PO ~

Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationafy SECONDARY LEAD Y
Point and Area Sources. AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/ SMELTING :
The file name refers to the reference number, the AP42 chapter and section. The file name AP-42 Section 7.11
"ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference may be Reference Number

from a previous version of the section and no longer cited. The primary source should always be checked. 9 :

‘1 -l

.3‘;“;_,_;, i e L o i P B, S S o i B il JERSRSNYIST - SITRORE S N
. aid s

apR ML
S

St

L
B -

)
: ot


EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



RESEARCH REPORT

on

SECONDARY LEAD PIANT STACK EMISSION SAMPLING
AT N. L. INDUSTRIES PLANT, McCOOK, ILLINOIS
Contract No. 68-02-0230
Task Order No. 1

to

ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF AIR PROGRAMS

July 19, 1972

by

{ Paul-R. Webb, H. E, Carlton,
and R, B. Engdahl

BATTELLE
Columbus Laboratories
505 King Avenue
Columbus, Ohio 43201



Slle,

%< Battelle

[ J

RATNg
Cottrinbus fehontories
b AvenGe
Gt et 0]
Pelephone d1d 29315

JU.].y 255 1972 Telen Tio et

Mr. Tom Logan

Emission Testing Branch

Office of Air Programs
Environmental Protection Agency
Mutual Plaza Building

Durham, North Carolina 27711

Dear Tom:
Secondary Lead Plant Stack Emission Sampling

Contract No, 68-02-0230
Task Order No 1

Enclosed are 15 copies of the Research Report on '"Secondary Lead
Plant Stack Emission Sampling at N.L, Industries Plant, McCook,

Illinois'". The samples were obtained at this plant on February

9 and 10, 1972, '

Your very truly, . ///
/{/ /L// /;' /l//é,///

R1chard B. Engdahl

Environmental Systems and
Processes Section

RBE:iw

Encs. (15)

cc: M,P., Hunneycutt (w/enc)
Contracting Officer



TABLE OF CONTENTS

INTRODUCTION, o & o o o o o s o o o o o ¢ o o o o = o o ¢
S UmARY L L 2 * L . . L4 . . . * . . . . - L . L - . L . L

PROCESS DESCRIPTION . . « o & & & + o o o o ¢ = o ¢ o = o

The Lead Reverberatory Furnace . . « . o « « « « » =

Description of Gas Cleaning Equipment. . . . . . .
LOCATION OF SAMPLING PORTIS. . . « o ¢ « o o o o o o o o @

PROCESS OPERATION , & &« « o ¢ s o o o o o o = o o o o o o

Operation of the Reverberatory Furnace . . « «» o+ « -

Operation of the Air-Cleaning System . o « o o o o+

SAMPLING AND ANALYTICAL PROCEDURES, . . . « . o o « o « -

- APPENDIX A
COMPLETE PARTICULATE RESULTS WITH SAMPLE CALCULATIONS

Source Testing Calculation Forms. . . .+ « o o o o ¢ = =
Example Particulate Calculatioms, Sample No. 3. . . . . .

APPENDIX B /
COMPLETE GASEOUS RESULTS WITH SAMPLE CALCULATIONS

SO, Emission Data « o+ « ¢ o o o o o o o s o o e o s 000
SO, Example Calculations, Run 2 . « « « o « o« o o o & =

APPENDIX C
FIELD DATA

Stack Geometry, Sample Point Locatioms. . . . . « « .« . .
Velocity Traverse Field Data. . . « « + « ¢ o o o o o o o
Particulate Cleanup Sheet . . . « .« « « o o ¢ o ¢ & o =«
Particulate Field Data. . . « o « o o o ¢ o o o o« o o ¢
Gas Sampling Field Data . . . « « o = o ¢ o o v o v o o o
Orsat Gas CompoSition . . . « « ¢ « ¢ o o o ¢ o o = ¢ ¢ ¢

10

10
12

13

B-1

c-1
c-2
c-3
C-4
c-10
c-14



TABLE OF CONTENTS (Cont'd)

APPENDIX D
STANDARD SAMPLING PROCEDURES

Standard Sampling Procedures. . « « « .« . + o ¢ s o e
Federal Register, Vol. 36, No. 247, Thursday, December
pp. 24882-24895 e o & ® 8 e o o & e o o s s e o 2 o »

APPENDIX E
LABORATORY REPORT

Back Half Impinger Water Residue. . o« o o o ¢ o o o o«
Acetone Probe Wash Residue. . o « o o o o ¢ o o o o o o ¢
Front Half Report Analysis by Atomic Absorption . . . . .
Laboratory Report, Optical Emission Spectroscopy Trace
Metal (total filter catch)e o o o o o ¢ o o o o o o = .
Laboratory Report, Optical Emission Spectroscopy Trace
Metal (total sample). . « o « & o o o o o o o o« o - o
Filter Analysis Flow Diagram. . . . . o o « « ¢ ¢ o ¢ o ¢
Residue Analysis Flow Diagram . . . . « « o ¢ o ¢ ¢ = © ¢
Example Determination Filter, Run 1 . . « ¢ ¢ ¢ o o o &

CHEMICAIL METHODS USED TO ANALYZE EPA RESIDUES

Preparation of EPA Residue SamplesS. . o+ o o o s o o s s e
Preparation of EPA Filter Samples . . « « « ¢ o « & = o o
Analysis for Sulfate (S047) . . '« « + o o ¢ ¢ o 000

APPENDIX F
TEST 1.0OG

APPENDIX G
RELATED REPORTS

APPENDIX H
PROJECT PARTICIPANTS AND TITLES

APPENDIX I
COMPLETE OPERATIONAL SCHEDUILE

APPENDIX J
OPERATIONAL RESULTS

APPENDIX K
SUMMARY OF RESULTS

-

23, 1971

D-1

D-3



Figure

Figure

Figure

Figure

TABLE OF CONTENTS (Con't)

LIST OF FIGURES
Diagram of Gas Flow Through Reverberatory Furnace
and Gas-Cleaning DeviceS. + « « o ¢ » o « + ¢ « =
Sketch of Reverberatory Furnace . . . . « « « « &

Flow Diagram for Secondary Lead Reverberatory
Furnace Gas-Cleaning System . . .« « + o ¢ « ¢ o =

Sampling Points Location. . . « o o « ¢ « o ¢ o ¢

11



RESEARCH REPORT

_ on
SECONDARY LEAD PLANT STACK EMISSION SAMPLING
AT N. L. INDUSTRIES PLANT, McCOOK, ILLINOIS
Contract No, 68-02-0230
Task Order No, 1

to

ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF AIR PROGRAMS

by

Paul R, Webb, H, E. Carlton,
and R. B, Engdahl

BATTELLE
Columbus Laboratories

July 17, 1972

INTRODUCTION

Gas and particulate eﬁissién measurements were made at N. L.
Industries secondary lead plant in McCook, I1llinois, on February 9 and
10, 1972. The results of the measurements at this and other lead plants
will be used in determining standards of performance for secondary lead
plants. The effluent gas from a lead reverberatory furnace was sampled
in the duct from the process baghouse outlet after particulate removal
by three water-cooled cyclones and a baghouse in series, Particulate
and 507 emissions were determined and Orsat analyses were made for the
three runs. The effluent from a second baghouse, which filters the air
from hoods over various lead kettles, the furnace feed hopper, and the

furnace slag tap, was not sampled.

The reverberatory furnace is used to melt down manufacturers'
scrap and worn-out batteries. The furnace is fed almost continuously.
Figure 1 is a sketch showing the gas flow through the plant. Particulate

and SO, samples were obtained from the duct between the baghouse and the

exhaust blower,
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SUMMARY

The exhaust duct from the baghouse on the secondary lead rever-
beratory furnace at N. L. Industries, Inc., in McCook, Illinois, was sampled
for particulates, S0,, €0y, 0y, and CO in three runs of 2.5 hours each on
February 9 and 10, 1972. A summary of the results is presented in Table
1, Appendix K. Due to the method of furnace operationm, the measured emissions
are expected to be relatively constant at all times of day except for a

short duct-cleaning period when little emission is expected.

The particulate caught in the probe and filter for the three
runs, averaged 0.0033 gr/scf which is equivalent to an emission of 0.25
1b/ton of lead produced. The lead particulate emission averaged .03 1b/tom.
Addirional material caught in the impinger section of the particulates
train increased the average total emission to 0,01 gr/scf, or 1.07 1b/ton

of lead produced.

The SOy concentration was measured in four runs, the last three
concurrent with particulate sampling. The S0y emission was consistent

for the three runs, averaging 2030 ppm, or 186 1b/ton of lead produced.

The Orsat analysis shows that the combustion gases are diluted
with about six volumes of air in the furnace and furnace ductwork. Carbon
monoxide, if present, was in concentrations below the measuring accuracy

of the Orsat (about 0.1 percent).

A chemical analysis was made of the acetone probe-wash residue.
The little metal that was found was predominantly lead. None of the common
anions were found. Therefore, the probe residue is probably organic ma-

terials which would not be detected in these analyses.

The impinger water residue and its chloroform and diethyl ether

extract residues were analyzed for lead by atomic absorption for Run 1.

BATTELLE — coLumMBUS
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The lead measured in the residue was 0.0015 gr/scf as compared with
0.00036 gr/scf measured on the filter and probe wash residues. The
0.00036 gr/scf collected on the filter and in the probe wash residues
was used to calculate the lead emission. Other metals were not detected
in significant quantities. The sulfate ion and nitrogen compounds
measured 0.0043 gr/scf and 0,00094 gr/scf, respectively. By material
balance about one half of the sample was not detected analytically and
presumably was organic compounds as these would not be detected by the

methods used.

PROCESS DESCRIPTION

The N. L. Industries Plant in McCook processes battery plates
into soft lead ingots. The plant consists of a receiving yard where the
battery flates are stored under roof; a reverberatory furnace to melt
lead scrap; holding and refining kettles for molten lead; a continuous
casting line for ingots; and a shipping section., The plant is automated

to an unusual degree and therefore requires a minimum of heavy lifting.

Scrap is received in the form of discarded batteries with the
cases butnot the separators removed. Lead oxide dust from the
second baghouse, and the cyclones and cleanouts in the process duct system
are intermittently loaded into the furnace. The dust from the process
baghouse is fed continuously to the furnace by a conveyor system. The
refining kettle drosses and the reverberatory furnace slag are sent to

another plant for processing.

The lead from the reverberatory furnace contains about 0.5 per-
cent antimony. The antimony content is further reduced in kettles by
stirring sodium hydroxide and sodium nitrate into the lead to oxidize the
antimony. The drosses which contain the antimony are skimmed from the

kettle and the purified lead is cast into ingots for sale.

BATTELLE — COLUMBUS
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The Lead Reverberatory Furnace

The reverberatory furnace is used to make a soft lead product
(pure lead) from scrap lead (battery plates) which averages about 3.5 per-
cent antimony. When lead is melted under a lead oxide slag, the antimony
migrates to the slag; the ratio of antimony to lead is about 15 times
greater in the slag than in the metal, By controlling the relative amount
of slag and metal in the hearth, the absolute compositions can be regulated.
At McCook, the relative amounts of metal and slag are regulated by the
feed composition. The metal product is about 0.5 percent antimonye. The
slag product, containing about 60 percent jead and 8 percent antimony is
as valuablé as the metal product. The slag is reduced in a blast furnace

at a different site to extract the metal values.

A sketch of a lead reverberatory furnace is shown in Figure 2.
A charge of lead is normally rammed in from one end. A burner is located
on each side of the ram. uiﬁé heat generated from a natural gas flame
passes over the hearth and melts the>1ead; the exhaust gasses pass through
a refractory flue. Lead and slag are tapped from the furnace at the end
opposite the feed. The hearth at N.L. Industries is about 25-ft long by

8-ft wide with the roof about 3 £t above the melt,

The furnace is fed in 600 to 700 1lb increments at regular
ijntervals. On February 9, two stack gas samples were taken, during which
time 110 increments were fed during the 8-hr day shift. The furnace
operator mentioned that the feed rate 1is controlled by the buildup of
unmelted feed in the front of the furnace. The feed is loaded into a
hopper over the feed ram; the ram operates continuously. Baghouse dust

is dropped from a conveyor onto the ram just in front of the feed hopper.

The two natural gas burners are operated at full capacity at all
times except during a short shutdown each morning when the duct work is
cleaned. The firing rate as determined from the outlet gas composition

was calculated as 480 cfm which is equivalent to 28,000,000 Btu/hr.

BATTELLE — coLumMmBUS
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The furnace was operated under a slight draft to prevent dust
from escaping from the furnace at places other than the flue. The draft
was kept to a minimum to 1imit the quantity of cold air entering the

furnace., Dust occasionally was observed puffing from the feed port.

The lead from the furnace is tapped intermittently into a

holding kettle. About 2 min is required for a normal tap of 5 tons.

Slag is tapped more OY less continuously at a slow rate., While
the mold for 1000 pounds was filled once in 10 minutes, & £ill time of
30 minutes was typical. The slag tap, at times, was dammed for an hour
or two which increased the average fill time to 40 minutés. The tap was

always dammed for the 1 to 5 minute interval required to change slag molds.

The furnace fumes are formed primarily by volatilization of the
slag. The amount of fume is mot measured since the dust from the cyclones
is returned to the furnace by a Payloader without being weighed. The
dust from the baghouse also is conveyed to the furnace without being
weighed. A reasonable estimate would be 5-10 ton/day of dust collected

in the cyclones and baghouse.

Description of Gas Cleaning Equipment

Two separate gas cleaning systems are used at N. L. Industries.
The system sampled collects dust from the reverberatory furnace exhaust
gas. A second system is used to collect dust from the top of the lead

kettles, the slag tap on the blast furnace, and the furnace feed.

The sampled gas stream leaving the reverberatory furnace passes
through a cooling tower, three water-cooled cyclcnes which remove particu-
lates and cool the gas stream from 1700 F to about 250 F. A baghouse as

shown in Figure 3 removes the remaining dust. The cylindrical sections

BATTELLE — coLumBus
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of the tower and cyclones are watercooled. Cleanout ports are located at
the bottom of the tower and of each cyclone and at the bottom of legs which
are used to collect dust which settles in the ductwork as can be seen in
Figure 3. The cyclones have a 14-ft high water cooled cylindrical side and
a 6-ft high conical hopper through which the dust discharges into a &4-ft

high bin. The cyclones are 12. 11, and 10 ft in diameter.

The long duct which leads from the cyclones to the baghouse is
connected with ducts to the other dust-collecting systems and to the other
baghouse. The connecting ducts were closed with dampers during the test

period and during normal operation.

The baghouse was built by Wheelabrator and consists of four
sections of 120 bags each. The bags are 20 ft long and 8 in. in diameter,
with a total area of 20,000 ftz. The design air flow is 30,000 cfm,
yielding an air-to-cloth ratio of 1.5. The actual flow is 22,000 cfm for
an actual air-to-cloth ratio of 1.l. Each section is shaken for 2 min to
remove the dust once every 30 min. The section is closed with dampers
during the shake period. The shake cycle starts on the half hour and
proceeds through each section sequentially at 2-min jintervals until all
sections are cleaned. No shaking is performed the last 22 minutes of each
half-hour cycle. This shaking cycle probably increases the effluent dust
loading during the 8-min sha@e period. Any variation in dust loading
caused by the shake cycle should be averaged for five full cycles, since

particulates were sampled for a 2.5-hr period.

