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1.0 INTRODUCTION

Scott Research Laboratories, Inc. performed source sampling tests
at the U.S. Steel #50 plant in Pineville, West Virginia during the week of
August 28, 1972. The plant uses an American Air Filter venturi scrubber
to control the exhaust gas emissions from a coal cleaning and preparation
operation.

The outlet exhaust gases, as they were being emitted to the
atmosphere, were sampled and analyzed for the determination of total
particulate loading, oxides of nitrogen, sulfur dioxide, carbon dioxide,
carbon monoxide, and oxygen concentrations. Samples of the exhaust

gases before they entered the venturi scrubber were also collected for

the determination of sulfur dioxide concentration.

In addition, experimental particulate tests were performed measuring
only the amount of particulate trapped in the probe and on the filter while
sampling continuously at only one traverse point. In one instance the
nozzle opening was directed perpendicular to the direction of the maximum

flow while with the other sampling train, the nozzle was vertical to the

effluent path direction of the longitudinal axis of the duct.

One stationary nozzle particulate test was performed on August

29, 1972. On August 30, 1972 two stationary nozzle particulate tests and

one complete and one half of an EPA particulate tests were performed. The
- L]
second half of the EPA particulate test was completed on August 31, 1972.!
Also, the first half of the third EPA particulate test was run on August
31, 1973, after which testing had to be stopped because the plant ran out
of coal. Also on August 31, 1972, two additional stationary particulate

tests were conducted, Figure 1 shows the location of the sampling points

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 particu-
late 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 the results it can be seen that the results of the first
two EPA tests agree very well while the third test géve loadings considerably
lower. It is noted that the third test is actually the result of
sampling on only one traverse and was made at a time when the plant was
running low on coal, In fact, the test had to be stopped because the
plant ran out of coal for processing. From Table 2 it appears that
proportionately there was less material caught on the filter during the
third test than during the first two-tests.

The moisture content recorded is somewhat low because the condensa-
tion which occurred in the 18 long probe was not taken into consideration.
The true moisture content is estimated to be in the 13 to 14% range,
Consequently the true isokinetic rates are approximately 6% higher than
those reported.

) The sulfur dioxide and nitrogen oxide values compare favorably
for the first two tests. The results from the third test vary somewhat
from those of the first two tests.

1 From visual observations it was seen that water droplets were
formipg around the probe and nozzle during the sample periods. The upward
vectof of the effluent gases is such that it will not support the weight of
the water droplets, thus, it is very possible that the high particulate

loadings are a result of pulling these droplets into the sample line.

@ SCOTT RESEARCH LABORATORIES, INC.
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2-3

TABLE 2 PARTICULATE WEIGHTS SUMMARY

Run Number

Container 1, mg,
Container 2, mg,
Container 3a, mg.
Container 3b, mg.

Container 5, mg.

Probe, Cyclone, Filter, mg.
Total, mg.

.

SCOTT RESEARCH LABORATORIES, INC.

33.2
1073.0
1.0
23.5
6.0

1106.2
1136.7

\
33.3
1068.0
0.0

60.0
8.0

1101.3
1169.3

14,5
395.0
0.0
14.0
3.0

409.5
426.5
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The results of the stationary sampling trains varied considerablyl
The loadings were considerably lowek where the nozzle was turned into the
direction of the highest flow compared to where the sample probe was at
the same point but the nozzle was directed in the usual vertical direction.
It is believed this ié‘due to the water droplets which were formed on thé
nozzles having a greater chance to be pulled into the vertical nozzles

\
than into the slanted nozzles.

@ SCOTT RESEARCH -LABORATORIES. INC.
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3.0 PROCESS DESCRIPTION AND OPERATION

A coal thermal dryer is operated at the United States Steel
Pinnacle No. 50 coal preparation plant in Pineville, West Virginia. The
emissions from the operation pass through an American Air Filter venturi
scrubber before being emitted to the atmosphere.

The coal being processed was Pocahontas #3_with approximately
105 grindability. During the tests it was being dried to 5.6% moisture.

The control panel in the plant was minitored during the tests

and the following data was taken:

Run No.: 1 2 3 4
Raw Coal, TPH NA 976 946 975 .
Inlet fan amperage 79 70 70 70
Qutlet fan amperage 230 225 225 225
Exhaust gas. temp., o 160 155 155 160
Drying chamber temp., °F 143 140 145 160
Cdmbustion chamber temp, O 950 860 840 850
Calculated coal feed

Rate to dryer, TPH: NA 465 450 465

% Capacity NA 95 93 95
Filter cake to dryer, TPH NA 41 41 41

% Capacity NA 100 100 100

Scrubber inlet static press.

in.H O 23.75 23.75 23.75 23.75

2
Although the measured scrubber pressure drop was only 23.75"
W.g., the outlet fan was drawing maximum amperage. With the filter cake
being dried as designed this is the maximum AP éenerated by the 200 H.P.
fan. Thus, the plant was tested at i;s highest pbllution potential with

the highest energy scrubber possible at the operating conditions.

A SCOTT RESEARCH LABORATORIES, INC.
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4,0 LOCATION OF SAMPLING POINTS

The exhaust gases from the coal cleaning operation pass through
an American Air Filter venturi scrubber and are then emitted to the
atmosphere through a 202 inch diameter stack,

The inlet sulfur dioxide sample was taken from the duct before
the gaées pass into the venturi scrubber. The sample port was located
approximately 4 feet ahead of the venturi scrubber.v

The outlet locatioﬁ for sampling the gases prior to being
discharged to the atmosphere was in a straight section of the 202 inch
diameter stack. Two sampling ports were located at 90° to each other
approximately 6 feet upstream from the top of the stack and approximately
7 feet downstream from where the gases entered the stack tangentially.

In addition, two other ports were located in the same area.

Special scaffolding and support systems needed to be built in
order to accomplish the désired sampling work., Platforms were built out
from the stack at both port locations so that the two traverses could be
performed. Figure 1 shows the physical layout of the system and the location
of the sample ports. In addition, a special 18' long probe had to be
preﬁared in order to accomplish the desired sampling.

Figure 2 shows the traverse points used at the sampling locatiom.
There were 48 traverse points sampled for three minutes each. However, a
ﬁuﬂber of the points had zero flow, hence no nozzle dwell time occu¥red at
these points. 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. A was the port on the left and B was the port 90°

NS G NS SE G AN OF SN ar BN oE B B SR BN mE . aE o

to the right 6f A,

SCOTT RESEARCH LABORATORIES, INC.
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The stationary probe samples were taken with the

stack approximately four inches.

-—
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5.0 SAMPLING AND ANALYTICAIL PROCEDURES
5.1 PARTICULATE SAMPLING AND ANALYTICAL PROCEDURES

Samples were collected for the determination of particulate matter
at 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. This
method is attached as Appendix D. 1In addition, the impinger catch was
analyzed,

Briefly, the method consists of withdrawing a sample isokinetically
from the stack throﬁgh a heated glass probe into a cyclone, filter, and
impinger train. In this case, however, an unheated stainless steel probe
had to be used because of the length. 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
’evagoréted, 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 were measured using
Method 2, "Determination of Stack Gas Velocity and Volumetric Flow Rate
(Type S Pitot Tube)a, and published in the Federal Register. Using both
the weight of sample collected and the flow rate determined, a total
particulate emission rate was calculated.

Particulate samplés were also collected at the outlet of the
venturi scrubber using a probe which }emaiﬁed stationary at one point in

the traverse. In one instance the pitot tube was rotated to find the )

} | SCOTT RESEARCH LABORATORIES, INC.
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highest AP reading along the traverse. The prqbe was then situated so
that the nozzle was directed in the same direction. A second sampling
train ﬁas Placed into the stack the same distance alongside the other probe,
howeveri in this case the nozzle was directed vertically down into the
oncoming gases,

For these samples, only the front half of the EPA train was

considered in determining the amount of particulate caught.

5.2 GASEQUS SAMPLING PROCEDURES

Stack gas samples were taken at regular intervals during each
particulate sampling traverse to determine the concentration of_02, co,
COZ’ NOx and SO2 present in the stack effluent. The sampling location
was the same as that used for the particulate samples. In addition,
however, 802 samples were taken ahead of the venturi scrubber. 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",

5.3 SO2 SAMPLING AND ANALTYICAL PROCEDURES

All SO2 samples were taken through a % inch 0.D. glass probe
heated to approximately 250°F. This was connected to a glass sample train
consisting of one bubbler and three impingers connected in series. The
bubbler contained 15 ml. of 80% isopropanol and was used to remove any SO3
present in the sample stream. The SO2 was collected in the next two
impingers, each containing 15 ml. of 3% H202. The third impinger was used

to trap any overflow from the two SO2 impingers.

