.0 5.0 15.0
2 100 7.0 7.0 21.0

*

All spans were set at full scale on Range 100 using a 99.9
ppm C3H8 standard.

Sample calculation:

Run #1, Sample f#1:
_ meter units x 99.9 ppm-CH

ppm—C2H8 B 100 units span 8
_ _ (69.5)(99.9)
ppu-CjHg = 100

ppm—C3H8 = 69.4

ppm—C = ppm—C3H8 x 3

- ppm—-C = 208.2

\c}| SCOTT RESEARCH LABORATORIES, INC..
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FIELD DATA
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APPENDIX D
STANDARD SAMPLING PROCEDURES
The sampling procedures used during the test are the same as
those published in the Federal Register, Volume 36, Number 247, Thursday,
December 23, 1971. These methods are as follows: Methods 1, 2, 3, 4, 5,

and 7. In addition, the impinger catch was analyzed.

1$| SCOTT RESEARCH LABORATORIES, INC.




method(s) prescribed by the manufac-
turer(s) of such instrument, the instru-
ment shall be subject to manufacturers
recommended zero adjustment calibra-
tion procedures at least once per 24-hour
operating period unless the manufac-
turer(s) specifled or recommends cali-
bration at shorter intervals, in which
case such specifications or recommenda-
tions shall be followed. The applicable
method specified in the appendix of this
~ part shall be the reference method.

(c) Production rate and hours of op-

eration shall be recorded daily.

(d) 'The owner or operator of any sul-
furic acid production unit subject to the
provisions of this subpart shall maintain
a flle of all measurements required by
this subpart. Appropriate measurements
shall be reduced to the units of the ap-
plicable standard daily and summarized
monthly. The record of any such meas-

urement and summary shall be retained

for at least 2 years following the date
of such measurements and summaries.

§ 60.85 Test methods and precedures,

(a) The provisions of this section are

applicable to performance tests for deter-
mining emissions of acid mist and sulfur
- dioxide from sulfuric acid production
units.

(b) All performance tests shall be con-
ducted while the affected facility is oper-
ating at or above the maximum sacid
production rate at which such facility
will be operated and under such other
relevant conditions as the Administrator
shall specify based on representative per-
- formance of the affected facility.

(¢) Test methods set forth in the ap-

pendix to this part or equivalent methods
as approved by the Adnunist.rator shall
be used as follows:

(1) For each repetition the acid mist
and S0, concentrations shall be deter-
mined by using Method 8 and traversing
according. to Method 1. The minimum
sampling time shall be 2 hours, and mini-
mum sampling volume shall be 40 ft.*°
corrected to standard conditions.

(2) The volumetric flow rate of the
total effluent shall be determined by using
Method 2 and traversing according to

Method 1. Gas analysis shall he per-
formed by using the integrated sample
technique of Method 3. Moisture content
can be considered to be zero.

(d) Acid produced, expressed in tons
per hour of 100 percent sulfuric acid
shall be determined during each 2-hour
testing period by suitable fiow meters and
shall be confirmed by & material balance
over the production system.

(e) For each repetition acid mist and
sulfur dioxide emissions, expressed in 1b./
ton of 100 percent sulfuric acid shall be
determined by dividing the emission rate
in lb./hr. by the acid produced. The
emission rate shall be determined by
the equation, lb./hr.=QsXxc, where
Qs=volumetric flow rate of the efluent
in fti/hr. at standard conditions, dry
basis as determined in accordance with
paragraph (c)(2) of this section, and
c=acid mist and 8O, concentrations in
1b./ft.* as determined in accordance with
paragraph (c¢) (1) of this section, cor-
rected to standard conditions, dry basis.

APPENDIX—TeST METHODS

METHOD 1-—SAMPLE AND VELOCITY TRAVERSES
FOR STATIONARY EOURCES

1. Principle and Applicability.

1.1 Principle. A sampling site and the
number of traverse points are selected to aid
in the extraction of a representative sample.
12 Applicability. This method should
be applied only when specified by the test
procedures for determining compliance with
the New Source Performance Standards. Un-

lesa otherwise specified, this method is not °

intended to apply to gas streams other than
those emitted directly to the atmosphers
without further processing.

2. Procedure.

2.1 Belection of a sampling site and mini-
mum number of traverss points.

2.1.1 Select a sampling site that 1s at least
eight stack or duct diameters downstream
and two dlameters upstream from any flow
disturbance such as a bond, expansion, con-
traction, or visible flame. For rectangular

oross section, determine an equivalent diam-

eter from the following equation:

. . _of (length) (width)
egmvalent dxgmeter—2(—————-len oth+ width

equation 1-1

2.12 When the above sampling site
criteria. can be met, the minimum number
of traverse points i3 twelve (12).

2.1.3 Some sampling situations render the
above sampling alte criterla impractical.
When this is the case, choose a convenient
sampling location and use Figure 1-1 to de-
termine the minimum number of traverse
points. Under no conditions should e sam-
pling point be selected within 1 inch of the
stack wall. To obtain the number of traverse
points for stacks or ducts with a dlameter
less than 2 feet, multiply the number of
points obtained from Figure 1~1 by 0.67.

2.1.4 To use Figure 1-1 first measure the
distance from the chosen sampling location

’

to the nearest upstream and downstream dis-
turbances. Determine the corresponding
number of traverse points for each distance
from PFigure 1-1. Select the higher of the
two numbers of traverse points, or a greater
value, such that for circular stacks the num-
ber 1s & multiple of 4, and for rectangular
stacks the number follows the criterla of
section 2.2.2.

2.2 Cross-sectional layout and location of
traverse points.

.22.1 For circular,stacks locate the tra-
verse points on at least two diameters ac-
cording to Figure 1-2 and Table 1~1. The
traverse axes shall divide the stack oross
section {nto equal parts,

NUMBER OF DUCT DIAMETERS UPSTREAM®

2 3 res IS

{DISTANCE A)
0.5 1.0 185 - 2.0 28
5o I T T I 1 T T
Tﬁﬂ7D‘ISIUBBANCE
2 o A a
S L L sawLing
- 3
& . i
s B
s 30p J -]
- .
] DISTURBANCE
g S
2 2 -
=
2
2
BRI ()} S8 . o ]
*FROM POINT OF ANY TYPE OF
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0 1 1 1 1- 1 -1 |
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Flgura 1-3. Minlmum number of iraverse pointa.
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Figure 1-2. Cross section of circular stack divided into 12 equal
areas, showing location of traverss points at centroid of each area.
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Figure 1-3. Cross section of rectangular stack divided into 12 equal
areas, with traverse points at centroid of each area.

Tabla 1-1. Llocation of traverse points in circular stacks
(Percent of stack diameter from inside wall to traverse point)

Traverse

point

"g':bg" Number of traverse points on a diameter.

diameter| 2 | 4 6 8 10 12§14 [16]18]2 |22
1 14.6| 6.7) 4.4| 3.3| 2.5{ 2.1| 1.8 1.6) 1.4} 1.3} 1.1 1
2 185.4/25.0(14.7|10.5| 8.2| 6.7 | 57| 4.9] 4.4 3.9 3.5 3.2
3 75.0129.5(19.4|14.6{11.8 | 9.9} 8.5| 7.5| 6,7} 6.0} 5.5
4 93.,3{70.5(32.3|22.6|17.7 |14.6 {12.5(10.9] 9.7] 8.7] 7.9
5 85.3 | 67.7 | 34.2 ] 25.0 | 20.1 | 16.9| 14.6 | 12,9 | 11.6 | 10.5
6 95.6 | 80.6 | 65.81 35.5 [ 26.9 | 22.0| 18.8| 16.5 | 14,6 | 13.2
7 89.5|77.4| 64.5 | 36.6 | 28.3 | 23.6 | 20.4 | 18.0 | 16.1
8 96.7 | 85.4 | 65.0 | 63.4 [ 37.5] 29.6| 25.0 | 21.8 | 19.4
9 91.8|82.3 |73.1 | 62.5| 38.2| 30.6 | 26.1 | 23.0
10 97.5(88.2{79.9 | 71.7| 61.8 38.8 | 31.5 | 27.2
1" 93.3 |85.4 |78.0] 70.4 | 61.2 | 39.3 | 32.3
12 97.9 {90.1 |83.1]76.4| 69.4 | 60.7 | 39.8
13 94.3 87.581.2] 75.0 | 68.5 | 60,2
14 98.2 | 91.5|85.4| 79.6 | 73.9 | 67.7
15 "[95.1{89.1|83.5|78.2|72.8
16 98.4} 92,51 87.1182.0 {77.0
114 " | 95.690.3|85.4 | 80.6
18 98.6 | 93.3 [ 88.4 | 83.9
19 96.1191.3 | 86.8
20 98.7 { 94.0 | 89.5
21 96.5 | 92.1
22 9.9 | 94.5
23 96.8
24 98.9
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2.2.2 For rectangular stacks divide the
cross section into as many equal rectangular
areas as traverse points, such that the ratio
of the length to the width of the elemental
areas Is between one and two. Locate the
traverse points at the centroid of each equal
area according to Pigure 1-3.

3. References.

Determining Dust Concentration in a Gas
Stream, ASME Performance Test Code #27,
New York, N.Y., 1957.

Devorkin, Howard, et al., Air Pollution
Source Testing Manual, Air Pollution Control
District, Los Angeles, Calif. November 1963.
. Methods for Determination of Velocity,
Volume, Dust and Mist Content of Gases,
Western Precipitation Division of Joy Manu-
facturing Co., Los Angeles, Calif. Builetin
WP-50, 1968.

Standard Method for Sampling Stacks for

Particulate Matter, In: 1971 Book of ASTM
Standards, Part 23, Philadelpbia, Pa. 1971,
ASTM Designation D-2828-71.

METHOD 2—DETERMINATION OF STACK GAS
VELOCITY AND VOLUMETRIC FLOW RATE (TYPE
'8 PITOT TUBE) .

1. Principle and applicability.

1.1 Principle. Stack gas veloclty is deter-
mined from the gas demsity and from meas-
urement of the velocity head using & Type S
(Stauschéibe or reverse type) pitot tube.

1.2 Applicability. This method should be
applied only when specified by the test pro~-

RULES AND- REGULATIONS

cedures for determining compliance with the
New Source Performance Standards.

2. Apparatus.

2.1 Pitot tube—Type 8 (Figure 2-1), or
equivalent, with a coefficient within +6%
over the working range.

2.2 Diffetential pressure gauge—Inclined
manometer, or equivalent, to measure velo-
city head to within 10% of the minimum
value.

