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1.0 INTRODUCTION

Scott Research Laboratories, Inc. performed source sampling tests
at the Van Sant, Virginia plant of Island Creek Coal Company during the
weeks of September 11 an%'lB, 1972, The plant uses a Research Cottrell
high energy flooded elbow scrubﬁér to control the exhaust gas emissions
from a coal cleaning and prepafation operation.

' This plant had been tested previously, however, it was desired

to determine the reproducibility of emission loadings and also what
effect the placement of straightening vanes in the stack would have on
the particulate loading emissionms. o

The outlet exhaust gases, as they were being emitted to the
atmosphere, were sampled and analyzed for the determination of total
pariticulate loadiog conceatration. Tests were conducted both with and
without straightening vanes installed in the stack.

Two tests were run oﬁ September 12, one test on September 13,
and one test on September 20, 1972 all without the straightening
vanes in the stack. The vanes were thén put in place and two tests
.were run on September 20 andﬂoﬁe test on September 21, 1972.

Figure 1 shows the location of the sampling points at the

plant.

l{;@;}l 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 Appéndix A. The raw déta sheets are
included as Appendix B. |

As can be gseen from Table 1, the particulate loading. concentra-
tions found during the tests made without the straightening vanes
installed in the stack, were considerabl& lower than those found during
the tests made with them installed. The straightening vanes also had
an effect on the measured gas‘flow rate. A lower gas flow was
observed when the vanes were installed.

The results show very élearlj that the addition of the
straightening vanes in the:stack had a very marked effect ﬁyon the sampliing
results. The average particulate concentration found without the vanes was
0.0303 gr/scf, while with the vanes it‘was 0.0513 gr/scf. |

The particulate concentration found during the first test,
which was run with only 507% of the fine coal being fed with the coarser
-coal to the dryer, was the 1oweét. However, another test (3) in which
100% of the filter cake was utilized, the particulate concentration was
only 207 higher. The results bf_the other two tests where 100% filter

cake was run, were considerably higher.

i} | SCOTT RESEARCH LABORATORIES, INC.
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3.0 PROCESS OPERATION

Thermal dryer tests were conducted at Island Creek Coal Company's
Virginia Pocanontas #3 plant, Van Sant, Virginia duriﬁg the weeks of
September 11 and 18, 1972.

The first test.was run with 507 of thé fine coal (filter cake
from froth floation cellé) being fed with.the coarser coal to the dryer.
The second run and all of the remaining runs were performed utilizing
100% filter cake in the dryer feed.

Four runs were performed in swirling flow; after which straightening
vanes were installed in the stack and three more tests were performed.

‘Process data monitored during the tests were cleaned coal
production, combustion zone and dryer exhaust teﬁperatures power consump-
tion of inlet and outlet dryer fans, gas pressure drcp across scrubber
system, and visible emissions. Temperature recording charts Qere
maintained during all tests and collected at the conclusion of testing.

The following summarizes process data during testing:

8* 306 , - 1007 - 35%

Run Dryer Feed % Filter Scrubber Visible
No. Rate Cake AP Emissions

1 281 TPH _ 50 34-35"W.g. 5%

2 344 100 34-35" 5%

3 306 100 35" not taken

5 306 100 35" 0

6% 306 : 100 - 35" 0

7% 335 100 35" 0

. -0 .

* Straightening vanes installed.

}| SCOTT RESEARCH LABORATb-RIES. INC.
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4,0 LOCATION OF SAMPLING POINTS

The exhaust gases from the coal cleaning operation pass through a
72 inch diameter duct into a Research Cottrell venturi scrubber. From
the venturi scrubber, the gases flow through a mist eliminator and are
then emitted to the atmosphere through an 84 inch diameter stack.,

The location for sampling the gases prior to the discharge
to the atmosphere was in a straight section of the 84 inch diameter stack
atop the mist eliminator. The sampling ports were located approximately
1 foot upstream from the top of the stack and approximately 9 feet down-
stream from the outlet of the mist eliminator.

Two sampling ports were used and they were spaced 90° apart.
The two ports were designatéd as A and B. A was the port on the left
and T was the port 5¢° to the right of A.

Special sampling platforms were required to supporf the sampling
train at both ports. An angle iron support extending out from the stack
supported a plywood platform which held the sample box,

Figure 2 shows the traverse points used during the tests. A
.total of 48 traverse points were sambled 2f5.minutes each for each test.
In order to stay at least two inches away from the wall, the first two
and last two points on each traverse were combined. Thus, the first and
last points (each containing two traverse points) were sampled for 5
minutes each. The traverse points were chosen in accordance with Method

1 published in the Federal Register, Volume 36, No. 24{

}| SCOTT RESEARCH LABORATORIES, INC.



SRL 1281 65 0472

ISLAND CREEK COAL CO.
VAN SANT, VIRGINTA

B

. FIGURE 2 TRAVERSE POINT ~LOCATIONS

[285%] SCOTT RESEARCH LABORATORIES. ING



|

SRL 1281 65 1072

5.0 SAMPLING AND ANALYTICAL PROCEDURES

Samples were collected for the determination of particulate
matter from the outlet of the venturi scrubber. The sample and analytical
procedures 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
metﬁod is attached as Appendix D. In addition, the impinger catch was
analyzed.

Briefly, the method consists of withdrawing a sample_isokinetically
from the stack through a heated glass probé inté a cyclone, filter, and
impinger train. The cyclone and filter are céntained in a2 heated box.