}| SCOTT RESEARCH LABORATORIES, INC.
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Each sampling period was 30 minutes in duration, and the
sampling rate was maintained at approximately 1 liter per minute with an
in-line flowmeter. A temperature compensated dry gas meter was used to
measure the totai volume of gas sampled.

Following each test, the 802 samples were transferred to
polyethylene bottles with distilled water washes. All samples were then
returned to the laboratory where they were diluted to volume in a 50 or
100 ml. volumetric flask. A suitable aliquot of each sample was then
titrated with a 0.01 N barium perchlorate solution in the presence of

thorin indicator. The results were reported as parts per million SOZ'

5.4 NOx SAMPLING AND ANALYTICAL PROCEDURES

The NOx samples were taken using the same heated glass probe
described in Section 5.3. Each sample was drawn through this probe into
a ﬁreviously evacuated 2 liter flask containing 25 ml. of NOx absorbing
solution.- The flasks were shaken for 5 minutes following each sampling
period and then allowed to stand for at least 16 hours. Following thié,
the samples 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 period, all samples were returned to the

laboratory for analysis. .

]
The samples were analyzed via a phenoldisulfonic acid procedure

described in the aforementioned Federal Register. The absorbances were
measured with a Bausch and Lomb Spectronic 20 Colorimeter. The results

were reported as parts per million NOZ'

@ SCOTT RESEARCH LABORATORIES, INC,
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5.5 ORSAT SAMPLING AND ANALYTICAL PROCEDURE

Integrated gas samples were taken for Orsat amalysis (CO, CO2
and 02) during each particulaﬁe sampling périod. 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 rates to
approximately 80 cc per minute, and inserting the hypodermic needle into
the syringe cap on the sample bag. Several integrated samples were taken
over 30 minute periods yielding approximately 4.8 liters of sémple for
analysis.

At the end of each test day, the sample bags were analyzed by
Orsat for CO, CO2 and 02. Repetitive analyses were performed on each bag

to insure satisfactory duplication. The results were reported in percentages.

@ SCOTT BESEARCH LABORATORIES, INC,
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APPENDIX A

COMPLETE PARTICULATE RESULTS WITH EXAMPLE CALCULATIONS
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APPEDNIX 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, 5, 6,
and 7). 1In addition, the impinger catch was analyzed.

The only departure from the method outlined was that a 16 foot
stainless steel probe was used rather than a heated glass probe. Heated

glass probes, however, were used for the stationary samples.

——

SCOTT RESEARCH LABORATORIES, INC.
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222 For rectanpular stacks divide the
eross section into as many equsal rectangular
areas as traverse points, such that the ratio
of the length to the width of the elemental
areas is betwesn one and two, Locate the

traverse polnts at the centroid of each equal
area agcording to Figure 1-8,

3. References. .

Determining Dust Concentration in a Gas
Stream, ASME Performance Test Code #27,
New York, N.Y., 1857,

Devorkin, Howard, et al, Air Pollution
S-urce Testing Manual. Alr Pollution Control
Distriet, Los Angeles, Callf, November 1963,

Methods for Determination of Velocity,
Velume, Dust and Mist Content of Gases,
Western Precipitation Division of Joy Manu-
facturing Co., Los Angeles, Calif, Bulletin
WP-50, 1968.

Standard Method for Sampling Stacks for

Particulate Matter, In: 1971 Book of ASTM

Standards, Part 238, Philadelphia, Pa. 1971,
ASTM Designation D-2928-71.

METHOD 2=—DETERMINATION OF STACK GAS
VELOCITY AND VOLUMETRIC FLOW RATE (TYPE
& PITOT TUBE)

1. Prineiple and applicability.

1.1 Principle. Stack gas veloelty 1s deter-
mined from the gas density and from meas-
urement of the velocity hesd using a Type S
(Stauscheibe or reverse type) pitot tube,

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

PIPE COUPLING

RULES AND REGULATIONS

cedures for determining eompliance with the
New Source Performance Standsrds.

2. Apparatus,

2.1 Piot tube—Type B8 (Pigure 2-1), or
equivalent, with a coefficient within 5%
over the working range,

22 Differential pressure gauge—Inclined
manometer, or equivalent, to measure velo=
city head to within 10% of the minimum
value.

2.3 Temperature pauge——Thermocouple or
equivalent attached to the pitot tube to
measure stack temperature to within 1.5% of
the minimum absolute stack temperature,

24 Pressure gauge—Mercury-filled U-tube
manometer, or equivalent, to measure stack
pressure 0 within 0.1 in. Hg,

2.5 Barometer—To measure atmospheric
pressiure to within 0.1 In. Hg.

2.6 Gasanalyzer—To analyze gas compost=
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. Mensure the velocity head and
temperature et the traverse points specified
by Method 1.

3.2 Measure the static pressure in the
stack.

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

TUBING ADAPTER

J &
3 & -

=
-

TYPE S PITOT TUBE/

I
3

. FEDERAL REGISTER, VOL. 36, NO.

Flgure 21, Pltot tube-manometer assembly.

4. Calibration.

4.1 To calibrate the pliot tube, measure
the velocity head st some polnt in & flowing
gas stream with both s Type 8 pitot tube and
a standard type pitot tube with known co-
efficient. Callibration should be done in the
laboratory and the velocity of the fliowing gas
Btreamn should be varied over the normal
working range, It 15 recommended that the
calibration be repeated after use at each field
site.

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

Copen=C ADmy
e Y A prewr equation 2-1
whete:
Creosy =Pltot tube coefficlent of Type 5
pitot tube.

Cr,a=Fitot tube coeficlent of standard
gy;;e pitot tube (if unknown, use
9!

Apswss Velocity head measured by stand-
ard type pitot tube,

Aprese=Veloclty head measured by Type S

pitot tube.

4.3 Compare the coeflicients of the Type 8
pltot tube determined first with one leg and
then the other pointed downstream. Use the
pitot tube only if the two coeflicients differ by
ng more than 0,01,

b. Calcwlations. —_

Use equation 2-2 to caleulate the stack gae
veloclty,

(Vl) avg. = :Kpcp(JA_p) ”...‘ ’_(.g:ii':.

Equation 2-2
where:
(V) avs. =Btack gas velocity, feet per sscond (f.p.8.).

ft. 1b.
K,nss.ﬁ—m (__lb. P )Hwhen theseunits
areused.

Cp=Pitot tube cocflicient, dimensionless.
(Te)ave.=Average absolute gas temperature,

V3D) vee.=Average velooity head of staok gas, inch
(Vap)see HyO (00 Big 200 gas, Inches

P,=Absolute stack pressure, inches He.
M,=Molecular weight of stack pas (wet besis),
1b./b.-mole.
Ma(1—Buo)4-18Bys
M4=Dxﬁ uxl:;ole%ular welght of stack pas (from

Bwo=Proportion ﬁy volume of water vapor ln
™" the gas streamn (from Method 4). po

Figure 2-23 shows & sample sheet
for velocity traverse data. Use the averages
in the last two columns of Pigure 2-2 to dee
termine the average stack gas velocity from
Equation 2-2,

Tse Equation 2-8 to calculate the stack

gus volumetric Sow rate.
Q.=3600 (I—B-o)V-A((Tl.}:.;) i'%)
Equation 2-3

whers:
Qu=Volumetric flow rate, dry basts, standard condi
tions, 1t.3/hr,

A= Cross-sectional eres of stack, ££.9
"l‘-w:AmlnIt{e temperatare at standard conditions,

P:u-Absolnm' pressure at standard conditions, 20.%2
inches Hg.

247-~THURSDAY, DECEMBER 23, 1971
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PLANT ’
DATE .
RUN NO., {
STACK D!AMETER, in.
BAROMETRIC. PRESSURE, in. Hg.
STATIC PRESSURE IN STACK (B, in. Hg,
OPERATORS, ' SCHEMATIC OF STACK
CROSS SECTION
Traverse point - Velocity head, Stack Temperature
number m, Hzo VAP (Ts )v o F
AVERAGE:
Figyre 22, Velocity traverse data,
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'ATETHOD 3—GAS ANALTSIS FOE CARBON DIOXIDE,
EXCESS AIR, AND DREY MOLECULAR WEIGHT

1. Principle arnd applicability.

1.1 Principle. An Integrated or grab gas
sample 15 extracted from a mampling point
and analyzed for its components using an
Orsat analyzar,

1.2 Applicability. This method should be
applied only when specified by the test pro-
ecedures for determining compliance with the
New Source Performance Standards. The test
procedure will indicate whether & grob sam-
ple or an integrated sample iz to be used.

2, Apparatus.

