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II. INTRODUCTION

I3

Source emission tests are being performed on a series of electric

furnace installations, known as reactive metals or ferroalloys, for the

Office of Air Programs, Environmental Protection Agency. These survéys
include the determination of filterable and total particulate matter,
gulfur dioxide, particle size analyses and chemical analyses for a variety
of furnace formulations and control devices. The series of tests, con- |
tained in this report, were performed at the Union Carbide Corporation,

Ferroalloys Division, P. O. Box 299, Marietta, Ohio, 45750.

Emissions from thié particular plant were determined for a siiicof
manganese, 2% carbon grade furnace (No. 1). This unit was hooded, with
two parallel Venturi type scrubbers leading to a siﬁgle exhaust stack.

_ Two draft fans, located after each scrubber, forced the -scrubbed gases
into qie stack. The 8 foot diameter exhaust stack was provided with a
single 3-inch sample port, while the hori;ontally mounted, rectangular
inlet duct was sampled through five properly spaced ports for equal area

ssmpling.

In addition, two parallel tapping ;xhaﬁéts were tested. These exhaﬁst
gases involved no scrubbing device and the stacks were sampled through the
single port as provided. All sample locations are shown in Figure 1 on the
following page. Further detailed diagrams and descriptions are included in
Sections IV and V of this report (Process Description and Location of

Sampling Points).
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Within this survey period of July 27 to August S, 1971, three different
scrubber conditions were tested. Conditions A, B and C were set at scrubber

pressure drops of 57, 47, and 37 inches of water, respectively. Normal

scrubber operation employs the 57 inch setting.

Puring this particular survey particulate matter was sampled usiﬁg the
EPA train as described in Appendix E-1. Sulfur oxides were samfled using
the Shell Development method and integrated combustion gases were sampled
in a gas bag with analysis by standard Orsat. Particle size was measured
i{n situy with an Andersen Sampler and a Brink Sampler. The overall survey
included 26 particulate emission runs, 14 Orsat measurements, 11 sulfur
dioxide samples, 6 metal filters and 23 particle size distribution

anslyses.




I11. SUMMARY OF RESULTS

Shown below in Table 1 are the average results for each " n" and

"out" scrubber condition and the corresponding collection efficiencles.

Tablell

SUMMARY OF RESULTS AND SCRUBBER EFFICIENCY

. ! .
‘Stack Exhaust (Outlet) Inlet Duct
Scrubber Particulate Particulate SO02 Particulate Particulate Percent
Date(1971) Condition grains/SCF 1b/hr ppm  grains/SCF 1b/hr Efficiency

7{31-8/1 A,AP 0.0101 . 9.76 1. 1.25 1090 . 99.1
~ - = 57" H,0 : ' . -
. 8/1-8/2  B,AP . 0.0166 16.7 1. 2.05 1790 99,1
. = 47" HZO . . ‘
8/3-8/4 C,AP  ~ 0.0479 44.0 1. 1.53 1190 96.3
. - 37" Hzo . '

b

Tbé apparent efficiencies were the same for Condition A and Condition
B. However, note that the highest scrubber pressure drop, during Condition
A, was coupled with the lowest inlet particulate loading. Condition C
definitely indicated the lowest collection efficiency. During this
particular condition, both the scrubber pressure drop and the inlet

particulate loading were at very low levels.




Particulate and gaseous emission summaries for scrubber exhaust,
scrubber inlet and tapping exhaust locations are shown in Tables 2, 3,
and 4 on the following pages. Flue gas conditions are included and

percent particulate matter in the impinger train has been calculated.

' 80, emission levels were extremely low. Almost all individual
results were less than 1. ppm. Other similar processes have indicated
_“302 emission levels up to 20 ppm with no scrubbing devices (i.e., Foote
Mineral Comﬁany, Steubenville, Ohio). In this particular survey, there

was no indication of any trend with SO2 emission levels.

Gas temperatures and velocities during the exhaust sampling remaihed.
sﬁooth, aé expected for a location equipped with wet scrubber and con-
stant speed draft fans. However, sharp variations were noted at the‘
inlet duct, gspecially the wide variétion in temperature. It>is believéd
that these variations were inherent in the furnace design. Furthérmofe,

the inlét sampling location was unusually close to the furnace itself.

The east and west tapping exhaust stacks, provided with no scrubbing
devices, emitted average particulate levels of 19 and 48 pounds per hour,
respectively, but these are not continuous emissions. Normal emission

from the continuously operated scrubber is approximately 10 pounds per

hour.

Particle size of emissions (usually sub microns) are shown in Appendix J

and chemical analyses (quite variable) are shown in Appendix K.




TABLE 2

L4

SUMMARY OF RESULTS - SCRUBBER EXHAUST

™\

F Run Number M1E-1 mmz“ M1E-3 | M1E-4 |M1E-S | M1E-6
Date 72/21/71 |7/29/71 | 7/30/71 7/31/7 /3y -
Stack Flow Rate <« SCPM * dry 113,000 {112,200 | 122,100 | 116,800 { 110,200 -
% Water Vapor - % Vol. 18.5 15.4 12.9 15.8 17.2 -
%0y - Vol % dry 2.1 3.4 1.9 2.8 3.3 -
% 0, - Vol % dry . J19.2 18.3 18.6 |18.8 18.4 -
% Excess air @ sampling point 1110 . 723 729 917 757 -
S0, Emissions - ppm dry 0.158 [5.21 0 0.266 {0.302 -
NO, Emissions - ppm dry - - - - - | -
Particulates
Probe, Cyclo;lel & Filter Catch
gr/SCF* dry 0.0103 |0.00710 | 0.0107 | 0.00813 {0.00889 | -
gr/CF @ Stack Conditions 0.00728 |0.00520 | 0.60839 | 0.00594 {0.00684 | -
1bs./hr. 9.97  l6.83 .2 {814 [8.39 -
Particulate from Impinger

; Train (% of Total) 38, 35 13, 16. 15,

Total Catch 0.0166 [0.0110 | 0.0122 0.00967 |0.0105 -
gr /SCF * dry

gr /CF @ Stack Conditions 0.0117 "o.oosos 0.00956 | 0.00706 |0.00807 -
1bs. /hr. | 16.1 10.5 12.8 9.68 9.91 -

Stack Temperature 140 140 118 139 140 -

'\ % Dpiscarded

% Plant running at approximate one half-load.