The sample volume is measured with a dry gas meter, and isokinetic
conditiong are maintained by monitoring the stack gés_velocity with an
"8" type pitot tube. After testing is completed, the train ié thoroughly
washed including the probe.. The Washingé 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 were measured using
Method 2, "Determination of Stack Gas Velocity and Volumetric Flow Rate
(Type S Pitot Tube)", ana published in.the Federal Register. Using both
the weight of sample collected and the flow rate determined, a total

‘particulate emission rate was calculated.

I{:@;] SCOTT RESEARCH LABORATORIES, INC,
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APPENDIX A

COMPLETE PARTICULATE RESULTS WITH EXAMPLE CALCULATIONS
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WATER - VOLUME

ﬁuﬁ_No. 4F g Date / 5’/,2 0/72.
 Bubbler #1 —SEEES silica Gel No, /3 wet. g. S /09
p2. /69 |
£3 T ‘ Bubbler f#4 5997
. QCC'!*\G \FI‘GN-;. {I uo " ‘/‘ . . _’.
Gross $ (ﬂ O _
Water Added(-) Je O Gross Vgt.(-)_ \5'/5-83
Net . é ce Net 3-3 ' ? £
w S6¢e (3)
Net
w S6O

Net (+) ? 7' C{

Total Water

(B)

\.:% ?‘3’ Q ce ..

Form R&D 109
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WATER - VOLUIE

.'* T . ‘ Run No.-#ﬁ . | . - q’/M/7 .

~ Bubbler #1 373 Silica Gel Wo, /O Wgt. g. S06, l
12
B3 9 Bubbler #4__ S 29. 7> )

Q;e‘/f"l .ﬂ- fre af 76' ' . _
- vy72.5 | O(’f (,@n.{ o
Groz_ss 3"'%}.5' ’ | .

Water Added(-) l % O Gross Wgt.(=) 6 96,1
Net d@“}"ﬁ" cc Net Q"’w i
@ - (3) et !
2 T} A3
Net |
@ Q72
Net (H_2Q 3L

3
—~ .
Total Water A 75 ,7 ce

% Ff‘banE f{'
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VOLULE

' ku_n No. '7

L4

Bubbler #1 2 2 ZD\
g2 |2 A

2.
/116

#3
a (..f"‘(ﬁ"" * -érg.,-»{-

Gross

200

Water Added(-) '

-Date. ?/20/7‘2

Silica Gel Mo, 2 Wgt. 8.5 37 é

£Y0. 2

Bubbler #4

345 v59

Gross Wét.(-) 5\11’2-{ 7

(

a2 <

cc

"-u

Total Water

a?.¥
=77 [

Form R&D 109
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WATER - VOLUME

N .. . - . . ) . . , - " .
" Run No._ZFE @ with S.Jrg?,é,:g,gate IO/.'J/)//JE’.

Bubbler f1 ) QY Silica Gel Mo, /S wet. g. 0/ /-8
g2 /79
#3 2 " Bubbler f4__ SR Y 2 )

. 4ce7{0‘41‘.'. '/"Oo'tf‘ //‘5’

Gross q Sq

Water Added(-) . o’ O Gross Wat.(~) s/ :'..\S,
;- ' i .7
Net ‘ q\ ce - Net A i4
@ P @

_ Net -
W XIS

Net (D_ /7.7
(8)

- Total Water ;/ 7 C; ‘7 ce
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APPENDIX C
STANDAﬁD SAMPL ING 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 ére as follows (Methods 1,

2, 3, 4 and 5). In addition, the impinger catch was analyzed.

"\} | SCOTT RESEARCH LABORATORIES, INC.
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. 222 TFor rectangular stacks dlvide the
cross section 1nto 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 eq

3. References.

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

Devorkin, Howard, et al., Alr Pollution
Source Testing Manual, Alr Pollution Control
District, Los Angeles, Calif, November 1963.

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

Particulate Matter, In: 1971 Book of ASTM
Standards, Part 23, Philadelphia, Pa. 1971,
ASTM Designationn D-2928-71,

METHOD 2—DETERMINATION OF STACK GAS
VELOCITY AND VOLUMETRIC FLOW RATE (TITE
5 PITOT TUBE) '

1, Principle and applicability,

1.1 Principle, Stock gas velocity is deter-
mined from the gas density and from meas-
wrement of the velocity head using a Type S
(Stauschelbe or reverse type) Dpitot tube.

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

Standard Method for Sampling Stacks for

PIPE COUPLING

RULES. AND REGULATIONS

cedures for determining compllance with the
New Source Performance Standards.

3. Apparatus.

2.1 Pitot tube—Type 3 (Flgure 2-1), o
equivalent, with a coeficient within =6%
over the wotklog range,

22 Differential 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 fo
measure stack temperature to within 1,5% of
the minimum absolute stack temperature.

2.4 Pressure gouge—dlercury-filled U-tube
manometer, or equivalent, to measure stack
pressure to within 0.1 in, HZ.

35 Borometer—To measure atmospheric
pressiire to within 0.1 In. Hy.

2,6 Guasanalyzer—To nualyze gas composl-
tion for determining melecular weight.

27 Pitot tube—3tandard type, to cali-
brate Type S pitot tube.

3. Procedure.

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

3.2 Measure the static pressure in the
stack.

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

TUBING ADAPTER
/

N 3 § )
[——]ﬂk_—j h —‘/.u

TYPE S PITOT TUBE

L -
; Flgure 2-1,

Pitot tube-manometer assembly.