2.3 Temperature gauge-—~Thermocouple or
equivalent attached to the pitot tube to
measure stack temperature to within 1.6% of
the minimum absolute stack temperature,

2.4 Pressure gauge—Mercury-filled U-tube

manometer, or equivalent, to measure stack
pressure to within 0.1.in. Hg.

2.6 Barometer—To measure atmospheric
pressure to within 0.1 in. Hg.

2.6 Gas analyzer—To analyze gas composi~
tion for determining molecular weight.

2.7 Pitot tube—Standard type, to cali-~
brate Type S pitot tube.

3. Procedure.

3.1 Set up the apparatus as shown in Fig-
ure 2-1, Make sure all connections are tight
and leak free. Measure the velocity head and
temperature at the traverse points specified
by Method 1.

3.2 Measure the sta.tlc pressure in the
stack. .

3.3 Determine the stack gas molecular
weight by gas analysis and appropriate cal-
culations as indicated in Method 3. .-

TUBING ADAPTER

PIPE COUPLING
. _—— [ « ‘8 r )- [
: - g & - ae
TYPE S PITO‘I"TUBE/

L"Flgure 2-1. Pitot tube-manometer assembly.
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4. Calibration.

. 4.1 To calibrate the pitot tube, measure
the velocity head at some point in a flowing
gas stream with both a Type S pitot tube and
a standard type pitot tube with known co-
efficient. Calibration should be done in the
laboratory and the velocity of the flowing gas
stream should be .varied over the normal
working range. It is recommended that the
calibration be repeated after use at each ﬂeld
site.

42 Calculate the pitot tube coefficient
using equation 2-1.

Crrope=Co,pgq /APatd 4
Ptest TPty ADteus equation 2-1 ~
where:

Cp,.o: =Pitot tube coefficlent of Type S
pitot tube.
Cr, g =Pitot tube coefficient of standard
typis pitot tube (if unknown, use
0.99).
Apsta= Velocity head measured by stand-
: ard type pitot tube.

Aptest=Velocity head measured by Type S

pitot tube.

‘4.3 Compare the coefliclents of the Type S
pitot tube determined first with one leg and
then the other pointed downstream. Use the
pitot tube only if the two coeficients differ by
nq more than 0.01.

6. Calculations. -

Use equation 2-2 to calculate the stack gas
velocity.

(vn) avg. =™ K,CD(\/—A_E)”LJ(—;‘%

Equation 2-2

where: , ;

(Vi) ave.=8tack gas velocity, feet per second (f.p.s.).

K, =85. 48560 (m) 'when these units
areus

Cp,=Pitot tube coefficient, dimensionless.
(T4) ave. ~Avemge absolute stack gas tempersture,

(V3D) avs. =Averag? velocity2 he;ad of stack gas, inches
see Fig
P.,=Absolute stack gas pressure, inches Hg.
M, =Molecular weight of stack gas (wet basis)
1b./Ib.-mole.
Ma(1—Bwo)+18By
Ma=Dry {nﬁgliecl)ﬂm‘ weight of stack gas (from

B.o~Proportlon by volume of water vapor in
the gas stream (from Method 4).

Figure 2-2 shows & sample recording sheet
for velocity traverse data. Use the averages
in the last two columns of PFigure 2-2 to de~
termine the average stack gas velooity from
Equation 3-2,

Use Equation 2-8 to calculate the stack
gas volumetric fow rate.

Q.=3600 (1— Bwo)V-A((T'I.‘S':.,) (P )
] Equation 2-3

wher
Q,.=Vo{umetrlc lg;)w rate, dry basts, standard condf-

A =Cross-sectional area of stack; ft
TMrAlgggguli:{ temperature at sfandard condittons,

Pua=Absolute pressure at standard conditions, 29.9
inches Hg.
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DATE

RUN NO.

STACK DIAMETER, in.

BAROMETRIC. PRESSURE, in. Hg,

STATIC PRESSURE IN STACK (Pg). in. Hg.

OPERATORS

SCHEMATIC OF STACK

CROSS SECTION

- locity head, Stack Temperature
Traverse point Ve A ) e °
number in. H,0 Ap %), °F
AVERAGE:

Flgure 2-2. Velotity traverse data.
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METHOD 3—GAS ANALYSIS FOR CARBON DIOXIDE,
EXCESS AIR, AND DRY MOLECULAR WEIGHT

1. Principle and applicability.

1.1 Principle. An integrated or grab gas
sample 18 extracted from a sampling point
and analyzed for its components using an
Orsat analyzer.

1.2, Applieability. This method should be -

applied only when specified by the test pro-
cedures for determining compliance with the
New Source Performance Standards. The test
procedure will indicate whether a grab sam-
ple or an integrated sample is to be used.

2. Apparatus.

2.1 Grab sample (Figure 3-1),

2.1.1 Probe—Stainless steel or Pyrex1!
glass, equipped with a filter to remove partic-
ulate matter.

2.1.2 Pump—One-way squeeze bulb, or
equivalent, to transport gas sample to
analyzer.

1Trade name,

7(055
i mm((u;s wooL}

RULES AND REGULATIONS

2.2 Integrated sample (Figure 3-2).

2.2.1 Probe—Stainless steel or Pyrex?
glass, equipped with a filter to remove par-
ticulate matter.

222 Air-cooled condenser or equivalent—
To remove any excess moisture.

223 Needle valve—To adjust flow rate.

224 Pump—leak-free, diaphragm type,
or equivalent, to pull gas.

225 Rate meter—To measure a flow
range from 0 to 0.086 cfm.

2.2.6 ¥Flexible bag—Tedlar,! or equivalent
with a capacity of 2 to 8 cu. ft. Leak test the
bag in the laboratory before using.

2.2.71 Pitot tube—Type 8, or equivalent,
attached to the probe so that the sampling
flow rate can be regulated proportional to
the stack gas velocity when velocity is vary-
ing with time or & sample traverse is
conducted.

2.3 Analysis.
2.8.1 Orsat analyzer, or equivalent.

FLEXIBLE TUBING'

TO ANALYZER

SQUEEZE BULB

»

Figure 3-1. Grab-sampling train.

FILTER[GLASS WOOU)

RIGID CONTAINER”

VALVE

ﬁATE METER

QUICK DISCONNECT

/ue
s

| Flgure 3-2, Integrated gas - sampling traine

10.264(9%

8. Procedure.

3.1 Grab sampling.

8.1.1 Set up the equlpment as shown in
Figure 8~1, making sure all connections are
leak-free, Place the probe in the etack at a

point and purge the sampling line.

8.12 Draw sampile into the analyzer.

3.2 Integrated samp!

83.2.1 Evacuate the ﬁenble bag. Set up the
equipment as shown in Flgure 82 with the
bag- disconnected. Place the probe in the
stack and purge the sampling line. Conmect.
the bag, making sure that all connections are
tight and that there are no leaks. :

3.2.2 Sample at a rate proportional to the
stack velocity. .

3.3 Analysis, -

3.3.1 Determine the CO,, O,, and CO con-
centrations as soon as posslble Ma.ke as many
passes 88 are necessary to give constant read-
ings. If more than ten passes are necessary,
replace the abeorbing solution.,

3.3.2 For grab sampling, repeat the sam-
pling and analysis until three consecutive
samples vary no more than 0.5 percent by
volume for each component heing analyzed.

. 8.3.3 .For integrated sampling, repeat the
analysis of the sample until three consecu-
tive analyses vary no more than 0.2 percent
by wvolume for each component being
analyzed.

4. Calculations.

4.1 Carbon dioxide. Average the three con-
secutive runs and report the result to the
nearest 0.1% CO,.

42 Excess alr. Use Equation 3—1 to calcu~
late excess air, and average the runs. Report
the result to the nearest 0.1% excess air.

9% EA=
(% 0:)—0.5(% CQ)
N2) =~ (% 03) +0.5(% CO)
equation 3-1

X100

where:

%EA=Percent excess air.

%0, =Percent oxygen by volume. dry basls.

%N =Percent nitrogen by volume, dry °

basis.

%co Percent carbon monoxide by vol-

ume, dry basis.

0.264=Ratio of oxygen to nitrogen in air

by volume,

43 Dry molecular weight. Use Equation
8-2 to calculate dry molecular weight and
average the runs, Report the result to the
nearest tenth.

Ma=o44(%00)+032(% 2)
+0.28( %N, +%CO)
equatlon 3-2

where:
Mé=Dry molecular weight, 1b./1b-mole.
%, CO~=Percent carbon dioxide by volume,
-dry basis.
% Ogs=Percent oxygen by volume, dry
bastis. :
% N=—Percent nitrogen by volume, dry
bastis
0. 44=Mo!ecular weight of carbon d!oxido
divided by 100.
0.33=Molecular weight of oxygen divided
) by 100.
0.38—=Molecular weight of mtrogen and
CO divided by 100.
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METHOD 4—DETERMINATION OF MOISTURE
IN STACK GASES

1. Principle and applicability.

1.1  Principle. Moisture is removed from
the gas stream, condensed, and determined
volumetrically.

1.2 Applicability. This method is appli-
cable for the determination of moisture in
stack gas only when specified by test pro-
cedures for determining compliance with New
Source Performance Standards. This method
does not avply when liguid droplets are pres-
ent in the gas stream! and the moisture is
subsequently used in the determination of
stack gas molecular weight.

Other methods such as drying tubes, wet
bulb-dry bulb techniques, and volumetric
condensation technigues may be used.

2. Apparatus.

2.1 Probe—Stainless steel or Pyrex ? glass
sufficiently heated to prevent condensation

1If liquid droplets are present in the gas
stream, assume the stream to be saturated,
determine the average stack gas temperature
by traversing according to Method 1, and
use a psychrometric chart to obtain an ap-
proximation of the moisture percentage.

2 Trade name.

Vao=

where:
. Vwe=Volume of water vapor cocliected
(standard conditions), cu. ft.
V:=Final volume of impinger contents,
ml

V|=Injt1'al volume of Impinger con-
tents, ml.
R=Ideal gas constant, 21.83 inches

(Vi—~V;) pu,0 RToua
PyaMnyo

and equipped with a filter to remove particu-
late matter.

2.2 Impingers—Two midget Impingers,
each with 30 mi. capacity, or equivalent.

23 Ice bath contalner—To condense
moisture in impingers.

- 2.4 Silica gel tube (optional)—To protect
pump and dry gas meter.

2.5 Needle valve—To regulate gas flow
rate.

2.6 Pump—Leak-free, diaphragm type, or
equivalent, to pull gas through train.

2.7 Dry gas meter——To measure to within
1% of the total sample volume.

2.8 Rotameter—To measure a flow range
from 0 to 0.1 c.f.m.

2.9 Graduated cylinder—25 ml.

2.10 Barometer—Sufficient to read to
within 0.1 inch Hg.

2.11 Pitot tube—Type 8, or equivalent,
attached to probe so that the sampling flow
rate can be regulated proportional to the
stack gas velocity when velocity is varying
with time or a sample traverse is conducted.