K

* 70°P, 29.92" Hg




SUMMARY OF RESULTS

© TABLE 2

- SCRUBBER EXHAUST (CONTINUED)

f Run Number MIE-7 |MIE-8 | MIE-9 | MIE-10 | MIE-11 | MIE-12
Date 8/1/71 |8/2/71 | 8/2/71 | 8/3/71 | 8/3/71 | 8/4/71
Stack Flow Rate - SCFM * dry 118,106 115,000 { 121,100| 114,300 112,000} 103,200 ~
% Water Vapor - % Vol. 16.1 18.2 15.3 17.6 16.7 17.6

1% €0y - Vol % dry B EY 3.2 3.4 3.2 3.2 3.1
% 0, - Vol % dry Y . |86 18.6 18.5 18.8 18.6 18.7
% Excess air @ sampling point (827 845 815 964 845 890
S0, Emissions - ppm dry - lo.587 0.0340 | 0.737 - -
NOx Emissions - ppm dry - - - - - -
Particulatgs
Probe, Cyclone, & Filter ggsgh
gr/SCF* dry 0.0150 |0.0180 | 0.0114 | 0.0138 |1 0.0369 |0.0798
gr/CF @ Stack Conditions 0.0111 }0.0132 | 0.bos31| 0.0100 0.0270 |0.0576
lbs./hr. 15.2  |17.7 11.8 & 13.5 35.4 70.6

|Barticyase foom, Jreineer 12, 9. 13, |a. 17. 6.
Total Catch 0.0170 {0.0197 | 0.0131 |0.0144 |[0.0445 |0.0849
gr /SCF * dry
gr /CF @ Stack Conditions 0.0126 |0.0144 | 0.00955 {0.0104 |0.0326 |0.0613
1bs. /hr. | 17.2 19.4 13.6 14.1 42,7 75.1
Stack Temperature 135 127 134 130 133 132

.

* 70°F, 29.92" Hg

.




TABLE 3

SUMMARY OF RESULTS - SCRUBBER INLET

P Y S

Run Number M1D-4 M1D-5 MLD-6 M1D-7 M1D-8 MiD-9
Date 7/31/71 |7/31/71 | 8/1/71 |8/1/71 |8/2/71 | 8/2/71 _
Stack Flow Rate - SCFM * dry 104,500 {96,500 100,800 | 97,900 | 103,200 104,600
% Water Vapor - % Vol, 4.85 6.07 5.63 5.30 5.74 5.65 _
'/.7:02 - Vol % dry N/A N/A N/A | N/A N/A N/A
% 0, - Vol % dry . " " " " 0 " _
% Excess ai; (@ sampling point " " " " " "
802 Emissions - ppm dry ~ -
NO, Emissions - ppm dry \
Particulateé ’
Probe, Cyclone, & Filter Cétch
gr/SCF* dry 1.05 0.423 2.22 1.92 2.10 2.06
 gr/CF @ Stack Conditions 0.491 [0.182 | 1.02 |0.866 |0.942 |0.930
1bs. /hr. 940.4  |349.8 | 1o18. | 1611. |1857. | 1s4e.
Particulate fromYImpinger
1 Train (% of Total) 1. 9. 4, 1.5 1. 0.5
Total Catch
gr /SCF * dry 1.06 0.464 2.23 1,95 2,12 2.07 )
gr /CF @ Stack Conditions 0.496 0.200 1.02 0.879 0.951 0.934 )
1bs. /hr. | 949.3  |383.7 | 1926. | 1636. |1875. |1856.
‘Stack Temperature 599 674 607 631 633 629

* 70°F, 29.92" Hg
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SUMMARY OF RESULTS =- SCRUBBER INLET (CONTINUED)

TABLE 3

} Run Number M1D-10 |M1D-11 | MID-12
Date 8/3/11 |8/3/11 8/4/71
Sfack Flow Rate - SCFM * dry 91,000 |85,000 94,900
% Water Vapor - % Vol, | 4.61 8.9 4.8
% CO, - Vol % dry N/A N/A N/A
% 0, - Vol % dry . " " "

% Excess air @ sampling point " " "
802 Emissions - ppm dry

Nox Emissions - ppm dry

Particulates

Probe, Cyclone, & Filter Catch

gr/SCF* dry 0.965 }1.66 1.91

-gr/CF @ Stack Conditions 0.431 0.709 0.948
Lbs. /hr. 752.6  |1209. | 1553.
Particulate from Impinger

1 Train (% of Total) 1.7 1.8 0.5
 Total Catch
gr /SCF * dry 0.982 |1.69 1.92
gr /CF @ Stack Conditions 0.438 |0.722 0.953
1bs. /hr, 765.9 1231, 1562.
Stack Temperature 655 | 654 541

.