LOCATION OF SAMPLING PORTS

It was not possible to install sample ports in the main exhaust
stack without disturbing the Gunite lining; the Gunite protects the
steel shell against rapid corrosion. The duct between the fan and
the stack was not sampled due to the relative geometry of the sampling

equipment and the jnclined circular duct.

BATTELLE — coLuUMBUS
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Therefore all of the samples were obtained from a 48-in. square
duct located between the baghouse and the exhaust fan, as sketched in
Figure 4. The sample points are approximately four equivalent duct
diameters downstream from the last exhaust gas entrance; 2 24-in. round
duct .coming from the nearest baghouse section. This duct geometry
requires a 36-point traverse. The sample position is 1.5 diameters up-
stream from the exhaust fan, a distance which requires a minimum of 24-
traverse points as indicated by the Federal Register, p 24882, Dec. 23,
1971, in Appendix D. With respect to establishing the number of traverse
points, a slight bend and transition to the fan inlet, starting 9 in.
downstream from the sampling plane, was not considered significant because
of the gentle change in flow direction. The transition reduces the duct
from 48 in square to 40 in square. A 34-in diameter round hole opens
into the exhaust fan at the outlet end of the duct. The location
of the traverse points and the SO2 sampling point in the sampling plane

is shown in Appendix C.

PROCESS OPERATION

The process was operating normally during the sampling period.
The tests were made on Wednesday and Thursday following a Monday startup.
The startup problems had been eliminated before Wednesdéy morning. On
Tuesday, about 2 in. of water was found in the duct which was to be sampled.
This was syphoned out Tuesday and the duct was dry by sample time, The
outside temperature was near O F during most of the test period. There=-
fore the gases exhausted from the plant were at the cold limit of operation.

This is not expected to have a significant effect on the measured emissions.

Operation of the Reverberatory Furnace

The operation of the reverberatory furnace was typical for
normal operation during the three sampling runs and no procedures which

would cause variations in the samples were observed. As shown in Appendix I,

BATTELLE — coLumMmBUS
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approximately 20,000 1b of battery plates were fed to the furnace during
the sampling periods based on the measured output of the furnace. The
5000 1b of slag tapped during Run 1 as compared to the 3000 1b tapped in
Runs 2 and 3 is probably a normal variation, The 17.7 tons of lead

tapped in Run 2 was caused by a process variation requested by the sampling
team. A lead tap into an almost full holding kettle normally would have
been made just before the start of the run. The weight of this tap would
be lost because the lead in the holding kettle would be pumped into a
refining kettle simultaneously with the lead tap so that accurate measure-
ments would be impossible., Therefore, N. L. Industries was requested to
modify their procedure so an accurate measurement of the tap could be
made, a change which postponed the tap until sampling time. The average

furnace production rate was probably normal.

“s

Operation of the Air-Cleaning System

The air-cleaning system was operating normally during all 3 runms.
No variations in dust loading were expected because of changes in operation
during sampling. The hoppers under the cyclones, tower and dust cleanouts
are emptied daily during the period from 8:00 to about 8:40 am, During
this period the burners are off and the flow of air through the furnace

is reduced, therefore, the dust loading is expected to be less than normal

during this short unsampled period.

Because Run 3 was made early in the morning shortly after the
duct work had been cleaned, a lower baghouse temperature was recorded.
During cleaning, the gas to the furnace is turned off and cold air is

aspirated into open cleanout ports which cools off the entire system.

While no measurement was made of the dust collected, probably

500 to 1000 1b per hour are emitted from the furnace. Since about 0,6 1b

BATTELLE — COLUMBUS
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per hour is emitted from the stack, the overall collection efficiency of
the gas cleaning system is about 99.9 percent. The material caught in

the impingers was not used in calculating efficiency.

SAMPLING AND ANALYTICAL PROCEDURES

The off gases from the lead reverberatory furnace were sampled
for particulates, SOZ’ COZ’ and CO by the medthods described in Appendix D,
(Federal Register, December 23, 1971). The gas was sampled from a 48~
inch square duct using 30 points; 5 rows of 6 points per row. A 5 minute
sample was taken at each traverse point. The bottom row of six points
was not sampled due to possible sample ‘contamination ffom dirt on the
floor of the duct. A 0.235-inch-diameter probe tip was used for all samples
except in Run 1, when a 0.325-inch tip was used for the first three traverse
points. The probe tip was changed to insure isokinetic sampling. About

100 cu ft of stack gas was sampled during each run.

The isokinetic sampling rate of 123 percent for Run 1 was due

to using a larger nozzle than required for the first three sampling points.

The isokinetic sampling rate of 115 percent for Run 2 did not appear
to have altered the dust concentration as compared to Run 1 and Run 3 which
suggest that little systematic error was introduced due to the higher sampling

rates,

Particulate weight was obtained by dessicating the filter paper
to constant weight and measuring the increase in weight from the tare.

The probe was washed with acetone and the solution residue evaporated to

a constant weight.

The liquid from the impingers was extracted with chloroform and

diethyl ether as described in the Federal Register of December 23, 1971

(Appendix D).

BATTELLE — COLUMBUS
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The particulate sampling specification published in the Federal
Register of August 17, 1971, but superceded by specifications published
December 23, specifies an impinger train following the sampling filter.
.This impinger train was used in this work, and the results from the
impinger catch are reported as well as the results of the probe and filter
catch. The standard procedures as set forth by EPA (Federal Register,
December 23, 1971) were followed in regards to reporting of solid particu-

late samples and in this procedure, only the catch on the probe and filter is

used to estimate collection efficiencies,

. The 502 §amp1es were taken simultaneously with the particulate
‘sample for a period of 144 hr, during which time a sample volume of about
13 cu ft was passed through the impingers. ‘The impinger liquid was
diluted to 100 m1, A 1 ml aliquot of the sample was withdrawn by pipette,
then drained into an Erlenmeyer flash for titration against 0.01 normal
barium perchlorate. A thorin indicator was used.

An Orsat sample was taken from the duct simultaneously with
the particulate sample. The sample was drawn into a 2-ft3 plastic bag
over a period of one hour. After flushing the Orsat with the collected
sample, a 100-ml volume was taken. It was analyzed as follows: the
volume was adjusted to 100 ml over acidulated water in the measuring
burette; the CO2 was absorbed with potassium'hydroxide solution, and the
volume decrease measured. The oxygen was absorbed with alkaline pyro-
gallol, and the volume decrease measured, and CO was absorbed with acid
cuprous chloride solution and after absorﬁing any acid vapors from the
cuprous chloride solution with potassium hydroxide solution, the volume

decrease was measured. The analysis was repeated using the same sample.

The amount of the lead in the sample was determined by atomic
absorption. The other metallic ions were determined by optical emission
spectroscopy. The anions were determined by the wet chemical methods

described in Appendix E.
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APPENDIX A

COMPLETE PARTICUTLATE RESULTS WITH SAMPLE CALCULATIONS

SOURCE TESTING CALCULATION FORMS

Test No. No. Runs 3
Name of Firm N. L. Industries
Location of Plant McCook, Illinois
Type of Plant Secondary lead
Control Equipment Cyclone, Baghouse
Sampling Point Locations Inlet to fan
Pollutants Samples Particulates, SO, Orsat
Time of Particulate Test:
Run No. 1 Date 2/9/72 Begin 11:00 a.m. End _1:30 p.m.
Run No. 2 Date 2/9/72 Begin 2:15 p.m End _4:45 pom.
Run No. 3 Date 2/10/72 Begin 9:20 a.m. - End _11:50 a.m.
PARTICULATE EMISSTION DATA
Run No. 1 2 3
P, -barometric pressure, in. Hg Absolule 29.86 29,81 29.85
P -orifice pressure drop, in. HoO 0.65 0.65 0.50
V - volume of dry gas sampled @ meter
conditions, ft3 83.4 76.2 61.2
T, average gas meter temperature, F 76 79.0 74,0
V. - volume of dry gas sampled @
std. standard conditions, ft3, dry 82.37 74.7 60.6
v,- total H,0 collected, impingers
and silical gel., ml. 72.4 75.5 56.0
V., - volume of water vapor collected
885 £13 @ standard conditions(a) 3.43 3.58 2.65
total gas volume, standard
V - 3
total conditions, ft3 85.8 /8.3 63.3
Moisture in the stack gas volume, per-
cent 4,0 4.6 4,2
: \ i 1
My mole fraction of dry gas 0.96 0.95 0.96

(8) 50 ¢ 920 A2 in. N
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Run No. 1 2 3
co,, dry, percent ; 2.4 2.5 2,0
0y, dry, percent 1 18.2 18.0 18.3
co, dry, percent : < 0.1 <0.1 1 <0.1
N,, dry, percent i 79.3 79.4 79.6
MWy - molecular weight of dry 5 29.1 29.1 : 29.1
stack gas : ’ : i :
M W - molecular weight of stack i 28.7 28.6 | 28.6
gas 2 !
Tg - stack temperature, F ; 124 132 P 117
:\APs X (TS + 460) b 11.527 11.318 9.679
P, - stack pressure, in. Hg ; 29.06 ) 29.01 : 29.05
absolute % : ‘ ’
Vg - stack velocity @ stack ; 1,737 1,709 ‘1,461
conditions, fpm ! {
, ;
A_ - stack area, in2 1 2,300 2,300 2,300
Q. - stack gas volume @ standard i E
conditions, (@) f£t3 dry 23,480 22,600 19,940
Ty - net time of test, min, 150 150 150
D - sampling nozzle diameter, in, 0.235 g 0.235 0.235
Percent 1 - percent isokinetic 124 116 107
me - particulate-probe 13.0 15.9 16.0
and filter, mg ) ' :
m, - particulate-total, mg 63.1 ; 63.6 64 .4
1
Can - particulate, probe, and 0.0024 § 0.0033. 0.0042
filter, gr/scf, dry ' i ’ i *
l
Cho - particulate, total, gr/scf 0.0118 i 0.0131 0.0164

(a) 70 F, 29.92 in. Hg



A-3

PARTICULATE EMISSION DATA (Cont'd)

Run 1 2 3

c., - particulate;nprobe and filter,

at gr/ft3 @ stack conditions 0.0021 0.0027 0.0036

- i . 3

Cau partlculate,.t?tal, gr/ft 0.0100 0.0109 0.0140
@ stack conditions

Caw - particulate; probe and filter, 0.489 0.635 0.721
1b/hr

Cax - Particulate; total, 1b/hr 2.374 2.540 2,795

C_ - particulate; probe and filter,

P 1p/ton lead 0.203§ 0.2646 0.3002
Cpt - particulate; total 1b/ton lead 0.989 1.058 1.165
C e . Iy . o »

16 lead emission; probe and filter, 0.00034 0.00039 0.00041

gr/scf
C - teaion: .
1a - lead §m1351on, probe and filter, 0.00029 0.00033 0.00035
gr/ft
Cin - 1ead emission; probe and filter, 0.0692 0.0763 0.0695
1b/hr
C1t - lead emission; probe and filter, 0.0288 0.0318 0.0289

1b/ton




EXAMPLE PARTICULATE CATCULATIONS

SAMPLE NUMBER 3

o wlal

A

hai omfasic ]

[l g des¥ ]

| a0k and

[smuadl

. [ adtaib]

© T

[ 2 cant

[ ARt}

| oAy

SATEE )

1. Volume of dry gas sampled at standard condition

17.7me (Pb+Pm
v_ - \ 13.6
std (T, + 460)
/ 405\
= 17.7 x (61.2) ,29.85773 &,

74 -+ 460

60.6 scf, dry

dry

2. Volume of water vapor at 70 F and 29.92in. Hg,

\Yj = 0,0474 x V__ .
wgas A S
-2
v, = 4.7 %10 x56.0
gas
. 2.65 ft°

3. Percent moisture in stack gas

100 x V,
% M

gas

\Y + V
Mg tg w

100 x 2.65
60.7 + 2.65

4.2 percent

I

4. Mole fraction of dry gas

100 - %M
100

100 - 4.2
100

0.96

gas

s - 70 F, 29.92 in. Hg,



8.

EXAMPLE PARTICULATE CALCULATIONS (Cont'd)

Average molecular weight of dry stack gas

44 32 28
J = — ——— J e
MWy = (COp x 100) + (0, x 100) + (N, + Cco) x 100
_ b4 32 28
= (2.0 x 100) + (18.3 x 165) + 79.7 X 100
= 29.1
Molecular weight of stack gas
MW=MWy xMg +18 (1 - Md)
= 29.03 (0.958) + 18 (1 - 0.958)
= 28.6
Stack velocity @ stack conditions, fpm
p 1 1/2
VS = 4350 x 7 APS x (Tg + 460) %S—X—H—W) fpm
1 ql/z
= (4350) x 9.7 29.05 (28.6) J
i.

1]

1461 fpm

Stack gas volume at standard conditioms, scfm

0.123 x Vv x Ag X P
Q¢ = ° 5 S M, scfm
(T, + 460) d

0.123 x 1461 (2390)(29.05)(0.958)
577

19,940 scfm
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EXAMPLE PARTICULATE CALCULATIONS (Cont'd)

9. Sampling velocity, percent of isokinetic

1032 x (T + 460) x Vmstd
- T 7 M. x (D)2
Vg X %t x Pg % My n

%

_ (1032) (577) 60.6
1460 (150) (29.05)(0.958) (0.055)

107 percent

1

10. Percent excess air at sampling point

100 x % 02
(0.266 x yA NZ) - % 02

% EA =

_ 100 x 18.3
0.266 (79.7) - 18.3

"

630

11. particulate - probe and filter, gr/scf
Mg
Can = 0,0154 x T -
Mstd

16
.0154 x60.7 (dry)

]

0.0042 gr/scf

12, Particulate - total, gr/scf

2 /M
= 1.54 x 10 ( t j)
ao \Y)

\mstd
-2 64.b
60.7

[}
I

1.54 x 10

0.0164 gr/scf
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EXAMPLE PARTICULATE CALCULATIONS (Cont'd)

13, Particulate - probe and filter, gr/ft3 at stack conditions

17.7 x C x P M
an s d
at (TS + 460)

17,7 X 4,2 X 1072 (29.05) x 0.96
577

0.0036 gr/ft>

3 s
14. Particulate, total, gr/ft™ at stack conditions

17.7 C P M
= ao_s& d
au (TS + 460)

17.7 (1.64 1072)(29.05)(0.958)
117 + 460

0.014 gr/ft3

15, Particulate - probe and filter

C

0.00857 x C__ x Q ib/hr
aw an s

"

0.00857 x 0,0042 (19,940)

0.72 lb/hr

16, Particulate - total, 1b/hr

- 8.57 x 10> ¢C__Q
ax ao S

(@]
|

8.57 x 10 > (0.0164) (19,940)

n

2.8 1b/hr
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20.