3. Procedure.

3.1 Place exactly 5 ml. distilled water in
each impinger. Assemble the apparatus with-
out the probe as shown in Figure 4-1. Leak
check by plugging the inlet to the first im-
pinger and drawing a vacuum. Insure that
flow through the dry gas meter is less than
1% of the sampling rate.

3.2 Connect the probe and sample at a
constant rate of 0.075 c.f.m. or at a rate pro-
portional to the stack gas velocity. Continue
sampling until the dry gas meter registers 1
cubic foot or until visible liquid droplets are
carried over from the first impinger to the
second. Record temperature, pressure, and
dry gas meter readings as required by Figure
4-2.

3.3 After collecting the sample, measure
the volume increase to the nearest 0.5 mi.

4. Calculations.

4.1 Volume of water vapor collected.

3
=0.0474% (V=
ml. equation 4-1

Hg—cu. ft./1b. mole-°R.
prz0:=Density of water, 1 g./ml.
Tsta=Absolute temperature at standard

conditions, 530° R.

Psta=Absolute pressure at standard con-
ditions, 29.92 inches Hg.
Muo=Molecular weight of ‘water, 18 1b./
1b.-mole.

SILICA GEL TUBE

FILTER /(GLASS WOoOoL)

ROTAMETER

o
\ \
GAS METER
PUmMP DRY
JCE BATH
Figure 4-1. Moisture-sampling train,
tOCATION COMMENTS
" TEST
DATE
OPERATOR
BAROMETRIC PRESSURE
GAS VOLUME THROUGH _
METER, (Vm), ROTAMETER SETTING METER TEMPERATURE,
CLOCK TIME #3 N #3/min B

Figure 4-2. Field moisture determination.
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42 QGas volume

s ()()-

°R =Pu
1 e e\ T ) equation 4-2
where:
Vme =Dry gas volume through meter at
. standard conditions, cu. ft. -
Vm =Dry gas volume measured by meter,
ocu. ft.
Pm =Barometric pressure at the dry ges

meter, inches Hg.
P.ta=Pressure at standard conditions, 20.92

inches Hg .
Tsta=Absolute temperature at standard
conditions, 5§30° R.
=Absolute temperature at meter (*F4
) 460), °R. :
4.3 Moisture content.
Ve Ve
wo = .02
Beo =Yoot Vo T B =y Fva, T (0-029)
equation 4-3
where:

Bwo="Proportion by volume of water vapor
in the gas stream, dimensionless.

Vee: =Volume of water wapor collected
(standard conditions), cu. ft.

RULES AND REGULATIONS

2.14 Piter Holder--Pyrex! glass with
heating system capable of maintaining mini-
mum temperature of 226° F,

- 215 Impingers / Condenser—Four impin-
gers connected in series with glass ball joint
fittings. The first, third, and fourth impin-
gers are of the Greenburg-Smith design,
modified by replacing the tip with a 4 -inch
ID glass tube extending to one-halt inch
from the bottom of the flask. The second im«
pinger i3 of the Greenburg-Smith design
with the standard tip. A condenser may be
used in place of the impingers provided.that
the moisture content of the stack gas can
still be determined.

. 2.1.8 Metering system—Vacuum gauge,
leak-free pump, thermometers capable of

measuring temperature to within 5* P., dry.

gas meter with 2% accuracy, and related

. equipment, or equivalent, as required to -

maintain an isokinetic sampling rate and to
determine sample volume.

2.17 Barometer—To measure a.tmospherlo
pressure to +0.1 inches Hg.

2.2 Sample recovery.

HEATED AREA  FILYER HOLDER

Vme =Dry gas volume through meter °

(standard conditions), cu. ft.

Bwu=Approximate volumetric proportion

of water vapor in the gas stream
leaving the impingers, 0.025.
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METHOD 6—DETERMINATION OF PARTICULATE
EMISSIONS FROM STATIONARY SOURCES

‘1, Principle and applicability.

1.1 Principle. Particulate matter is with- -

drawn isokinetically from the source and its
welght is determined gravimetrically after re-
moval of uncombined water.

1.2 Applicability. This method is appiica-
ble for the determination of particulate emis-
sions from stationary sources only when
specified by the test procedures for determin-
ing compliance with New Source Perform-
ance Standards,

2. Apparatus.

2.1 Sampling train The designh specifica-
tions of the particulate sampling train used
by EPA (Figure b-1) are described in APTD-
0581. Commercial models of this traln are
avallable,

2.1.1 Nozzle—Stainless steel (316) with
sharp, tapered leading edge.

2.1.2 Probe—Pyrex! glass with a heating
system capable of maintaining a minimum
gas temperature of 250° ¥. at the exit end
during sampling to prevent condensation
from " occurring. When length lmitations
(greater than about 8 ft.) are encountered at
temperatures less than 600° F., Incoloy 8251,
‘or equivalent, may be used. Probes for sam-
pling gas streams at temperatures in excess
of 600° F. must have been approved by the
Administrator.

2.1.3 Pitot tube—Type S, or equivalent,
attached to probe to monitor stack gas
velocity.

1 Trade name.
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probe,
222

Probe brush—At least as long as

QGlass wash bottles—Two.

233 Glass sample storage containers,

224 Graduated cylinder—260 ml.

2.3 Analysis.

28.1 Glass weighing dishes.

2.3.2 Desiccator,

2.3.3 Analytical balance—To measure to
+0.1 mg.

234 Trip balance—300 g. capacity,
measure to +0.05 g.

8. Reagents. . .

8.1 Sampling. .

3.1.1 Filters—Glass fiber, MSA 1106 BH?,
or equivalent, numbered for identification .
and prewelghed,

3.1.2 Silica gel—Indlcatlng type, 6-16
mesh, dried at 176° C. (350° F.) for 2 hours.

8.1.3 Water.

8.14 Crushed ice.

3.2 Sample recovery.
~3.2.1 Acetone—Reagent grade.

3.3 Analysls.

3.3.1 Water,

0

IMPINGER TRAIN OPTIONAL, MAY BE REPLACED
BY AN EQUIVALENT CONDENSER

THERMOMETER  CHECK

_VALVE
/

PROBE sTAck [V Ale—m—ema— —-———
¥‘ WALL - )
== - +SVACUUM
! “° " LINE
REVERSE-TYPE . . a f
PITOT TUBE
. ) i =l *
PITOT MANOMETER IMPINGERS 1CE BATH
- i BY-PASS VALVE
ORIFICE . /
VACUUM
.- \ GAUGE
MAIN VALVE
THERMOWETERS'
DRY TESTMETER  AIR-TIGHT
PUMP

Figure 5-1, Particulate-sampling train, -

3.3.2 Desiceant—Drierite indicating.
4. Procedure. .

4.1 Sampling

4.1.1 After selecting the sampling site and

the minimum number of sampling .points, -

~ determine the stack pressure, temperature,
moisture, and range of velocity head.

412 Preparation of collectlon train,
Weigh to the nearest gram approximately 200
g. of silica gel. Label & filter of proper dlam-
eter, desiccate? for at least 24 hours and
weigh to the nearest 0.5 mg. in a room where
the relative humidity {s less than 50%. Place
100 ml. of water in each of the first two
impingers, leave the third impinger empty,
and place approximately 200 g. of preweighed
silica gel in the fourth impinger. Set up the
train without the probe as in Figure 65-1.
Leak check the sampling train at the sam-
pling site by plugging up the inlet to the fil-
ter holder and pulling a 15 in. Hg vacuum. A
leakage rate not In excess of 0.02 ¢.f.m. at a
vacuum of 15 in. Hg is acceptable. Attach
the probe and adjust the heater to provide a

gas temperature of about 250° F. at the probe -

outlet. Turn on the fllter heating system.
Place crushed ice around the impingers. Add

. 1Trade name.
*Dry using Drierite! at 70° F.+10° F

more ice during the run to keep the temper-
ature of the gases leaving the last tmpinger
as low as possible and preferably at 70° F.,
or less. Temperatures above 70° F. may result
in damage to the dry gas meter from either
moisture condensation or excessive heat.

. 413 Particulate train operation. For each
run, record the data required on the example
sheet shown in Figure 5-3. Take readings at
each sampling point, at least every 5 minutes,
and when significant changes in stack con-
ditions necessitate additional adjustments
in flow rate. To begin sampling, position the
nogzle at the first traverse point with the
tlp pointing directly into the gas stream..
Immediately start the pump and adjust the
flow to isokinetic conditions. Sample for at
least 5 minutes at each traverse point; sam-
pling time must be the same for each point.
Maintain isokinetic sampling throughout the
sampling period. Nomographs are avallable
which aid in the rapid adjustment of the
sampling rate without other computations,
APTD-0576 detalls the procedure for using
these nomographs. Turn off the pump at the
conclusion of each run and record the final
readings. Remove the probe and nozzle from
the stack and handle in accordance with the
sample recovery process described in section
4.2,
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PLANT, AMBIENT TEMPERATURE
OCATION * DAROMETRIC PRESSURE,
OPERAYOR ASSUMED MOISTURE, %,
DATE HEATER BOX SETTING,
RUN NO., PROBE LENGTH, ™.
SAMPLEBOXNO, NOZZLE (NAMETER, fe.
METER BOX NO, PROBE HEATER SETTING
METERA ns
C FACTOR SCHEMATIC OF STACK CROSS SECTION
DIFFERENTIAL
&fm GAS SAMPLE TEMPERATURE TR R
sawmnG | stanc | stack  [vioomy | serem | gassaweg [ STORTOASMETER | e nox oo
TRAVERSE POINT | TIME PRESSURE | TEMPERATURE |  HEAD (3% voLu INLEY OUTLET | TEMPERATURE, | LAST IMPINGER
NUMEER telmin | (Pgh ntg. | (091 ®F | {aPg), la. H,0 v, 16 | (T ), O | (Tm o ) °F °F °F
TOTAL Avg, Avg.
AVERAGE Avg.

Figure 5-2. Parliculate field data,

4.2 Sample recovery. Exercise care in mov-
ing the collection train from the test site to
the sample recovery area to minimize the
loss of collected sample or the gain of
extraneous particulate matter. $et aside a
portion of the acetone used in the sample
recovery as a blank for analysis. Measure the
volume of water from the first three im-
pingers, then discard. Place the samples in
containers as follows:

Container No. 1. Remove the filter from
its holder, place in this container, and seal.