* 70°F, 29.92" Hg

11




SUMMARY OF RESULTS

TABLE 4

- TAPPING EXHAUST

 Run Number ETE-1 ETE~2 ETE-3 WTE-1 WTE-2 WTE-3
Date 8/s/71 |8/s/71 | 8/5/71 | 8/5/71 | 8/s/71 | 8/5/71
Stack Flow Rate - SCFM * dry 70,100 {70,000 | 69,700 | 64,250 | 61,800 | 64,700
% Water Vapor - % Vol. 4.95 4.12 3.74 3.11 3.32 2.72
% COy - Vol % dry - - - 0.2 0.1 0.1
% 05 - Vol % dry . - - 1- 21.2 20.9 21.2
% Excess air @ sampling point N/A N/A N/A N/A N/A N/A
802 Emissions - ppm dry - - 0833 p703 90361 -
No_ Emissions - ppm dry - - - - - -
Particulates
Probe, Cyclone, & Filter Catch
gr/SCF* dry D.0358 D. 0249 0.0284 0.128 0.0483 ‘0.0169
gr/CF @ Stack Conditions 0.0316 |0.0224 00258 | 0.114 0.0428 | 0.0153
lbs. /hr. 21.5 14.94 | 16.96 | 70.5 25.6 9.37
Particﬁlate from Impinger e

i Train (% of Total) 2, 10. 8. 20. 30. 48,
Total Catch 0.0366 (0.0275 0.031 0.160 0;0696 0.0329
gr /SCF * dry .
gr /CF @ Stack Conditions 0.0323* |0.0248 0.0282’2 0.1429 | 0.0616 | 0.0297
lbs. /hr. 22.0 16.5 18.5 88.2 36.9 18.25
‘Stack Temperature 107 100 97 111 115 107

*'7o°r, 29.92" Hg

12
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IV. PROCESS DESCRIPTION

Reactive metals are generally ferroalloys which are produced in
submerged.arc electric furnaces. The facility under consideration in
this report is an open furnace, with hooding and a scrubbing system to
reduce the emissipn of fumes and dust following collection. Figure 2
is a cross sectional view process flow diagram indicating the actual

furnace under test in this survey.

The electric arc is employed as a concentrated source ofAheat.

. Chrome, manganese and other ores are added ;§ the surface of the furnace
through mechanized equipment and chutes. Additional carbon in the form
of coké,'wood chips, etc., is an integral part of the furnace mix,

hlong with specialized fluxes, etc. The mix is Qdded directly to the
surface of the furnace through chutes and is then spread over the surface

with stoking machines.

The very high temperatures produced initi#te a reaction in the bottom
of the furnaces and form a layer of metal which is tapped at appropriate
times. As the ores and carbonaceous materials gradually settle to the
bottom of the furnace, the heat, in c&ﬁjunétion with a lack of oxygen,
react with the oxide ores in order to remove oxygen and thus produce the
elemental metal. Escaping gases, composed largely of carbon ﬁonoxide, are

burned at the surface of the furnace in the so~called open units.

13
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Furnace 1 is a 27 megawatt furnace producing a silico-manganese

product using Soderberg type electrodes, formed in place from a "paste",

rather than using prebaked carbon electrodes. Induced draft fans are
employed to pull fumes from various hoods into the exhaust systeu. Gases
and fumes from the normal furnace operation are passed through two
parallél venturi scrubber systems for cleaning, prior to discharge into
the'atmosphere. The collection of fumes around the furnace is almost

100 per cent effective during normal operatiom.

The.furnace is tapped at intervals of approximately one and a half
hours, depending upon the total power fed and thereby the amount of metal
vproduced. Metal and slag éour into ladles and fumes‘are drawn off, without
_collection devices, by hoods and two exhaust systems. ‘The slag is removed
from thevladlé and disposed ofvby various means. Molten product is poured

into molds, after which it is broken into usable sizes.

:ldditional furnace and scrubber process data is shcwn in Table 5 on

the following page.

B oot s S
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TABLE S

August 6, 1971

strip for actual dates)

GENERAL DATA MCA-EPA TESTS 1

1]

{

Furnace: ' Ro. 1 - Marietta, Ohio ;;
Product: . Silico-Manganese 2% Carbon Grade _ ‘B
Test Period: July 27 to August 5, 1971, (See recording i;
. ;2

Tap Time: ' See Strip Chart for Particulate Tests and Tapping Data
Sheet

 Estimated Weight of Raw

R s -

Materials Fed to Furnace : -

During Test: ] 25.5 Net Tons Per Hour H .

Composition of Raw Material: Manganese Ore and FeMn Slag, Coal and Coke, 3;
"Gravel and Dolomite, Misc., Remelt Material.

KW on Furnace During Test: 25 - 30,000 - See Strip Chart

Water Recirculated to Each .

Venturi (2) - GPM: . v 800 - 900 -

Make Up Water Each Venturi - ' . ‘s

GPM: - ’ 360 - .

Water Spray to Each Fan(2)-GPM: 40

Pressure DroP}Across Venturi - Three Tests Made each at Approximately ;

Inches of-H,y0: 57, 47%, 371" ;

Opacity at Stack after Moisture From None to a Trace

Plume Dissipates: : . A ;

AN R A S

ERS:rb

16

VA TN S TIPS W O N TR RS
o,



V. LOCATION OF SAMPLING POINTS

Sample port locations were insfalled by plant personnel prior to the
arrival of the test team, and approve& by the EPA project officer. There
were five sample ports across the top of the inlet duct to the scrubber.

As shown in Figure 3 the cross section of this duct was divided into four
one-foot layers, thus forming a 20 equal area profile. Particulate tests
were conducted for 3 minutes at the centroid of each area. A pulley-trolley
attachment, located approximately fifteen feet above the duct, provided

vertical access to each sampling point in the duct.

The single sample port at the exhaust‘stack was large enough to allow
two sampling trains to be run simultaneously. ‘The stack was eight feet in
diameter at the sample profile and was divided into nine equal areas, as
shown in Figure 4. Because the scaffolding was not long enough, points

"1 and 2 could not be reached by the probe.

There were two iderntical exhaust stacks for the tapping operation and
ssmple locations were placed on the fourth floor, inside the furnace
building. The stacks were five feet in diameter, and were divided into
five equal areas, as shown in Figure,5. Sampling trains rested on

scaffolding about six feet above the floor level.

17
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Vvi. PROCESS OPERATION

Practically all sampling was carried out while the process was running
normally. However, there were periods of furnace shut -downs or low process
loads. These special conditions were rapidly communicated to the sampling
team by either the EPA project engineer or.the testing crew leader, in

order to rapidly interrupt the sampling.

The furnace was down practically all day orn July 28, a short period
in'thé afternoon of July 29, and shortly before noon on July 31. Particulate

run M1E-2 was conducted during a half-load operation on July 30.