21.
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A-8

EXAMPLE PARTICULATE CALCULATIONS (Cont'd)

Particulate; probe and filter, 1b/ton lead
Caw/R

C
P

"

0.72/2.4
0.3 1b/ton

Particulate; total 1b/ton lead

c

pt

i

Cax/R

2.8/2.4
1.16 1b/ton

lead emission; probe and filter, gr/scf

Y

1s

M

0.0154 x
Vm std

0.0154 x 1.5/60.63

0.00041 gr/scf :

lead emission; probe and filter, gr/scf

c

1la

17.7 x G4 % PS X Md
(Tg + 960)

17.7 x 0.00041 x 29.05 x 0.96
150 + 460

0.00035 gr/ft3

Lead emission; probe and filter, 1b/hr

c

1h

1]

n

-3
8.57 x 1072 x C1S X Qs

8.57 x 10°3 x 4.1 x 1074 x 1.99% x 104
0.069 1b/hr

Lead emission; probe and filter, 1lb/ton lead

1

t

]

1

Clh/ R

0.069/2.4
0.03 1b/ton
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APPENDIX B

COMPLETE GASEOUS RESULTS
WITH SAMPLE CALCULATIONS




B-1

COMPLETE GASEOUS RESULTS WITH SAMPLE CALCULATIONS

SO, EMISSION DATA

Run No. Preliminary‘ 1 2 3

Date (1972) 2/8 2/9 2/9 2/10

Tn - average gas meter tempera- 58 78 69 54
ture, F

P, - barometric pressure, in. 29.66 29.82 29.80 29.84
Hg absolute

v, - volume of dry gas sampled 8.10 13.531 12.87 12.89
at meter conditions, ft3

m  standard 8.21 13.27 12.83 13.25

[¢ = volume barium perchlorate, 46,72 64.10 63.50 59.95
ml

Vip - volume barium perchlorate, 0 0 0 0
blank, ml

N - normality of barium perch- 0.01 0.01 0.01 0.01
lorate

Vgoln - Vvolume S0, soln, ml 100 100 100 100

Va - volume aliquot, ml 1 1 1 1

Cs0, - 1b/ft3 x 10-3 40.1 34.1 7 34.9 31.9

Cso, - ppm (dry) 2420 2060 {2110 - 1930

Wgo, - Ib/hr 570 480 473 382




B-2

$0, EXAMPLE CULATIOQNS
RUN 2

Y =V (Tgta) (Ppay)
Mg td m

- 530 29.8
12.87 x T35 ¥ 9.9
= 12.83 scf

7,05 % 1077 (V, - Vep) (M) (Vg q0)

o (Vo)

50,

7.05 x 10~2s 63.50 x 0.01 x 100
(12.83 (1)

n

34.9 x 1072 1b/scf

Cs0, PP™ = 6.05 x 106 x Cyq,

6.05 x 106 x 34.9 x 10-°
2110 ppm

wSOZ = CSOZ X QS x 60 1b/hr

3.49 x 1072 x 22,600 x 60

473 1b/hr

1b/ft3



APPENDIX- C

FIELD DATA

Note: Original Field Data Sheets are on file at Battelle-
Columbus Laboratories, Columbus, Ohio.



PRELIMINARY FIELD DATA

Stack Geometry

Plant - N.L. Industries, McCook, Illinois

Sample from square horizontal duct.

Duct, & ft sq; A-2300 in2= 16 ft?

SAMPLE POINT LOCATIONS

Dimensions in inches

sampling point
——
6 5 4 — —3 2 | i
[+9]
12 —— || — 10— |a 8 —7———*- g,
e m
I8 17 6 —-— 15 14 - 13 *
! ! I | | ! o
| | | ? |
24 23 29 —— 2| —20 — 19 o —}—
[en)
30 29 28 27 26 25——*—
[+0]
36 35 34 ——33—32 — 3| —] 4—
| | | l N
— 678 ltJ
e—10-78
t—|8-7/8 —
ftt———————— 26~/ B —————
34-7/8 ——————
42-7/8 >
-t S0-7/8 -




——— e

g ey

- -~ -

e

et .

.t

VELOCITY TRAVERSE FIELD DATA

Plant N.L. Industries, McCook, Illinois

Test Preliminary velocity traverse

Date 2/8/72

Operator P.R.
Meter A 1.84

Webb

Point AP ‘Point AP,
1 0.28 19 0.23
2 0.30 20 0.25
3 0.25 21 0.22
4 '0.30 22 0.20
5 0.32 23 0.20
6 0.32 24, 0.18
7 0.32 25 0.27
8 0.30 26 0.27
9 0.28 27 0.20

10 0.28 28 0.18

11 0.28 29 0.15

12 0.25 30 0.11

13 0.30 31 0.25

14 0.28 32 0.25

15 0.20 33 0.15

16 0.20 34 0.15

17 0.20 35 0.10

18 0.20 36 0.09




c-3

PARTICULATE CLEANUP SHEET

Pilant N.L. Industries, McCook, I1linois

Operators P.R. Webb, H. Leonard

Run No. 1 2 3
Impinger water volume, ml
Final 257 263 243
Initial 200 200 200
Collected 57 63 43
Drierite, weight, gm
Final 491.4 487.5 495.0
Initial 476.0 475.0 482.0
Gain 15.4 12.5 13.0
Total moisture, gm plus ml 72.4 75.5 56.0
Probe, acetone wash residue, mg(a) 3.3 7.1 9.6
Filter weight, mg
Final 284.2 284.1 280.0
Tare 274.5 275.3 273.0
Gain 9.7 8.8 7.0
Total particulate weight, probe
residue and filter, mg 13.0 15.9 16.6
Weight residue from chloroform-
ether extract, mg
Impinger water 27.6 27.5 26.9
Impinger wash water 1.8 4.7 1.8
Total 29.4 32,2 28.7
Weight residue from aqueous
phase, mg (a
Impinger water 13.8 7.5 15.1
Impinger wash water 4.2 3.5 1.6
Total 18.0 11.0 16.7
Weight residue from acetone
wash, mg (a) 2.7 4.5 2.4
Total, back half residue, mg 50.1 47.7 47.8
Total, front half plus back
half, mg 63.1 63.6 64.4

(a) Acetone and water blank subtracted;

Acetone blank = 0.016 mg/ml, Water blank = 0.014 mg/ml.
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Cc-10

GAS SAMPLING FIELD DATA

Date 2/8/72 Plant N.L. Industries, McCook, I1llinois
Material Sampled for S02 Comments: Recovered 95.0 ml- dilute to 100 ml.
Barometric Pressure 29.66 in, Hg Probe temperature, 180 F.
Ambient Temperature 70 F Titration
Run Number  Preliminary Aliguot, TIEEr, 001 N Ba(Cl04),
Power Stat Setting Heated 1.0 47.2
Filter Used: Yes X No ___ Blank 0
Operator W.C. Baytos, G.W. Keigley
Meter, Flow Meter Meter
Clock Time £t3 Setting (cfh) Temperature, F

2:25 pm 0 6.0 - a 58

2:30 0.50 6.6 58

2:35 1.04 6.6 58

2:40 1.57 -+ 6.6 58

2:45 2.09 6.6 58

2:50 2.71 6.6 68

2155 3.13 6.6 58

3:00 3.64 6.6 58

3:05 4.10 6.6 58

3:10 4,58 6.7 58

3:15 5.12 6.8 58

3:20 5.67 7.0 58

3:25 6.47 7.3 59

3:30 6.93 7.5 59

3:35 7.52 7.6 60

3:40 8.10 8.0 60
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GAS SAMPLING FIELD DATA

Date 2/9/72 Plant N,IL, Industries McCook, I1linois

Material Sampled for S0

Comments : Recovered 90 ml - diluted to 100 ml.

Barometric Pressure 29.82 in. Hg Probe temperature, 105 F.
Ambient Temperature 75 F Titration
Run Number 1 _“;‘{““’ Tiﬁr' 0.01 N Ba(C104),
Power Stat Setting Heated 1.00 64.20
Filter Used: Yes _)E_ No __ : Biaroﬂ(z 6(3)’90
Operator W.C. Baytos, G.W. Keigley
Meter, Flow Meter Meter
Clock Time f£t3 Setting (cfh) Temperature, F
11:50 am 0 6.6 - 76
11:55 0.55 6.6 76
12:00 pm 1.10 6.6 76
12:05 1.66 67 77
12:10 2,20 . 6.7 78
12:15 2.75 6.8 78
T12:20 3.31 6.8 78
12:25 3.97 6.8 78
12:30 4,42 6.8 78
12:35 5.09 6.8 .78
12:43 5.88 6.8 78
'12:45 6.20 6.9 78
12:50 6.65 16.9 78
12:55 7.2 6.9 78
1:00 7.717 7.0 78
1:05 8.33 7.0 79
1:10 8.90 7.0 79
1:15 9.35 7.0 80
1:20 10.02 7.0 80
1:25 10.59 7.0 80
1:30 11.15 7.0 80
1:35 11.74 7.0 80
W‘I—ZB_—"ﬂ 12.50 ”—5 0 80
1:45 13.05 7.0 L 80
._i 50 ,~~E§LE§‘, 7.5 79
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GAS SAMPLING FIELD DATA |

pate _2/9/72 Plant N.L. Industries, McCook, I1linois
Material Sampled for . 502 Comments: Recoverd 89 ml - diluted to 100 ml.
Barometric Pressure 29.80 in, Hg Probe temperature, 120 F.
Ambient Temperature 60 F » Titration
Run Number 2 'A};‘l“m’ Tl:“;r’ 0.01 N Ba(C104),
Power Stat Setting Heated 1.00 62. 80
Filter Used: Yes X No ___ 1.00 64.20
operator W:C: Baytos, G.W. Keigley Blank 0
Meter, Flow Meter Meter
Clock Time ft3 .Setting (cfh) Temperature, F
3:10 pm 0 7.0 - 72
3:15 0.57 7.1 72
3:20 1.14 7.1 71
3:25 1.69 6.5 70 4
3:30 2.23 7 6.5 70
3:35 2,77 6.5 70
3:40 3.42 6.5 69
3:45 3.95 6.5 68 B
3150 4.50 6.4 67
3:55 5.03 6.4 63
4:00 5.59 6.5 66
4:05 6.20 6.5 66
4:10 6.53 6.4 65
4:15 7.05 6.4 65
4:20 7.59 6.5 64
4:25 8.11 : 6.4 66
4:30 8.63 6.5 66
435 9.27 6.5 65 -
4:40 9.80 6.5 65
4:45 10.32 6.5 66
4:50 10.85 6.5 66
4355 11.38_ 6.5 66
5:05 12.33 6.5 67
[ ________‘__,“___’_________,._,_,_,______,_____.__-
£.10 12:87 6.4 67
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GAS SAMPLING FIELD DATA

pate _2/10/72 Plant N.L. Industries, McCook, Il1linois
Material Sampled for 802 Comments : Recovered 96 ml - diluted to 100 ml.
Barometric Pressure 29.84  in. Hg Probe temperature, 180 F.
Ambient Temperature 53 F Titration
Run Number 3 7“;‘{““’ TIEST, 0,01 N Ba(C104)
Power Stat Setting Heated ' 1.00 60.45
Filter Used: Yes _)i_ No _ 1.00 59.65
Operator __y (.Baytos, G.W. Keigley Blank 0
Meter, Flow Meter Meter
Clock Time ft3 Setting (cfh) Temperature, F
8:55 am 0 6.0 . 48
9:00 0.39 5.8 48
9:05 0.95 7.2 48
9:10 1.50 7.2 49
9:15 2.01 .. 7.2 50
9:20 2.55 7.2 50 )
9:25 3,09 7.2 51
9:30 3.64 7.2 . 52
9:36 4.38 7.0 53
?:40 4.81 7.0 .53
9:46 5.46 7.0 S4
© 9:50 5.89 7.0 54
9:55 6.43 7.0 54
10:00 6.87 7.0 55
10:05 7.41 6.9 56
10:10 7.94 6.9 57
10:15 8.47 6.9 58
10:20 9.00 6.9 58
10:25 9.55 6.8 59
710:30 10.09 6.8 59
10:35 10.62 6.8 60
10:40 11.26 X S——
o Tne | 6.8 ’ 61
1050 12 fé?"’fdsf'?————”mﬂ_ ez
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C-14

ORSAT GAS COMPOSITION

Plant N.L. Industries, McCook, Illinois

cO2, 02, co, Ny,
Run Date Percent Percent Percent Percent
1 2/9/72 2.3 18.3 <0.1 79.4
2.4 18.0 <0.1 79.6
Average- 2.4 18.1 <0,1 79.5
2 2.4 18.0 <0,1 79.4
2.6 18.0 <0.1 79.6
Average- 2.5 18.0 <0.1 79.5
3 2/10/72 2.0 18.3 <0,1 79.7

Note: Detectable limits of CO by Orsat is <0.1 by volume.



APPENDIX D

STANDARD SAMPLING PROCEDURES




APPENDIX D

STANDARD SAMPLING PROCEDURES

The sampling procedures as described in the December 23, 1971,
issue of the Federal Resgister, reproduced as a part of this appendix,
has been used as a reference for the source emission test conducted at

N. L. Industries Plant, McCook, Illinois.

After selecting the appropriate stack sampling location, number
and position of sampling points as described in Method 1, a preliminary
traverse of the stack was completed to determine the average Op and average
gas temperature. These data were then used, with the aid of a nomograph,
to determine the appropriate nozzle diameter which would allow isokinetic
sampling at an air flow rate consistent with proper sampling train opera-

tion.

The sample train was prepared for operation as outlined in Method
5. The glass filter used for particulate collection was desiccated for 24
hours and the tare weight determined. Two-hundred grams of indicating
drierite, which had been stored in a sealed container, was placed in one

of the three modified impingers.

One hundred ml of distilled water was placed in each of two im-
pingers. The sample train was then assembled and leak checked to within

the specified tolerances.

During the sampling period, isokinetic flow was maintained by
ad justing the sampling flow rate to compensate for stack Ap and temeperature
variations. Appendix C is a record of the field data for the three tests

completed at N.L. Industries Plant, McCook, Illinois.

After the completion of each test and the recording of the appro-
priate field data, the sampling train was removed from the sampling platform
and cleaned. The probe assembly was removed from the sampling train; the
ends were plugged and the probe allowed to cool. They pyrex tube and stain-
less steel nozzle were then thoroughly cleaned with a nylondbrush and rinsed

with reagent—grade acctone into a precleaned screw-cap glass container. The



glass filter was removed from its holder and placed into an apprOpriate
container. The weight of acetone wash residue and the net filter weight

now comprise the "front half" of the collected sample.

The water from the first three impingers was measured to deter-
mine the volume increase and then poured into precleaned screw-cap glass
containers. The weight gain from the water volume increase plus the weight
increase of the drierite was used to determine the stack gas moisture content.

A1l of the glassware from the back half of the filter holder, up to, but not

including the drierite container was rinsed with distilled water and the
rinse water poured into a precleaned screw-cap glass container. This same
glassware was then rinsed with reagent-grade acetone and the acetone rinse
poured into a precleaned screw-cap glass container. These three solutions
were then extracted and evaporated as outlined in the Federal Register and
the weight residue determined. These weights comprise the 'back half" of

the collected sample.

Samples of the water and acetone used to clean the glassware were
taken from each container that was used in the field to determine the amount
of residue from blank water and blank acetone. These values were subtracted

from the sample data to obtain net values.

The blank values were relatively high and may have reduced the

results by as much as ten percent.
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. %22 Por rectangular stacks divide the
cross section into ns many equal rectangular
areas o3 traverse pointa, such that the ratio
of the length to the widih of the elemental
arccs is between one and two. Locoato the
traverse points nt the centrold of each equal
arca according o Figure 1-3.

3. References. .

Determining Dust Concentrotion tn a Oas
gsiream, ASME Performance Test Code %21,
New York, N.Y., 1957,

Devorkin, Howard, et al., Alr Pollution
Esurce Testng Manual, Afr Pollution Control
District, 1os Angeles, Callf. November 1063.

Methods for Determination of Velocity,
Volume, Dust and Mist Content of Gases,
Western Preclpitation Division of Joy Manu-
facturing Co. Los Angeles, Callf. Bulletin
wP-50, 1908. -

Standard Method for Sampling Stacks for
Particulate Matter, In: 1971 Book of ASTM
standards, Part 23, Philadelphia, Pa. 1071,
ASTM Designation D-2028-71.