2.1 Qrab sample (Figure 5-1),

2.1.1 Probe—Stainless msteel or Pyrex?
glass, equipped with a Alter to remove partic-
ulate matter,

2.1.2 Pump—One-way squeeze¢ bulb, or
equivalent, %0 transport gas sample to
ansalyzer.

1 Trade name.

'7\055

_ FILYER (GLASS WOOL}

RULES AND REGULATIONS

2.2 Integrated sample (Figure 3-2).

221 Probe--Stainless steel or Pyrex!
glass, equipped with a filter to remove par-
ticulate matter.

222 Alr-cooled condenser or equivalent—
TO0 remove ANy excess moisture.

223 Needle valve—To adjust How rate.

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

225 Rsate meter—To measure a fow
range from 0 to 0.085 ¢fm, .

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

227 Pltot tube—Type S, or equivalent,
attached to the probe so that the sampling
flow rate can be regulated proportional to
the stack pas velocity when velocity 13 vary-
ing with time or a sample traverse is
eonducted. :

2.3 Analysis.

23.1 Orsat snalyzer, or equivalent.

FLEXIELE TUBING'

TO ANALYZER

-

RIGID CONTAINER”

QUICK DISCONNECT

. Flguro 3-2, Integrated gas = sampling train,

10.264 (% Na) = (% 02)+0.5(% CO)

8. Procedure,

3,1 Grab sampling.

8.1.1 Eet up the equipment as shown in
Figure 8-1, making sure all connections are
leak-free. Place the probe In the stack at a
sampling point and purge the sampling line,

3.1.2 Draw sample into the analyzer.

3.2 Integrated sampling.

3.21 Evacuate the flexlble bag, Set up the
equipment 88 shown in Figure 3-2 with the
bag diseonnected, Place the probe in the
stack and purge the sampling line, Connect
the bag, making sure that all connections are
tight and that there are no leaks,

822 Sample at 4 rate proportional to the
etack velocity,

3.3 Anslysis,

8.8.1 Determine the CO,. O,, and CO con-~
centrations as scon as possible. Make as many
Passes 3 are necessary to give constant rend-
ings. If more than ten passes aTe necessary,
replace the absorbing solution.

83.8.2 For grab sampling, repeat the sam-
pling and apalysis untll three consecutive
semples vary no more than 0.5 percent by
volume for each component being anhalyzed.

3.8.3 For integrated sampling, repeat the
analyels of the sample until three consecu-
tive analyses vary no more than 0.2 percent
by vwolume for each component heing
analyzed.

4, Caleoulations.

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

43 Excess atr. Use Equation 81 to calcu-
late excess air, and average the runs. Report
the result to the nearest 0.1% excess air.

¢ EA=
(% 02) —0.5(% CQ)

X100

equation 3-1
‘where:
o BA =Percent excess air.
% 0,=Percent oxygen by volume, dry basis.
% N,=Percent nitrogen by volume, dry
basis.

% CO=Fercent carbon monoxide by vol-

ume, dry basis.

0.264=Raiio of oxygen to nitrogen in alr

by volume.

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

Ma=0.44( % CO,) +0.52(%0,)
+0.28( BN, + % CO)
equation 3-2

where:
Ms=Dry molecular weight, Ib./1b-mole,
% CO~Percent earhon dioxide by volume,
«ary hasis,
%Os=Percent oxygen by volume, dry
basis

% Ne-Percent nitrogen by volume, dry
basts,
0.44=NMolecular welght of carbon dioxids

divided by 100.
0.82=Mbolecular welght of oxygen dividsd
by 100. »

028=Mpolecular weight of nitrogen and
CO divided by 100.

FEDERAL REGISTER, VOL, 36, NO. 247.—THURSDAY, DECEMBER 23, 1971
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42 Gas volume,

e ()5

R /VuPa
17.n in. Hg( Tw ) equation 4-2
where:

Vme =Dry gas volume through meter at
standard ecarditions, eu, 1.
Vm =Dry gas volume measured by meter,
It

cu

Pa =Barometric pressure at the ary gus
meter, inches .

Pare=Pressure at standard conditions, 29,92
inches Hg.

Taa=Absolute temperature at standerd

conditions, 580* R.
Tm =Absolute temperature at meter (“F+

460), *R.
4.3 Moisture content,
Ve Vwe .
B =Y Ve, T By v+ (0.025)
equation 4-3

where;

Bvo=Froportion by volume of water vapor

in the gas gtream  dimensionless,

Vwe =Volume of water vapor collected

(standard conditions) , ew. t.
Vme =Dry gas volume through meter
(standard sonditions), cu, It.
Bwu=Approximate volumetric proportion
of water vapor in the gas stream
lenving the impingers, 0.025.

5. References. :

Alr Pollution Engineering Manusal, Danle}-
eon, J. A. (ed.), U.S. DEEW, PHS, Netional
Center for Air Pollution Control, Cincinnati,
Ohlo, PHS Publication No. 999-AP—20, 1967,

Devorkin, Howard, et al., Air Pollution
Bource Testing Manual, Alr Pollution Con-
trol Distriet, Los Angeles, Callf.,, November
1963.

Methods for Determination of Velocltty,
Volume, Dust and Mist Content of Gases,
Western Precipitation Division of joy Manu-
facturing Co., Loe Angeles, Calif., Bulletin
WP-50, 1963,

METHOD B—DETERMINATION OF PARTICULATE
EMISSIONS PROM STATIONARY SOURCES

1. Principle and applicability.

1.1 Prineiple, Particulate muatter is with-
drawn isokinetically from the souree and its
weight Js determined gravimetrieally after ye-
moval of uncombined water,

1.2 Applicablility. This method 15 applica-
ble for the determination of particulate emis-
elons from &tationary eources only when
epecified by the test procedures for determin-
ing compliance with New Source Perform.
ance Standards.

2. Apparatus.

2.1 Sampling train, The design specifica-
tions of ‘the particulate sampling train used
by EPA (Figure 5-1) are described in APTD—
0581, Commercial models of this train are
avallable,

2.1.1 Nozzle—Stalnless steel (316) with
eharp, tapered leading edge,

2.1.2 Probe—Pwex? plass with a heating
system capable ofimaintalning a minimum
Eas ternperature of 250° F, at the exit end
during sampling to prevent condensation
irom occwrTing, ‘When length limitations
(gremter than about 8 ft.) are encountered at
temperatures less than 600° F., Incoloy 8251,
©7 equivalent, may be used. Probes for sam-
rling gas streems at temperatures in excess
ol 600° F. must have been approved by the
Admlnistrator.

2.1.8 Pitot tube—Type S, or equivalent,
attacked to probe to monltor stack [0
veloelty.

3 Trade name,

RULES AND REGULATIONS

2.14 Piter Holder—Pyrex:® glass with
heating system capable of maintaining minie
mum temperature of 225* P,

2.15 Impingers / Condenser—Four impin-
Eers connected in eeries with glass ball joint
fittings, The first, third, and fourth impin.
gers are of the Greenburg-Smith design,
modified by replacing the tip with s %-inch
ID glass tube e t0 one-hal? inch
from the bottom of the flask The second ima
pinger 15 of the Greenburg-Smith design
with the standard tip, A condenser may be
used in place of the impingers provided.that
the moilsture content of the stack gas can
etill be determined,

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

2.1.7 Barometer-—To measure atmospheric
pressure to 0.1 Inches Hg,

22 Sample recovery.

HEATED AREA FILTER HOLDER

22,1 Probe brush—At least as long as

222 QGlass wash bottles—-Two.

223 QGlass eample

224 Cradusted cylinder—250 i,
© 28 Analysis,

23.1 QGlass welghing dishes.

2.3.2 Desiccator,

2.3.8 Analytical balance—To measure to
=01 me.

284 Trip balance—300 g. capacity, to
neasure t0 +0.05 g.

3. Reagents,

8.1 Sampling.

8.1.1 FPlters—Glass fiber, MSA 1108 BH?,
or equivalent, pumbered for identification
and preweighed,

3.1.2 Bilica gel—Indicating type, 6-18
mesh, dried at 175 C. (350* F,) for 2 hours,

3.1.8 Water.

8.14 Crushed ice.

3.2 Sample recovery.

8.2.1 Acetone—Reagent grade,

.8.8 Analysis,

33.1 Water,

IMPINGER TRAIN OPTIONAL. MAY BE REPLACED
BY AN EQUIVALERT CONDENSER

THERMOMETER  CHECK

PROBE _ ‘ P mm e L
»VACUUM
} " LINE
REVERSE-TYRE
PITOT TUBE
1TO1 MANOMETER
i BY-PASS VALVE
ORIFICE /
O
THERMOMETERS )
DRY TESTMETER  AWR-TIGHT
PUMP

Figure 51, Particulate-sampling train, -

3.5.3 Desiveant—Drierite, indieating.

4. Procedure.

4.1 Sampling

4.1.1 Afterselecting the sampling site and
the minimum number of sampling polats,
determine the stack pressure, temperature,
molsture, and range of velocity head.