Appendix C tabulates the tapping data and indicateé the furnace load
during the sampling periods. There were some fluctuations in the furnace
load during testing, but these were considered to be within normal operating
" conditions. Normal operating levels were indicated when the furnace operated
betwéen 25 and 30 megawatté. Tapping was conducted as often as necessary,

depending upon the total power input to the furnace.

21
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VII. SAMPLING PROCEDURES

All test procedures were discussed with the Project Officer in
advance. They were essentially the same as those being issued by the

Fnvironmental Protection Agency for source sampling.

Preliminary velocity and temperature readings were obtained in order
to select nozzle sizes for isokinmetic sampling. Particulate sampling
was conducted using the EPA train as described in Appendix E-1. The

metals sampling train was essentially the same as the ordinary particulate

train, but it specifically called for a glass-lined probe.

Gas sampling was also conducted in accordance with the proposed
EPA Standard Source Testing Methods. Sulfur dioxide was sampled with

midget impingers using isopropyl alcohol and hydrogen peroxide solutions.

.Combustion gases were sampled in plastic bags for immediate analysis with

an Orsat analyzer.

Particle sizing was performed using the Andersen sampler and the

Brink impactor. Further information and details are included in Appendix J.

Speciai care was taken, not only to obtain all samples during normal
operating conditions, but for each particulate test to include one tap
cycle. Any deviation from the standard methods was either approved or

recommended by the EPA project engineer at the site.

22
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VIII. CLEANUP AND ANALYTICAL PROCEDURES

The gethods employed for cleanup of the EPA particulate train have
become relatively standardized through testing incinerators for
government approval. various sections of the sampling train were washed
with acetone and water. The filter was removed carefully and each
portion of the collected particulate matter was placed in separate
_containers. All portions were then dried at ambient conditions and the
water was extracted for organic material, as well as being evaporated

to dryness. These procedures are outlined in detail in Appendix E.2.

SO2 samples used simple means of cleanup;, using distilled deionized
water as a rinsing medium. The analytical procedure is somewhat more
4nvolved and details are outlined in Appendix E.2. Both cleanup and

analytical procedures were conducted in accordance with approved methods.

23




IX. DISCUSSION

A. RESULTS
Scrubber Efficiency

The efficiency of the venturi scrubber wés determined under three
conditions. Condition A employed a venturi pressure drop of 57 inches
of water; Condition B, 47 inches H20; Condition C, 37 inches H2°°
Coﬁdition A, with the greatest pressure drop, was only slightly more
efficient than Condition B, however, the inlet grain loading under the

former condition was the lowest obtained at any time during the survey.

As shown in Table 1 under the Summary of Results, the percent
efficiency at each successive condition was 99.1, 99.1; and 96.3.
Because of the difference‘in flue gas volume at standard conditions,
for the inlet and exhaust locations, the efficiencies were calculated

"on the basis of pounds per hour of total particulate matter.

During the 57" HZO pressure drop, extra exhaust samples were
obtained because the inlet duct sampling was plagued with major problems.
Because extra results were available for the exhaust emission under this
condition, some results were not included in the average. Run MLE-3 was
omitted because the plant was not running at full capacity. Runs M1E-1

and MIE-2 were not employed since they were not taken simultaneously with

the inlet samples.
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Scrubber Emissions

Total particulate concentrations leaving the scrubber exhaust stack
were approximately 0.010 grains per standard cubic foot under normal
operating conditions (A, at 57 inches pressure drop). When the venturi
pressure drbp was reduced to 47" Hzo, the average emission concentration
was 0.016 grains/SCF. At Condition C, with a pressure drop of 37" H20,
there was a noticeable change in the emission concentrations and these
averaged 0.048 grains/SCF. Although the exhaust grain'loading concen-
trations gradually increased with the decreased pressure drop across the
venturi, the inlet céncentrations neither followed this pattern nor did
they remain constant. Inlet grain loadings, respectively, were 1.25,
2.05 and 1.53 grains per standard cubic foot. Note that Condition A

achieved its efficiency with this low inlet grain loading.

Tapping Emissions

Samples were obtained from the two tapping exhaust stacks simul-
taneous{y. Although the two systems were parallel, and apparently
identical, the tap hole and ladle being filled were much closer to the
west system. Emissions from the unscrubbed stacks were greater than
those from the furnace gases that had been scrubbed in the venturi system.

Fmissions during the three taps sampled were not uniform either between

exhaust stacks or between one tap and the next.
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The first simultaneous tests were scheduled, and actually run, during
a period in which no tapping was conducted. Due to some sort of process
malfunction, the normal tap was omitted for that period of time. At the
advice of the EPA project officer the equipment was simply sesled (not
cleaned) and the following tapping cycle was sampled. Since no dust was
emitted there should be little question about the sampling trains being
clean for the second trial. However, the skipped cycle would have created
an unusual condition within the furnace, and this is believed to have
accounted for the unusual results obtained during the “first" tapping

samples.

Emissions from Run WIE-1 were much greater than the comparable East
sample or from any following West sample. Even during the following
sample (WIE-2) the emissions were still apparently above normal. By the
third set of samples emissions were similar in both exhaust ducts. It is
believed that the third set of samples are more nearly "normal".
Appare;tly when an unusual amount of fumes are produced the tendency is
for this material to be ventilated through the nearest exhaust system;
but when more normal quantities are produced at the ladle, the fumes have
a chance to become more evenly dispersed, and thereby be emitted more or

less equally from the two exhaust systems.
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Particulate vs. Total Catch

The ratio of particulate trapped by the impingers, versus the total
catch, was quite different for samples collected at different locationms,
or under different operating conditioms. With one exception, the inlet
duct samples contained less than 2 percent of the total catch as trapped
by the impingers. These results are similar to those obtained on emissions

from an uncontrolled reactive metals furnace.