SMETHOD 2—~DITERMINATION OF STACK OAS
VELOCITT AND VOLUMETRIC FLOW RATE (TYPEZ
8 FITOT TURL) ;

1. Principle and applicability. -

1.1 Principle. Stack gas velocity s deter-
mioed from the gas density and from meas-
urement of the velocity head using & Type 8
{Stauscheibe or reverse type) pitot tube, °

12 Applicabllity. Tbis method should be
applied only when specified by the test pro-

.

. : PIPE COUPLING

RULES AND REGULATIONS -

cedures for determinlng complianco with the
New Bourco Performance standards,

2. Apparatus. :

21 Pitot tube—Typs B (Flgure 3-1), o
equivalent, with & coeflicient within +5%
over the working rangs.

24 - Differcntial pressure gauge—Inclined
manometer, of equlvalent, to measure velo-
city head to within 105: of the minimum
value,

2.3 Temperature gauge—Thermooouple o
equivelent attached to the pitot tube to
mmeasure stock temperature to within 15% o«
the minimum absolute stack temperature,

24 Pressure gauge—Mercury-filled U-tube
manometer, or cquivalent, to measure stack
pressure to within 0.1 {n. Hg.

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

268 Gasanalyzer—ToO annlyze gas composi-
tion for determining molecular weight.

27 Pitot tube—Standard type, to call-
brate Type S pitot tube. . :

3. Procedure. . .

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

32 Measure the static pressure in the
stack. . ’ )

83 Determine tho steck ges molecular

weight by gas analysis and appropriate cal-

culatlons as lnd;cutcd in Method 3.

TU{;IN(_; ADAPTER
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4. Calidration, . .

4.1 To calibrate the pitot tube, measure
the velocity heod at some point in a flowing
gus ciream with both a Type S pitot tubs and
a standnrd type pitot tube with known co-
eMetent. Calibration should be done in the
laboratory end the velocity of the flowing gas
stream should bo varied over the normal
working renge. It i3 recommendcd that the

calibration be repeated after use at oach fleldd

Bite.
42 Calculate the piiot tube coefclent
using equation 2-1.

C.. .=C \ }9&1 | ;
Pieot Psrd At cquation 2-1

whers: . .
Criess =Pltot tube coeflicient of Type 8
pitot tube.
C»,,,=Pitot tube coefMclent of standard
type pitot tube (if unknown, use
0.989). .
Apesa=Velocity hesd measured by stand-
ard type pitot tube.

Aprast=Velocity head measured by Type 8 |

pitot tube.

43 Compare the coefiiclents of the Type 8 :

pitot tube determined first with one leg and
then the other pointed downstream. Uso the
pitot tube only if the two coeficients differ by
no more than 0.01.

5. Calculations. - :

Use equation 2-2 to calculate the stack gas

velocity.
= Vap) (To)uve.
(vl)-u.—x’q,( Ap arg. P.M'

- ’ Equation 2-2

where: .
(V) avs.=Btack gas velotity, feet per second (L.ps).
- . T \M -
K, u.(sm(-———-—-lb_ mol&'B) whenthessunits
sreused. - ’

C, = Pitot tubs coefMclent, dimensionless.
('TJ.-..-A:as;e sbsolute stack gos tempersturs,

o (Vap) avs.=Average velocity head of stack gas, inches

H,0 (see Fig. 2-2).
P.= Absolute stack pas rrtssuro, inches He.
M,=Molocular weight of stack gas (wet basis),
1b.Ab.-mole,
MemDry e b of stack gas (tro
¢e=Dry molecular weight o m
Method 2). £
ByewProportion by volume of water vapor ia
’ the gas stream {from Method .

Figure 2-2 shows A sample recording-sheet
for velocity traverse data. Use the averages
in the last two columns of Figure 2-2 to de-
‘termine the aversge stack gas velocity from
Equation 2~3.

Uss Equstion 2-3 to caleulate the stack
gos volumetric flow rate,

Q.=3600 (l-B..jv;A(_%L) (-1;:;)
. .E:;':x'ation;‘.'s
w

here:
Q.=Volurctric flow rate, dry basts, standard condt
tions, ft.imr, .
A= Cross-sactions] area of stack, ft.2
T.u-Al‘-Jsglurt; tanparatwe £t standard condithons,

P.u-Absolulc: pressure st standard conditions, 2.9
fncbes Lig.

.
']
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2+ TTIOD 3—CAS ANALYS1S FOR CARBON DIOXIDE,
TICESS AIR, AND DRY MOLECULAR WEICHT

‘1, Principle ond applicadllity.

# 1.1 Principle. An Integrated or grab ges
sample Is extrocted from s sampling point

4 analyzed for its components using an

-sat nnalyzer. .

12 Applicabllity. This method should be
applied only when specified by the test pro-
~~dures for determining compliance with the

.w Source Performance Standards, The test

ocecdure will indieate whether a grab sam-
y-¢ OF BL tntegrated sample is to be used.

2. Apperatus,

2.1 Grabsample (Figure 3-1). .

2.1.1 Probe—Stainless steel or Pyrex!

ass, equipped with s filter to remove partic-
uiate matter.

. \ '
RULES AND REGULATIONS

2.2 Intcgrated sample (Figure 3-2).

3221 Probe—Stalnless stecl or Pyrex?
glass, equipped with a filter to remove par-
ticulato matter,

2.22 Alr-cooled condenser or equivalent—
‘To remove any €xcess moisture.

2.3.2 Needle valve—To adjust flow rate.

224 Pump—Lcak-free, dlsphragm type,
or equivalent, to pull gas.

225 Rate meter—To measure & fow
range from O to 0.035 ctm.

226 Flexible bag—Tedlar} or equivalent,
with o capaclty of 2 to 3 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
fiow rate can be regulated proportional to
the stack gas velocity when velocity 1s vary-

o312 Pump—One-way squeeze bulb, or ing with time or & sample traverse is
uivalent, to transport gas sample 10 csnducted,
18lyzer, *
. 28 Analysis.
3 Trade name, 28.1 Orsat analyzer, or equjvalent.
) OBE FLEXIBLE TUBING 3
- 7 7O ANALYZER
- .nr.éuxss WOOL)
- ; o « . .
;_5 : Figure 3-1, Grab-sampling traln‘. ~
RATE METER
s -
¢ [ prosE ‘
§ QUICK DISCONNECT
= YER (GLASS WOOL] L AG
T //‘
L
RIGID CONTAINER”
: N '
, Flgure 3-2, Integrated gas - sampling traln,
s - .. - .‘
: ' e T
! .

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

0.264(%

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-frec, Pince the probe in the stack at &
sampling point and purgo the sampling line,

3.13 Draw sample Into the analyzer.

3.2 Integratcd sampling. ’

321 Evocuate the flexible bag. Set up the
equipment as shown In Figure 3-2 with the
bag disconnected. Placo the probe in the
stack and purge the sampling linc. Connect
the bag, making sure that sll connections are
tight and that there are no leaks.

822 Sample at a rate proportional to the
stack veloclty.

3.3 Analysis,

3.3.1 Determine the CO_. O,, and CO con-
occentrations as soon as passible. Make as many
passes as are necessary to give constant read-
ings. If more than ten passes are necessary,
repiace the absorbing solution.

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

3.33 For integrated sampling, repext the
analysis of the sample until three consecu-
tive analyses vary no more then 0.2 percent
by volume for each component being
analyzed.

4. Calculations.

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

- 42 Excess alr, Use Equation 3-1 to calcu-

_ late excess nir, and average tbe runs. Report

the result to the nearest 0.155 exoess alr.

" EA=

(% 0:)—0.5(% CO)
N3) — (% 03:)+0.5(% CO)
equation 3-1

X 100

‘where: -

%% EA =Percent excess atr, .

%0, =Pcreent oxygen by volume, dry basis.

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

&, CO=Percent carbon monoxide by vol-

ume, dry basis. .
0.264=Ratlo of oxygen to hitrogen in alr
by volume.

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

204=0.44(%CO,) 40.32(%0,)
o +0.28( % N,+ 5 CO}
equation 3-2
where:
Me=Dry molecular welght, 1b./1b-mole.
¢, CO,~Percent carbon dioxide by volume,

dry besis.

% O~=Percent oxygen by volume, dry
basis.

&, N,=Pcrcent nitrogen by volume, ary
besis.

0.44=Molecular weight of carbon dtoxide
divided by 100.

0.32=Nolecular weight of oxygen divided
by 100.

028=Molcculnr weight of nitrogen and
CO divided by 100
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VaumVe (?‘52)

* ¢rol District,

42 Oes volume. T

1‘::1)_ '
T

R (VuPa
1N g\ Ta ) equation 4-2

where!
Ve =Dry gas volume through meter at
standard oonditions, cu. 1t.

VY =Dry gas volume mepsured by meter,
ew ft.
P« =Barometric pressure at the dry gos

meter, inches Hg.
Pera=Pressure at standard conditions, 29.03
inches Hg. .
T.e=Absolute temperature &t standard
conditions, 530° R.
Ta i-Ab:.oluie temnperature at meter (Pt

60),."R.
43 . Molsture oontent.
oYt Bonm g+ (0.025)
Voot Vas * ™ Ve + Ve '
. equation 4-3
where: - ‘

Bro:=Proportion by volume of water vapor
tn the gas stream, dimensionlesa.
Vee =Volume ©f water vapor collected
. (standard conditions), cu.- tt.
Vas =Dry gas volume tnrough meter
(standard conditions), cu. ft.
PBwu=Approximate volumetric proportion
. of water vapor in the ge&s stream
leaving the Impingers, 0.025..

B. References. ’

Alr Pollution Engineering Manusl, Danlel-
son, J. A (ed.), U.S. DHEW, PHS, Nattonal
Center for Alr Pollution Control, Cincinnati,
Onlo, PHS Publication No. 900-AP-40, 1967.

Devorkin, Howard, et 8l, Alr Pollution
source Testing Manual, Alr Pollution Con-
Tos Angeles, Calif,, November

1063.

Methods for Determination of Velocity,
Volume, Dust end Mist Oontent of Gases,
Western Precipitation Division of Joy Manu-
facturing Co., Los Angeles, Calif, Bulletin
wWr-50, 1963, o .

METHOD 65— DETERMINATION OF
EMmissioNs FroM BTATIONARY

1. Principle and applicadility.
1.1 Principle. Particulate matier
drawn isokinetically from the source

SOURCES -

is with-
and its

welght Is determined gravimetrically after re

moval of uncombined water.

13 Applicabllity. This method Is epplica-
dble for the determination of particulate emlis-
slons f{rom stationary sources only when
specified bY the test procedures for determin-
ing compliance with New Source Perform-
t.nce Standards.

2. Apporotus. .

21 Sampling train. The design specifica-
tions of the perticulate sampling train used
by TI'A (Figure 5-1) are described in

ponL. T . nerclal models of this train sare
fyatialde,
211 Nozzle—Staloless steel (316) with

sharp, tapered lending edge.

213 pProbe—Pyrex? glass with & heating
eystem capable of matntaining a minimum
gas temperature of 250° F. at the exit end
during sampling to prevent condensation
from occurring. When length lmitations
(creater than about 8 fL.) are encountered ot
temperatures jecs than G00* P., Incoloy B25°,
or equ!vtdem.. may be used. Probes for cam-
pling gas streams ot temperatures in excess
of 600° F. must pave been npproved by the
Adminlsirator.

213 Pt tube—Type S, or equivnient,
attached lo probe to monitor stack gos
velocity. . .
_____————- e e . .

1 Trsde NAMS.

PARTICULATE
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214 wiiter -Holder—Yyrex? gixss  with
heating systom copable of maintaining mini-
smum temperaturo of 225° P,

915 Impingers/ Condenser—Four fmpin-
gers connccled in ceries with giass ball joint
fAttings. The Arst, third, and fourth impine«
gers aro of the Greenburg-Smith doesign,
modified by replacing the tip with & 14 -1n¢ch
ID ginss tube extending o one+half inch
from the bottom of the flask. The pecond Im-
pinger 18 of the Greenburg-Smith design
with tbo standard tip. A condenser may be
wused in place of the impingers provided that
the molsture content of the stack gas CAD
still be determined.

2.1.6 Metering system—Vecuum gauge.
jepk-fres pump, thermometers capable of
measuring temperature O within

meter with 2% accuracy, end relsted
equipment, or equivalent, 83 required W
maintain an soXinetic sampling rate end to
determine sample volume.
. 219 Barometer—To measure atmasphberic
pressure to 40.1 inches Hg. '

24 Sample recovery.

- ]
REVERSE-TYPE
PITOT TUBE

21321 Prode brush—At lenst as Jong &s
prode.

232 QOlass wash botties—~Tw0.

223 Olnss sample stornge containers,

234 Oraduated cyllndor—QSO ml.

23 Analyels.

231 Glass weighing dlshes.

2232 Deslccator.

233 Analytical
+0.1mg .

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

3. Recgents.

3.1 Sampling. L

3.1.1 Fiiters—Glass fiber, MSA 1108 BH?,
or equivalent, numbered for jdentification
and preweighed. .
gs!—lndlcaung type. 6-16

balance—ToO measure to

to

3.1.2 Sllica
mesh, dried st 176° C. (350° ¥} for 3 hours.
313 Water. .

314 Crusbod lce.

83 Sample rocovery.

221 Acstone—Recngent grade,
3.3 Analysis. : B
33.1 Water.

INPINGER TRAIN OPTIONAL HAY BE REPLACED
BY AN EQUIVALEKT CONDENSER | .

THERMOMETER  GHECK

VALVE
e )

SVACUUH
LINE .

~ . .

33.2 Deslccanb—Drlerﬂte.‘ indicating.

4. Procedure., - .

4.1 Sampling

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

4,12 Preparstion of collection train.
Weigh to the nesrest gram spproxtmately 200
g. of silica gel. Label & Niter of proper diam=
eter, desiccate® for at least 24 hours spd
weligh to the nearest 0.5 mg. 1B & room where
the relative huroidity is1¢ss than 50%. Place
100 ml. of water in each of the first two
tmpingers, jeave the tbird {mpinger eropts.
and place npproxlmntc)y 200 g. of prewclghcd
silica gel in the fourth implinger. Set up the
train without the probe &3 in Figure 6-1.
Leak chock the sampling train at the gam=
pling sito by plugging up the inlet to the fl-
ter holder and puliing 8 15 1n. Hg vocuum. A
lenkapge rate not in excess of 002 cfm. et d
vacuum of 15 in. Hg is pcceptable. Attach
the probe and adjust tbe hesater to provide &
gas temperature of nbout 250° F. 8t the probe
outlet, Turn on the fiter heating aystem.
Place crushed Ko around tho impingere.

et g ————
0 . .

1 Tyads nAMS. - )
» Dry using Drierite 1at70° P.x10° P,

AWR-TIGHT
powP

Add.