- MANOMETER

4, Calibration.

4.1 To calibrate the pltot tube, measure
the velocity head at some point {n a Cowing
gas stream with both a Type 8 pitot tube and
a standard type pitot tube with mown co-
efficient, Calibration should be done In the
laboratory and the velocity of the flowing s
strewm should bLe varied over the normal
working range, It Is recommended that the
calibration be repeated after use ot each fleld
site.

4.2 Calculate the pitot ftube coefficieng
using equation 2-1.

_A_pltd

Cs =0,
reet *“V Apuws: equation 2-1
where:

Cupyoy =Pltot tube coeflicient of Type 3

pitot sube.
Cyp, g =Pitot tube coeilicient of standnrd
type pitot tube (1f unknown, use
0.59). .
Apsta= Velocity head measured by stand-
ard type pltot tube.

Aprese= Velecily hend measurcd by Type S

pltot (ibe.

4.3 Compare the coefficlents of the Type 3
pitot tubke detormined first with one leg and
thety the other pointed downstream, Use the
pitot tube only if the two coeflivients differ by
na more than 0.01,

5. Caleulations. - :

Use equation -2 to calculate the stack gas
velocity.

(V) we. = K,Co(VaP) ame.

PaM,

Equation 2-2
whore:
{Ve)ave.=Stack gas veloclty, feet per second (f.0.8.).

ft, Ib. .
K, =85.4%-— (mﬁ) Hwhen thesounits

=08,
areused,

Cp=Pitot tnh

(T ave.=A¥irage
a2
.

» coelfielint, dimeusinnless,
alivigte stars gus teanperaturs,

(Vap) .vc.=Averaen velocity head of stack gas, Inches
a0 (ee Fiu. 2-2). .
P,=ADsolute stack cas pressure, inches Iy,
My=1\loloeul:r weleht of stack gas (wot bagis),
1b.ith.-tnote.
Mi(1—DBwo)+18Bes

Mam=Dry raoiecular welght of staek gas (from
Muthed 3),

Buo=Propartion by volume of water vapor In
tlre ¢as stream (from Method 4).

Plgure 2-2 shows a sample recording sheet
for velocity traveise daca. Use the averages
in the last two columns of Flgure 2-2 to de-
termine the average stack gas velocity from
Equation 2-2.

Tsze Equation 23 to calculate the stack
gas volumetric dow rate.

b,

Q,=3600 (I—Bwo)V,A(_(_T’I_‘;!#_) 2

Equation 2-3
where: .
Q.=V¢;}mnetnc flow rate, dry basls, standard condt
ons, ft./hr.
A=Crosg-sectional area of stack, [t.?
T.u—Alfﬁg_lultf temiporature et standard coaditions,

Paa=Absalute pressure ot standard conditlons, 29.52
inchies 1Ig.
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DATE.

RUN NO.

STACK DIAMETER, in.

BAROMETRIC. PRESSURE, n. Hy.
STATIC PRESSURE IN STACK (Pg), in. Hg.

OPERATORS

SCHZMATIC OF STACK

CROSS SECTICN

Traverse point Vel_ocity head, Stack Temperature
number in. H,0 VAP {5 °F
AVERAGE:

Figurs 2-2. Velocity traverse data.
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METHOD 3«—GAS ANALTSIS FOR CAREON DIOXIDE,
EXCFSS AIR, AND DRY MOLECULAR WEIGHT

1. Principle and applicability.

1.1 Principle. An integrated or grab gas
spmple 1s extracted from a sampling point
and analyzed for its components using an
. Qrsat analyrer.

1.3 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 t0 be used,

2. Apperatus,

2.1 Grab sample (Figure 3-1),

2.1.1 Probe——Stainless steel or Pyrex!?
glazs, equipped with o flter to remove partic-
ulate matter.

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

1 Trade name,

\ 71035

RULES AND REGULATIONS

2,2 Integrated sample (Figure 3-2).

2.2.1 Probe—Stalnless steel or Pyrex!
#lass, equipped with a filter to remnove par-
ticulate matter.

2.22 Alr-cooled condenser or equivalent—
To remove any excess moisture,

223 Needle valve—To adjust flow rate.

224 Pump—Leak-free, digphragm type,
or equlvalent, to pull gas, .

2.2.5 Rate meter—To measure a fow
range from 0 to 0.035 cfm.

2.2.6 Flexible bag—Tedlar! or equlvalent
with a capacity of 2 to 3 cu, ft, Leak test the
bag In the laboratory before using.

2.2.7 Pitot tuhe—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 s varys
ing with time or a sample traversg is
conducted.

2.3 Analysis,
2.3.1 Orsat analyzer, or cquivalent.

FLEXIELE TUBING'

TO ANALYZER

SQUEEZE BULB

Flgure 3+1. Grab-sampling traln,

AIR-COOLED CONDENSER

RIGID CONTAINER””

RATE METER —_

QUICK DISCONNECT

. Flgure 3-2, Integrated gas - sampling train.

3. Procedure.

3.1 Grab sampling,

3.1.1 Set up the. equipment as shown in
Figure 3-1, making sure all connections are
leak-free. Place the probe tn thie stack at a
samnpling point and purge the sampling lne.