Container No. 2. Place loose particulate
matter and acetone washings from all
sample-exposed surfaces prior to the filter
in this container and seal. Use a razor blade,
brush, or rubber policeman to lose adhering
particles,

Container No. 3. Transfer the silica gel
from the fourth impinger to the original con-
tainer and seal. Use a rubber policeman as
an aid in removing silica gel from the
impinger.

4.3 Analysis. Record the data required on
the example sheet shown in Figure 5-3.
Handle each sample container as follows:

Container No. 1. Transfer the fllter and

. any loose particulate matter from the sample
contalner to a tared glass weighing dish,
desiccate, and dry to a constant weight. Re-
port results to the nearest 0.5 mg.

Container No. 2. Transfer the acetone
washings to a tared beaker and evaporate to
dryness at ambient temperature and pres-
sure. Desiccate and dry to a constant weight.
Report resuits to the nearest 0.5 mg.

Container No. 3. Weigh the spent silica gel
and report to the nearest gram.

b. Calibration.

Use methods and equipment which have
been approved by the Administrator to
calibrate the orifice meter, pitot tube, dry
gas meter, and probe heater. Recalibrate
after each test series.

6. Calculations.

6.1 Average dry gas meter temperature

- and average orifice pressure drop. See data -

sheet (Figure 6-2).

64 Dry gas volume. Correct the sample
volume measured by the dry gas meter to
standard conditions (70° F., 29.92 inches Hg)
by using Equation 5-1.

Vmatd=Vm( _zrgt_d)

(17 T Hg)v

AH
Pblt+m
Pnd

Phar+13 6

equation 5-1

where:

Vm,q= Volume of gas sample through the
dry gas meter (standard condi-
tions), cuw" ft.

V= Volume of gas sample through f.he
dry gas meter (meter condi-
tions), cu. ft.

T,.a=Absolute temperature at standard
conditions, 530° R.

24889
T, = Average dry gas meter temperature,
°R. .
P,,,=Barometric pressure at the orifice
meter, inches Hg.
AH= Average pressure drop across the
orifice meter, inches H,O.
13.6=Specific gravity of mercury.
P,,,= Absolute pressure at standard con-
ditions, 29.92 inches Hg. .

6.3 Volume of water vapor.

_ PH3, RT
Vw"d—‘vlc<l\132° ) )_

bar

(0.0474 eu. ft

mi. -‘)V“

equation 5-2

where:
Vw,,q=Volume of water vapor in the gas
sample (standard conditions),
cu. ft.
V1,=Total volume of liquid collected in
impingers and silica gel (see Fig-
ure 5-3), ml.
sr,0=Denslty of water, 1 g./ml.
Mua,0=Molecular weight of water, 18 1b./
1b.-mole.

R=Ideal gas constant, 21.83 Inches
Hg-—cu. 1t./1b.-mole-°"R.
T,.a=Absolute temperature at standard

conditions, 530° R.
P,.a=Absolute pressure at standard con-
ditions, 29.92 inches Hg.

6.4 Moisture content.
V"’ nté
Vm std + Vw std

equation 5-3

B.,=

where:
Beo =Proportion by volume of wz\tm vapor in the gus
stream, dimensionless.

V'M—Volume of water In the pas sample (standard
conditions), cu. ft.

Vi,y=Volume of gas sample through the dry gas meter
(standard conditions), cu. ft.

6.5 'Total particulate welght. Determine

the total particulate catch from the sum of
‘ the welghts on the analysis data sheet

(Flgure 5-3).

6.8 Concentration.

6.6.1 Concentration in gr./s c.I.

—(o 015452 ) (v M)

equation 5-4

where:

¢’s=Concentration of particulate matter in stack
gas, gr./s.c.f., dry basi
M,= Totaf amount of partlcu‘ate matter collected,
mg.
Va,g=Volume of gas sample through dry gas meter
(standard conditions), cu. ft.
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DATE

RUN NO.

WEIGHT OF PARTICULATE COLLECTED,
CONTAINER "8
NUMBER — -
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN
1
2
TOTAL .
VOLUME OF LIQUID
WATER COLLECTED
IMPINGER SILICA GEL
VOLUME, WEIGHT,
[ —— =
FINAL
INITIAL
LIQUID COLLECTED
YOTAL VOLUME COLLECTED a* ml

CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT

INCREASE BY DENSITY OF WATER.

{1 g mi):

INCREASE. g

(1 g/ml) = VOLUME WATER, m!

Figure5-3. Analytical data.

6.6.2 Concentration in 1b./cu. ft

( Ib.
453,600 m "
—T—————_::2.205X10‘°—:M"— s
matd mgeg equation 5-5
where: = -
¢=Concentration of partlculate matter in stack M..-T(;It);l amount of particulate matter collected,
- 600—M§718 Ib./s.c.t., dry bas V.,.M =Volume of gas sample through dry gas meter
(standard conditions), cu. ft.
6.7 Isokinetic variation.
Vi, (pm0) R '
T, Yi,(pm0) R _|_V_ln pm_‘_
I— ° ;ano Tn 13 6/ 1
= 8V.P.A, oo

min. in. Hg-cu. ft.
=(1.667 un )[(0.00267——-—)V ke (Pt % 5)]

6V, P A,

" Equation 5-6

‘wher:
I=Percent of isokinetic sampling.
Vi.=Total volume of liguid collected in impingers
and silica ge! (See Fig. 5-3), ml
pH,0=Density of water, 1 g./mlL
R=IdeallgasRconstant 21.83 inches Hg-cu. ft.ib.
1mole-
Mnyo=Molecular weight of water, 18 15./Ib.~mole.

Va=Volume of gas sample through the a3 meter
(meter conditions), cu. Pg drye

Tw=Absolute average g8s meter temperaturs
(see Figure 5-2), °R.

Pbu—Barometric pressure at sampling site, inches

AH= Avarage gressure drog across the orifice (see
6-2), inches Hof
T.—A%solutezavang e stack gas temperature (sée

8=Total sampl:ng time,
V.=8tack gas velocity cnk:ulated by Method 2
. Equation 2-2, {t.fsec.
P,=Absolute stack gas pressure, inches Hg.
A ,=Cross-sectional area of nozzle, sq. ft.

6.8 Acceptable results. The following
range sets the limit on acceptable isokinetic
sampling results:

If 90% < T < 110%, the results are acceptable,
" otherwise, reject the results and repeauv
the test.

7. Reference.

Addendum to Specifications for Incinerator
Testing at Federal Facilities, PHS, NCAPC,
Dec. 6, 1967.

Martin, Robert M., Construction Details of
Isokinetic Source Sampling Equipment, En-
vironmental Protection Agency, APTD-0581.

Rom, Jerome J., Maintenance, Calibration,
and Operation of Isokinetic Bource Sam-
pling Equipment, Environmental Protection
Agency, APTD-0576.

Smith, W. 8., R. T. Shigehara, and W. F.
Todd, A Method of Interpreting Stack Sam-
pling Data, Paper presented at the 63d An-
nual Meeting of the Alr Pollution Control
Association, St. Louis, Mo., June 14-19, 1970.

Smith, W. 8, et al.,, Stack Gas Sampling
Improved and Simplified with New Equip-
ment, APCA paper No. 67-119, 1867.

Specifications for Incinerator Testing at
Federal Facllitles, PHS, NCAPC, 1967.

METHOD 6-—DETERMINATION OF SULFUR DIOXIDE
EMISSIONS FROM BTATION’ABY SOURCES

1. Principle and applzcabilzty

1.1 Principle. A gas sample is extracted
from the sampling point in the stack. The
acld mist, including sulfur trioxide, is sepa-
rated from the sulfur dioxide. The sulfur
dioxlde fraction is measured by the barium-
thorin titration method.

1.2 Applicability. This method is a.ppll-
cable for the determination of sulfur dioxide
emissions from stationary sources only when
specified by the test procedures for determin-
ing compliance with New Source Performance
Standards.

2. Apparatus.

2.1 Sampling. See Figure 6-1.

2.1.1 Probe—Pyrex! glass, approximately
5 to 6 mm. ID, with a heating system to
prevent condensation and a filtering medium

' to remove particulate matter including sul-

furic acld mist.
2.1.2 Midget bubbler—One, with glass

- wool packed in top to prevent sulfuric acid

mist carryover.

2.13 Glass wool.

2.1.4 Midget impingers—Three.

2.1.6 Drying tube—Packed with 6 to 16
mesh indicating-type silica gel, or equivalent,
to dry the sample.

~2.1.86 Valve—Needle valve, or equivalent,
to adjust flow rate.

2.1.7 Pump—Leak-free, vacuum type.

2.1.8 Rate meter—Rotameter or equiva-
lent, to measure a 0-10 s.c.f.h. flow range.

2.19 Dry gas meter—Sufficlently accurate
to measure the sample volume within 1%.

2.1.10 Pitot tube—Type 8, or equlvalent

* Trade names,
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necessary only if a samy;le traverss is re-

2.2.1 Q@Glass wash bottles—Two.

quired, or if stack gas velocity varles with 2.2.3 Polyethylene storage bottles—To
time, store impinger samples.

2.2 SBample recovery. 2.3 Analysis.
PROBE (END PACKED SILICA GEL DRYING TUBE
WITH QUARTZ OR

PYREX wom\
oa

STACK WALL _
MIDGET BUBBLER MIDGET IMPINGERS
GLASS wooL A

TYPE S FITOT TUBE 4

DRY GASMETER  ROTAMETER

Figure 6-1, SO2 sampling train.

2.8.1 Pipettes—Transfer type, 5 ml. and
10 ml. sizes (0.1 ml. divisions) and 25 ml,
size (0.2 ml. divisions).

23.2 Volumetric flasks—50 ml.,
and 1,000 ml.

2.3.3 Burettes—b ml. and 50 ml.

2.3.4 Erlenmeyer flasgk—125 ml.

3. Reagents.

3.1 Sampling.

3.1.1 Water—Delonized, distilled.

'8.1.3 Isopropanol, 80%—Mix 80 ml. of 1s0-
propanol with 20 ml. of distilled water.

3.1.3 Hydrogen peroxide, 3%—dllute 100
ml. of 30% hydrogen peroxide to 1 liter with
distilled water. Prepare fresh daily.

3.2 Sample recovery.

3.2.1 Water—Deionized, distilled.

3.2.2 TIsopropanol, 80%.

3.3 Analysis. °

3.3.1 Water—Delonized, distilled.

3.3.2 Isopropanol.

8.3.3 Thorin indicator—1-{o-arsonophen-
ylazo) -2-naphthol-3,6-disulfonic acld, diso-
dium salt (or equivalent). Dissolve 0.20 g. in
10C ml. distilled water.