NO. 247—~THURSDAY, DECEMBER

Figure 5-1. Panlcu!ale-saﬁ\pnng waln. -

more ice during the run to keep the temmper-
ature of the gases jeaving the lzst impinger
as low as possible and preferadly at 70° FPa
or Yess. Temperatures above 70° F. moy result
in damage to the dry gas metler from either
moisture condensation or excessive heat,
4.1.3 Particulate traln operation, For each
run, record the data required on the example
shect shown in Figure 52, Teke readings at
each sampling point, at least every minutes,
and when significant changes In stack con-
ditions necessitate sdditional sdjustments
in flow rate. To begin sampling. position the
nozzie at the first traverse point with the
tip polinting directly into thc gas stream.
jmmediately start ths pump and adjust the
flow to Isckinetic conditions. Sample for at
jeast & minulds nt each traverse point; sam-
pling time must be the same for cach point.
Matntaln {sokinectic sampling throughout the
sampling period. Nomographs are available
which &id 1o the rapid adjustment of the
gampling rate without other computations.
APID-0576 dctalls the procedure for using
these nomographs. Turn off the pump at the
concluslon ¢f cach run and record the final
readings. Remove the probe and nozztle from
the stnck snd nandie in acccrdance with the
sample recovery process described in sectlon

sa .
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Flgure 52, Particulats field dsta,

42 Bample recovery. Exerclse care In mov-
ing the collection train Irom the test site to
the sample recovery srea to minimize the
Joss ©f collected sample or -the gain of
extraneous particulate matter, Bet aside o
portion of the acetone used in the sample
recovery as & blank for analysis. Mcasure tho
volume ©f water from the first three im-
pingers, then discard. Placo the samples in
containers as follows:

Containcr No. 1. Remove the filter from
its holder, place In this contaliner, and seal.

Container No. 2. Piace loose particulate
matter and scetone washings from ell
sample-exposed surfaces prior to the filter
in this container and seal. Use & razor blade,
brush, or rubber policeman to lose sdhering
particies.

Comntainer No. 3. Transfer the sillca gel
from the fourth Impinger to the original con-
teinzr and seal. Use a rubber policeman as
an aid in removing silica gel from the
iropinger. ’

£.3 Analysis. Record the data required on
tnhe example sheet shown in Figure 6-3.
Eandle each sample container a5 {ollows:

Container No. 1. Transfer the filter and
ony loose particulste matter from the sample
contatoer to & tared glass welghing dish,
dcstceate, and dry to a constant welght. Re-
port resuts to the nearest 0.5 mg.

Contginer No. 2. Transfer the acetone
washings to n tared beaker end evaporate to
dryness at ambilent temperature and pres-
sure. Deslccate and dry to a constant welght,
Report results to the nearest 0.5 mg.

[N

Bl

Container No. 3. Weigh the spent sillca gol
and report to tho nearest gram.

5. Calibration. .

Use methods and equipment which have
been approved by the Administrator to
calibrate the orifice meter, pitot tubs, dry
gas meter, and prodbe heater. Recalibrate
after ench test serles. R

6. Calculations.

6.1 Average dry gas meter temperature
and average orifice pressure drop. See data
sheet (Figure 6-2).

6.3 " Dry ges volume, Oorrect the sample
volume measured by the dry gas meter to
standard conditions (70° F., 29.92 inches Hg)
by using Equsation 5-1.

AH
Vo Va ) (255028 )
ad . = Tn Pnd
*R Pourt {3
17.71 — V, :
( in. Bg) = Ta
' equation 51

where:
Vi, o= Volume of gas sample through the
dry gas meter (standard condl-

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

tons), cu. ft.
T,.= Absoluto temperature at standard
conditions, 530° R.

: 24889
T, = Average dry gas meter tomperature,
L ]
R

y.n_mromotrlo pressure at the orifice
meter, Inches Hg.
AH - Average pressurs drop ecross the
orifice meter, inches HO,
13.6= Bpecific gravity of mercury. )
P, Absolute pressure st standard con-
ditions, 2092 inches Hg.

€3 Volume of water vapor.

- ’510 R’Tﬂd
vv.ld=v|¢(1\1u" P“‘ )=
) cu. ft.
‘ - (o.om - 1 )v-.,
) equation 5-2

' where:

Vi, = Volume of water vapor in the gas
sample (standard conditions),
cu, It .
. V1,=Total volume of liquid collected in
tmpingers and silica gel (seo Fig-
wre 5-3), ml. .
pu,0==Density of water, i1 g/ml
Me,o== Molecular weight of water, 18 1b/
\ ib.-mole.
Reldeal gas constant, 21.83 inches
Hg—cu. 1t./1b.-mole-"R.
T,.4= Absolute temperature at standard
- . conditions, 630* R.
P, = Absolute pressure st standard con-
dition’s, 20.62 inches Hg.

6.4 Mojsture content.
"= v'ald
s v?old"'v'nd
equation 53

B

where:

By» = Proportion by volums of water vapor {n thegas

stream, dimeanslonless.

Ve, y=Volume of water io the ges sample (standasd

conditions), cu. ft.

Vs, 4= Volume of pes sample thzough the dry gas meler

(standard conditions), ¢u. ft.

65 ‘Total particulate weight. Determine
the total particulate catch from the sum of
the welghts on the analysls dats sheet
(Figure 5-3).

6.6 Concentratlon.

6.6.1 Concentration in gr./s.cft.

: . M
. o = gT. ——
¢’s (0'0154_~mg. (V..,,‘
- ] equation 54
where:

= Concentration of psrticulate mstter fn stack

gas, gr./s.c.f., dry basis.

M. =Total amonnt of particulats matter coliected,
mg.

Ve, u=Volume of ges tample through dry gas meler
(standerd conditions), cu. ft
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e _PLANT ' .o o
N " DATE .
T i RUN NO : o

WEIGHT OF PARTICULATE COLLECTED.
CONTAINER ' ™3 '
NUMBER -
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN
R T .
2 -
10TAL
) VOLUME OF LIQUID .
WATER COLLECTED  ~
. _ IMPINGER SILICA GEL
. . : VOLUME. WEIGHT, ~
’ ml g .
FINAL , . .
INITIAL
' " 110UID COLLECTED -
TOTAL VOLUME COLLECTED | - o° ml

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

.. INCREASE. @ S
_——_————:— =

- 11 o/mil) VQLUME WATER: ml

Figure 5-3. Analytical data. - .
¢62 Concentration iu IbJeu. It ' S

’ 1 Tb. - ..
- ' 153,600 mg. M. M :
. €ty =2.203X 104"~ -
: -4 . Vioue equation 55

wb . .
"“C‘- Concentration of porticulato matter in stack ”'-T‘;:;‘, smount of partlcuhte matter cobiected,
- m_)&‘;‘-‘s‘b-ﬁ-c-‘-» dry basla. Vo, = Volume ol gos sampls through dry g8 meter
’ B : . (standard conditions), cu. ft.
: * . R 0.7 . Isokinetic variation.

vl.(Pll,O)R Va Y, an - ;
T;[ ’“",O +T; (an+l‘ﬁ)] . . .t
- NANN X100 ST e
min. tn. Yg-cn.ft. Ve s .
_("667 mcc.)[(o'omg7 mi-°R )v"+T;'(P“'+\3:6\)] : -
. T eViPAL - ., Tquatln00

LA .‘ - . L .. . .' P
-

1

where: . . )
JeePercent of Jwokinetle ssrmpling.
V;.-Tolnl volumae of tquid cotiucted in Impingers
end itica pel (See Fig. 5-3), ml
pr,0=Density of water, 1 g./mL
R=lden! £03 constant, 21.83 nches Tig-en NG

mole-* R.
Nn,o-hlulmu!u welght of water, 18 Ib Ab~mole.
Vo= Volume of g3 wample throtigh the dry ges meter’
(meter wndnuon.:?. cu. ft.
T o= Ahwlute avera:e ry gos roeter temperaturs
(sco Yizure 5-2), *R.
Ps..-!l“omoulc pressure st sampling Bite, nches

All=Avernze pressure drop $cross the orifica (ses
¥iz. 5-2), Inches 11;0.
T.-Ali_solule Aversze stack gos tempersture (ses

2R, -
. #=Tota sampling time, min. -
V,=5tack gas velocily ealcuiated by Method 2,
FEquation 2-2, ft.500
P, = Absshute stack £as pressuse, inches Hg.
A.-Cwss—_sr-:lionnl arca of noutle, 8. .

6.8 Acceptabdls results. The following
rapge sets the 1imit on acceptable isokinetic
sampling results; .

1t 0% <1 < 110%. the results are acceptable,
otherwise, reject the resuits and repesy
the test. . -

7. Reference.

Addendum to Specifications for Incinerator
Testing a8t Federal Facllities, PHS, NCAPC,
Dec. 6, 1987

Martin, Robert M., Construction Detalls of
Isokinetic Source Sampling Equipment, En-
vironmental Protection Agency, APTD-0581.
* Rom, Jerome J., Maintensance, Calibration,
and Operation of Isokinetic Sourcs Sam-
pling Equipment, Environmental Protection

- Agency. APTD-0578
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smith, W. 8., R. T. Shigehara, and W. P.
Todd, A Method of Interpreting Stack Sam-
pling Data, Paper presented at the 63d An-
nual Meeting of tbe Alr Pollution Control
Association, St. Louls, Mo., June 14-19, 1870,

smith, W. 8. et al, Stack Oas Samplng
Improved and Simpiified with New Equip-
ment, APCA paper No. 67-119, 1967. .

Specifications for incinerator Testing at
Federal Facilities, PHS, NCAPC, 1867.

"METHOD €~—DETERMINATION OF SULFUR DPIOXIDX

EMISSIONS FROX STATIONARY SOURCES

1. Principle and epplicability.

1.1 Principle. A gas sample 1Is extracted
from the gampling point in the stack. The
acid mist, including sulfur trioxide, is sepa-
yated from the sulfur dioxide. The sulfur
diox!de fraction is measured by the barjums
thorin titration method. .

12 Applicabllity. This method s applii-
gcable for the determination of sulfur dloxide
emissions from stationary sources only when
gpecified by tho test procedures for determin-
§ng complisnce with New Source Performance®
Standards,

2. Apparatfus.’ .

21 Sampling. Ses Figure 6-1.

21.1 Probe—Pyrex? glass, approximately
g to 6 mm. ID, with & heating system to
prevent condensation and & fitering medium
to remove perticulate matter tncluding sul-
furjc acid mist, '

2132 Midget bubbler—One, Wwith glass
wool packed in top to prevent sulfuric acid
mist carryover.

2.1.3 Glass wool. !

2.1.4 Midget tmpingers—Three,

215 Drying tubo—Packed with 6 to 186
mesh Indicating-type slilca gel, or cquivalent,
to dry the sample.

216 Valve—Needle velve, ¢= equivalent,
to adjust flow rate. .

217 Pump—leak-free, vacuum typo.

2.3.8 Rate meter—Rotameter or equiva~
jent, to measure n 0-10 s.c1.h. flow FARge.

239 Drygns meter—SufMclently accurate

" to mensure the sample volume within 1%.

2.1.10 Pitot tube—Typo 8, or equivalent,

VRSN
1Trade names. |

r 23, 397N s



24891

qdadxa ‘saplxo wafoaita ogy pus ‘uoinos
8uiqiosqe epixoiad gaS0ipiy-piav INJINE
wmonp ¢ dguisiuod ysop Ppajunduad uv wi
PRIINI0d 8] ojdwiwa qQuad v aidppund 1L
“£nnqoondde pup Adund 1

$2O%009 ATYROIIVIE WOUL SNOISSING
QX0 N3I00UIIN £0 NKOLLVNINUYZLZA-—L QOHIINW

R - (£961) £01 ‘CF "UO0IITIR0ESY Todd

RULES AND REGULATIONS

-ug) wonneg AV (L 1§50 §£22013 INITIUAUO
Sujdmeg 403 sInLIunyRNL puv juawcinba
LoN “if ‘Yupg v L puv 'J AL ‘uontd
' *LGEY ‘dIquaIA
-ON 'LE~58:70F 33404 “5g pue ‘o5 suO-Inlg
gopmseon ‘HAQ M I pus " "H S9N
‘1961 ‘E¥Z-LET VT ‘lang Jo eing
-pay ot JO {saInop 'sasvH antl uf “Os puv
s5g 30 BORUTIWINAA oUL “Z °d *119Q20D
- 'gp6l oluO
‘heaaReld er-dv-t08 ‘ON uopudland &2l
-a4125 QI[oH AQnd ‘gorintod 1y Jo uois[ald
‘gqid ‘MIRA T4 595539013 SUIMIdVINTUIY
PRV PLNIING WO} suoissiwrd szagqdaouniy
§29u2s/oH ‘L

-:-l>

e e

-9 uopenba
K Tbm N(TA—'A)

Qo138 UAIUOY apmxo(p InIng £9
““§x sagoul g6 6T ‘FUONIP
«god pIepuUMSs 3% oinssaad 9In[osqY -ty .
8 soqoul *333W '
oopta0 67y 3% ermssaad S.seﬁozml:.&
*d.
emissedmag 4nw gud L1p 03uiaay -y
‘g .085 'FUOIIIPTOD
49 emjsaadmal erntosav ="""L
‘33 ‘nd *{swon
-TpRod Jnem) NI sod L1p -
oq; Qinoand o1dwws std jo ewInicA = A
*33 *na *{suon
-Tpuod prepawms) 13T sud A1mp \
ot qanoIyy edwrus vl Jo own(op ="""A

prepavis

¥ey-ry
. wopyenba = gy rat
1-9 TR L) =
d™A o
na\ (L pre
- .:mv Am_l.m. LT G\
’ 19 wotjunbd 3uisn Lq (8K
gaqout vo'67 pue ‘4 LOL) SUOHIPUCS plopuuls
0y 93m sud Lip o3 £q Panssaud QUINIOA

eldwed oy 990D -qunios svd L1 V'O
*sU0ILINIOI 9
*ousdoadost 30 “1ut 061 Juiuiey
~u0d PII® OIMIME PIUPUEIS JO T ¢z jsuivdv
ojesorgaed wneq eul ezmpitpunis £'¢
+121837 6qoid pusu ‘INIW 3 41p
saqny 30314 2330w 102 oUI 98IqQIIND 03 200U}
~STaTmpyY om 44 pasocaddu U 0avy oA

-8 i
Aumxn.-s xmo.\.v =%08)

1261 ‘ET ¥1OW3D1A “AVASILIL

*1-9 uon
-gnb3 238 “3J 'nd *(suONPHU02
pispuuis) 1930 su3 £fap oud
g8noxyy ejdwus sud jo own(op =" "us
W pRedd :
-[3 2onbiie ojdweg JO auwnioA ="A ‘
‘T 0§ ‘Op1xoIP
JNJINS JO OWNIoA UOjIN(0s weL="1""A
. ‘1/'ba-3 ‘quvIN}
ejuroyorad wnying Jo LuuaioN =N
‘e 'xuviq eyl 103 pasn uuainiy
oyuzojyiad wnyivg Jo ownoA="A
)
‘oidwmes ogy Jop PIsn Jusnn
oqulotydaad wniivq Jo QWnioA ="A :
‘qa-8/1-"Qt 1/ 000°1
pue “q1/'8 p'gsy * (ba-3/8 z¢)
opixXo[p JInJIns Jo quarvAInbd
wui8 2d swvid Jo zquInu
, o3y Supnira ‘103043 UoIsIaAU0D =s-01 X $0'L
43 ‘na/ ql ‘§1838q
L1p ‘SUORIPUOD pivpuuls 3
opIXO[p Jnjne jo WO uduIIU0D -=fos)
Jdaqa

‘Tal

quaadjnba pus spoyIn pispuuis osi 1'¢
) 'uopIvLQlnd Q2
galdag QOBa Ui Nuviq © uny ‘ajuzo(yaad
umireq N 100 Suisa qujodpua Huid v 0
@182311 10382 [pUT U043 JO gdoxp dnoy 03 0x3
pus tousdoadost jo ‘Tw 0% PPV ~ysep Jofout
-uapdd ‘[ §T1 ¥ 03uf uonnios spy3 Jo jonbiv
07 ¢ 9adid CIieA PAISIP  ‘PIZIUOCE
3P Wil FHauud Y3
-nioa ‘1@ 0§ ¥ Jaupuiuod #3vi03s oUl Jo
£UIUOD U} J9JSUBIL gis&uus odwes  €F
Jaujuittod 98u1018 Jures

sy} 07 suysca 9s3y) PPU puv 1970M PALN

-SIp UM 83qny Supoauuocd Y3 pue s393usd
-wf 3adpiw 921y3 Yy Isuld ‘apioq judwdiye
oﬁo;ﬁobon % oju saduidwil a0piwr oyl
30 SHuUWOd ayy Inod -3a1qQnq 339ptws aul Jo
§1u23u0d oyl PXuIsIa ‘Juidind NN s103urd
U] 943 P9UU0dsIa -f1aa0031 eldueg T
*saynUIW
gt 303 waysse oul ySnoayj 3 JuIquuv uudld
Suimavap £q ujsay oul jo qaed Sujujewaz 993
edind puu yjvq @3} a3 UjvIq "UIvx oYy woll
4] 399UUOSIP PUT HOUIS O} w03y oqoad ous
oAOWIIY “SBUIPYIL [VUU 0Y; P03l pus dwnd
ey} IO uwin} ‘unli youd jo woisniouwod oyl
av ‘ung ay3 snoydnodyl £nuaoqidodosd o1d
~wug ‘dund syj 34u39 pus quiod Sundwes
a83p oq3 3% eqoid ey JO di3 o3 uopiisod
Supidwos Tidaq OL "Wk aopg Ol spaausn
-8 [URONITPPE 03UI[EsaT guolIPUOd HOULS
af esdusyd qwuopiusdls uwIgs puv sanuIul
eiy L1340 3SNUJL 39 s3ampeal eXuL *£319Q13A

e waswamt T il

v *go1dwivs JO .