3.1.2 Draw sample into the analyzer.

8.2 Integrated sampling,

8.2.1 Evacuate the flexible bag. Set up the
equipment as shown ih Figure 3-2 with the
bag disconnected. Place the probe in the
stack and purze the sampling line, Connect
the bag, making sure that all connections are
tight and that thers are no leaks,

3.2.2 Bample at a rate proportional to the
stack velocity,

3.3 Analysis, |

3.3.1 Determine the CO,, O,, and CO con-
ecentrations ns scon as pos:zible. Make as many
passes 08 are necsssary to give constait read-
ings, If more than ten pasies are necessary,
replacs the sbworbing solu tion,

3.3.2 For gronly samnling, repeat the som-
pling and analysiz uncil thres cunsecutive
samples vary no more thnn 05 percent by
valune for each comperent being analyzed,

3.3.3 TIor integrated sunwling, repest the
anaiysls of tie snmple nuatil thrce consecu-
tive nnalyses vary no mor2 than 0.2 percent
by volume for each component being
annlyzed.

4. Caleulations,

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

4.2 Excess air. Use Zquation 3-1 to enleu-
late cxeess alr, and averase the runs, Repors
the reault to the nearest 0,1% excess air,

(% 02) —0.5(% CO)
0.264("% N2) = (% 02) +0.5(%; CO)
equation 3-1

X 100

where:
. EA - Percant excess air.
nQ,==Pareent coygon Ly velume, 4y basia
,oN =Percent nitrogen by volume, dry

basis.

. CO=Percent carbon monoxide by vl

wme, dry hasis.

0.2¢4=Ratio of nzygen to nitregen ln alr

by volume.

43 Dry molecular welzht. Use Equation
3-2 to caleulate dry molecular weight and
average the runs, Report the resuit to the
nesrest tenth.

Ma=0.44(%CO,) +0.32(%
+0 28( LN, T COY
eqmr.ion 3-2
where:
Ma=Dry molecular weight, 1h./1b-mole,
o CO.=Percent carbon diozxide by volume,

-dry basis.

o, O==Percent oxygen hy volume, dry
hasis,

o, N=Percent nitrogen by volume, dry
basis.

0.44=Molecular weight of carbon dloxide
divided by 100,

0.32=>Molecular weight of oxXygen divided
hy 100.

023==Molecular weight of nitrogen saod
CO divided by 100.
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42 (as volume,

— Pa Tua
VarmVa (72)(32) =
R N

17.' 1 Heg\ Ta ) equation 4-2
‘wherer - i )

' ¥m =Dry gas volume measured by meter,
cu %

Pm =DBarometrie pressure at the dry ges
meter, inches Hg.

Pata=Pressure ot standard conditions, 39.92
inches Hg.

Tua—Ahsolute temperature at standerd
conditions, 530* R.

Twa ‘=Absolute temperature at meter (*F-+

460), "R.
4.3 Moisture content.
Vo Ve -
Buo =yt ¥+ B =V Ve T (002D
‘ equation 4-3

wheres
Bwo=Propozrtion by volume of water vapor
in the gas stream, dlmensionless.
Vee =Volume of water vapor collected
(standard conditions), cu. It.

(standard conditions), cu. It.
Bwu=Approzimate volumetric proportion

of watoer vapor ln the gas stream

leaving the impingers, 0.025.

5. References.

Alr Pollution Engineering Manual, Danlel-
gon, J, A. (ed.), U.S. DHEW, PHS, National
Center for Alr Pollution Control, Cincinnatl,
Ohio, PHS Publication No. 999--AP-40, 1987,

Devorkin, Howard, et al., Alr Pollution
Source Testlng Manual, Air Pollution Con-
trol District, Los Abhgeles, Calif., November
1963,

Methods fur- Determination of Veloeity,
Volume, Dust and Mist Content of Grusey,
Westetn Precipitation Division of Joy Manu-
facturing Co,, Los Angeles, Callf, Bulletin
WP-60, 1968, ’ '

METHOD 5—DETERMINATION OF PARTICULATE

EMISSIONS FproM STATIONARY SOURCES
1, Principle and applicability.

1.1 Principle. Particulate matter is with- -

drawn isoklnetieally from the source and its
welght 15 determined eravimetrically after re-
moval of uncombined water.

1.2 Applicabliity. This method 1z applica=
ble for the determination of particulate emis-
gions from stationary sources only when
specifled by the test procedures for determin-
ing compliance with New Source Perform-
ance Standards,

2. Apparatus.

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

211 Nozzle—Stalnless steel (316) with
sharp, tapered lesding edge. :

2.1.2 Probe—Dyrex! glass with a heating
system capable of maintalning a minimum
grs temperature of 250° F. at the exit end
during sampling to prevent condensation
from ocowrring, When length limitations
(greater than about 8 ft.) are encountered ab
temperatures less than 600° F., Incoloy 8254,
or equivalent, may be used. Probes for sam-~
pling gas streams at temperatures in excess
of 600* P. must have been approved by the
Administrator.

21,3 Pitot tube—Type S, or equivalent,
aitached to probe to monitor stack gas
veloelty.

1 Trade name,

Vme =Dry gas volume through meter

RULES AND REGULATIONS

214 Pilter Holder—Pyrex! glass with
heating system capable of maintaining mdni-
mum temperature of 225° F,

2.1.5 Impingers/ Condenser—Four impin-
gers connected in series with glass ball joint
fittings. The first, third, and fowrth Impin-
gers are of the Greenburg-Smith design,
modified by replacing the tip with a la-inch
M glass tube extending to one-half inch
from the bottom of the flask. The second im-
pinger is of the Greenburg-Smith deslign
with the standard tip. A condenser may be
used in place of the impingers provided.that
the molsture content of the stack gas can
gtill he determined.