8.3.4 Barium perchlorate (0.01 N)—Dis-
solve 185 g of barlum perchlorate
[Ba(Cl0,), * 3H,0] in 200 ml. distilled water

100 ml,,

No. 247—Pt. II——3

and dilute to 1 liter with isopropanol. Stand-
ardize with sulfuric acid. Barium chloride
may be used.

3.3.6 Sulfuric acld standard (0.01 N)—
Purchase or standardize to 40.0002 N
against 0.01N NaOH which has previously
been standardized agalnst potassium acid
phthalate (primary standard grade).

4. Procedure, '

4.1 Sampling.

4.1.1 Preparation of collection train. Pour
15 ml. of 80% Iisopropanol into the midget
bubbler and 15 ml. of 3% hydrogen peroxide
into each of the first two midget impingers.
Leave the final midget Impinger dry. Assem-
ble the traln as shown in Figure 6-1. Leak
check the sampling traln at the sampling
site by plugging the probe inlet and pulling
a 10 inches Hg vacuum. A leakage rate not
in excess of 1% of. the sampling rate 18 ac-
ceptable. Carefully release the probe inlet
plug and turn off the pump. Place crushed
ice around the impingers. Add more ice dur-
ing the run to keep the temperature of the
gases leaving the last impinger at 70° F. or
less.

4.1.2 Sample collection. Adjust the sam-
ple flow rate proportional to the stack gas

FEDERAL REGISTER, VCL.
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velocity. Take readings at least every five
minutes and when significant changes in
stack conditions necessitate additional ad-

justments in flow rate. To begin sampling,

position the tip of the probe at the first
sampling point and start the pump. Sam-
ple proportionally throughout the run. At
the conclusion of each run, turn off the
pump and record the final readings. Remove
the probe from the stack and disconnect it
from the train. Drain the ice bath and purge
the remaining part of the traln by drawing
clean ambient air through the system ror 15
minutes.

42 Sample recovery. -Disconnect the im-
pingers after purging. Discard the contents
of the midget bubbler. Pour the contents of
the midget impingers into a polyethylene
shipment bottle. Rinse the three midget lm-
pingers and the connecting tubes with dis-
tilled water and add these washings to the
same storage container,

4.3 Sample analysis. Transfer the contents
of the storage container to a 50 ml. volu-
metric flask. Dilute to the mark with de-
ionjzed, distilled water. Pipette a 10 ml.
aliquot of this solution into & 125 ml. Erlen-
meyer flask. Add 40 ml. of isopropanol and
two to four drops of thorin indicator, Titrate
to a pink endpoint using 0.01 N barium
perchlorate. Run a blank with each series
of samples.

b. Calibration.

5.1 Use standard methods and equlpment

Cooy= (7.05><10-s

where:
Cso,= Concentration of sulfur dioxide
at standard conditions, dry
basis, 1b./cu. ft.

7.05 X 10-"= Conversion factor, including the
number of grams per gram
equivalent of sulfur dloxide
(32 g./g.~eq.), 453.6 g./1b., and
1,000 ml./1, 1b.~1./g.-ml.

V.= Volume of barium perchlorate
titrant used for the sample,
ml.
V.,=Volume of barium perchlorate
titrant used for the blank, ml.
N==Normality of barium perchlorate
titrant, g.-eq./1. &
V,01.= Total solution volume of sulfur
. doxide, 50 ml.
V,=Volume of sample aliquot ti-
trated, ml,
Vm, = Volume of gas sample through
the dry gas meter (standard

conditions), cu, ft., see Equa-~
tion 6-1.
DAY, BIZEMBIR 23,

1971
"

Ibl.
g.-ml

which have been approved by the Adminis-
trator to calibrate the rotameter, pitot tube,
dry gas meter, and probe heater.

5.2 Standardize the barium perchlorate
against 25 ml. of standard sulfuric acid con-
taining 100 ml. of isopropanol,

8. Calculations. .

6.1 Dry gas volume. Correct the sample
volume measured by the dry gas meter to
standard conditions (70° F. and 29.92 inches
Hg) by using equation 6-1.

— Tud P_L"),:.
"d—vm 71‘_) Pnd

VmeAr)
17. 71 Hg( equation 6-1

where:

Vm, .= Volume of gas sample througb. the
dry gas meter (standard condi-
tions), cu. 1t.

V,,= Volume of gas sample through the
dry gas meter (meter condi-
tions), cu. ft.

T, .a=Absolute temperature at standard
conditions, 530° R. :

T, == Average dry gas meter temperature,
‘R

P,..= Barometric pressure at the orifice
meter, inches Hg.

P,,.= Absolute pressure at standard con-
ditlons, 29.92 inches Hg.

6.2 Sulfur dloxide concentration.

V.O n
(Vi= V) N(F)
and

equation-6-2
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METHOD 7—DETERMINATION OF NITROGEN OXIDB
EMISSIONS FROM STATIONARY SOURCES

1. Principle end applicability.

1.1 Principle. A grab sample i3 collected
in an evacuated flask contalning a dllute
sulfuric acid-hydrogen peroxide absorbing
solutlon, and the nitrogen oxides, except

A. Brink, Jr., New
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nitrous ogide, are measure colorimetrically
using the phenoldisulfonic acid (PDS)
procedure.

1.2 Applicability. This method ig applica-
ble for the measurement of nitrogen oxides
from stationary sources only when specified
by the test procedures for determining com-,
pllance with New Source Performance
Standards.

2. Apparatus.

2.1 Sampling. See Figure 7-1.

2.1.1 Probe—Pyrex! glass, heated with
filter to remove particulate matter. Heating
is unnecessary if the probe remalns dry dur-
ing the purging period.

2.1.2 Collection flask—Two-liter, Pyrex}
round bottom with short neck and 24/40

- standard taper opening, protected against

implosion or breakage.

1 Trade name.

PROBE

RULES AND REGULATIONS

2.1.3 TFlask valve—T-bore stopcock con-
nected to a 24/40 standard taper joint.

2.1.4 Temperature gauge—Dial-type ther«
mometer, or equivalent, capable of measur-
‘Ing 2° F. intervals from 25° to 126° ¥

2.1.5 Vacuum _line-—-Tubing c&pable of

withstanding a vacuum of 3 inches Hg 2bhso- |

lute pressure, with “T” connection and T-bore
stopcock, or equivalent.

2.1.6 Pressure gauge—U-tube manometer,
36 inches, with 0.1-inch divisions, or
equivalent.

2.1.7 Pump—Capable of producing a vac-
uum of 3 inches Hg absolute pressure.

318 Squeeze bulb—One way.

2.2 Sample recovery.

2.2.1 Pipette or dropper.

2.2.2 Glass storage containers—Cushioned
for shipping.

@ EVACUATE
@ PURGE~

SAMPLE

FILTER

GROUND-GLASS SOCKEY,

1Y

GROUND-GLASS
SOCKET, §NO, 124
PYREX

GROUND-GLASS CONE,
STANDARD TAPER,
§ SLEEVE NO. 24/4¢

- rusw

FOAM ENCASEMENT

" “BOILING FLASK «
2 LITER, ROUND-BOTTOM. SHORT RECX,
WITH § SLEEVE NO. 24/40

Figu_re 7-1. Sampiing lrain, fiask valve, and flask.

2.2.3 Glass wash bottle.

2.3 Analysis.

2.3.1 Steam bath.

232 Beakers or casseroles—3250 ml, one
for each sample and standard (blank)

2.33 Volumetric pipettes—1, 2, and 10 ml,

2.34 Transfer pipette—10 ml. with 0.1 ml.
divisions.

2.3.6 Volumetric flask—100 ml., one for.

each sample, and 1,000 ml. for the standard
(blank).

2.3.6 Spectrophotomeber—To measure ab-
gorbance at 420 nm.

2.3.7 QGraduated cylinder—100 ml. with
1.0 ml. divisions.

2.3.8 Analytical balnnoe——-'ro measure to

0.1 mg.

8. Reagents.

3.1. Sampling.

3.1.1 Absorbing solution—Add 2.8 ml. of
concentrated H,80, to 1 liter of distllled
water. Mix well and add 6 ml. of 3 percent
hydrogen peroxide. Prepare & fresh solution
weekly and do not expose to extreme heat or
direct sunlight. .

3.2 Sample recovery.

3.2.1 Sodium hydroxide (1N)-—Dissolve
40 g. NaOH In distilled water and dilute to 1 .
liter.

3.2.2 Read litmus paper.

3.2.3 Water—Deionized, distilled.

3.3 Analysis.

3.3.1 Fuming sulfuric acid—15 to 18% by
weight free sulfur trioxide.

3.3.2 Phenol—White solid reagent grade.

333 Sulruric acld—Concentrated reagent
grade.

3.3.4 Standard solution—Dissolve 0.6495 g.
potassium nitrate (ENO,) in distilled water
and dilute to 1 liter. For the working stand-
ard solution, dilute 10 ml. of the resulting
solution to 100 ml, with distilled water. One
ml. of the working standard solution ia
equivalent vo 25 ug. nitrogen dioxide.

3.3.6 Water—Delonized, distilled.

3.3.6 Phenoldisulfonic acid solution—
Dissolve 25 g. of ‘pure white phénol in 160 ml.
concentrated sulfuric acid on a steam bath.
Cool, add 75 ml. fuming sulfuric acid, and
heat at 100° C. for 2 hours. Store in a dark,
stoppered bottle.

4. Procedure.

4.1 Sampling.

4.1.1 Pipette 25 ml. of absorbing solution
into a sample flask. Insert the flask valve
stopper into the flask with the valve In the
“purge” position. Assemble the sampling
train as shown in Figure 7-1 and place the
probe at the sampling point. Turn the flask
valve and the pump valve to their “evacua

positions. Evacuate the flask to at least 3
inches Hg absolute pressure. Turn the pump
wvalve to its “vent” position and turn off the

- pump. Check the manometer for any fluctu-

ation in the mercury level. If there is a visl-
ble change over the span of one minute,
check for leaks. Record the initial volume,
temperature, and barometric pressure. Turn
the flask valve to lts “purge” position, snd
then do the same with the pump valve:
Purge the probe and the vacuum tube using’
the squeeze bulb. If condensation occurs in

‘the.probe and flask valve area, heat the probe

and purge untll the condensation disappears.
Then turn the pump valve to its “vent” posi-~ .
tion. Turn the flask valve to its “sample”
position and allow sample to enter the flask
for about 15 seconds. After collecting the
sample, turn the flask valve to its “purge”
position and disconnect the flask from the
sampling train. Shake the flask for 5
minutes.