412 Preparation of collection train,
Weigh to the nearest gram approximately 200
g. of silica gel. Label a fitter of proper diam-
eter, desiccate? for at least 24 hours and
welgh to the nearest 0.5 mg. in a roomn where
the relative humidity is less than 50%. Place
100 ml. of water in each of the Arst two
impingers, leave the third impinger empty,
and place upproximately 200 g. of preweighed
slilca gel in the fourth impinger. Set up the
frain without the probe as in Figure 5-1.
Leak check the sampling train at the sam-
pling site by plugzing up the inlet to the fil~
ter holder and pulling & 15 in. Hg vacuum. A
leakape rate not in excess of 0.02 c.fm. at a
vacuum of 15 in, Hg is acceptable. Attach
the probe and adjust the heater to provide a
gas temperature of about 250° P, at the probe
outlet. Turn on the filter heating eystem.
Flace crushed jce around the impingers. Add
———

1 Trade name.

*Dry using Drierite 1 at 70° F.10" P,

more iee during the run to keep the temper-
ature of the gases leaving the last impinger
as low as possible and preferably at 70° F.,
or less, Temperatures above 70° F. may result
in darnage to the dry gas meter from elther
molsture condensation or excessive heat.

413 Particulate traln operation. For each
Tun, record the data required on the example
sheet shown in Figure 5-2. Take readings at
each sampling point, ot least every 5 minutes,
and when significant ¢hanges in stack con-
ditions necessitate additional sdjustments
in flow rate. To begin sampling, position the
nozzle at the first traverse point with the
tip pointing directly into the gas stream.
Immediately start the pump and adjust the
flow to isckinetic conditlons, Sample for at
least & minutes at each fraverse 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 rale without other eomputations,
APTD-05768 detalls the procedure for using
thess nomographs. Turn off the pump at the
econclusion 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 deseribed in zection
4.2,

FEDERAL REGISTER, VOL. 36, NO. 247—THURSDAY, DECEMBER 23, .1971
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L L — AMMENT VEMPERATURE .
I BAMMETRIC PRESROE .
ASRUMED NOISTURE, %
L L ——— - HEATER BOLEHTTING
N oG A
SAMRLEROING. NOZZLE CIAMETER, W
METEN RO NG, FRIORE HEATER SETTING
GFM:WI-_-_......_ SCHEMATIC OF STACK CADSS SECTION
PRESANE -
m GAS SANRLE TENPERATING b
v . AT DRY GAS METER LEAVIEG
smmng | sTanc SIACK | veocTy METER GAS 2AMRE et SAMME W |eonnemsen on
WAVEREPOWT | TRE | imesoue | veweeRatumt | HEAD 18 H, wm:, wLET QURET | eusairee. |Cast momess,
RARER (o, min. | (hg), g | (el *F | [aPgh, ta, 1o tved, trm g ). *F | (T 0 0F o v
=
{
L]
TOTAL A Avi.
AVERAGE Avg.

Flgure £2, Paniguiate flald data,

4.2 Sample recovery, Exereise care In mov-
ing the collection train from the test site to
the sample recovery area %0 minimize the
loss of collected sample or the gain of
extraneous particulate matier. Set 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 fllter 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 fAlter
in this contalner and seal. Use a regor blade,
brush, or rubber policeman to lose adhering
particles.

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

4.3 Analyais, Record the data required on
the example sheet shown In Figure 5-3.
Handle each sample contalner as follows:

Container No. 1. Transfer the filter and
any loose particulate matter from the sample
contalner t0 a tared glass weighing dish,
deslecate, and dry to a constant welght. Re=
port results to the nearest 0.5 mg.

Container No. 2. Transfer the acetons
washings {0 a tared beaker and evaporate to
dryness a{ ambient temperature and pres-
surze, Desiccate and dry to a constant weight.
Report results to the nearest 0.5 mg.

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

§. 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 zeries.

8. Cualculations.

6.1 Avernge dry gas meter temperature

- and average orifice pressure drop, See dats

sheet (Flgure 5-3).

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

AH
Vo v Tud) (T 1358
Mg ¥m 'T: | PM ==
°R Pot{3g
1771 —=— )V =
( in. Hg Ta
equation 5~1
where:

Vi, = Volums of gas sample through the
: dry gas meter (standard condi-
tions), cu. £t :
Vg= Volume of gas sarople through the
dry ges meter (meter condi-
tlons), cu. ft,
T,ca= Absolute temperature at standard
conditions, 530° R.

24889

Tn = Average dry gas meter temperature,
OR -

Pp.r=—Baromeiric pressure at the orifice
meter, inches Hg,
AH = Average pressure drop across the
orifice meter, inches H,O.
13.6== 8pecific gravity of mercury,
P4 Absolute pressure at standard con-
ditiona, 29.92 inches Hg.

63 Volume of water vapor,

— PHy, RTltd —
Vw",d'-—vl, L.I-Ego) PM =
eu. ft.
(0.0474—mr)vl.
equation 5-2
where:

Vw,u=Volume of water vapor in the gas
sample (standard conditions),
ow. It, )

Vi, ="Total volume of liquid collected in
impingers and ailica gel (see Fig-

. ure 5-3), ml.

6= Density of water, 1 g/mL
Muo=Molecular weight of water, 18 1b./
1b.-mole, - -~
R=uJdeal gas constant, 21.83 inches
Hg—cu. ft./Ib.-mole-*R.,
T,ca=Absolute temperaiure at standard
eonditions, 550° B
P,.a= Absolute pressure at standard con-
ditions, 29.92 inches Hg.

6.4 Moisture content.

V"ntd
vﬂnd +Ve std
equation 3-3

where: :
Buwo mProportior by volume of water vapor In the gus
Biream, dimensionless.
Vva=Volnme of water in the gas sample (standaid
v conditlons), en. ft. .
=uq=Volmme of gas samnple through the meter
e etandard conditons) oo fr- 00 ArY €38
6.5 Total particulate welght. Determine
the total particulate cateh from the sum of

Beo=

8.6.1 Concentration In gr./s.ct. )

o M.\
r 4 448 —_—,
¢ l—'(0-015 mg.) (v-otd)
: equation 5-4
whare:

¢’y=Concentration of particniate matter [n stack
£ gr./n.cl, dry basis
M.-T:‘g‘ amount of particnlats matter collected,

Va,.4=Volume of sample through meter
(standlard” cenaitionn, o fe Y %

FEDERAL REGISTER, VOL. 36, NO. 247-=THURSDAY, DECEMBER 23, 1971 . )
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o - PLANT
DATE

RUN NO.

WEIGHT OF PARTICULATE COLLECTED,
CONTAINER mg '
NUHBER FINAL WEIGHT TARE WENGHT WEIGHT GAIN
1
2
TOTAL

VOLUME OF LIQUID
WATER COLLECTED

IMPINGER SILICA GEL
VOLUME, WEIGHT.
mi 0

FINAL

INITIAL

LIQUID COLLECTED

TOTAL VOLUME COLLECTED _ g* mi

CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT
INCREASE BY DENSITY OF WATER. {1 g. ml):

INCREASE. g

- - {1 g/mi) = VOLUME WATER, ml

_ Figure 5=3. Analytical data.
6.6.2 Concentratiorn in 1b./eu. ft,

1 lb.)
c.=(453,e_90 mg. )M

=2.205x 10~ M L
HByg . mad equation 5-5
where: +
¢r=Concentration of particulate matter in stack M"tT‘,’nhEl_ aamount of particulate matter collected,
453'600=M§?lsﬁ.lb'/s'°'f" dry basig, Vim,y=Voldme of gas sample through dry gas meter

(standard conditions), en. it.
6.7 Isokinetic variation.

Vi (pepo)R v AH -
. T.[—-——-——+-'—“ Poart+or ] :
. Mao T ( 13.6) 100 _

oVIPIAII .
L min.) ( ) in. Hg—cu.ft.) Vo, AH
=( 66755 )| (0002672 Becou. . Vickg® (Purti5) |

6V.P.A, - Equation 5-6

where;
I=Percent of lsokinetle sampling.
Vi, =Total volume of liquid collected in impingers
and ellica gel (Bee Fig. 5-3), ml.
su,0=Denslty of water, 1 g./ml
R=Ideallga°sn_consmnt, 21.83 inches Hp—ca. ft. /0.
L

mol
Mgy =Molecular weight of water, 18 Ib./lh.-mole,
Vo =Volume of gas sample through the dry gas meter
(meéter conditions), cu. ft.
Ta=Absolute avernge drRy gas meter tempetature
(see Figure 5-2), °E.
Ph.mBa};ome&ra: pressure at eampling site, Inches
E.
All=Averago pressure dr:)g across the orifice (see
Fig, 5-2), fnehes 0.
Ts=Absolute aversge stack gas temperature (see
Fig. 5-2), °R.
6=Total sanmplng time, min,
V.=8tack pas v:ﬁc‘lty calculated by Method 2,
Equation 2-2, ft.jzec.
P,=.Absolute stack gas pressure, fnches Hg.
A, =Cross-sectionel area of nozzle, sq. ft.