2.1.6 Metering system—Vacuum gauge,
lesk-free pump, thermometers capable of
measuring tempersture to within 5° P, dry
gas meter with 2% accuracy, and related
equipment, or equivalent, 23 required to
maintain an lsokinetic sampling rate and to
determine sample volume. .

217 Barometer—To meastre atmospheric
pressure to +0.1 inches Heg.

2.2 Sambple Tecovery.

HEATED AREA FILTER HOLDER

REVERSE-TYPE
PITOT TUBE

Probe brush--At least as long as

2,21
probe.

223 @Glass wash bottles—Two,

228 (lass sample stornge contalners,

224 Graduated cylinder--250 mi.

2.3 Analysis,

2.3.1 Glass welghing dishes,

2,3.2 Deslcocator, -

2.3.3 Analyticad balance—To measure to
+0.1 mg..

234 Trip balance—300 g. capacity, to’

measure to £0.05 g.

3. Reagents.

3.1 Sampling.

3.1.1 TFilters—Glass fiber, MSA 1106 BH?,
or equivalent, numbered for {dentification
and preweighed, .

212 sihica gol—Indicating type, 6-16
mesh, dried at 173" C. (350" P.) for 2 hours.

3.1.3 Water,

3.1.4 Crushed ice.

3.2 Sample recovery.

3.2.1 Acetone—Rengent gride.

3.3

33

Analysis,
.1 “Nater,

OPTIONAL. MAY BE REPLACED
IVALEST CONDERSER

INPIRGER TR

BY AN

THEREQMETER  CHECK

VALVE
/

LYACLUM
W LIMNE

PITOT MANONETER

INPIRG

ER3

o \CE BY-PASS VALVE
CRIFIC .
B
e f— ™ . S N
' i e
VACUUM
s - GAUGE
Vi MAIN VALVE
THERMOMETERS” *
DRY TEST METER AR-TIGHT
PUNP

Figure 5-1. Particulate-sampling train, -

333 Desiceant—Drierite; indleating,

4. Procedure.

4.1 Sampling

41.1 After selecting the sampling site and
the minimum nwmbser of sampling pointi,

- determine the stnck pressure, temperature,

meisture, and range of velocity hend.

412 Preparatlon of collection train.
Weigh to the nenrest gram approximately 209
g. of siliea gel, Label a Qitar ol proper diam-
eter, desiccate? for at least 21 hours and
weigh to the nearest 0.5 mif. In o rdom whsva

the relative humidity 13 loss than 307, Place

100 ml, of watzr in each of the [rst wo
impingers, leave the third impinger emply,
and place upproximately 200 g. of prewel
silica gel in the fourth hmpinger. Set w
train without the prohe :$ in Figure 5-1,
Leak chack the zampllng tTain at e sil-
pliny site by plugging un thie inlet to the Ll-
ter holder and pulling 2 13 in. Hy vacuwm. A
leakage rate not In excess of 0.02 c.lm. 2t a
vacuum of 15 in, Hgz Is acceptable, Astach
ths probe ard adjust the henter to pravide a
gas temperature of about 250% . at the probe
outlet. Turn on the filter heating eysiem.
Place crushed ice around the impingers. Add

. 1Trade name.
3 Dry using Drierite ! at 70° F.£10° P,

mere lee during €lie run to keep the temper-

o leaving the last lmpinger
at 70° I
rgpe 700 Y. moy result
223 meter {rem either

in domage to the
moeisfure co.
4.1.3 Portiow
ran, reeord the &
sheet show:
epch sam
and when
ditions
in jow
nonfla ¢

ttn pai

3

sampling period
which aid in

sdjustment of the
samnling vale Wit otker camputations.
APTD-0576 deea srecedure for using
thess nomographs, Turi off e pusd at the
conciusion of cach run and reeord the final
readings, Qermmove rhe probe and nefie frem
the stack and bandle in accordance with the
sample recovery process described in section
4.2,
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- PLANT, AMBRENT TEMPERATURE
LOCATION - * BARCUETRIC PRESSURE
GPCRATOR ASARED MOISTLEE. %,
T HEATER BOR SETTING,
N NO, PO NG
SAMPLE SOT NG . NOLAE DUAKEEYE. tn,
METEN B N0, .  PRORE, WEATER SETTANG,
Lo T N
CHACTOR SCHEVATIC OF STACE CROSS SECTION
PESSURE
DIFFERENTIAL
m . GAS SAMPLE TEUPERATUNE ru:;g:’m
sumon| sane | smaex  (vooeny| e | cagsauny | STIRIGMETR g | LEAVEG
TAvEssEpaant | v | pressure | reueemanse | weap S R P OUREY | yenreaaruse. |LAST preivGER
e 10, i { gl b g | (Tl *F tars), e M0 (Tmgo ) *F | (12 00 °F -F *
TOTAL Avg. Avg.
AVERAGE A,

Flgure 5-2. Particulate tigld dnla,

4.2 Sample recovery, Exercise care ln mov-
ing the collection train from the test site to
the sample recovery ar:a to minimize the
loss of collected sample or the gain of
extranecus particulate matter, Set aside &
portion of the acetone used in the sample
recovery as e blank for anelysis. Mcasure the
volume of water from the firsi three ime-
pingers, then discard. Place the samples in
containers as follows:

Conteiner No. 1. Iiemove the filter from
1ts holder, place in this contalner, and seal,

Container No. 2. Place loose particulate
raaticr ond  coctones  washings from el
sample-exposed surfaces prior to the niter
in this contalner and seal, Use a razor blade,
brush, or rubber policeman to lose adhering
particles.,

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

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

Conteiner No. I. Transier the fllter and
any loose particulate matter from the spmple
contalner to a tared glass weighing dish,
desiceate, and dry to a constant welght. Re-
port results to the nearest 0.5 mg.