4.2 Sample recovery.

4.2.1 Let the flask set for a minimum of
16 hours and then shake the contents for 2
minutes. Connect the flask to a mercury
filled U-tube manometer, open the valve

' from the flask to the manometer, and record

the flask pressure and temperature along
with the barometric pressure. Transfer the
fiask contents to a container for shipment
or to a 250 ml. beaker for analysis. Rinse the
flask with two portions of distilled water
(approximately 10 ml.) and ‘add rinse water
to the sample. For a blank use 25 ml. of ab-
sorbing solution and the same volume of dis-
tilled water as used in rinsing the flask. Prior
to shipping or analysis, add sodium hydrox-
ide (1N) dropwise into both the sample and
the blank until alkaline to litmus paper
(about 25 to 35 drops in each).

43 Analysis.

4.3.1 If the sample has been shipped In
a container, transfer the contents to a 250
ml. beaker using a small amount of distilled
water. Evaporate the solution to dryness on a
steam bath and then cool. Add 2 ml. phenol-
disulfonic acid solution to the dried residue
and triturate thoroughly with a glass rod.
Make sure the solution contacts all the resi-
due. Add 1 m!. distilled water and four drops
of concentrated sulfuric acid. Heat the solu-
tion on a steam bath for 3 minutes with oc-
casional stirring. Cool, add 20 ml. distilled
water, mix well by stirring, and add concen-
trated ammonium hydroxide dropwise with
constant stirring until alkeline to litmus
paper. Transfer the solution to a 100 ml.
volumetric flask and wash the heaker three
times with 4 to -6 ml. portions of distilled
water. Dilute to the mark and mix thor-
oughly. If the sample contains solids, trans-
fer a portion of the solution to a clean, dry
centrifuge tube, and centrifuge, or filter a
portion of the solution. Measure the absorb-
ance of each sample at 420 nm. using the
blank solution as a zero. Dilute the sample
and the blank with a suitable amount of
distilled water if absorbance falls outside the
range of calibration.

6. Calibration.

5.1 Flask volume. Asseible the flask and
fiask valve and fill with water to the stop-
cock. Measure the volume of water to +10
ml. Number and record the volume on the
fask.

6.2 Spectrophotometer. Add 0.0 to 16.0 ml.
of standard solution to a series of beakers. To
each beaker add 26 mil. of absorbing solution
and add sodium hydroxide (1N) dropwise
until alkaline to litmus paper (about 25 to
86 drops). Follow the analysis procedure of

‘section 4.3 to collect enough data to draw &

calibration curve of concentration in ug. NOs
per sample versus absorbance.

6. Calculations.

8.1 Sample volume,
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where
V,.=Sample volume at standard condi-
’ tions (dry basis), ml.
(a= Absolute temperature at standard
conditions, 530° R
P,,,—=Pressure at standard conditions,
29.92 inches Hg.
V,=Volume of flask and valve, ml.
V,= Volume of absorbing solution, 25 ml.

11b.

_f{m cu. ft.
(] e

ue.
1.6 X 1o‘ml‘

where:
C=~Concentration of NO_ as NO, (dry

. basis), 1b./s.c.f.

m=Mass of NO, in gas sample, ug.
V,.=Sample volume at standard condi-
tions (dry basis), ml.

7. References.

Standard Methods of Chemical Analysis.
6th ed. New York, D. Van Nostrand Co., Inc.,
1962, vol. 1, p. 329-330.

Standard Method of Test for Oxides of
Nitrogen in Gaseous Combustion Products
(Phenoldisulfonic Acid Procedure), In: 1968
Book of ASTM Standards, Part 23, Philadel-
phia, Pa. 1968, ASTM Designation D-1608-60,
p. 725-729.

Jacob, M. B., The Chemical Analysis of Air
Pollutants, New York, N.Y., Interscience Pub-
lishers, Inc., 1960, vol. 10, p. 351-356.

METHOD 8—DETERMINATION OF SULFURIC ACID
MIST AND SULFUR DIOXIDE EMISSIONS FROM
STATIONARY SOURCES

1. Principle and applicadbility.

1.1 Principle. A gas sample Is extracted
from a sampling point in the stack and the
acid mist including sulfur trioxide s sepa-
rated from sulfur dioxide. Both fractions are
measured separately by the barium-thorin
titration method.

1.2 Applicability. This method is applica-
ble to determination of sulfuric acid mist
(including sulfur trioxide) and sulfur diox-
ide from stationary sources only when spe-
cifled by the test procedures for determining

=(e.2><10 5lfg/7£1f) (V)

compliance with the New Source Perform-

RUI.ES AND REGULATIONS

25 ml.) —-—-——) Equation 7—

P,=Final absolute pressure of fask,
inches Hg.
P,=1Initlal absolute pressure of flask,
inches Hg.
T,=Final absolute temperature of flask,
°R.

T,=1nitia]l absolute temperature of flask,
. °R. .

6.2 Sample concentration. Read pg. NO,
for each sample from the plot of ug. NO,
versus absorbance.

equation 7-2

ance Standards.

2. Apparatus.

2.1 Sampling. See Figure 8-1. Many of
the design specifications of this sampling
train are described in APTD-0581.

2.1.1 Nozzle—Stainless steel (318) with
sharp, tapered leading edge.

2.1.2 Probe—Pyrex?® glass with a heating
system to prevent visible condensation dur-
ing sampling.

2.1.83 Pitot tube—Type 8, or equilvalent,
attached to probe to monitor stack gas
velocity.

2.1.4 Filter holder—Pyrex ! glass.

2.1.6 Impingers—Four as shown in Figure
8-1. The first and third are of the Greenburg-
Smith design with standard tip. The second
and fourth are of the Greenburg-Smith de-

sign, modified by replacing the standard tip-

with a l4-inch ID glass tube extending to
one-half inch from the bottom of the im-
pinger flask. Similar collection systems,
which have been approved by the Adminis-
trator, may be used.

2.1.86 Metering system—Vacuum gauge,
leak-free pump, thermometers capable of
measuring temperature to within 5° F., dry
gas meter with 2% accuracy, and related
equipment, or equlvalent, as required to
maintain an isokinetic sampling rate and
to determine sample volume,

2.1.7 Barometer—To measure atmospherlc
pressure to +0.1 inch Hg.

! Trade name.

~  STACK FILTER HOLDER THERMOMETER
PROBE ) CHECK
VALVE
REVERSE-TYPE J
PITOT TUBE
OME
PITOT MANOMETER , VACUUM
ICE BATH IMFINGERS ‘ LINE
BY-PASS VALVE j
ORIFICE N ) /
r 5> 7 ~VAcuuM
= ——x] | Ll GAUGE
/ | 72 MAIN VALVE
(=2}
_\)\' /t AIR-TIGHT
PUMP
DRY TEST METER

Figure 8-1, Suifuric acid mist sampling train,
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2.2 Sample recovery.

2.2.1 Wash bottles—Two.

2.2.2 Graduated cylinders—250 ml.,, 500
ml.

2.2.3 Glass sample storage containers.

224 Graduated cylinder—250 mil.

2.3 Analysis,

231 Pipette—25ml., 100 ml.

2.3.2 Burette—50 ml.

23.3 Erlenmeyer flask—250 ml.

2.3.4 Graduated cylinder—100 ml.

2.3.5 Trip balance—300 g. capaclty, to
measure to +0.05 g.
©2.3.6 Dropping bottle—to add lndicator
solution.

3. Reagents.

3.1 Sampling.

3.1.1 Filters—Glass fiber, MSA type 1108
BH, or equivalent, of a suitable size to fit
in the filter holder.

3.1.2 8Sillca gel—Indicating type, 6-16
mesh, dried at 175° C. (350° F.) for 2 hours.

3.1.3 Water—Deionized, distilled.

3.1.4 Isopropanol, 80%—Mix 800 ml. of
isopropanol with 200 ml. of deionized, dis-
tilled water.

3.1.5 Hydrogen peroxide, 3%-—Dilute 100
mil. of 30% hydrogen peroxide to 1 liter with
deionized, distilled water.

3.1.86 Crushed ice.

3.2 Sample recovery.

3.2.1 Water—Deionized, distilled.

3.2.2 Isopropanol, 80%.

3.3 Analysis.

3.3.1 Water—Deionized, distilled.

3.3.2 Isopropanol.

3.3.3 Thorin indicator—1-(o-arsonophens-
ylazo) -2-naphthol-3, 6-disulfonic¢ acid, di-
sodium salt (or equivalent). Dissolve 0.20 g.
in 100 ml. distilled water.

3.3.4 Barilum perchlorate: (0.01N)—Dis-
solve 1.95 g. of barium perchlorate [Ba
(CO,),3 H,0] in 200 ml. distilled water and
dilyte to 1 liter with isopropancl. Standardize
with sulfuric acid.

3.3.6 Sulfuric acld standard (0.01N)—
Purchase or standardize to + 0.0002 N against
0.01 N NaOH which has previously keen
standardized against primary standard po-
tassium acid phthalate.

4. Procedure.

4.1 Sampling.

4.1.1 After selecting the sampling site and
the minimum number of sampling points,
determine the stack pressure, temperature,
moisture, and range of velocity head.

412 Preparation of collection train.
Place 100 ml. of 80% isopropanocl in the first
impinger, 100 ml. of 3% hydrogen peroxide in
both the second and third impingers, and
about 200 g. of silica gel in the fourth im-
pinger. Retain a portion of the reagents for
use as blank solutions. Assemble the train
without the probe as shown in Figure 8-1
with the filter between the first and second
impingers. Leak check the sampling train
at the sampling site by plugging the inlet to
the first impinger and pulling a 15-inch Hg
vacuum. A leakage rate not in excess of 0.02
cfm. at a vacuum of 15 inches Hg is ac-
ceptable. Attach the probe and turn on the
probe heating system. Adjust the probe
heater setting during sampling to prevent
any visible condensation. Place crushed ice
around the impingers. Add more ice during
the run to keep the temperature of the gases
leaving the last impinger at 70° F. or less. -

4.13 Train operatton. For each run, re-
cord the data required on the example sheet
shown in Figure 8-2. Take readings at each
sampling point at least every 6 minutes and
when significant changes in stack conditions
necessitate additional adjustments in flow
rate. To begin sampling, position the nozzle
at the first traverse point with the tip point-
ing directly into the gas stream. Start the

.pump and immediately adjust the flow to

isokinetic conditions. Maintain isokinetic
sampling throughout the sampling period.
Nomographs are avallable which aid in the

1971
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LABORATORY REPORT

E.1 ON-SITE HANDLING AND TRANSFER, PARTICULATE

After the completion of a test run, the probe and nozzle were
disconnected from the impinger train and all open ends sealed immediately
to avoid contamination. At the laboratory facility, the nozzle was
disconnected from the probe and very carefully washed with acetone, using
a fine bristled brush. All acetone washings were collected in a clean
glass jar, the jar itself being placed on a large piece of clean aluminum
foil. The probe was then washed using a long handled brush rotated
through it under a continuous stream of acetone. The brush was also
carefully cleaned, and all washings collected in the glass jar. The
probe was finally checked visually for any residue.