6.8 Acceptable results. The following
range sets the lmit on acceptable isokinetic
rampling results:

It 90% < 1 < 110%, the results are acceptable,
otherwise, reject the results and repesn
the test.

7. Reference.

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

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

Rom, Jerome J., Maintenance, Callbration,
and Operation of Isokinetic Bouree Sam-
pling Equipment, Eavironmental Protection
Agency, APTD-0576.

Smith, W. 8, R. T, Shigehara, and W. F.
Todd, A Method of Interpretipg Stack Sams
Pling Data, Paper presented at the 63d An-
nual Meeting of the Air Pollution Control
Assoclation, 8t, Louis, Mo,, June 14-19, 1970.

Bmith, W. 8., et al, Stack Gas Sampling
Improved and Simplified with New Equip-
ment, APCA paper No. 67119, 1967,

Specifications for Intinerator Testing at
Federal Facilities, PHS, NCAPC, 1967.

METHOD 6—DETERMINATION OF SULFUR DIOXIDE
EMISSIONS FROM ETATIONARY SOURCES

1, Principle and applicability,

1.1 Prineiple. A gas sample is extracted
from the sampling point in the stack. The
ecld mist, including sultur trioxide, 15 sepa-
rated from the sulfur diozide. The sulfur
dloxide fraction is measured by the barium.
thorin titration method.

1.2 Applicability. This method is appli-
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
Stendards.

2. Apparatus,

2.1 Sampling, See Figure 6-1.

211 Probe-—Pyrex! glass, approximately
5 to 6§ mm. ID, with & heating system to
prevent condensation and a filtering medium
to remove particulate matter including sul-
furic acld mist,

212 Midget bubbler—One, with glass
wool packed in top to prevent sulfuric acid -
mist earryover.

2.1.8 (Glass woaql.

214 Midget impingers-—Thyee,

2.1.5 Drying tube—Packed with 6 to 16
mesh Indicating-type silica gel, or equivalent,
1o dry the sample.

2.1.6 Vsalve—Needle valve, or equivalent,
t0 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.cf.h, flow range,

219 Dry gas meter—Sufliciently accurate
to measure the sample volume within 1.

2.1.10 Pitot tube—Type 3, or equivalent,
* Trade names. :
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nitrous oxide, are measure colorimetrically
using the phenoldisulfonic acid (FDS)
procedure.

1.2 Applicabllity. This method is applica-
ble for the mesasurement of nitrogen oxides
from stationary sources only when specified
by the test procedures for determining com-
Pliance with New BSource 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 remains dry dur-
ing the purgirg peried. "

2.1.2 Collection flask—Two-lUter, Pyrex:
round bottem with short neck and 24/40
standard taper opening, protected against
implosion or breakage,

* Trade name.

FROBE

_—

FILTER

RULES AND REGULATIONS

2.13 Flask valve—T-bore stopeock con-
nected to o 24/40 standard taper joint.

214 Tempersture gauge-—Dial-type thers
morneter, or equivalent, capable of measur-
ing 2° F. intervals from 25 to 125° ¥,

2.15 Vacuum line—Tubing capable of
withstanding & vacuum of 8 inches Hg abso-
lute pressure, with “T* connection and T-bore
stoprock, or equivalent.

216 Pressure gauge—U-tube manometer,
36 inches, with 0.1-inch divisions, or
equlvalent,

217 Pump—Capable of Produeing a vac-
uum of 3 inches Hg absolute preesure.

4.1.8 Squeeze bulb—One way.

2.2 Sample recovery,

2.2.1 Pipette or dropper.

222 Glass storage contalners—Cushioned
for shipping, .

@ EVACUATE

GROUND-GLASS SOCKET,

§ SLEEVE NO. 2440

Figure 7-1, Sampling train,

228 G@Glass wash bottle,

2.3 Analysis,

23.1 Steam bath,

2.3.2 Beakers or casseroles—250 ml, one
for each sample and standara (blank),

2.3.3 Volumetric Pipeties—1, 2, and 10 ml.

234 Transfer-pipette—10 ml. with 0.1 mil,
divisions.

28.5 Volumetric flask—100 ml., one for
each sample, and 1,000 ml, for the Etandard
(blank), .. :

2.3.6 Bpectrophotomet To 1
Borbance at 420 nm.

2.3.7 Graduated cylinder--100 ml, with
1.0 ml. divisions.

2.8.8 Analytical balance—To measure to
0.1 mg, :

3. Reagents,

3.1 Sampling.

8.1.1 Absorbing solution—Add 2.8 ml, of
concentrated H,80, t0 1 liter of distilled
water. Mix well and add 6 ml, of 3 percent
hydrogen perozide. Prepare & fresh solution
weekly and do not expose to extreme heat or
direct sunlight.

3.2 Sample recovery,

3.21 BSodium hydroxide (1N) —Dissolve
40 g. N2OH in distilled water and dilute tol
liter.

322 Red Mtmus paper.

ire ab-

2 LITER, ROUND-BDTTON,
WITH § SLEEVE NO. 24.40

SHORT NECE,

tiask valve, and flask.

323 Water—Delonized, distilled.

3.8 Analysis.

8.38.1 PFuming sulfurie acld-—15 to 18% by
welght free sultur triozide.

3.3.2 Phenol—White sgolid reagent grade.

8.3.8 Sulfuric acid—Concentrated reagent
grade,

8.3.4 Standard solution—Dissolve 0.5495 g,
potassium nitrate (ENO,) in distilled water
and dilute to 1 liter. For the working stand.
ard solution, dilute 10 ml. of the regulting
solution to 100 ml. with distilled water. Ons
ml. of the working standard solutiom is
equivalent to 25 xg. nitrogen dioxide,

3.85 Water—Delonized, distilled.

3.3.6 Phenoldisulfonic asiq solution-—
Dissolve 25 g. of pure white phenol in 150 ml.
concentrated sulfuric acid on a steam bath.
Cool, add 756 mil. 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 256 ml. of -absorbing solution
mﬁoasampleﬂask.lnsmtheﬂaskvalve
stopper into the flask with the valve in the
h " position. Assemble the sampling
train as shown in Pigure 7-1 gnd place the
probe at the sampling point. Turn the fask
valve and the pump valve to their “evacuate”

positions. Evacuate the flask to at Jeast 3
inghes Hi sbsolute pressure, Turn the pump
valve to its “vent” position and turn off the
pump. Check the manometer for any fuctu-
atlon in the mercury ievel. If there 15 g visi-
ble change over the pan of one rminute,
check for leaks. Record the initial volume,
temperature, and barometric pressure, Turn
the flask valve to its “purge” position, and
then do the rame with the pump valve,
Purge the probe and the vacuum tube using
the squeeze bulb, If condensation oceurs in
the probe and flask valve area, heat the probe
and purge until the condensation disappears.
Then turn the pump valve to its “vent" posi-
tion. Twrn the flask valve to 1ts “sample”
bosition and allow sample to enter the fask
for about 15 seconds. After collecting the
sample, turn the fiask valve to its ‘‘purge”
Position and disconnect the fAask from the
sampling train, Shake the Hask for &
minutes,

4.2 Sample recovery.

4.2.1 Let the flask set for g 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
flask contents to a contailner for shipment
or to & 250 ml. beaker for analysis, Rinse the
flask with two portions of distilled water
(approzimately 10 ml.) and add rinse water
to the sample, For a blank use 26 mil. of ab-
sorbing solution and the same volume of dis-
tllled water as used in rinsing the flask, Prior
to shipping or analysis, add sodlum hydrox-
ide (1N) dropwise into both the sample and
the blank until alkaline to litmus paper
(about 25 to 85 drops in each),

4.3 Ansalysis,

4.3.1 If the sample hss been shipped in
& contalner, transfer the contents to g 250
ml, beaker using & small amount of distilled
water. Evaporate the solution to dryness on &
steam bath and then cool. Add 2 m1, phenol.
disulfonic acid solution to the dried residue
and triturate thoroughly with a glass rod.
Make sure the solution contacts aj]l the resi-
due. Add 1 ml, distilied water and four drops
of concentrated sulfuric acid. Heat the solu-
tion on a steam bath for 3 minutes with o¢-
casional stirring. Ceol, add 20 mi. distilled
water, mix well by stirring, and add concen-
trated ammonium hydroxide dropwise with
constant until alkaline to litmus
paper. Transfer the solution to a 100 ml,
volumetric flask and wash the beaker 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 & clesn, dry
centrifuge tube, and centrifuge, or filter a
portion of the solution. Mensure the absorh-
mceoteachsamp!eatt!zonm.uslngthe
blank solution as & zero, Dilute the sample
and the blank with a suitable amount of
distilled water if absorbance falls outside the
range of calibration. )

5, Calivration,

6.1 Flask volume. Assemble the flask and
flask valve and fill with water to the BtOp-
cock, Mesasure the volume of water to =+10
ml. Number and record the volume on the
fask.