The percentage of 'condensible" material at the exhaust stack was
considerably greater, and varied with the operation of the scrubber.
With a scrubber pressure drop of 57" HZO the condensibles ranged from
one third of the total to greater than 10 percent of the total. At the
47 inch pressure drop the percentage was just slightly over 10 percent,

and at the 37 inch pressure drop, was less than 10 percent soluble matter.

It is believed that the decreasing ratio of condensible méterial is
due to the carry-over of small water droplets from the sﬁrubber system.
The.water droplets would contain small amounts of soluble matter, and as
the pressure drop was reduced there would be less tendency for these

droplets to pass through the cyclonic collection chambers.

Fumes from the tapping operation have reason to be somewhat
different from the average material emitted from the top of the furnace,

but there are some very unusual results in regard to the solubility ratio

observed. Those samples from the east exhaust duct were less than 10
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percent soluble matter, yet the comparative samples {taken simul taneously) . r:

ranged from 20 to 50 percent soluble matter. In spite of the unusual ]

process conditions associated with the tapping cycle there appears to be

no logical explanation for the noted difference.

Flue Gas Conditions
Considering the normal variation in operating conditions, and
observing gas flow from the furnace, the flue gas volume was considered

to be relatively stable between equivalent test runs. There was a

" noticeable increase in flue gas volume, at the same standard conditionms,
between the inlet duct and exhaust stack locations. Although no physical
examination was conducted it seems certain that there are minor points
of air leakage. As the pressure drop was reduced across the venturi
scrubber there was a decrease in the flue gas volume. This was not
particularly noticeable at the exhaust stack location and did not become

apparent at the inlet location until the lowest pressure drop was being

evaluated.

Temperatures of the flue gas leaving the exhaust stack were rather
stable during any particular test. There was relatively little variation
during the entire survey, especially in light of the wild temperature

variations which were encountered at the inlet duct. Average temperatures

at the inlet duct were generally, and surprisingly, close together in most

cases. The temperature at any particular moment could range from individual
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readings between 400°F and 1300°% during operation which was considered to
be normal. Temperature changes of several hundred degrees could occur

within the space of 5 or 10 minutes.

Gaseous Emissions

With the exception of a single test, sulfur dioxide emissions were
less than 1 percent at all stack exhausts. There was no appreciable
difference between those SO2 concentrationsAbeing emitted from the tapping
stacks and thqse from the exhaust stack. It is doubtful that there was
much scrubbing of sulfur dioxide accomplished by the venturi system.
The .SOo rum, with its impinger train, corresponding to particulate

 test M1E-11, was accidentally dropped from the stack during a rainy

period.

. Carbon dioxide content from the tépping exhaust stacks was
‘essentially negligible. These concentrations were 8o low, and the
calcu}ation so inaccurate under those conditions, that the percent excess
air aétually indicated negative in some instances. Excess air from a
non-combustion process is simply not applicable. Carbon dioxide
concentrations at the scrubber exhaust stack were relatively constant,
although there seemed to be a decrease as the pressure drop across the
unit was decreased. This would imply ‘that either there was greater air

' leakage, or simply less furnace fumes being collected, as the pressure

drop was reduced.
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No carbon monoxide (CO) results are available. The infrared analyzer
had been calibrated at the laboratory before the survey was begun, however,
within ten minutes after having started operation in the field it failed
to indicate properly. After two weeks of repair it was discovered that
a completely new sensing unit was required ana the unit was sent out for

a major overhaul.

Particle Sizing

The particle size of material emitted from the exhaust stack is so
small that major differences are hard to determine. The mass median
diameter (MMD) ranged between approximately 0.2 microns and 0.6 micromns
in all tests. The MMD of material collected at the inlet duct varied

from about 0.6 microns to S, microns in diameter.

It must be remembered that the sample time at the inlet duct was
. only one or two minutes at a single point. It is quite unlikely that
any.;ingle value would represent a true average of the material being

emitted from the furnace.

Two simul taneously samples were obtained at each of the tapping &ucts.
During the first pair of tests the MMD ranged from 1.75 to 2.5 microns.
During the next set of tests the paréﬁcleAsize MMD was only 0.8 or 0.9
microns, indicating the variation that could occur between tapping cycles.

Each of these tests was obtained for a duration of 20 minutes and would

~ therefore be more representative of an average emission.
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Exhaust samples were obtained during periods ranging from 10 minutes
to 55 minutes. This time period was probably long enough for average
results. However, the average particle size was so extremely small, that

it was difficult to obtain wholly satisfactory results.

All of the above particle size results are explained in more
detail in Appendix J. A graphical representation of each sample is
. available in Sub-appendix J-1 along with details of the date, operating

condition and time sampled.

Chemical Analyses

Exhaust samples from the scrubber, and exhaust samples from tapping,

were analyzed by microscope, by qualitative electron beam X-ray micro buélysis

and atomic absorption. All samples had a problem dﬁe to the very small
quantities of material available for analysis. Dﬁe to the intermixing of
the glass fiber in the filter with particulate matter imbedded in that
filter, it was not possible to analyze for silicon. All samples obtained
for.these chemical analyses were obtained through all-glass pyrex probes.
Details concerning the specific elements and quantities obtained are

found in Appendix J.
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B. OPERATING CONDITIONS
Venturi Scrubber

As far as can be determined there were no problems with the operation
of.the scrubber during this test survey. Whenever observed, the pressure
drop instruments were holding -steady at the proper AP for that series

of tests.

Furpace 1

According to the megawatt chart, as shown in Appendix C, operating
conditions of the furnace were fairly uniform. Furnace power was
normally kept between 25 and 30 megawatts, with little fluctuation
except for periods of down-time. Unfortunately, the periods of down-time,
although low on an overall 24 -hour basis, were very disruptive to the test
program. Inlet and exhaust samples No. 2 and 4 were interrupted by
plant shut-down; but where previous sampling had been satisfactory, these
- were continued until completion of the Sample after restarting the furnace.
There were several other periods in which sampling was delayed due to
proce;s shut-down. Every particulate saﬁple was timed into the ordinary
operating schedule, in order to include one tapping cycle during the

middie of the sample period.
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c. ‘TEST CONDITIONS
Inlet Duct
There was no other feasible location for sampling the inlet duct,

but this was a very poor location in nearly every respect. The duct work
_was obstructed by a series of I-beams about four feet above the top of
the duct. Theré was little or no straight flow of gases prior to the
sample point and very little straight flow following the sample location.
The horizontal duct led to immediate stratification of the heavy particles,

and created a very difficult sampling situation with the EPA train in the

vertical position. In addition the location was dangerously hot, very

dusty, and poorly lighted.