03 o3n[ig ‘ASTE UL

A g —— L e N

-ZVT "ON ‘9€ 1OA ‘¥3isIO3 V363

std JYouis oyl 03 teuoijzodoid 91uI A0D o1d
ewws oy3 In(PY "UORIINID oidurvg €LY
653
10 *g 0L 38 1Jurdwy 38vl 6W3 Sujauay sasud
aqy Jo sanjuaadural oyl daay o3 uni oys dut
-Inp 39} o0w PpV -s1a8uidutg Yy punoas 891
poysSnId @3vld dwind oy3 Jo uImy puv Snid
jotuy eqoad oy ST Linjarsd a1quadod
-ou g 03us Sundurss 9yl Jo o, 1 30 £530%2 Ul
q0u 03T 0JUHTI[ V "WANIUA 9y1 soyouj 01 ©
Suyiynd puw 32Ul oqoid oyl quisdnid £q 018
Sajdwss 9y3 3 UBI Juypdwed o4y XU
81 ‘19 gL Ul TAOUs 8v Uil oyy o1q
wossy ‘£3p e8urdun 498p1x 19ug ol
sgraSurdwy 298pa 04 181U oy} Jo yova oul
oprxozad uadoipiy % ¢ Jo ‘1w gl pul atqqna
203prmt oYy oIuf ousdoezdost %08 3o “tul g1
Jnod "GIvI3 UOIIN{I02 JO wopuaudalg 1TV
' Buptdaws T'¥
2unpodvdd b
*(apui3 pavpuvie Lrowped) opujuysud
* pios wmyssusod 4sUUST  PazZIpIBpuUVl uddq
Lisnojaald suy QUL HOSN N10°0 jueujudv
N L0000+ ©3 oZIpIupums 10 esvyaInd
—(N 10°0) DIupTus PpR¥ opmIIng 9ee
' ) N ‘pasn 9q L3
eplIorgy wWnlIsy ploW OpMymMe Wika 0zpis
- -paw3g ‘Joundoados] Gira 33 T ¢ «in1p Puy

eujus} Buyjdues 208 *}-g bl

-. &

0auYy.

} C——II°3d—LYZ ON -
197um poIIIIAP ‘1w 00z Gt [O*HE«*(*O)val
ejuviolyated  wnueq  jO ‘4 cgl daiod
sia—{N 10°0) #muioqaied umivg VL
) 1aus PALIEIP IS 00T
ay-‘8 070 ¥MeEsid *{juaju=inbd 10) 31us TWNIP
-081p ‘pIov auodinsip-9 g-loGide-g- (ozu il
~BaQAOU0sIB-0) = [—4103U|PUT GHIOUL 58
' ‘rousdoidosl TEE
POLIIEIP ‘PITiEOPRE—INTA  T'EE
sisirtuy €€
: 9503 "toucdosdosy TTE
‘POMISSIP ‘PazIuOIQ—IVM  TZE
+Lias0031 idiess T'E
*L11ep UsdI} aiudozd "19iTa PSP
waua 39311 1 03 opixoad uaSozpig LOE 30 1R
001 eintip—%¢ ‘apmodad woozpiil C1E
1,82 PALNISIP JO (W 0T Qi jousdozd

«051 JO ‘TW 08 X1:N—%08 ouvdo:idosl ClE
polISIP TPRUOC— I VT
gundces 1

*s3uabpoy ‘C
@ gzl—Ysuy 3HHmuInLIT YET
JuT 0§ PUu W g—s9iiang £El
T 000’1 P
el 001 T OG—€AND CINIEMIOA st
*(STOLsiATY 1T T0) ¥
(@ gz puv (STOIATP ‘TR 1'0) €3NI T 0¥
puw (W@ g edsy FEPLL TR CLEE 43 G 2 4

¥31INONVY 10Ltd

38n1 DNIAEQ 1D YOIUS

spirpay €2

gorduTvs Jedujdun 01038

oy ~ooioq ©3wow oumalfyzefiod €TC
QAL ~601190q QUuA NI TTT

o

i
{ 3gn1104dSIML

. /400.5 Y34

¥0 ZIKVNO HIK
. OMOV4 ON3) 3504

-£1040003 SICWRg ET
‘e
Wila sapua S3100194 cud xawis N1 20 ‘pannd
o3 §] osieanny oldwve € 71 Lruo Lreseana

- o - —— n, wm— -

WA LIHOWIHL _ .



e

924802 - AR
nitrous oxide, ars mMEAsSUTe e‘o\orlmemcnuy
using the phenoldh,ultonic acid (PD3)
procedure.

12 Applicabliity. This method is applica-
ble for the measurement of nitrogen oxides
from stationary sources only when specified
py the test procedures for determining com-

pliance with New BSource Performance
Standards.
2. Apparatus. .

2.1 Sampling. See Figure 7-1.

2.1 Probe —PyTex? glnss, heated, With
filter to yemove particulate matter. Heating
is unnecessary if the probe remains dry dur-
ing the purging period. .

232 Collection fask—Two-liter, Pyrex}
round bottom with short neck and 24/40
gtandard taper opening, protected against
implosion or breakago. .
PSR

s Trads BAIML, . ..
. - ) .
":\" g . FLASK VAL
} ‘_—Av
. Iv —
FATER .
N0 128 .

3.WAY STOPCOCKS
VHORE 8. PYME,
2o WORE, 30 OO

.

STANDASD TAPER
 REEVE NO. 2UR

GAOUND-GLASS
SOCKEY, § NO, 123
T rog

23 .
231 Steam bath. :
232 Beskers OF casseroles—250 m}., one
for each sample and standard (olenk).

233 YVolumetric pipettes—1, 2, and 10 ml.

234 ‘Transter p!pette-—lo ml with 0.1 ml.
divisions. : ’

235 Volumetric fiasx—100 ml., one tor
each sample, and 1,000 ml. for the standard
{blank). .

236 Spectrophotometer——'ro measure ab-
sorbance at 420 nm.

237 Gradusted
1.0 ml. divisions.

238 Apalytical
0.1 mg.

8. Reogents.

3.1 Sampling. .

8.1.1 Absorbing solution—Add 28 ml. of
concentrated H,50, to 1 )ter of distilled
water. Mix well and add 6 ml. of 3 percent
hydrogen peroxide. Prepare & fresh solution
weekly and do not expose to extreme heat or
cirect sunlight. . : .

a2 BSample recovery.

9491 bBodlum bydroxide (lN)——Dlssolve
40 g. NaOH In distilled water pnd dliute to 1
ter,

323 Red litmus papor.

cyunder——loo ml. with

balance—To measure t0

e o« ?
. . - N . ! . "
S B T IR R
' o . AN R
Sttt VX

Ny
. -

e .’,\.:

e S Figure 7-1. Sampling wraln, tlask vaive, and flash,

.

(D EVACUATE -

RULES AND REGULATIONS

213 Flask valve—T-bore stopcock €oD-
nected to & 24740 standard taper jolnt.

214 Tempernture gfmse—-mu-type ther-
mometer, OF equivalent, copable of mensur-
ing 2* F. tntcrvals from 25° to 125° F.

2.1.6 Vacuum tine—Tuding capeble of
withstanding & vacuum of 3 inches g sbso-
jute pressure, with "T" connection and T-bore
stopcock, OF equivalent.

2.1.6 Pressure gnuge—U-tube manometer,
38 inches, With 0.l-inch divisions, or
equivalent.

217 Pump—Capable of producing & vac-
wum of 3 inches Hg absolute pressure.

2.1.8 Squecze pulb-—ONne wWay.

2.2 Sampie recovery.

221 Pipette or dropper. .

322 lass storage contninets——Cushloned
for shipping. :

.

SJSOUELTE BAS

.

SOTLING FLASKS
2 LITER, ROUND-POTTON, SHERT AECK.
_WiTH ] SUEEVE NO. W

- S
. ’

333 wWhater—Delonized, distilied.

83 Analysis.

$3.1 Fuming sulfuric acid—15 to 18% by
welght free sulfur trioxide.

832 Phenol—\White solid reagent grede.

33.3 Sulfuric acld——Concentratcd rengent

grade. .

834 Standard tolution—Dissolve 0.5495 g
(KNO,) In distilled water
and dilute to 1 iiter. For the working stand-
ard solution, dilute
golution to 100 mi. with distilled water. One
ml. of the Wworking standard solution 18
equivolent to 25 pg. nitrogen dloxide.

385 Water—Delonlud, distited.

336 Phenoldisulfonic
Dissolve 25 g. of pure white phenoi In 150 ml.
concentrated sulfuric acid on & steam bath.
Cool, 8dd 75 ml. fuming sulfuric scld, and
heat at 100° C. for 2 hours. 5tore in 8 dark,
stoppered bottle.

4, Procedure.

4.1 Sampling.

4.1.1 Pipette 25 ml. of absorbing sotution
into a sample fiask. Insert the fask valvo
stopper into the fiask with tbe valve ID the
s»purge” position. Assembls the sampling
train as shown {n Figure 7-1 nnd ploce the
probo nt the sampling point. Turn the fask
valve and the pump valve Lo thelr "evacuste”

A L ..
L | R e
o . FE T - Lo w

’
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. sample, turn the fask valve w

. . .- *

poritions. Evacuate the fiask to at Jeast 3
inches Hg absolute pressure. ‘Turn ths pump
volve to its “vent” position and turn off the
pump. Cheek the manometer for any fiuctu-
.ation in the mercury jevel. If thero is & wist-
ble chanfe over the span of ons minule,
check for lenks. Nceord the initial volume,
temperature, and barometric pressure. Turn
the fiask valve to its “purge” position, and
then do the same with the pump valve.
Purge the probe and the vacuum tubs using
the squccze bulb. If condensation occurs in
the probe and fiask valve aIea, heat the prodbe
and purge until the condensation disappears.
Then turn the pump valve to its “vent” post-
tion. Turn the flask volve to its ~gample”
position and allow sample to enter the fiask
for about 15 seconds. After collecting the
i1ts “purge”
flask from the
for &

disconnect the
Shake the . gask

position and
sampling train.

A minutes.

42 Gample recovery. -

421 Let the flask s2t for a minimum of
16 bours and then ghake the contents for 3
minutes, Connect
filled U-tube manometer, open
from the fiask to the manometer, and record
the flask pressure and temperature along
with the barometric pressure. Transfer the
flask contents to & container for shipment
or to a 250 ml. beaker for analysis. Rinse the

flask with two portions of distilled water -

(approximately 10 ml.) and add rinss water
to the sample. For a blank use 25 mil. of ab-
gorbing solution and the same volume of dis~
tilled water as used I1n rinsing the gask. Prior
to shipping or analysls, add sodium hydrox-
ide (IN) dropwise into both the sampie and
the blank until alkaline to litmus paper

(about 25 to 35 drops In each). . .
43 Analysls - -
43.1 It the sample has been shipped In

a contalner, transfer the contents to & 250

ml. beaker using 8 small amount of distililed .

water. Evaporate the solution to dryness on &
_steam bath and then cool. Add 2 ml. phenol-
disuifonic acld solution to the dried residue
and triturate thoroughly with & glass
Make sure the golution contacts g)l the resi-
due, Add 1 ml. distilled water and four drops
of concentrated sulfuric acid. }eat the colu-
tion on & steam bath for 3 minutes with oc-
castonal stirring. Cool, add 20 ml. distiled
water, mix well by stirring, and add concen-
trated ammonium hydroxide dropwise with
constant stuUTing until alkaline to litmus
paper. Transfer the solution to a 100 ml.
volumetric fiask spd wash the peaker three
times With 4 to & ml. portions of distiied
water. Dilute to the
oughly. 1f the sample contains solids, trans~
fer n portion of the solution to & clean, dry
centrifuge tube, and centrifuge,
portion of the solution. Measure the absorb-
sence of each sample at 420 nm.
blank solution as & z&ro. Dilute the sample
and the blank with & sultable amount of
distilled water if absorbance falls outside the
ropge of calibration. -

5. Calibration. )

6.1 Flask volume. Assemble the fiask and

flask veive and Ol with water to the stop=
cock. Measure the volume of wnter to +10
m). Number and record the volumo on the
flask. -
52 Spectrophotometer. Add 0.0 to 16.0 ml.
of standard solution to & geries of beakers. To
each beaker add 25 m!. of absordbing solution
and add sodium nydroxide (IN) dropwise
until alkaline to 1itmus pnper {about 25 W
35 drops). Follow tho anolysls procedure of
pection 4.3 to collect enough dala Lo draw &
calibration curve of concentration in sg. RO
per sample versus absorbance.

8. Colculatione.
6.1 Bample volume.

. . «
L .
ErAnY . .. . .
. ‘s .
. " .
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. .

"o Vi=Va) (Pe_T SR _
yom Tt g ()= (1 o,
where: . . ..
v, - Bample volume at standard condi-
tions (dry basis), mL
Tos™ Absolute temperature at standord
conditlons, 530° R-
P, Pressure at standard conditions,
2093 inches Hg.
V,—Volumo of fiask and valve, ml.
Vv, == Volume of absorbing solution, 25 ml.

: ‘1ib.
Cn(-"Tn—) cu. n..pg
se g |k <38
_ l.GXlO'mL

where:, .
o= Concentration of NO, as NO, (dry
basis), b./sct. -
m=Mass of NO, in gas sample, xg.
V,,-Snmplo volume at standard condi-
tions (dry basis), ml.

7. References. .

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

Standard Method of Test for Oxldes of
Nitrogen in Gaseous Combustion Products
(Phenoldisul!onlc ‘Acid Procedure), In: 1968
Pook of ASTM Standards, Part 23, Philadel-
phia, Pa. 1968, ASTM Designation D-1608-60,,
p. 125-T729,

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

METHOD B—DmRMlNAT!ON OF BULFURIC ACTD
a1IST AND SULFUR DIOXIDE EMISSIONS FROX
STATIONARY SOURCES .