5.2 Spectrophotometer. Add 0.0 to 16.0 ml.
of standard solution to & series of beakers. To
each beaker add 25 ml. of absorbing solunon
and add sodium hydroxide (1N)
untll alkaline to litmus paper (about 25 to
85 drops). Follow the analysis procedure of
Bection 4.3 to collect enough data to draw g
calibration curve of concentration In ug. NOa
per sample versus absorbance.

6. Calculations.

6.1 Bsample volume.

FEDERAL REGISTER, VOL. 36, NO. 247—THURSDAY, DECEMBER 23, 1971



%

| TuslVi—V,)

P P,
Voo Pou T T,
where:

V,,=Sample volume at standard condi-
4ions (dry basis), ml,
T,.a=Absolute temperature at standard
conditions, 530° R.
P,=Fresswe at standard conditions,
29.92 inches Hg,
V,=Volume of flask and valve, ml.
V,=Volume of absorbing solution, 25 ml,

11b.
. ft.
c=(%) 1.6‘:1:)‘%

where: '
C=~Concentratlon of NO, as NO, (dry
) basis), Ib./s.c.1.
m=Masg of NO, in gas sample, ug.
V,.=HSample volume at stahdard condi-
tlons (dry basis), ml.

7. References.

Standard Methods of Chemical Analysis.
6th ed. New York, D. Van Nosirand Co., Inc.,
1962, vol. 1, p. 320-330.

Standard Method of Test for Oxzides of
Nitrogen in Gaseous Combustion Products
{(Phenoldisulfonic Acid Procedure), In: 1968
Book of ASTM Standards, Part 23, Philadel-
phia, Pa, 1968, ASTM Designation D-~1608-80,
p. 726~729.

Jacob, M. B., The Chemical Analysis of Alr
Pollutants, New York, N.Y., Intersclence Pub-
lishers, Ine., 1960, vol. 10, p. 351-356.

METHOD g-—DETERMINATION OF SULFURIC AGID
MIET AND SULFUER DIOXIDR EMISSIONS FROM
STATIONAZY SBOURCES

1, Principle and applicability.

1,1 Principle, A gas sample is extracted
from & sampling point in the stack and the
acid mist including sulfur trioxide is sepa-
reted from sulfur dioxide, Both fractions are
measured separately by the bariume-thorin
titration method. .

13 Applicability. This method 1= applica-
ble to determination of sulfuric actd mist
(lncluding sulfur trioxide) and sulfur dlox-
ide from stationary sources only when spe-
cifled by the test procedures for determining

STACK

1 ALL
PROBE

REVERSE-TYPE
PITOT TUBE

FILTER HOLDER

'RULES AND REGULATIONS

=(_17.71 5?-%) (v,—zé ml.) (%—%) Equstion 7-1

Fy=Final abeolute pressure of fHask,

inches Hg,
Py =Initial aebsolute presgure 'of fask, -

inchea Hp.
P,=Pinal absolute temperature of Mask,
. UR.
T, = Initial absolute temperature of Sask,
L
. R.
6.2 S8ample concentration. Read ag. NO,

for each sample from the plot of pg. NO,
varsus abszorbance. |, |

[}
=(6.2>< 10-‘%%) (%)

equation 7-2

compliance with the New Source Perform-
ance Standards.

2. Apparatus, .

2.1 Sampling, Ses PFigure 8-i. Many of
the design epecifications of this sampling
train are deseribed in 1.

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

2.12 Probe—Pyrex® giass with s heating
system to prevent visible condemsation dur-
ing sampling.

213 Pitot tube—Type S, or ecquivalent,
attached to probe to monitor stack gas
veloeity.

2.1.4 Pilter holder—Pyrex ! glass,

215 Impingers—Four as chown 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-

P
with a l5-inch ID glass tube externiing to
one-half inch from the bottom of the ime
pinger flask, Similar collection systems,
which have been spproved by the Adminic.
trator, may be used.
© 216 Metering system—Vacuum gauge,
leak-fres pump, thermometers capable of
measuring temperature to within 5° P, dry
gas meter with 2% accuracy, and rela
equipment, or equivalent, as required to
meaintaln an isokinetic sampling rate and
to determine sample volume.

217 Barometer—To measure atmospheric
" pressure to =0.1 inch Hg. .

1 Trade name,

-DRY TEST METER

ICEBATH  IMPINGERS LINE
BY-PASS VALVE

= . VACUUM

GAUGE

Figure 81, Sulfuric acid mist sémpling train.
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2.2 Sample recovery.

22.1 Wagh bottlea—Two.

222 Graduated cylinders—3250 ml, 500
ml

2.2.3 Glass sample storage containars,

224 Gradusted cylinder—250 mi.

23 Analysis.

23.1 Plpette—35 mil., 100 ml.

2.3.2 Burette——50 mil,

23.3 Erlenmeyer flask—250 ml,

2.3.4 Gradusted cylinder—100 ml.

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

*23.6 Dropping bottle—to add indicator
solution,

3. Reagents.

2.1 Sampling. -

8.1.1 Fliters—Glass fiber, MSA type 1108
BH, or equivalent, of a suitable size to it
in the filter holder.,

8.12 3Silica gel—Indicating type, 6-16
mesh, dried at 175° C. (850° P.) for 2 hours.

3.1.3 Water—Delonized, dictillad.

* 3.14 Isopropanocl, 80%—Mix 800 ml. of
isopropanol with 200 mil. of delonized, dig-
tilled water.

3.1.5 Hydrogen peroxide, 3¢—Dilute 100
ml. of 80% hydrogen peroxide to 1 Uter with
delonized, distilled water,

- 8.18 Crushed ice.

8.2 Sample recovery,

8.2.1 ‘Water—Delonized, distilled.

3.22 Isopropanol, 80%.

8.3 Anpalysis.

3.3.1 Water—Delonized, distilled,

332 Isopropanol,

3323 Thorin indje¢ator—1-(o-arsonophen-
Ylazo) -2-naphthol-3, §-disulfonic acld, di-
sodium zalt (or equivalent). Dissolve 0.20 g
in 100 ml. distilled water.

8.34 Barijum perchlorate (0.01N)—Dis- |

solve 1.85 g of bartum perchlorate [Ba
(CO,) -3 H,O] in 200 mi. distilled water and
dilyte to 1 liter with isopropanol. Standardize
with sulfurio actd.

3.3.5 Sulfuric acld standard (0.01N)—
Purchase or standardize to -+ 0.0002 N against
001 N NaOH which has previously been
standardized against primaty 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,
molsture, and range of velocity head.

4.12 Preparation of collection train.
Place 100 mi. of 80% isopropanol in the first
impinger, 100 ml. of 3% hydrogen perozide {n
both the second and third impingers, and
about 200 g. of silica ped In the fourth im-
pioger. Retaln a portion of the reagents for
use a3 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 =ite by plugging the inlet to
the first impinger and pulling a 15-inch Hg
vacuwm. A leaknge rate not in excess of 0.02
cim, at a vacuum of 15 inches Hg is ac~
ceptable. Atiach the probe and turn on the
probe heaiing 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 tempersture of the gases
leaving the last Impinger at 70* . or less.

4.1,3 Traln operation. 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 5 minutes and
when =ignificant; in stack eonditions
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 streara. Start the

-pump and immediastely adjust the flow to

lsokinetic conditions, Maintain isokinetic
Bampling throughout the sampling period.
Nomographs are avallable which aid in the
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APPENDIX E
LABORATORY REPORT

E.1 CON-SITE HANDLING AND TRANSFER, PARIICULATE

After the completion of a test run, the probe and nozzle were
disconnected from the impinger train and all open ends sealed immediately
to aveid 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. In some cases this was performed
at the test site in order to minimize the time required between tests
because of the small amount of coal available for processing.

The impinger tréin was initially wipéd clean on the outside and
all glassware connectors, including the filter, removed carefully and all
ekpgsed 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 collection 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 thrOuLh 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 separéfe jar.

1} [ SCOTT RESEARCH LABORATORIES, INC.
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Acetone washings from the glassware in the front half of the
filter were collected in the same jﬁr as the probe and n?zzle 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 fourté-impinger was
weighed in a previously tared glass jar using a triple-beam balance.

All acetone jars had Teflon lined lids. Thg folldwing
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

In the case of the stationary samples only the first two comtainers

were included in the total particulate catch.

E.2 LABORATORY HANDLING AND ANALYSIS, PARTICULATE

E.2.1 Filter Transfer

Clean plastic dishes were disiccated for 24 hourg, labeled and
tared on an electronic balance. The filter containers were unsealed and
disiccated for 24 hours before carefully transferring the filters to the
tared dishes using a fine pair of tweezers. Care was taken to plaée a
Pilece of aluminum foil under the transfer operation. A "Staticmaster"
brush was used to brush any fine particles adhering to the container or
foil. All transfers were performed near the balance and the welght reported

to the nearest 0.1 mg. The plastic dishes were thenm sealed for shipment.