Due to a misunderstanding, between the presurvey date and the time
of the test survey, many weeks later, the trolley rail was mounted too
1ow for satisfactory handling of the EPA train. A bad pulley simply
added to the problems, along with the tendency for filters to become
clogged within minutes. Nearly four days were eventually required,
including furnace down-time, before all equipment had been properly
gituated and the above problems had been solved. Meanwhile an ASME
type alundum thimble was tried without success, along with other

suggestions.
'y

Until the trolley line was lifted to its proper position, a nev

pulley with multiple leverage was purchased, and a smaller size nozzle
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was employed for the EPA train, no satisfactory samples were obtained.

After the above corrections were completed, two inlet tests were conducted

each day according to schedule, in spite of several plant operating

delays.

QOutlet Duct

The vertical exhaust stack, with long straight flow before and after

‘the sampling location, should have provided good representative sampling.

A newly constructed, temporary platform was satisfactory‘except that it
was about one foot short, and therefore the first two positions inside
the stack could not be reached with the long ten foot probe. The No. 3
position was sampled longer to represent the missed area. There was a
problem in that only a single port was available for sampling, and this

port was required for particulate samples, for metals samples, and for

.802 sampling, as well as for particle size sampling. Only two probes

would fit into the hole.

The platform was covered but there were several days of rain during
the test survey, and there was a severe problem with electrical shocks
and safety on this platform. A telephone system conngcted the exhaust
stack location to the inlet location so that there were no problems of

*

communication whenever troubles arose.




B it

‘two parallel systems, the SO

Tapping Stacks

Both tapping exhaust locations had excellent platforms located
inside the building where rain was not a problem. The fine particles,
and vertical flow, increased the pggsibilitj of representative sampling.
Only a single hole was available at each stack but, because there were
sample could be obtained from one stack

2
while the metals sample was obtained from the opposite stack.

Power Problems

Individual circuits were not available for testing equipment at
this plant location. At the inlet duct there were power problems only
on the first day or two when many simultaneous sgmples‘for particulate
and particle size, etc., were combined. Subsequent to that time, all
particle sizing was conducted when particulate matter samples were

completed. No metals or gaseous samples were collected from that

‘location.

The exhaust location ha& particulate, sulfur dioxide, metals and
carbon dioxide sampling, to be conducted simultaneously and offered
almost continuous problems. It was impossiblé to continue tests with
the original power source, therefore, a second line was provided.
However, at various times throughout the survey there were electrical
failures that would delay sampling, especially during the rainy periods.

There was a severe electrical safety problem during these rainy periods.
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Filter Plugging

As was experienced during some samples at the Foote Mineral Company,
|
in Steubenville, Ohio, there was a severe problem of plugging and vacuum !3
buildup in the éample train because of the accumulation of fine
particulate matter on the glass fiber filters. (Larger, four inch i
filter holders were ordered but were not available at this time).

Although several solutions were suggested, the ultimate cure for the

. r‘rﬁ‘“ ) -

problem was to employ a small size nozzle ( 3/16 inch ) so that less
overall sample was obtained. Additional filter holders were prepared

in advancé, and these were changed whenever the pressure drop became too
great for the maintenance of isokinetic conditions. By having pre -prepared
filters, and placing them in the heated box for warmup, it was possible to .
continue sampling rapidly enough so that each testrwas completed before

another tapping cycle would have forced shut-down of the train.

" Particle Sizing

Analyses for the distribution of particle size were conducted with
the Brink Cascade Impactor. These'tests were conducted at both inlet
and exhaust locafions, as well as at both tapping exhausts. There were
many éelays due to the lack of sufficient power, and due to the lack of
sufficient sample ports for simultaneous sampling with other tests. As
discussed in'Appendix J, there were problems of high temperature ét the
inlet duct and problems of high moisture content at the exhaust stack.
The need for high temperature heating tapes at the exhaust stack simply
increased problems of power failure and made it absolutely impossible for

simultaneous tests to be conducted. ' -
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Tapping Samples
Appendix D includes raw data for samples ETE-1A and WIE-1lA. These

samples correspond to the expected particulate samples at both east and

west tapping exhausts. As previously mentioned these were false runs

because there was no tapping, as had been expected.

Each particulate test at the west tapping exhaust was accompanied
with an Orsat analysis. Due to the rush, and short periods of tapping,
no analyses were performed for the east exhaust.4 The west results were
certainly satisfactory for any calculation of gas density, and as has
been discussed, the Orsat results jndicate that all analyses weré

unnecessary.

Miscellaneous Problems

Sul fur dioxide and metals runs were conducted only at the exhaust

_stack. These were obtained simultaneously with each particulate test,

.but they alternated with each other because of the lack of platform

space and sample port size. Samples were alternated such that there was

one 802 and one metals test conducted under each scrubber condition.

The metals test corresponding to particulate test M1E-12 was repeated,

after the filter was ruined by condensed moisture. Apparently the heated

[

probe was not in operation and this allowed condensation to reach the

filter.
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Inlet samples MID-1, -2, -3, were unsatisfactory due to.the previously
mentioned sampling problems. Samples for scrubber Condition A (57 H20)
were begun with the inlet duct on sample No. 4. However, additional
samples had already been satisfactorily obtained at the exhaust location.
Sample MIE-6 from the exhaust stack, however, had to be discarded after
there was an electrical short and rheostat failure in the middle of that
run. With other satisfactory samples available, it was not considered

necessary to repeat this test.