3. Principle and applicability.

1.1 Principle. A E2S sample Is extracted
from a ssmpling point in the stack and the
acid mist including sulfur trioxide fs scpa-
yated from sulfur dioxide. Both fractions are
measured separately by the barjum-thorin
titration method.

12 Applicabllity. “This method is applice-
ble to determination of sulfuric acld mist:
(including sulfur trioxide) and sulfur diox-
jde from stetionary gsources only when spe-
cified by the test procedures for determining

STACK

PROSE

REVERSE-TYPE
PITOT TUBE

PITOT MANONETER

- (6.2)( 10- lb.ls.c.f.) (m

_compliance with the New Source

- maintalin

FILTER HOLDER

-
.-

" RULES AND REGULATIONS

. -

e - -

_ . » !z!_—_l) .: -' .-.. "
(Vi—25 r_r:!.) (T, T, Equation 7-1

P,=Final absolute pressure Of fiask,
fnches JIg.

P, = Initial sbsolute pressure of fiask,
inches Hg.

T, = Final absolute temperature of fask,
(]

R.
T, =~ Initial absolute temperature of flask,
L]
R.
63 Samplo concentration. Read »g. NO,
gor each sample from tho plot of #g. NO,
versus absorbance.

V.

pg./ml.
: equation 7-2

Perform-
ance Standards.

9. Apparatus. . .

21 Bampling. Ses Figure g-1. Many of
the design specifications of this sampling
train are described in APTD-0581

2.1.1 Nozzle—Stainless steel
sharp, tapered leading cdge.

212 Probc—Pyrex® glass with a hesating
system to prevent visible condensation dur-
ing sampling.

2.1.3 Pitot tube—Type B, or, equivalent,
attached to probe to monitor stack ges
velocity.

2.1.4 Filter holder—Pyrex 3 glass.

2.1.6 Impingers—Four os shown In Figure
§-1. The first and third are of the Greenburg-
Smith design with standard tip. The second
and fourth are of the Greenburg-Smith de-
sign, modified by replacing the standard tip
with & Y-inch ID glass tube extending to
one<hsalf inch from the bottom of the im-
pinger flask. Similar eollcction systems,
which bave bcen approved by the Admibis-
trator, may be used.

2.1.6 Metering system—Vacuum gauge,
jeak-free pump, thermometers capable of
measuring temperature to within 5° F., dry
gns meter with 2% accuracy, and related
equipment, or equivalent, 8s required to
an jsokinetic sampling rate end
to determine sample volume.

917 DBarometer—To measurc atmospheric
pressure to +0.1 inch Hg.

e ———

. [
(316) with

3 Trade name.

YHERMOMETER

CHECK
VALVE

ORIFICE

DRY TEST METER

_ / - VACUUM
JCE BATH + IM LINE
BY-PASS VALVE
N
VACUUM
GAUGE

MAIN VALVE

AIR-TIGHT
pPUMP

Flguro 8-1, Sullurlc acid mist sampling traln.
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22 Bample recovery. .

9321 Wash bottlies—TWO.

222 Qraduated cyllnders——ﬂso mi,, 500
ml. .

2323 Olass samplo storage containers.

234 Oraduoted cyllndcr—-250 ml.

23 Ansaly’s

231 Pipctte—25ml., 100 ml.

233 B\_ut;twe——bOml.-

233 Erlenmeyer fNask—250 ml.

234 Graduonted cylinder—100 ml.

235 Trip balance—300 g. capacity, to
sheasure to *+0.05 g.

3.3.6 Dropping bottie—to add indicator
solution. .

8. Reagents.

7-331 Bampling. .

8.1.1 Plters—Glass fiber, MSA type 1108
BH, or equivalent, of & sultable size to fit
in the filter holder.

3.1.2 Sllica gel—Indicating type, 6-16
mesh, dried at 176° C. (350° F.) for 2 bours.

313 Water—Delonized, distilled.

- 8.1.4 Isopropanol, 805,—Mix 800 ml. of
tsopropanol with 200 ml. of deionized, dis-
tilled water.

3.1.5 Hydrogen peroxide, 3% —Dilute 100
ml. of 30% hydrogen peroxide to 1 liter with
delonized, distilled water.

8.1.6 Crushed ice.

3.2 Sample recovery.

321 Water—Delonized, distilled.

822 Isopropanol, 80%.

3.3 Analysis. .

3.3.1 Water—Delonized, distilled.

232 Ieopropanol.

833 Thorlo lndlcator—l-(o-nrsonopben-
ylazo)-z-naphmol-a. 6-disuifonic acid,
sodium salt (or equivalent). Dissolve 0.27
tn 100 ml. distilled waler.

334 BParlum perchlorate {0.0IN)—
golve 185 g. of barjum perchlorate B
(CO,),3 H,O] in 200 ml. distilled water k..
dilute to 1 Hter with isopropancl. Stacdardize
with sulfuric acid.

335 Sulfuric acld standard (0.01N)}—
Purchase or standardize to = 0.0002 X egainst
001 N NaOH which has previously been
standardized agalnst primary standard po-
tassium acid pbthalate.

4. Procedure.

41 Sampling. :

4.1.1 After selecting the sampling tite and
the minimum number of sampling points,
determipe the stock pressure, temperature,

_molsture, and range of velocity head.

412 Preparstion of collection train.
Place 100 ml. of 80% isopropanol in the first
fmpinger, 100 ml. of 3% hydrogen peroxide in
both the second and third impingers. and
about 200 g. of silica gel In the fourth im-
pinger. Retaln & portton of the reagents for
use as blank solutions. Assemnble the traid
without the probc as shown in Figure 8-1
with the Diter between the first and second
impingers. Leak check the sampling traino
at the samppling site by plugging the inlet to
the first impinger and pulling & 15-inch Hg
vecuum, A leakage rate not in excess of 0.02

- efm. st a vacuum of 15 inches Hg 1s nc-

ceptable. Attach ithe probe and turn od the
probe hcating gystem. Adjust the probe
nheater setting during sampling to prevent
any visible condensatton. Plece crushed lce
around the Impingers. Add more ice during
the run to keep the temperature of the gases
loaving the last tmplnger 8t 70° F. oF less.

4.1.3 Train operation. For each run, re-
cord tho data required on the example sheet
shown in Figure 8-2. Take readings nt eoch
sampling point at jeast every 5 minutes and
when cignificant changes in stack conditions
pecessitate additional sdjustments io flow
sate. To begin samplivg. postilon the nozzle
at the first traverse point with the tip point-
ing directly Into the EAs stream. Start the
pump snd frinediotely ndjust the fiow 10O
Lisokinctic oonditions. Malintatn fsokinetic
sampling throughout the campling period.
Nomogmphs ero avnilable which eid In the
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Rom, Jerome J., Maintenance, Calibration,
and Opersation of Isokinetic Source Bam-
pUng Equipment, Environmental Protoction
Agency, Alr Pollution Control Office Publi-
cation No. APTD-0570. .
Bhell Development Co. Analytical Depart-
ment, Determination of Bulfur Dloxide and
Bulfur Trioxide In Stack Qases, Emeryville
Method Scries, 4516/060a. :

METHROD —VISUAL DETIRMINATION OF THE
©OPACITY OF L£MISSIONS TFROM ETATIONARY
SOURCES

3. Principle and applicabflity. .

1.1 Principle. The relative opacity of an
emission from & stationory source 1s de-
termiped visually by & qualificd obseTVer,

12 Applicabliity. This method 1s appli-
ecable for the determination of the relative
opacity of visible emissions frorn statioDsry
sources only when specificd by test proce-
dures for determining compliance with the
New Source Performance Standards.

2. Proccdure. .

2.1 The quslified observer stands at ap-
proximately two stack heights, but not more
than a quarter of & mile from the base of
the stack with the sun to his back. From &
wantage point perpendicular to the plume,
the observer studies the polnt of greatest
.opacity In the plume. The data required in

L 4

RULES AND REGULATIONS

.ngre ©-1 ia recorded every 1B to 30 seconds

to the ncarest 67 opacity. A minimum of 25
rendings s taken. L.
- 3, Qualificattons.

8.1 To certify as an observer, & candidate
must completo 8 smoXercading course con-
ducted by EPA, or equivaient; iIn ordtr to
certify the candldate must aesign opacity
readings in 6% jpcrements to 25 different
black plumes and 25 different white plumes,
with an error not to exceed 15 percent on
any one reading and an AvVerage error not to
exceed 7.5 percent in each cAtegory. The
pmoke generator used to qualify the ob-
servers must be equipped with & callbrated
smoke indicator or light transmission meter
jocated in the source stack if the smoke
generator 16 1O determine the ectual opnclty
of the cmissions. All quolified observera must
pass this test every g8 months in order to
remain certified.

4. Calculations.

4.1 Determine the average opacity.

b. References. .

Alr Pollution Control District Rules and
Regulnations, Los Angeles County Alr Pollu-
tion Control District, Chapter 2, Schedule 8,
Regulation 4, Prohibition, Rule 50, 17 p.

Kudiuk, Rudolf, Ringelmann Smoke Chart,
U.S. Department of Interior, Bureau of Mines,
Information Circular No. 8333, May 1967.
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APPENDIX E

LABORATORY REPORT
ANALYSIS BY WET CHEMISTRY

Run No. 1

—

Plant N.L. Industries, McCook, Illinois

Date February 9, 10, 1972

BACK HALF IMPINGER WATER RESIDUE

Aqueous, Oranic, Total,
Constituents ue 124 11434
50, 8,200 15,000 23,200
Ccl 70 < 30 100
NH4 : 3,200 < 100 3,300
N0, 1,700 < 100 1,800
pu(2) 3.5 2.4 ———
Total Residue Mass 13,300(b) 27,600 41,400

for which anions
and pH were determined

(a) values are pH units,
(b) Water blank subtracted.
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Plant N.L. Industries, McCook, Illinois

Date February 9, 10, 1972

ACETONE PROBE WASH RESIDUE

Constituent Rﬁ; 1, RE; 2, Rﬁg 3,
S0, < 500 < 500 < 500
Cl 260 520 400
N, < 100 <100 < 100
NO4 < 100 < 100 < 100
PH(a) 5.0 5.2 5.1
Total Residue Mass 3300 Hg 7100 Hg 9600 Wg

from which anions and
vH were determined(b)

(a) Values are pH units
(b) Acetone blank subtracted.

Note: < symbol indicates minimal detection limit.
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Plant N.L. Industries, McCook, Illinois

Date February 9, 10, 1972

BACK HALF LABORATORY REPORT
ANALYSIS BY ATOMIC ABSORPTION

Back Half Pb, ug Pb, ug
Run Impinger Water Residue Residue, ug Total Residue
1 Aqueous yegidue, bg
13,800(a§ 0.0376 520
Organic residue, Hg
37,600 i 0.0091 250

(a) Water blank subtracted.
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Plant N,L. Industries, McCook, Illinois

Date

February 9, 10, 1972
LTABORATORY REPORT
OPTICAL EMISSION SPECTROSCOPY TRACE METAL
(ug of element for total filter catch)
Filter Analysis
Element Run 1 Run 2 Run 3
Fe 100 100 60
Zn < 20 < 20 < 20
Pb(a) --- --- ---
Cu <2 < 2 <2
Se .- - -—-
Sn 40 30 40
Ti 2 <2 <2
v <2 <2 <2
Cr <2 <2 <2
Co é 6 : <6 <6
Ni <6 <6 <6
Mo <2 <2 <2
Ba - - -
As 60 60 40
Bi <6 <6 <6
cd 6 6 2
Sr 10 6 6
Be < 0,2 < 0,2 < 0.2
Hg < 60 < 60 < 60
Sb 60 60 40
Tot%é Catch, 9,700 8,800 7,000

(a) Pb determined by Atomic Absorption,
NOTE: Filter blank data not available.

< symbol indicates minimal detection limits.
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Plant N.L. Industries, McCook, I11linois

Date February 9, 10, 1972

LABORATORY REPORT
OPTICAL EMISSION SPECTROSCOPY TRACE METAL
(ug of element for total sample)

Impinger Water Residue

Probe Wash Residue Run 1 Water

Element Run 1 Run 2 Run 3 aqueous organic Blank

Be < 0.1 < 0.1 < 0.1 < 0.1 < 0.1

cd 5. 5. < 5. <5, < 5.

Ag < 10. < 10. < 10. < 10, < 10.

\Y < 1. < 1. < 1. < 1.

Mn < 1. < 1. < 1. < 1. < 1. 0.05

Ni 1. 1. 1. 3. 3.

Sb 100. 50. 10. 30.  10.

Cr < 1. < 1. < 1. 10. 10. 0.03

Zn < 10. 10. 10. 10. < 10. 0.1

Cu 1. 1.7 1. 1. L

Se(a) - R - -—- _——— -

B 1. < 1. 2. 10. < 1.

F(a) - - -—— - - -—

Li < 30. < 30. < 30. < 30. < 30.

Ag 0.3 0.3 0.1 0.3 0.5

Sn 10. 10, < 5. 10. 5.

Fe 30. 40, 40. 40, 50. 0.75

St < 5. < 5. < 5. < 5. < 5. 0.05

Na < 30. < 30. < 30. < 30. < 30.

K 10. 10. 10. 10. 10.

Ca 10. 10. 5. 10. 10. 0.2

Si 30. 30. 30, 100. 10. 0.15

Mg 3. 4, 4, 10. 10.

Ba 1. 1. 1. 1. 1.

Al 1, 3. 1. 1. 1.

Residue 3,300(b) 7,100(P) 9,600(b) 13,800(¢) 27,600(¢)

Weight,

(a) Not detectable by method used. Note: < symbol indicates

(b) Acetone blank subtracted.

minimal detection
limits.

(c) Water blank subtracted.
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3-in. digm
Filter

|

Low Temperature Ash
|/2 Filter

\

[
Continuous Acid Reflux gmi 19% HCL
32 ml 40% HNO3

\

1.0 End Volume 50 ml 1.0
aliquot aliquot
Lead by Trace Metals

Atomic Absorption

by
Optical Emission Spectroscopy




uot}diosqy
21WOolY

tonbt|D
jw Ol

2u0}39V ionbi|o

i
jw OG - PWNOA Pul jw Ol
sa|qn|osuy|

yd

UOI}ID3xT 9IQN|0S -BUOIBIY

PIoY DN %G OF BiINIP w—

pioy JLHN
p1ay T10H

—— ~asnern gt

12 EON YHN Y0S
jonbi|0 jonbijo jonbi|o jonbto
jw Ol jw Ol jw Ol jw Ol
onbilo
$30 | J3}0M
jw Ol jw OG- dWN|OA Pul
anpisay

— — a—

— —— a—

u014904ix3 d|qnj0S-JADM

anpisay wod} pajsanbal s!

uoidiosqy WOV Ao i

wvyovia MO1d SISATYNY 3NQIS3yd



e

[ LSRR

we

3

[0 acded s oy

T, g

1

oy

Y

ey ey

PP —

———r—

Plant N.L. Industries, McCook, Illinois

EXAMPLE DETERMINATION

FILTER, RUN 1

A - Initial Extract Volume per Split
Filter Sample, ml

B - Aliquot, ml

C - Dilution Factor

D - Absorption, Percent

E - Absorbance from Atomic Absorbance
Tables, Based on Percent Absorption

F - Lead, Wg/ml of Diluted Aliquot(a)

G - Lead, pg/Split Filter Sample

H - Lead, dg/Total Filter

Example Computation

CxAxF=2G
25 x 5.0 x 6.0 = 750

2xG=H
2 x 750 = 1500

5.0

1.0
25

18
.0862

6.0

750

1500

(a) Determined from calibration curve; based on 0.862

absorbance.
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CHEMICAL METHODS USED TO ANALYZE EPA RESIDUES

Discussion of Methods

The methods used for the chemical analysis of residues were
chosen because they represent reliable procedures used almost routinely
in our laboratory. Because of this no preliminary testing nor experimen-
tation were required before the analytical work was begun and results
could be obtained in the short time allowed. No claim is made that
these methods represent the best analytical scheme for this work if
measurements of less than 1 milligram is necessary. However, it is
capable of determining the occasional high sulfate found in some samples
without repeating the determination as would be necessary when using

some methods,

Preparation of EPA Residue Samples

(1) Obtain "water-soluble extract" by extracting
residue in beaker with warm water. Adjust
volume to 50 ml in a volumetric flask. Re-
maining materials are 'water insoluble" re-
sidues.