@ SCOTT RESEARCH LABORATORIES, INC.
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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 50% nitric acid, washed thoroughly and oven
dried overnight. These were then desicéated 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 were left loosely covered
in a ho§d 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. When the acetone wash of the front
half contained considerable particulate matter, the dried particulate cake
was transferred carefully with a spatula into the tared beaker along with
the final acetone rinse.

After the acetone had evaporated, the beakers were desiccated
for 24 hours and weighed to a cbnstant 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 was marked for
later volume measurement. Each water wash was then transferred into a
2000 ml, separatory funnel and extracted three times with 25 ml. portions
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.

3| SCOTT RESEARCH LABORATORIES, INC.
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Extraction with three 50 ml. portions of ether foliowed,
collecting the water portion in thé'original jars. The e;her extracts
were combined with the chloroform extracts. These were ﬁheﬁ washed with
distilled water in the separatory funnel and returned to the tared
beaker for evaporation.

The water portion was transferred to tared beakers, oven dried -
at 90°¢, desiccated, and weighed. All beakers wéré "par;film" sea;éd‘
for shipment. The Project Officer requested that particle'siie analysis

not be performed. A summary of weight measurements is shown in Tables

E~1 and E-2,

E.3 ORSAT ANALYSIS

A total of six integrated bag samples were énaiyzed:by Orsat
during the three day test period. The Tedlar sample bags had_é capacity
of about 5 liters and were equipped with Teflon sample tubes fitted with
airtight syringe caps. Prior to sampling, each bag was flushed-ﬁith_pure,
dry nitrogen and sealed with the syringe cap.

At the end of each sampling day two sample bags (one inlet and
one outlet) were returned to the field laboratory where they were analyzed
for Co, COZ’ and 02 by Orsat, | |

Each bag was connected to the Orsat analyzer by carefully
removing the syringe cap and inserting the Teflon tube sécurely intq'the_-
Orsat sample tube. The Orsat analyzer was then purged by squeezing the
Tedlar bag and forcing the sample through the Orsat bypass. Suéceésive

100 ml. samples were drawn into the Orsat sample burette and then passed

@ SCOTT RESEARCH LABORATORIES, INC.
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through each of the three absorbing solutions (potassium hydroxide -
Cdz, alkaline pyrogallate - 02, and cuprous chloride ~ CO). Repetitive
passes were made through each absorbing solution until good duplication
of results occurred. At leasL three 100 ml. samples were analyzed from_
each Tedlar sample bag. The data recorded for each Orsat analysis is

included as Table E-3,

E.4 SO, ANALYSIS

2
A total of six 802 gas samples were taken during the course of
the test program. Following each sampling period the impinger train was
disconnected from the sample probe and purged with ambient air. for fifteen
minutes at the same flow rate used during the test. The inlet and outlet
connections of the impinger train were then sealed with tape to prevent
contamination and transported to the field laboratory for transfer. Upon
arrival at the field laboratory, the outside surfaces of the impinger
train were washed with water and then wiped clean to remove any coal_dust
that had accumulated during the test. The isopropancl bubbler was then

carefully disconnected from the impinger section of the train and its

contents discarded. The next two impingers were individually disconnected

and the hydrogen peroxide solutions were transferred to separate polyethelene

bottles with distilled water washes. The glass connecting tubes were then
rinsed with distilled water and the washes added to their respective
polyethelene bottles. The final transfer step involved rinsing the third
impinger with distilled water and adding this wash to the number two
impinger solution. The polyethelene bottles were tightly capped and

labeled for shipment to the laboratory.

: SCOTT RESEARCH LABORATORIES, INC.
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TABLE E-3 ORSAT ANALYSIS DATA

Run #0 - August 29, 1972

o

Sample Analysis Burette Volume (ml.)
Number Component Number Initial Final Difference
1 CO2 1 100.0 97.3 2.7

2 97.3 2.7
02 1 97.3 79.3 18.0
2 79.3 . 18.0
co 1 79.3 79.3 0.0
2 79.3 0.0
2 002 1 100.0 97.4 2.6
2 97.4 2.6
02 1 97.4 79.6 17.8
2 79.4 18.0
3 79.4 18.0
co 1 79.4 79.4 0.0
2 79.4 0.0
3 CO2 1 100.0 97.3 2.7
2 97.3 2.7
O2 1 97.3 79.3 18.0
2 79.3 18.0
co 1 79.3 79.3 0.0
2 79.3 0.0
Run #1 - Bag #1- August 30, 1972
1 CO2 1 100.0 98.3 1.7
2 98.3 1.7
O2 1 98.3 80.0 18.3
2 80.0 18.3
co 1 80.0 80.0 0.0
) 2 80.0 0.0
2 002 1 100.0 98.3 1,7
2 98.3 1.7
O2 1 98.3 79.9 18.4
2 79.9 18.4
co 1 79.9 79.9 0.0
2 79.9 0.0
3 CO2 1 100.0 y 98,2 1.8
2 ' 98.2 1.8
02 1 98.2 79.9 18.3
2 79.9 18.3
co 1 . 79.9 79.9 0.0
2 ) 79.9 0.0

SCOTT RESEARCR LABORATORIES, INC.
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TABLE E-3 ORSAT ANALYSIS DATA

(cantinued)

Run #1 - Bag #2 - August 30, 1972

I
L]

Sample Analysis Burette Volume (ml.)
Number Component Number Initial Final Difference
1 002 1 100.0 98.4 1.6

2 08.4 1.6
02 1 98.4 79.5 - 18.9
2 79.5 18.9.
- CO 1 79.5 75.5 0.0
2 79.5 0.0
2 CO2 1 100.0 98.4 1.6
2 98.4 1.6
02 1 98.4 79.6 18.8
2 79.6 18.8
co 1 79.6 79.6 - 0.0
2 79.6 0.0
3 002 1 100.0 98.3 1.7
2 98.3 1.7
02 1 98.3 79.5 18.8
2 79.5 18.8
co 1 79.5 79.5 0.0
2 79.5 0.0
Run #2 - August 31, 1972
1 002 1 100.0 99.0 1.0
2 99.0 1.0
02 1 99.0 80.2 18.8
2 80.2 18.8
Cco 1 80.2 80.2 0.0
2 80.2 0.0
2 CO2 1 100.0 98.9 1.1
. 2 98.9 1.1
02 1 98.9 30.0 18.9
2 80.0 18.9
co 1 80.0 80.0 0.0
2 80.0 0.0
3 002 1 100.0 99.0 1.0
2 99.0 1.0
02 1 99.0 80.1 18.9
2 80.1 18.9
co 1 80.1 80.1 0.0
2 80.1 0.0

}| SCOTT RESEARCH LABORATORIES, INC.
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TABLE E-3 ORSAT ANALYSIS DATA

(continued)

Run #3 - Bag #1 - August 31, 1972

Sample Analysis Burette Volume (ml.)
Number Component Number Initial Final Difference
1 CO2 1 100.0 98.9 1.1

2 98.9 1.1
02 1 98.9 79.6 19.3
2 79.6 19.3
co 1 79.6 79.6 0.0
2 79.6 0.0
2 co, 1 100.0 99.0 1.0
2 99.0 1.0
0, 1 99.0 79.5 19.5
2 79.5 19.5
co 1 79.5 79.5 0.0
2 79.5 0.0
3 CO2 1 100.0 99.0 1.0
2 99.0 1.0
0, 1 99.0 79.6 19.4
2 79.6 19.4
co 1 79.6 79.6 0.0
2 79.6 0.0
Run #3 - Bag #2 - August 31, 1972
1 CO2 1 100.0 98.8 1.2
2 98.8 1.2
02 1 98.8 80.0 18.8
2 80.0 18.8
co 1 80.0 80.0 0.0
2 80.0 0.0
2 CO2 1 100.0 98.7 1.3
2 98.7 1.3
02 1 98.7 79.8 18.9
2 79.8 18.9
co 1 79.8 79.8 0.0
2 79.8 0.0
3 002 1 100.0 98.8 1.2
2 08.8 1.2
0, 1 98.8 80.0 18.8
2 80.0 18.8
co 1 =~ 80.0 80.0 0.0
.2 80.0 0.0

\uk| SCOTT RESEARCH LABORATORIES, INC.
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All SO2 samples were analyzed by the Barium-Thorin Titration
procedure. Each sample was transferred to either a 50 or 100 ml. volumetric
flask with distilled water washes and then diluted to volume. A suitable

aliquot of either 5 or 10 ml. was chosen and then pipeted to a 250 ml. |
Erlenmeyer flask. Isopropanol was then added to each sample in & to 1
proportions (isopropanol to sample aliquot) by volume, The titration was
performed in the presence of four drops of Thorin indicator with a previéusly
standardized solution of 0.0111 N barium perchlorate. A solution blank was
titrated with each set of samples analyzed. Each sample was titrated twice
or until good duplication of results was obtained. Table E-4 lists all
titration data recorded. The titer volumes for each impinger sample pair

were then summed and the normality of the sample solution was computed by

the fellowing formula:

5
1]
'1
1]
<<
1

T Volume of titer (ml.)