The impinger train was initially wiped clean on the outside
and all glassware connectors, including the filter, removed carefully
and all exposed surfaces wiped clean. All the connectors were placed
on a piece of aluminum foil ready for washing. The first three impingers
were then analyzed for water collecﬁion by transferring the water through
the outlet port into a graduated cylinder and noting the volume. The
impingers were not dismantled and all transfers and washings were
performed through the inlet and outlet ports. All of the glassware in
the back half of the filter, up to the fourth impinger was then carefully
washed with distilled water and the washings collected. This was

followed by an acetone wash which was again collected in a separate jar.
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Acetone washings from the glassware in the front half of the
‘filter were collected in the same jar as the probe and nozzle wash.
The filter was carefully removed from the holder and placed in a
plastic dish which was then sealed with tape. Silica gel in the fourth
impinger was weighed in a previously tared glass jar using a triple-
beam balance.

All acetone jars had aluminum lined 1lid , or aluminum foil
was used before screwing on the lids. The following designations were
used for labeling the containers:

Container #1: Filter

Container #2: Acetone wash front half from filter

Container #3: Water wash back half from filter

Container #4: Silica gel

Container #5: Acetone wash back half from filter

E.2 LABORATORY HANDLING AND ANALYSIS, PARTICULATE

E.2.1 Filter Transfer

Clean plastic dishes were desiccated for 24 hours, labeled
and tared on an eléctronic balance. The filter containers were unsealed
and desiccated for 24 hours gefore carefully transferring the filters
to the tared dishes using a fine pair of tweezers. Care was taken to
place a piece of aluminum foil under the transfer operation. A
"staticmaster" brush was used to brush any fine particlés adhering to
the container or foil. All transfers were performed near the balance
and the weight reported to fhe nearest 0.1 mg. The plastic dishes were

then sealed for shipment.
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E.2.2 Acetone Washes

The 250 ml. beakers to be used for the acetone wash transfers
were leached for 24 hours in 507 nitric acid, washed thoroughly and oven
dried overnight. These were then desiccated for 24 hours and tared.
Once tared, the beakers were sealed with "parafilm" and handled with
tongs or "Kimwipes'.

The jars containing the acetone washes wefe left loosely
covered in a hood until the acetone was evaporated. Once the acetone
was evaporated, the glass jar was rinsed with acetone, using a rubber
policeman, and the washings collected in the tared beaker.

After the acetone had evaporated, the beakers were desiccated
for 24 hours and weighed to a constant weight. Where water was present
in the acetone wash, it was evaporated in an oven at 90°C after the
acetone had all evaporated.

E.2.3 Water Washes

The level of water in the collection bottles wﬁs marked for
later volume measurement. Each water wash was then transferred into
a 2000 ml. separatory funnel and extracted three times with 25 ml.
porﬁions of chloroform. Often where a large volume of water was collected
(above 500 ml.), a fourth extraction was used. The chloroform extracts
were collected directly in a tared beaker prepared in the same manner
as described in the previous section.

Extractién with three 50 ml. portions of ether followed,
collecting thé water portion in the original jars. The ether extracts

were combined with the chloroform extracts. These were then washed
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with distilled water in the separatory funnel and returned to the
tared beaker for evaporation in the hood. The residues were desiccated
and weighed.

The water portion was transferred to tared beakers, oven dried
at 900C, desiccated, and weighed. All beakers were ''parafilm" sealed for
shipment. Particle size analysis was not performed per instruction
from the Project Officer. A summary of weight measufements is shown

in Table E-1.
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TABLE E~-1 - SUMMARY OF WEIGHT MEASUREMENTS

Run 1 Run 2 Run 3
Final Tare Gross Blank Net Final Tare Gross Blank Net Final Tare Gross Blank Net
(g) (g) (mg)  (mg) (mp) (2) (g) (mg) (mg) (mg) (g) () (gm) (mg) (mg)
Container #1 8.1710 8.0790 92.0 - 92.0( 8.2030 8.1015 101.5 - 101.5 8.2085 8.1145 94.0 - 94.0
(Filter)
Container #2 88.0860 87.9135 172.5 3.0 169.5] 93.8415 93,7345 107.0 2.0 105.0) 91.8990 91.7500 149.0 1.0 148.0
(Acetone wash front half)
Container #3a 99.5340  99.5290 5.0 0.0 5.0 { 99.5090 99.5000 9.0 0.0 9.0} 96.5790 96.5710 8.0 0.0 8.0
(Organic excract)
Container #3b 100.5075 100.4465 61.0 0.0 61.0]99.4915 99.4375 54.0 0.0 54,0 97.9745 97.9240 50.5 0.0. 50.5
(Water after extraction)
Container #5 94.5905 94.5805 106.0 . 0.5 9.5{98.3490 98.3370 12.0 1.0 11.0 ] 101.6575 101.6430 14.5 1.0 13.5
(Acetone wash back half) -
Probe, cyclone, filter, mg. 261.5 | Probe, cyclone, filter, mg. 206.5 | Probe, cyclone, filter, mg. 242.0
Total, mg. 337.0 Total, mg. 280.5 Total, mg. 314.0
Run 4 Run 5
Final Tare Gross Blank Net Final Tare Gross Blank Net
(g) (g) (mg) (mg) (mg) 6:9) (g) (mg) (mg) (mg)
Container #1 7.7760 7.7120 64.0 - 64.0] 7.7905 7.7125 78.0 - 78.0
(Filter)
Container #2 96.0070 95.8995 107.5 2.0 105.51 93.4980 93.4020 '96.0 1.0 95.0
(Acetone wash front half)
Container #3a 97.3620 97.3530 9.0 0.0 9.0(99.3770 99.3690 8.0 0.0 8.0
(Organic Extract)
Container #3b 98.1750 98.1425 32.5 0.0 32.5]98.5585 98.5280 30.5 0.0 30.5
(Water after extraction) :
Container #5 95.5405 95.5300 10.5 1.0 9.5]98.5695 98.5550 14.5 1.0 13.5
(Acetone wash back half)
Probe, cyclone, filter, mg. . 169.5 | Probe, cyclone, filter, mg. 173.0
Total, mg. 220.5 Total, mg. 225.0
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E.3 NOx ANALYSIS

Immediately after each NOx flask sample was taken, the flask
containing the absorbing solution and the gas sample was shaken for
five minutes. The flask was then allowed to sit until the following
morning when it was shaken again for two minutes. Following this final
shake, the flask pressure was measured with a mercury manometer. Each
flask was then carefully wiped off and the stopcocks removed. The
absorbing solutions were then transferred_to glass shipping bottles
with two 10  ml. washes of distilled water. Just prior to shipping,
thé samples were neutralized with 1.0 N sodium hydroxide (approximately
40 drops). At this time solution blanks were made for each set of samples.
The blanks contained 25 ml. of NOx absorbing solution and 20 ml. of
distilled water and were neutralized with 1.0 N. sodium hydroxide. At
the end of the test period all samples were transported to the laboratory
for analysis.

All NOx samples were analyzed by the Phenoldisulfonic acid
procedure. Prior to analysis, a calibration curve was established for
a suitable range of NOx concentrations. From a standard potassiﬁm nitrate
solution with an equivalent concentration of 25 ug NO2 per ml. four
aliquots of 4, 8, 12 and 16 ml. were added to respective 250 ml. beakers.
Twenty-five ml. of NOx absorbing solution was added to each of these
beakers and the analysis procedure described below was followed. These
solutions were read against a blank containing no standard solution and

a calibration curve of 7 absorbance versus ug NO, was plotted.

2
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Upon arrival at the laboratory, each sample was transferred
to a 250 ml. beaker and evaporated to dryness on a steam bath. After
cooling, 2 ml. of phenoldisulfonic acid was added and each sample was
triturated thoroughly with a glass stirring rod. One ml. of distilled
water and four drops of concentrated sulfuric acid were added and the
samples were returned to the steam bath for three minutes. The samples
were then cooled and 20 ml. of distilled water was added. Concentrated
ammonium hydroxide was then added dropwise until each sample was alkaline
to litmus paper. The samples were transferred to 100 ml. volumetric
flasks with distilled water and portions of each solution were read at
420 mp on a Bausch and Lomb Spectronic 20 Colorimeter. The solution
blanks run with each set of samples were used for a colorimeter zero
reference. The absorbances read for each sample were then converted
to ug NO2 via the previously established calibration curve. NOx con-

centrations were calculated as ppm NO, following the procedure described

2
in Appendix B. The laboratory data recorded for each analysis 1is included

as Table E-2.

E.4 ORSAT ANALYSIS

A total of five integrated bag samples were analyzed by Orsat
during the three day test period. Each five liter Tedlar sample bag
was equipped with a Teflon sample tube fitted with an airtight syringe
cap. Prior to sampling, each bag was flushed with pure, dry nitrogen

and sealed with the syringe cap.
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Run

No. Date
1 3/20/72
2 3/22/72
3 3/22/72
4 3/23/72
5 3/23/72

TABLE E-2 - NOx ANALYSIS DATA

Sample
Number

1
2
3

W N - WN =

W N -

N =

:$| SCOTT RESEARCH LABORATORIES, INC.

Absorbance
@ 420 mu

0.160
0.227
0.205

0.242
0.240

0.170
0.208
0.050

0.256
0.037
0.230

0.93
0.260
0.199

(lost)

NO
Concentration
(ug N02)

119.7
169.8
153.3

181.0
179.5

127.1
155.6
37.4

191.5
27.7
172.0

69.6
194.4
148.8
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At the end of each sampling day the sample bags were returned
to the field laboratory where they were analyzed for CO, CO2 and O2
by Orsat.

Each bag was connected to the Orsat analyzer by carefully
removing the syringe cap and inserting the Teflon tube securely into
the Orsat sample tube. The Orsat analyzer was then‘purged by squeezing
the Tedlar bag and forcing the sample through the Orsat bypass. Successive
100 ml. samples were drawn into the Orsat sample burette and then passed
through each of the three absorbing solutions (potassium hydroxide -~ C02,
alkaline pyrogallate - 02, and acid cuprous chloride - CO). Repetitive
passes were made through each absorbing solution until good duplication
of results occurred. At least three 100 ml. samples were analyzed from

each Tedlar sample bag. The data recorded for each Orsat analysis is

included in Table E-3.