(2) Obtain "acetone-soluble extract' by extracting
yater insoluble" residue in beaker with acetone.
Remaining materials are ''acetone insoluble" re-
sidues. Police beaker thoroughly, making sure
that all material is removed, even though insoluble.
Adjust volume to 50 ml in a volumetric flask.

(3) Transfer 10 ml of the "sater-soluble extract' to
crucible for OES, Add 10 ml of the corresponding
"acetone-soluble extract" to the 10 ml of "water-
soluble extract", being sure to shake the flask
well before sampling to assure a representative
portion of suspended matter is included. Dry
combined extracts and proceed with OES.

(4) Remove 25 ml of the remainder of the acetone-soluble
extract", filter on Millipore filter, if necessary,
and transfer to tared aluminum dish. Dry down at
~100 C. Reweigh vessel and record weight as
"acetone-soluble". Multiply result by 2 to convert
to original sample.

BATTELLE — COLUMBUS
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(5) Proceed with chemical analysis of the 'water-
soluble extract" as follows:
40 ml water extract
A J ¥ —3
10 ml1 for 10 ml for 10 ml1 for 10 ml for
pH and SO, c1- NH4+ total nitrogen

(Devarda's method) (2)

(a) NOé' will be calculated from the difference between

total nitrogen and NHA*

Note: "Dry pipetting' (mo rinsing of pipette) must be

(6)

(7

practiced to conserve sample.

"yater Insoluble Residue' may be obtained in the
following manner, if needed., Wash the remaining
15 ml of acetone-soluble extract into the same
dish used in Step (&4). Dry down at ~100 C. Re-
weigh and record weight as ''water insoluble, acetone
soluble”. Multiply by 5/4 to convert to original
sample. (lf.a filtration step was included in
Step (4) weigh the filter pad, air dry after fil-
tration is complete, reweigh to obtain weight of
retained residue, and add to water insoluble,
acetone soluble" total before multiplying 5/4).

Wash the suspended matter remaining in the 50 ml
volumetric flask after acetone extraction into a
tared aluminum dish. Dry down at ~100 C. ~Reweigh
and record weight as "yater insoluble, acetone in-
soluble". Total 'water snsoluble"” may be obtained
by adding ''water insoluble, acetone insoluble" and
“sater insoluble, acetone jnsoluble" results.

Preparation of EPA Filter Samples

Filters may be prepared for chemical analysis as follows:

(1)

(2)

Remove 1/2 of the filter and carefully cut it up
snto small pieces. Place the pieces in 2 50-m1l
beaker, add 10 ml of deionized water, and stir
with a clean glass stirring rod. Allow to stand
an hour, stirring occasionally.

Measure the pH of the solution using the small
electrode assembly.

BATTELLE — coLumMmBUS
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(3)

(4)

(5)

E-12

Filter the slurry into a 50 ml volumetric flask.
Wash the retained filter material with small
increments of deionized water until the 50 ml

volume is reached.

Stop the volumetric flask, mix well, and pro-
ceed with the chemical determinations as de-
scribed for the residue samples.

Multiply all results by &4 to obtain the amounts
of SO, Cl, NHA’ and NO3 on the entire filter
circle.

Analysis for Sulfate (SOZ:Z(G)

(The 10 ml of water-soluble portion of the residue has been trans-

ferred to a 50-ml volumetric flask, diluted to the mark and mixed).

(a)

(1)

(2)

(3)

(4)

(5)

(6)

(7

Add 4 ml of 1:1 HC1 to the solution, heat to a boil,
and continue boiling for about 5 minutes.

Cool slightly and transfer to a 250-ml beaker, rinsing
out the 50-ml beaker well with deionized water.

Heat to near boiling temperatue, add 10 ml of 10 per-
cent BaCl, solution, stir well, and digest at near
boiling temperature for an hour.

Remove from the hot-plate and cool to room temperature.
Allow the solution to stand at room temperature at
least 2 hours - preferably overnight. ‘

Filter off the precipitated BaSO,, through a tight
filter paper (Whatman No. 42 or equivalent). Wash

the paper and precipitate with hot deionized water
until the washings are free of chloride.

Place the paper and precipitate in a crucible, dry
under a gas hot-plate, and then heat in a muffle
furnace for at least an hour at a temperature of
900 C.

Remove the crucibles from the muffle furnace, cool
in a desiccator, and weigh as BaSOy. Calculate SO,
by multiplying by the factor 0.4116, Multiply this
result by 5 to get total amount of SO, in the residue.

For residue analysis, this determination is made on the
10 ml aliquot used for pH measurement; Step (5)=-Preparation
of EPA Residue Samples.

For filter analysis, 10 ml of the 50 ml volume, Step (3)-
Preparation of EPA Filter Samples, is used for this determination.
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APPENDIX F

TEST LOG

February 7, 1972

February 8, 1972

February 9, 1972

February 10, 1972

February 11, 1972

Arrive on test site.
Construct shelter.

Set up equipment.

Make preliminary velocity traverse.
Drain water from duct.

Make preliminary §0, run.

Make two runs.

Make one run.
Pack equipment.

Ship equipment.
Return home.
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APPENDIX G

RELATED REPORTS

RESEARCH REPORT ON SECONDARY LEAD PLANT STACK EMISSION SAMPLING
AT N, L, INDUSTRIES PLANT, BEECH GROVE, INDIANA

RESEARCH REPORT ON SECONDARY LEAD PLANT STACK EMISSION SAMPLING
AT GENERAL BATTERY CORPORATION, READING, PENNSYLVANIA

RESEARCH REPORT ON SECONDARY LEAD PLANT STACK EMISSION SAMPLING
AT QUEMETCO LEAD COMPANY, INDUSTRY, CALIFORNIA

RESEARCH REPORT ON SECONDARY LEAD PIANT STACK EMISSION SAMPLING
AT REVERE SMELTING AND REFINING PLANT, NEWARK, NEW JERSEY
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APPENDIX H

PROJECT PARTICIPANTS AND TITLES

Technical Supervision

Richard B. Engdahl, Senior Project
Leader

Field Team
Paul R. Webb, Senior Technologist (Team L

Herbert E. Carlton, P.E., Research
Chemical Engineer

G. William Keigley, Senior Technician
William C. Baytos, Scientist

Harold G. Leonard; Senior Technician

Administrative Support

Richard E. Barrett, Senior Mechanical
Engineer

john M. Allen, Division Chief

Irene Whitener, Secretary

eader)
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COMPLETE OPERATIONAL SCHEDULE

Run No. 1 2 3

Date (1972) 2/9 2/9 2/10

Start Time 11:00 am 2:15 pm 9:20 am

End Time 1:30 pm 4:45 pm 11:50 am
Baghouse temperature, inlet, F 200 210 160
Baghouse draft, in. Hp0 9.9 8.8 9.3
Furnace, temperature, F 1825 1850 1700
Battery plates fed, scoops 36 36 39
Battery plates fed, 1b(2) 25,200 25,200 27,300
Oxides fed, scoops 1 1 1
Oxides fed, 1bs(a) (b) 700 700 700
Lead tapped, tomns 5.2 17.7 5.2
Lead tapped, tons/hr 2.1 7.1 2.1
Lead tapped, days average, ton/nr 2.4 2.4 2.4
Slag tapped, 1b 5,000 3,000 3,000
Slag tapped, 1b/hr 2,000 1,200 1,200
Slag tapped, days average, 1b/hr 1,550 1,550 1,550

(a) At 700 1b/scoop, based on N.L. Industries estimate.

(b) Not including baghouse dust fed by conveyor.
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OPERATIONAL NOTES

Plant N. L. Industries, McCook, Illinois

Date February 8, 1972

The furnace was started early Monday (2/7/72) and was operating normally
by 4:00 p.m. The baghouse cleans only gas from the reverberatory fur~
nace flue. About 2 inches of water in the ducton 2/7/72.

Slag cast in 1000 1b slabs

Slag tapped continuously

Lead tapped intermittently

Feed not measured; about 700 1b/load

Feed is battery plates or oxides from cyclones or ductwork
Feed opening 27 in. wide, 6 in. high

The number of loads fed to the furnace are counted.

Observations

Note: Battery plates were loaded steadily through all tests. Time of
feeding battery plates are listed separately at the end of
Observations.

2/9/72

8:30 am Sampling duct is dry
Cleaning out dust lines under cyclones
Not tapping slag
Slag mold is empty
Furnace exhaust temperature, 1600 F
Baghouse temperature (inlet), 160 F
Baghouse pressure (outlet), 9.3 in. Hz0

8:40 am Feed counter on 3
Chart on furnace temperature shows a low of 900 F while
cleaning ducts and a high of 1750 F.

9:08 Feed counter on 8
9:29 Tap 6.24 tons lead
9:35 Load oxides, counter on 11
10:23 Load oxides

Furnace temperature, 1650 F
10:20 Start tappingvslag
10:25 Load bxides

Baghouse temperature, 170 F
Pressure, 9.3 in. H30

10:30 Change slag pots
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10:58 am

11:11
11:20
12:06 pm
12:07
12:10
12:28
1:05
1:16
1:18
1:30
1:35
1:43
1:52

2:05-2:11
2:24
2:44
3:07
3:38-4:05
4:05
4:14-4:25
4:34

4245
5:05

2/10/72

8:00 am

8:40

J-2

Observations (Cont'd)

2/9/72 (Cont'd)

Change slag pots
Start particulate sampling

Tap 5.20 tons lead

Change slag pot

Change slag pot

Load oxides

Start tapping slag after stop at 12:04
Slag pot changed

Slag pot changed

Furnace, 1825 F

Slag pot changed, stop tapping slag
First particulate run end

Start tapping slag

Change slag pot, stop tapping slag

Start tapping‘slég
Furnace, 1740 F
Baghouse, 200 F, 9.9 in. Hy0 vacuum

Change slag pot

Change slag pots, stop tapping
Tap 10.58 tons lead

Start tapping slag

Change slag pots

Load oxides

Change slag pot

Tap 7.11 tons lead
Furnace, 1850 F

End of particulate Run 2

End observations

Slag pot 1/2 full

Furnace, 1800 F

Baghouse, 210 F, 8.8 in. draft.

Cleanout dust under cyclones. Operator reports this is done

once a day

Load oxides



J-3

Observations (Cont'd)

2/10/72 (Cont'd)

. 8:49 am Tap 4.16 tons lead
8:54 Furnace temperature, 1650 F

9:01 Furnace temperature, 1600 F
Baghouse temperature, 135 F
Baghouse pressure, 9.7 in. H30

9:20 Start tapping slag
Start particulate Run 3
9:49 Load oxides
9:52 Load oxides
9:55 Change slag pots
10:26-10:32 Change slag pot
10:32 Baghouse temperature, 160 F
Baghouse pressure, 9.3 in. H,0 draft
10:47 Tap 5.20 tons lead
11:12 Change slag pot, stop tapping until 11:48
11:32 Furnace temperature, 1700 F

Baghouse temperature, 175 F
Baghouse pressure, 8.1 in.

Outside temperature was subzero for all three tests.
11:50 End observations
34.3 tons lead tapped, 5:00 pm, 2/9/72

56.43 ton had been tapped betwen 8:00 am, 2/9/72 and
8:00 am, 2/10/72. 37,000 1b slag in same interval.

Battery plates fed into furnace:

2/9/72
(Cont'd) (Cont'd) (Cont'd) (Cont'd) (Cont'd) (Cont'd)
11:02 am 12:08 pm 2:15 pm 3:35 pm 4:34 pm  10:04 am

11:04 12:10 2:19 3:38 4:35 10:07 11:05

11:06 12:15 2:22 3:40 4:45 10:20 11:08

11:08 12:18 2:26 3:42 10:22 11:10

11:13 12:21 2:28 3:45 2/10/72  10:24 11:28

11:20 12:23 2:5C 3:47 9:26 am 10:27 11:31

11:25 12:37 2:51 3:49 9:130 10:29 11:32

11:28 12:40 2:53 3:53 9:33 10:30 11:34

11:32 12:49 2:57 4:08 9:45 10:31 11:36

11:36 1:11 2:59 4212 9:46 10:32 11:42

11:40 1:16 3:01 4:14 9:49 10:35 End particulate
11:43 1:18 3:03 4:15 9:52 10:38 run (11:50).
11:45 1:21 3:05 4:16 9:53 10:41

11:53 1:23 3:08 4:25 9:55 10:44

11:55 1:25 3:26 4:30 .57 10:47

11:57 1:26

w
(%)
(]
~
W
N

J0:01 10:48
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SUMMARY OF RESULTS

Run Number 1 2 3 Average
Date 2/9/72 2/9/72 2/10/72 ---
Test Time - Minutes 150 150 150 150
Lead Production - TPH 2.4 2.4 2,4 2.4
Stack Effluent
Flow rate - DSCFM 23,480 22,600 19,940 22,007
Flow rate - DSCF/ton 9,800 9,400 8,300 9,167
Temperature - °F 124 132 117 124
Water vapor - Vol. % 4,0 4,6 4,2 4.3
co, - Vol. % dry 2.4 2.5 2.0 2.3
0, - Vol. % dry 18.2 : 18.0 18.2 18.1
CO - Vol. % dry < 0.1 < 0.1 <0.1 < 0.1
CO - 1b/hr < 102 < 98 < 87 < 96
S0, - ppm dry 2,060 2,111 1,930 2,034
802 - 1b/hr L 480 473 381 445
Visible emissions - % opacity
Particulate Emissions
Probe and filter catch
gr /DSCF 0.0024 0.0033 0.0042 0,0033
gr/ACF 0.0021 0.0027 0.0036 0.0028
1b/hr Coo 0.4890 0.6350 0.7205 0.6148
_ 1b/ton lead 0.2038 0.2646 0.3002 0.2562
Total Catch :
gr/DSCF ' 0.0118 0,0131 0.0164 0.0138
gr /ACF 0.0100 0.0109 0.0140 0,0860
1b/hr 2,3737 2,5398 2,7950 2.5695
1b/ton lead 0.9890 1.0583 1.1646 1.071
Lead Emissions
Probe and filter catch
gr/DSCF 0.00034 0.00039 0.00041 0.00038
gr/ACF 0.00029 0.00033 0.00035 0.00032
1b/hr 0.0692 0,0763 0.0695 0,0717
1b/ton lead 0,0288 0.0318 0.0289 0,0298

Total Catch
Essentially the same as probe and filter.