Container No, 2, Traunster the acetone
washings to a tared beaker and evnporate to
dryness at ambient temperature and pres-
surz, Desiccate and dry to a constant weight.
Report results to the nearest 0.5 mg,

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

Contairer No. 3, Welgh the spent sillca el
and report Lo the nearest gram.

b. Calibration,

Use methods ard equipment which have
been approved by the Adminlsiralor tlo
calibrate ilhe orifice meter, pitot tubs, dry
gos meler, and prohe heater. Recalibrate
after cach test scries.

6. Caleulations.

6.1 Average dry gas meter temperature

- and, average orifice pressure drop, See data -

sheet (Flgure 5-2).
3.2 Dry gas volume, Correct the sample

volume mepoured by the 4oy goe moler to

standard conditlons (70° ¥, 25932 inclias He)
by using Equsztion 5-1.

Al
T Pl’all+13 6
Vm =V ( uid) L
atd = Tm Pnd
AN
lbnr"i
(1771 2 )v,, - 13.6

equation 51
where:

Vi, o= Voluma of gas sample through the
dry goas meter (standard condi-
tions), cw' ft.

V., =Volume of gas sample through the
dary gas meter (meter condi-
tHons), cw ft,

T,q=Absolute tempersture at standard
conditions, 530° RR.

- 24889

T = Average d.ry gos meter temperature,
°R. :

P,..,— Baromeiric pressure at the orifice
meter, inches He,
AH= Average pressure drop across the
orifice meter, Inches H,O,
13.6= Speclfic gravity of mercury.
P,.s— Absolute pressure at standard con-
ditions, 29.92 inches Hg.

6.3 Volume of water vapor,

Pyy, RT.m
V'aed Vl‘(\’lap) P“d

(0 0474 S2- ft. )v,,

equatxon 5-2

where:

Ve, o= Volume of water vapor in the gas
sample (standard conditions),
eu. ft.

Vi,=Total volume of ligquid eollected in
impingers and silica gel (see Pig-
ure 5-3), ml.

pitio== Density of waler, 1 g./ml.

Mi,o=Molecular weight or water, 18 1b./
1b.-mole.

R~1Ideal gas constant, 21.83 Inches
Hg~cu. It./l1b.-1nole-"R.
T,..= Absolute temperaiure at standard
. conditions, 530 R.
P,.;= Absolute pressurc at standard con-
ditions, 29,92 inclies Hg.

6.4 Moisture content,

’
Buo _._‘._._‘”’ —
Vm!l:d‘i—‘ Yatd
equatlion 5-5

where: .
Bwa =Proportlon hy volume of vwiter vapot in thep.s
scronm, ditnensiotless.

v'.u-Volumo ol water In the ens 5n.nme (standanl
condltions), cu. ft.

AL Daed = VOO 00 215 Sunple Thbe2h the dry.gas matee
(stawlazd couaitions), cu. 6.
6.5 Totnl particulate weight, Determins
the total partlculate catch irom the sum of
t the weights on the nnalysis data sheet
(FMgure 5-3) .,
6.6 Concentratlon.
6.6.1 Concentration in gr./s.ctf.

M
C’n=(0.0].54-—g£‘-) ('\r . )
mg. @ytd

equation -4
whero;
¢/y=Coneentration of particulite matter 1n stack
s, projs.c.f., dry basis
M. =Total amount of pertleulate matter colleeted,
mg.
Va,q=Volumo of pas sample 1hrergh dry gas meter
(standard cumlltluus), LRI (X
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. ‘ .
. _ : PLANT where:
I=Percent of isokinetic sampling,
DATE ) Vi =Total volume of liquid collected in Impiugers
and silica gel (See Fig, 6-3), ml.
A pR.0=Density of water, 1 ¢./ml,
o RUN NO. Rnldmlla'menstmlt, 2152 Inches Ig-eu. ft./Ih.
K : molo-*
: . S R . . o ] Mrya=Moleculnr welght of water, 18 1b./Th.~mole.
’ oo L o R . V= Volume of ¢as sample throngh the dry gas meter
Lo ) - : - - (meter conditions), cu. ft.
- : Ta=Abhsolute avernre dry gas meter towmperature
. - . (see Fjgure 3-2), °R.
\ : Phpr= B‘};omcmc pressure at sampling site, Inches
i . All=Average pressure drop across the orifice (see . -
WEIGHT OF PARTICULATE COLLECTED, A D ehes . ¢
mg ) T"Ml’.s’-ulm‘;o;“uu}?;e stack gas temperaturs (see
ig. 5-2), °R.
CONTAINER #=Total sampling time, min.
NUMBER - \.—.:-t;\d-. ;.'l\s v’olg }ty}s enlonlated by lethod 2 2,
. enation 2-2, 1t
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN =.Alsaiute 5140k gag pressure, inches IMa.

An—v(.n.ss sectional area of uozzle sq. {f.