2
[}

Normality of titer (0.0111)

<
It

Volume of sample aliquot (ml.)
From this information the milligrams of 502 per sample were calculated

using the formula:

mg SO2 = Vd X NS X meq. wt. 802

%
=
®
H
1]
)
(=9
Il

Sample dilution volume (ml.)

=4
it

Normality of sample solution

meq. wt, 802 = 32

The mg 802 for each sample were then converted to ppm as shown in Appendix B.

f"\i} | SCOTT RESEARCH LABORATORIES, INC.
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E.5 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 ébsorbing solutions
were then transferred to glass shipping bottles with two 10 ml, washes of
distilled water. Just prior to shipping, the 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 1\‘0x absorbing solution and 20 ml. of distilled water and were
neutralized with 1.0 N sodium hydroxide. At the end of the test period
a}l samples were transported to the laboratory for amalysis,

“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 potassium nitrate
solution with an equivalent concentration of 25 ug NO2 per mi. four

ali&uots 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 N02 was plotted.

@ SCOTT RESEARCH LABORATORIES, INC




E-14

SRL 1281 45 0972

Upon arrival at the laboratory, each sample was transferred to
a 250 ml. beaker and evaporated to:dryness on a steam bath, After cooling,
Z‘ml. of phenoldisulfonic acid was added and each sample was triturated
théroughly 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
collected 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 mpy on a
Bausch and Lomb Spectronic 20 Colorimeter. The solution blanké run with
each set of samples were used for the colorimeter zero reférence. The

absorbances read for each sample were then converted to ug NO, via the

2
previously established calibration curve. NOx concentrations were calcu-
lated as ppm N02 following the procedure described in Appendix B.

Table E-5 lists all the absorbance data for NOx.

E.6 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
I Fuel Pressure: 23.0 psi
) Oxidant Pressure 11.0 psi

Range: 100 X

@ SCOTT RESEARCH LABORATORIES, INC.
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The Scott compressed gases used during each analysis were:
| Fuel: 40%Z hydrogen in nitrogen
Oxidant: Blended Air
Zero: Hydrocarbon Free Air (<0.1 panC)
Span: 99.9 ppm propane (%2.0% 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 Eag 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 reaults 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—C3H

8 . 3 ppm—C

ppi~C = meter units x 100 units-Span ppm—C3H8

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

this report,

SCOTT RESEARCH LABORATORIES, INC.
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TABLE E-4 SO

E-16

ANALYSIS DATA

Sample Total Analysis_._2 Sample Volume Sample
Location Volume (ml.) Number Alig. (ml.) Titer (ml.) Normality
' Run #0 - August 29, 1972
Inlet 61 . 10 0.1 9.8 x 107°
) 2 10 0.1 9.8 x 107°
Outlet 65.5 e 10 0.0 0.0
2 10 0.0 0.0
Run #1 - August 30, 1972 .
Inlet 70 1 10 0.1 9.8 x 107
2 10 0.1 9.8 x 1077
Outlet 66 1 10 0.0 0.0
2 10 0.0 0.0
Run #3 - August 31, 1972
Inlet 64 10 0.3 2.94 x 1074
2 10 0.3 2.94 x 1074
Outlet 70 1 10 0.0 0.0
2 10 0.0 0.0

@ SCOTT RESEARCH LABORATORIES, INC,
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TABLE E-5 NOx ANALYSTS DATA

G - B =R TE O I S B = E O BN B BN R B b e

@ SCOTT RESEARCH LABORATORIES, INC.

Run No. Date Absorbance @ 420 mp NOA Conc. (ug NOZL
0 8/29/72 0.202 151.1
1 8/30/72 0.188 140.6
1 8/30/72 0.319 238.6
1 8/30/72 0.257 192,2
3 8/31/72 0.210 157.1
3 8/31/72 ' 0.200 149.6




ot

Run No.

1-A

1-B

SRL 1281 45 0972

Date

8/29/72

8/30/72

8/30/72

8/31/72

8/31/72

8/31/72

E-~18

TABLE E-6 TOTAL HYDROCARBON DATA

Sample No.

NI—‘NI‘-‘NI—'NI—‘NI—'N

1} [ SCOTT RESEARCH LABORATORIES, INC.

Range
100

100
100
100
100
100
100
100
100
100
100
100

Meter Units

Sample Span
26.0 100.0
26.0 100.0
16.0 100.0
16.0 100.0
16.0 100.0
16.0 100.0
12.0 100.0
12.0 100.0
12.0 100.0
12.0 100.0
10.0 100.0
10.0 100.0
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APPENDIX F

TEST LOG

-
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TEST LOG

On Monday, August 28, 1972, the Scott team arrived at the
U.S. Steel Coal plant in Pineville, West Virginiavand set up the laboratory
and test equipment. Preliminary velocity and tempe%ature traverses were
performed and an appropriate nozzle size selected for the EPA test traiﬁ
and for the two stationary trains. All equipment was assembled for
testing to begin on Tuesday.

The first run was started at 1130 on Tuesday, August 29.
One of the stationary sample trains (the GI unit) developed a leak in the
filter holder, and it was decided to abandon this sample train for the
day. The leak was traced to the presence of an "O" ring in the‘filter
holder and all subsequent runs were performed satisfactorily without using
the "0" ring.

At approximately the second to last point on the first traverse
it was observed that something was wrong with the pitot tube reading.
Upon inspection it was found that the probe and pitot tube had bent down
into the stack. The test was stopped and the probe removed from the stack,

It was decided not to include this as a valid test. The probe
was repaired and the equipment was made ready for an attempt to obtain
two tests the next day.

Satisfactory SO, samples were collected at the inlet and outlet

2
ports from 1137 to 1208, An NOx samwple was collected at 1135 and an

Orsat and hydrocarbon sample collected from 1126 to 1200, One stationary
train sample (RAC unit) was collected from 1130 to 1255. Fresh glassware

and an entire backup system were made ready, and leak tests performed

satisfactorily for an early start on Wednesday, August 30.

@ SCOTT RESEARCH LABORATORIES, INC.
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On Wednesday a satisfactory EPA test was performed from 0945 to

1146, During this same period satisfactory samples were obtained from

- the two stationary trains. To expedite the start of the second EPA test,

the probe washings were collected carefully at the test site while the
rest of the glassware and train were dismantled, sealed and placed in
impinger boxes to be transferred later to the 1aboratdry facility. Fresh
glassware was assembléd for the second test at the site; Two Orsat and
hydrocarbon samples were collected from 0955 to 1055_and 1100 to 1140,
Inlet and outlet 802 samples were obtained from 0949 to 1024 and three
NOx samples collected at 0945, 1038 and 1125.

The second EPA test-was progressing satisfactorily when it was
learned that the plant had a process upset and it would be unlikely that
the test could be finished that day. It was therefore decided to sample
at one port, transfer to the other port and continue the test the_next
day. This first half of the second test was performed from 1243 to 1343.

On Thursday, August 31, the second half of the second test of
the EPA train was completed from 0845 to 0947. Glassware transfer for
the third EPA test was done on site and the third test started at 1013

along with the two stationary sampling trains. Two Orsat and hydrocarbon

‘samples were collected from 1025 to 1053 and 1115 to 1122. Inlet and

outlet SO2 samples were obtained from 1025 to 1055 and two NOx samples
collected at 1020 and 1122. |
By 1125 all the coal in the plant was depleted and the third

test had to be ended prematurely halfway through the run. The glassware

and sampling trains were trénsferred to the laboratory site for cleanup,

L} | SCOTT RESEARCH LABORATORIES, INC.
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and the test equipment was dismantled and packed. The Scott team travelled
~ home on Friday.

Figure F-l illustrates the test program schedule.

.-
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APPENDIX G

PROJECT PARTICIPANTS AND TITLES

The personnel taking part in the project include:

Thomas Ward Project Officer - EPA
Charles Sedman Project Engineer - EPA
Norman Troxel Senior Engineer - SRL
Joseph Wilson Field Team Leader - SRL
Jyotin Sachdev Engineer - SRL

Jack Mycock Engineer - SRL

William Scott Technician - SRL

Duane Gulick Technician - SRL

John Trump Technician -~ SRL
Margaret Husic Chemist - SRL

Louis Reckner Manager, Atmospheric Chemistry &

Industrial Emissions Department.
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