E.5 TOTAL HYDROCARBON ANALYSIS

Immediately following each Orsat analysis the remainder of the
sample contained in each Tedlar bag was analyzed for hydrocarbons via
a Beckman Model 108-A Total Hydrocarbon Analyzer. This instrument
utilized a flame ionization detector and the following operating

conditions were maintained during each analysis:

Sample Backpressure: 2.50 psi
Fuel Pressure: 23.0 psi
Cxidant Pressure: 11.0 psi
Range: 100 X
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TABLE E-3 - ORSAT ANALYSIS DATA

Run Sample Analysis Bunette Volume (ml)

No. Date Number Component Number Initial Final Difference

1 3/20/72 1 002 1 100.0 99.8 0.2

2 99.8 0.2

O2 1 99.8 81.6 18.2

2 81.6 18.2

Cco 1 81.6 81.6 0.0

2 81.6 0.0

2 CO2 1 1100.0 99.8 0.2

2 99.8 0.2

02 1 99.8 81.7 18.1

2 81.7 18.1

Cco 1 81.7 81.7 0.0

2 81.7 0.0

3 002 1 100.0 99.8 0.2

2 99.8 0.2

02 1 99.8 81.6 18.2

2 81.6 18.2

Co 1 8l.6 81.6 0.0

2 81.6 0.0

2 3/22/72 1 CO2 1 100.0 99.7 0.3

2 99.7 0.3

O2 1 99.7 80.1 19.6

2 80.1 19.6

co 1 80.1 80.1 0.0

2 80.1 0.0

2 CO2 1 100.0 99.8 0.2

2 99.8 0.2

02 1 99.8 80.1 19.7

2 80.1 19.7

Co 1 80.1 80.1 0.0

2 80.1 0.0

3 CO2 1 100.0 99.7 0.3

2 99.7 0.3

02 1 99.7 80.1 19.6

2 80.1 19.6

co 1 80.1 80.1 0.0

2 80.1 0.0
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TABLE E-3 - ORSAT ANALYSIS DATA

(continued)
Run Sample Analysis Bunette Volume (ml)
No. Date  Number Component Number = Initial Final Difference
3 7/22/72 1 CO2 1 100.0 99.8 0.2
2 99.8 0.2
02 1 99.8 80.4 19.4
2 80.4 19.4
Co 1 80.4 80.4 0.4
2 80.4 0.0
2 CO2 1 100.0 99.8 0.2
2 99.8 0.2
O2 1 99,8 80.4 19.4
2 80.4 19.4
Co 1 80.4 80.4 0.0
2 80.4 0.0
3 002 1 100.¢0  99.7 0.3
2 99.7 0.3
O2 1 99.7 80.3 19.5
2 80.3 19.5
Cco 1 80.3 80.3 0.0
2 80.3 0.0
4 7/23/72 1 002 1 100.0 99.7 0.3
2 99.7 0.3
02 1 99.7 79.9 19.8
2 79.9 19.8
co 1 79.9 79.9 0.0
2 79.9 0.0
2 CO2 1 100.0 99.6 0.4
2 99.6 0.4
O2 1 99.6 79.9 19.7
2 79.9 19.7
co 1 79.9 79.9 0.0
2 79.9 0.0
3 CO2 1 100.0 99.7 0.3
2 99.7 0.3
02 1 99.7 79.9 19.8
2 79.9 19.8
co 1 99.9 79.9 0.0
2 79.9 0.0
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TABLE E-3 - ORSAT ANALYSIS DATA

(continued)
Run Sample AnalysisAnalysis Bunette Volume (ml)
No. Date Number Component Number Initial Final Difference
5 3/23/72 1 CO2 1 100.0 99.6 0.4
2 99.6 0.4
02 1 99.6 79.8 19.8
2 -79.8 19.8
co 1 79.8 79.8 0.0
2 79.8 0.0
2 CO2 1 100.0 99.6 0.4
2 99.6 0.4
02 1 99.6 79.8 19.8
2 79.8 19.8
co 1 79.8 79.8 0.0
2 79.8 0.0
3 CO2 1 100.0 99.5 0.5
2 99.5 0.5
02 1 99.5 79.7 19.8
2 79.7 -19.8
co 1 79.7 79.7 0.0
2 -79.7 0.0
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The Scott compressed gases used during each analysis were:
Fuel: 407 hydrogen in nitrogen
Oxidant: Blended Air
Zero: Hydrocarbon Free Air (<0.1 ppm-C)
Span: 99.9 ppm propane (*2.0%7 analysis) in nitrogen
Just prior to introducing each sample into the analyzer,
the instrument was zeroed and spanned on range 100. The Tedlar sample
bag was then connected to the analyzer via a Teflon tube and the sample
was drawn into the analyzer until a stable reading was recorded on the
meter., The bag was then disconnected and resealed with the syringe cap.
The instrument zero and span points were rechecked to insure that the
calibration had not changed during the analysis. The complete analytical
procedure was then repeated until good duplication of results were obtained.
All meter readings recorded for each sample are included as Table E-4.
The meter readings were then converted.to parts per million

carbon by the following formula:

99.9 ppm—-Ci3Hg x 3 ppm—C
100 units-Span ppm—C3H8

ppm-C = meter units x

The final data with example calculations are included in Appendix B of

this report.
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TABLE E~4 - TOTAL HYDROCARBON DATA

Run ' Sample Meter Units
No. Date No. Range Sample Span
1 3/20/72 1 100 69.5 100.0
2 100 69.5 100.0
2 3/22/72 1 100 35.0 100.0
2 100 - 33.0 100.0
3 ' 3/22/72 1 100 16.0 100.0
2 100 16.0 100.0
4 3/23/72 . 1 100 10.5 100.0
2 100 10.5 100.0
5 3/23/72 1 100 5.0 100.0
2 100 7.0 100.0
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APPENDIX F

TEST LOG
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TEST LOG

On Monday, March 20, 1972, the Scott test team arrived at
the Wentz Plant of Westmoreland Coal Company in Stonega, Virginia,
and began to set up the test equipment. Upon arrival at the site it
was learned that a wildcat strike had just started, but that there
was enough Osaka coal to continue processing for 8 or 9 hours. The
process was switched to Osaka coal around noon by which time Scott was
set up and prepared to start testing. Preliminary velocity and

temperature traverses were performed and a nozzle size selected.

The first run was started at 1523, Twenty-four points were traversed
in each port for a period of 2% minutes each. The pitot line became
clogged with water at one point and had to be blown out. The first run
was completed at 1825. An Orsat and total hydrocarbon sample was
collected from 1512 to 1607. NOX samples were collected at 1540, 1628,
and 1807. During the test a brownish plume was observed trailing off
from the stack.

. The sample train was dismantled and the spare system was
assembled for the second run. A leak test was performed and found to be
satisfactory. When the pump was turned on to start the test, all of the
power went off. Apparently the plant had turned on night lights between
the tests and the circuit was not large enough to carry everything.
Several attempts were made to supply alternate power but with no success.
Thus, it was decided to be ready for a test early the next morning. The
samples were returned to the motel where all sample transfers were
performed and a new system, as well as a backup unit were prepared. The
Orsat and hydrocarbon samples were analyzed and the NOX samples trans-

ferred to sample bottles.
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It was believed that there would be enough coal to perform a‘
run first thing Tuesday morning even if the strike continued. Thus,
the Scott team arrived at the plant early and began setting up for a
test run. It was soon learned that the entire plant was now strikiné
and that no testing could be performed. The strike was settled late
in the afternoon and preparations were made to test on Wednesday.

Wednesday the Scott team arrived at the plant and prepared
to run a test while the plant was processing Osaka coal. A leak test
was performed and the filter holder was found to leak slightly, but it
was acceptable. The run was started at 940 and continued to 1142.

The Orsat and hydrocarbon sample Qas collected from 935 to 1030. NOx
samples were collected at 950, 1025, and 1115, The sample train was
disassembled and the second system was set up and leak tested.

The third run was then started at 1305 and ran until 1515,
The Orsat and hydrocarbon sample was collected from 1304 to 1404.

The first sample for NOx was collected at 1325, Other NOx samples
were taken at 1430 and 1520, During both tests a slight brownish
plume was observed trailing off from the stack.

The sample train was dismantled and taken back to the motel
where both sample trains were cleaned and the samples transferred to
sample bottles., During the cleanup and transfer, it was noted that the
filters were being torn by the gasket in the filter holder. This did
not affect the test, but made the cleanup procedure difficult., The
Orsat and hydrocarbon samples were analyzed while the NOX samples were

transferred. The sample trains were then prepared for more tests,
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On Thursday the Scott team arrived at the plant and set up to
perform tests while the plant was processing Wentz coal. The sample
train was put in place and a leak test performed. It was found to be
satisfactory and the test was started at 925 and ran until 1130. It
was snowing and very windy during the test. At 1045 the wind blew over
the manometer being used to measure the draft. Thus, no readings were
taken after 1045. The Orsat and hydrocarbon sample was collected from
925 to 1025. The NOX samples were collected at 950, 1020, and 1115.
The sample tfain was disassembled and the second unit prepared to start
testing.

A leak test was performed and found to be satisfactory. The
test was started at 1144, It had to be stopped at 1254 because of a
coal blockage in the plant operation. The test was restarted at 1336
and continued until 1430. The Orsat and hydrocarbon sample was collected
from 1138 to 1238, The NOX samples were taken at 1205, 1340, and 1415.
Because of the weather conditions it was difficult to obtain a good
visible description of the stack plume.

The sampling train was disassembled and all of the test
equipment was removed from the test site. Back at the motel the sample
transfer and analyses were performed. The Scott team traveled home on
Friday.

Figure F-1 illustrates the test program schedule,
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FIGURE F-1 SUMMARY OF TEST PROGRAM
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APPENDIX G

PROJECT PARTICIPANTS AND TITLES
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PROJECT PARTICIPANTS AND TITLES

The personnel taking part in the project include:

Thomas Ward Project Officer - EPA
Charles Sedman Project Engineér - EPA
Larry Jones Project Engineer - EPA
Norman Troxel Senior Engineer - SRL
Joseph Wilson Field Team Leader - SRL

Jyotin Sachdev
William Scott
Zenophon Tomaras

Margaret Husic

Engineer - SRL
Technician - SRL
Chemist - SRL

Technician - SRL

Louis Reckner Manager, Atmospheric Chemistry &
Industrial Emissions Dept.
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