1 6.3 Acceptablz results, The following
range sets {he limit on acceptable isokinetic
- sampling resultg:

- — If 907 <1 <1107, the results are acceptable;
otherwlse, reject the results and repesy

TOTAL - the Lest.

7. Reference,

Addendum to Specifications for Incinerator
Testing at TFederal Pacilitles, PHS. NCAPC,
Dec. §. 1967.

Martin, Rabert M, Construction Details ot
Izsokinetie 3ource Sampling Eguirment, En-
vironmental Protection Acency, APTD-0581.

Rom, aerame J., Lfaintenance, Callhration,
and Operation of Isckinetle Source Same
ping Lquipment, Environmental Protection
VOLUME QF LIQUID Ageney, AP YD-0376.

Smith, W. 8, R. T, Shigehara, and W. F.

WATER COLLECTED Todd, A Method of Interpreting Stack Sam-
pling Data, Papet presented at the 63d Ane
nual Meeting of the Afr Pollution Control
IMPINGER SILICA GEL Associatlon, 3t. Louwls, Mo., June 119, 1979,
VOLUME, WEIGHT, Smith, W. 2. ob al, $tack Cas Sampling
mi g Improved and Simpllded with ew Equip-

ment, APCA vaper No. 87-119, 1887,
| e ——tm — - — -

Sacoifient Ior Innimararor Tectine af

FINAL _ Federal Facilitics, PHS, NCAPC, 1067,

METHOD 6—DETTRMINATION OF STLFUR DIOXIOE
INITIAL EMISSIONS FROM STATIONARY SOURCES

1. Principle and applicebility. a

1.1 "’riac;pm. A gas sunple is extracte
LIQUID COLLECTED from the sampling f}oim in the stack. The
: o acid mist, including sullur trioxide, is sepa-
TOTAL VOLUME COLLECTED 9 mi razed from the sulfur dloxtide. The sulfur
- dioxide fraction is measured by the bariume-
thonn titration method,

1.2 Applicability. Tuls method is appli-
CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT cable for the datemninaion or sulfur dioxide
INCREASE BY DENSITY OF WATER, {1 g. ml): emissions from stationary sourc:ss only when
: Co . - ) spacified by ihe test procedures for decermine
. ing compllance with New Source Performance
ﬁ(ﬂSE_g_ = VOLUME WATER, mi Standards,
(1 g/mi) ‘ 2. Apparaius.
. 2.1 Sampling. See Ficure §-1.
' 2.1.1 Probe—2yvrex! glass, apnroximately
. -3, H . . 5 to 6 mm. ID, with a2 heating system to
FlgUfe 5 3 ] Analytlcal data provent condensation and a Rltaring medium
6.6.2 Concentration in lb./cu. ﬂ‘,. ' ‘ to remove porticulate matier including sul-

furic acid mist,

( } . 2.1.2 Midzot bubbler—One, with glass
453, (-_',00 me. 2 . M, wool packed in top to prevent sulfuric acid
— = 2,005 X 100 . - _ mist carrvover.
| Tatd Daed equation 3-5 213 Glass wool,
| : 214 Alidget tmpingers—Three.
where: = . 5 pinge
] ¢;=Coneentration of particulate matter in stack M“‘T‘,’ﬁ’,}'. aumount of particulate matter collected, 2.1.5 Dryng tube—Packed with 6 to 16
£83,600= gns 1b./s.c.f., dry basis, Vi, =Volume of gas sample through dry gas meter 12081 indicating-type silica gel. or equivalent,
Me/lb, (standard conditlons), cu. f§. - . to dry the sampic.
6.7 Isokinetic variation, 2.1.6 Valve--Needle valve, or equlvalent,
[ . : to adjust flow rate.
[ T Vi, ( pgzo)R P AH : 2.1.7 Pump—Leak-free, vacuum type.
4’ Mu.o bnr+13 5/ : 2.1.8 Rate meter—Rotameter or cqu'vas~
I . L 10 lent, to0 measure a 0-10 s.c.tf.h. flow range,
BV.P.A, H - 2.1.9 Dry gas meter—Sufliciently accurate
, min. in. Hg.cu, to measure the sample Tolume within 1%,
. (1 667 )[(0 00267 ml-°1 )V °+T (Pbal+13 5)] 2.1.10 Pitor tube—Type S, or equivalent,
6V, PAn Lquation 5-6  * Trade names,

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




D-1

SRL 1281 65 1072

_ '  APPENDIX D
_ ‘ LABORATORY'REPQRI
| D.1 ON-SITE HANDLING AND TRANSFER, PARTICULATE

After the coﬁpletion of a test run, the probe and nozzle were
disconnected from the impinger train and all open ends sealed
immediately to avoid contaminationt At the motel, 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 probé was then washed using a long handled brush
rotated through it under a gontinﬁous stream of acetone. The brush
was also carefully cleaned, and all washings collected in the glass jar,
Tha nrobe wasg finally checked visually for any residue.

The impinger train was initially wiped clean on the outside
and all glassware connectors, including the filter, remoﬁed 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 collection by transferring the water through
the outlet ﬁort into the graduated cylinder and noting the volume. The
impingers weére 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.

v} SCOTT RESEARCH LABORATORIES, INC.
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. SRL 1281 65 1072

- Acetone washings from the glassware in the front half of the

FT. - hfilter ﬁére coiiected in the same jar Eg_the probe and nozzle waéh.