No preliminary moisture sample was conducted at the inlet duct
after the sample train was destroyed due to unusually high heat on the
duct. An estimate of only one or two percent was employed but results
indicated that a greater moisture content was normally present. The
measured moisture contents were greater than would be expected under
the operating conditions of a furnace, but they were repeated in several

successive samples. It is possible that part of this moisture was

i genefated by the water leaks which were prevalent around the furnace,

and also, both in and around the exhaust duct.
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SUMMARY OF RESULTS - SCRUBBER EXHAUST

 Run Number g1 b2z T {me-s  |me-s |me-s
Date 7/27/71 |7/29/71 | 7/30/71 | 7/31/71 [7/31/71
Stack Flow Rate - SCFM * dry 113,000 {112,200 | 122,100} 116,800 | 110,200
% Water Vapor - % Vol. 18.5 15.4 12.9 15.8 17.2
% €O, - Vol % dry 2.1 3.4 1.9 |28 [3.3
% 0, - Vol % dry - 19.2 18.3 18.6 18.8 18:4
% Excess air @ sampling point 1110 723 729 917 757
S0, Emissions - ppm dry 0.158 |5.21 0 0.266 |0.302
NO, Emissions - ppm dry - - - - - {
Particulates
Probe, Cyclo;e, & Filter Catch
gr/SCF* dry 0.0103 }0.00710 | 0.0107 { 0.00813 | 0.00889
gr/CF @ Stack Conditions 0.00728 {0.00520 0.ﬁ08§9 0.00594 | 0.00684
1bs. /hr. 9.97 6.83 11.2 58;14 8.39
Pérticulate from Impinger ) SR
i Train (% of Total) 38, 35 13.. 16, 15,
Total Catch 0.0166 |0.0110 0.0122 | 0.00967 |0.0105
gr /SCF * dry
gr /CF @ Stack Conditions 0.0117 |0.00805 | 0.00956 0.00706 |0.00807
1bs. /hr. 16.1 10.5 12.8 9.68 9.91
Stack Temperature 140 140 118 139 140
Q * Discarded :
: ** Plant runn#ng at approximate one half-load. l
*§7o°r, 29.92" Mg
. A-1
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SUMMARY OF RESULTS

= SCRUBBER EXHAUST (CONTINUED)

|

} Run Number M1E-7 |M1E-8 MIE-9 | MLE-10 | M1E-11 }1115-12;,1
Date 8/1/71 |8/2/m | sr2rmy | sr3mn | ssamn | sraim '
Stack Flow Rate - SCRM * dry 118,100 |115,000 | 121,100| 114,300 | 112,000 103,200
% Water Vapor - % Vol. 16.1 18.2 15.3 17.6 16.7 17.6 !
% €O, - Vol % dry 3.0 3.2 3.4 3.2 3.2 3.1 !
% 0, - Vol % dry . |18.6 18.6 18.5 18.8 18.6 18.7 i
.'/. Excess air @ sampling point 827 845 815 964 845 ‘890 !
50, Emissions - ppm dry - 0.587 | 0.0340 |0.737 | - -
NOx Emissions - ppm dry - - - - - - l
Particulates l—
Probe, Cyclone, & Filter Catch }‘
gr/SCF* dry 0.0150 }0.0180 | 0.0114 | 0.0138 |0.0369 |0.0798 :
gr/CF @ Stack Conditions 0.0111 {0.0132 | 0.b0831 | 0.0100 0,0270 }0.0576 |
1bs./hr. 15.2 17.7 11.8 13.5 35.4 70.6 f_
Brred B o b | e |o. e ¢
Total Catch 0.0170 [0.0197 | 0.0131 | 0.0144 [0.0445 |0.0849
gr /SCF * dry |
gr /CF @ Stack Conditions 0.0126 |0.0144 | 0.00955 | 0.0104 |0.0326 |0.0613
1bs. /hr. 17.2 .. |19.4 13.6 14.1 42,7 75.1
Stack Temperature 135 127 134 130 133 132
;
§!70°F, 29.92" Hg
A-2
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REPORT NO. OF
| . ) souace TESTIhG CALCULATION FORMS
. Test. No. A E ) . No. Runs
Name of Fimm " Union Carbide .
.Location of Piam_; " Marietta, Ohio *
~ Type'of Plant Ferro A-llgy - -
T “Control Equipment  Scrubber - §,e;mr{l}yp;- T
: Sampling Point Locations _Scrubber Exhaust Stack )
l;ollt;tants Sampled -Partim{léte -
.. Time of Particulate Test: o _ - L .
‘Run No._ MIE-1 Date_ 7/27/71 ___ Begin__1840 - _ “End_2112
Run N;. MLE-2 Date_ 7/29/71 ' Begfn 1035 End__i“_S_’;!.:
- Run No._ MIE-3 - Date__7/30/71 Begin__1815 " £nd 1940
© MIE-4 © - L L7/31/71 © 7 1034 1252
TUMIE-5 . 743171 . - 1545 . 1713/
o " PARTICULATE EMISSION DATA
r_Run No. M1E-1|MIE-2 kﬂE-3 MLE-4 MlE-S.MlE%'
» Pb barometric pressure, "Hg Absolute 2935 25.5 29.5 |29.5 |29.5 " —l’
) | Pa orifice pressure drop, "H,0 2,03 |2.03 {2.20 |2.04 |2.05 '
Yo Vgg:&“ftf’:nsdryfgag sampled @ meter 58.6163.60 usa.os 76.15[70.31]- i
Tm Average Gas Meter Temperature, OF ) 184 84 92 95 106 t
Vg g Vgg:é“fh":nf’"yffag Sampled @ Standard - f56.6 |61.4 -l61.10 |70.1065.15 .
v Total HZO collected, ml., Impingers 1269, l234. ligo.9 | 276.5]285. :
& Silical Gel. : . N
"gas 'F0.3 6 Standard Contitionse - 128 11.1.49.05 113.1 {13.5 : ‘