- : The filter was carefully reméved from the holder and placed in a
plastic dish which was then séaled'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 lids, or aluminum foil
was used before screwing on the lids. The folloﬁing 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

D.2 LABORATORY HANDLING AND ANALYSIS, PARTICULATE

D.2.1 Filter Transfer

Clean plastic dishes were desiccated for 24 hours, labeled
and tared on an electronic balance. The filter containers were unsealed
and desiccated for 24 hours before carefully transferring the filters
to a 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 tb brush any find particles adhering to
the container or foil. All transfers were performed near the balance
and the weight reported to the nearest 0.1 mg. The plastic dishes were

then sealed for shipment.
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 5“i:fng2.2h:Acetoﬁé Washes
- fhé 250 ml. beakers to be used for the acetone wash transfers
were leachéd for 24 hours in 507 nitric acid, washed thorough;y and oven
“dried overnight. These weré then desiccated for 24 hours and tared.
Once tared, the beakers Qere sealed with "parafilm'" and handled with
tongs or."Kimwipes”.

The jars containing the acetone washes were 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 beakef. 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 bezker along with the final acetone rinse.

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

D,2.3 Water Washes

The level of water in the collection bottles was marked for
later volume measurement. FEach 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 sectiom.
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. Extraction with three 50 ml. porpions of etﬁer followed,
collecfing the w;ter pdrtion in the original jars, Thé ether extracts
were combined with the chloroform extracts. These were then washed
with distilled water in the separatory funnel and returned to the
tared beaker. for evapo;ation.

The water portion was transferred to tared beakers, oven
dried at 90°C, desiccated, and weighed. All beakers were "parafilm"
sealed for shipment. The froject Officer requeéested that particle size -
analysis ﬁot be performed. A sum@ary of weight measurements is shown

in Table D-1.
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APPENDIX E
TEST LOG

On Monday, September 11,- 1972, the Scott team arrived at the
Van Sant, Virginia plant of Island Creek Coal Company and set up the
test equipment. The veidcity and temperature information from the
previous tests was used for selecting the appropriate nozzle size. The
test equipment was completely set up at the site for the test the next
day. The cleanup and field iaboratory faciiities were then prepared-
at the motel site.

On Tuesday, September 12, 1972, the leak test was performed
and the first test was started at 0925, The test was stopped at 0927
because the correct AH could not be obtained. Consultation with
Tom Ward resolved that the highest AP's would be found at the first
six traverse points which was not antipipated. The balance of the
first run was then completed without incident at 1142. The *10% isokinetic
requireﬁent was maintained. This test was run with % filter cake feed.

A second test was started at 1331, The long delay between tests
was due to stopping and starting of scrubbers. During the test the probe
heater malfunctioned for a short period. While sampling at the 18th
- traverse point-on the second traverse, the filter apparently became over-

- loaded causing the vacuum to climb to 22" Hg. At this point the filter
frit broke causing a twelve minute shut.down while the filter and holder
were replaced. The test was completed at 15345. During this test there

was full filter cake.
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SRL 1281 64 1072

:'f;Upon afrivaluat the plénf on Wednesday, it was found that a
wild eat strike had_started during the secopd shift on Tuesday.. Thus,
- the equipment was prepared andlset up for another test to begin when
fhe strike ended.' The third test was started at 2104 on Wednesday. The
probe was ﬁot heated during the test because of a bad fuse. The test
was stopped at 2252 when a malfunction occurred in the plant conveyer
system. This forced the plant to discontinue operation. Thus, the test
was finished somewhat short éf the full amoﬁnt of time of the normal tes;s.

On Thursday straightening vanes were installed in the stack
and the fourth test was started at 0945, The installation of the vanes
caused a considerably lower AP reading. The test was stopped at 0953 to
insure that the pitot tube wés in fact clear and operating properly. The
test was continued at 1004. Ar 1035 one of the straightening vanes
apparently broke loose and was blown out of the stack. At 1045 an
unexplained two inch rise was §bservad in the AH reading. Shortly
thereafﬁer the probe was struck by another part of the straightening
vanes which had broken loose. Upon inspection it was found that the
probe was broken and roughly a‘third of vanes had broken loogse from the
assembly. |
Testing was called to.a halt until further arrangements could

be made. The Scott team traveled home on Friday.

‘. ‘The Scott team returned to the plant on Wednesday, September 20,
1972, and set up for a test without the straightening wvanes in the stack.
Test number 5 was started at 0940 and continued without incident until
1143. Aftér test 5 was completed, new straightening vanes were placed in

the stack,
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" fest 6 was started at 1354 ad was completed at 1556 without
:I.nc._ident. ‘Test 7 was startéd at 1954 and completed at 2158.
On Thursday test 8 was started at 0849, The test was stopped
at 1018 because of concern about low Af readings. Assured that nothing
was amiss the test was continued at 1026 and completed at 110l.

The equipment was packed and the Scott team traveled home.
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APPENDIX F

PROJECT PARTICIPANTS AND TITLES

The personnel_taking part in the project include:

Thomas Ward
Charles Sedman
Norman R. Troxel
Joseph Wilson
Jyotin Sachdev
John Trump
Margaret Husic

Louis R. Reckner
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Project Officer - EPA
Projecf Engineer - EPA
Senior ﬁngineer - SRL
Field Team Leader - SRL
Eﬁgineer - SRL
Technician - SRL
Chemist - SRL

Manager, Atmospheric Chemistry &
Industrial Emissions Dept. - SRL