"% -Piscarded

— e nm

- - e &

' * 70°F, 29.92" Hg.
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REPORT NO._ PAGE____ OF PAGES
. ] SOURCE TESTING cm.cumnou FORHS .
. Test. No. | No. Runs
Name of Firm
.Location of Plant_ )
Type of Plant ' ) - -
Co;i.tt;;)'lﬂéqﬁipment : T . e o -
Sampling Point Locations 4
Pollutants Sampled_- |
‘ |
L Tlme of Partlcu‘late Test: L 1
.4-,-» . ‘- T e, w * 1]
.Run No. MIE-7 Date 8/1/71 Begin___ 1540 -End_1655
Run No. MIE-8 Date  '8/2/71 " Begin___ 0945 End 1115 |
". Run No. MLE-9 Date  8/2/71 Begin 1805 " Eng 2000 |
‘MIE-10 -« . 8/3/11 : 1010 1140
T ~MlE-11 - .8/3/71 1400 1530 ,
MIE-12".° - 8/4171 1115 1245
S PARTICULATE EM'SSION DATA ‘
_Run No. . . . . M1E-7 [MLE- 8L1E 9 | M1E10 Mla-nimn-f
'Pb barometric pressure, "Hg Absolute 29.7 |29.7 29.7 |29.6 |29.6 12955
- p_ orifice pressure drop, -HZD 2.1§ 2.02 2.01 }2.,10 |2.0 1.7
| ¥, volume of dry gas sampled @ meter 68.9967.96 {70.95 | 68.72/67.79 [62.3¢
conditions, ft.3 - . o
T, Average Gas Met;gr Temperature, ° 7 huo |07 fioe 91 99 90
Vm Volume of Dry Gas Sampled @ Standard - .
std. ednditions, ft.3 64.0 163.40)66.25 165.75{63.60 }59.3C
'} Total HZO collected, n’l., Impingers .
& Silical Gel. 259.21298.2 |253.2 P95.4 |260.7 {268.2
v"- Volume of Water Vapor'Collected ) l. l _
gas ft.3 @ Standard Conditions* - 12.3-|14.1:-|12.0 |14.0 |12.7 i12.7
——— e ! ) -

'.* 700F. 29.92" Hg. —» -.?.-_".:'..
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PARTICULATE EMISSION DATA (CONT'D)

Run No. MiE-1 |MiE-2 |ME-3 |MIE-4 MIE-5 MIE-6
1M % Moisture in the stack gas by 18.5 " 15.4 12.9 15.8 17.2
" volume
Mg - Mole fraction of dry gas lo.s15 lo.su6  |o.871  lo.8s2  |o.828
% €03 2.1 3.4 1.9 2.8 3.3
% 02 19.2 18.3 18.6 18.8 18.4
% Ny . 78.7 78.3 79.5 78.4 78.3
M Wy - Molecular weight of dry 29.07 |20.15 |29.04 |29.20 |29.28
. stack gas
M W - Molecular weight of stack gas 27.04 27.42 27.62 27.44 27.35
A Ps - Velocity Head of stack gas, 0.71 0.66 0.72 0.72 0.66
In.H20 .
Tg - Stack Temperature, °F 140 140 118 139 140
1A, X(T, + 460) 20.6 |19.9 |20.4 |20.8  [19.9
Pg - Stack Pressure,”Hg.Absolute 29.38 | 29.38 29.38 29.38 29.39
Vs - 2§:§§t¥§i:fi;§m? stack 3180. |3050. |3105. |3185.  [3055.
As - sf?°k hrea, in.? 7235, | 7235,  |7235. |7235. 7235,
Qs - :tzggaﬁgsczzijﬁiofs’ *SCEFM 13,000 |112,200 |122,100 {116,800 {110,200
Tt - Net Time of Test, min. 80 - | 80 80 95 90
D, - Sampling Nozzle Diameter,in. 0.25 0.25 0.25 0.25 0;25
%I - Percent isokinetic 96. 96. 96. 98. 104.
wf - Particulate - probe,cyclone 38:6 28.3 42.5 37.0 37.6
and filter, mg.
my - Particulate - total, mg 61.0 43.9 48.3 44.0 44.3
Gam iﬁﬁtiiYiiﬁf ;rgggge’CYCIone’ 0.0103 p.00710 |0.0107 {0.00813 {0.00889
Cao - Particulate - total, gr/SCF b.0166 Pp.0110 |0.0122 }0.00967 {0.0105
Cat - Particulate - probe,cyclone, | go728 P.00520 |0.00839 |0.00594 [0.00684

and filter,
gr/cf @ stack conditions
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PARTICULATE EMISSION DATA (CONT'D)

I - A

A-6

Run No. M1E-7 M1E-8 M1E-9 | M1E-10 | M1E-11 | MlE-12
: m"“::i:z“ in the stack gas by [0, hg, |15.3  f7.6 16.7 |17.6 B
Mg - Mole fraction of dry gas 0.839 lo.s18 [0.847  |o.824 0.833 |0.824
% CO2 3.0 3.2 3.4 3.2 3.2 3.1
% 0; 18.6 18.6 18.5 18.8 18.6 18.7
% Ny 78.4 78.2 78.1 78.0 78.2 8.2 ¢
M Wq - Molecular weight of dry , i
" stack gas 29.22 |29.29  [29.32  [29.23 29.26 |[29.14
M W - Molecular weight of stack gas 127,45 [27.23 27.56 27.22 27.43 27.17
A Ps - Velocity Head of stack gas,
In.H,0 _ 0.73 0.72 0.76 0.71 0.67 0.58
Tg =~ Stack Temperature, °F 135 127 134 h 30 133 132 .:
Yar, x(1s + 460) 20.8 20.55  |21.2 20.42 19.9 18.5
Pg - Stack Pressure,"Hg.Absolute 29.6 29.6 . 129.6 29.49 29.47 29.38
Vg - Stack Velocity @ stack 3180. 3140. 3230. 3120. 3040. 2845.
conditions, fpm
Ag - Stack Area, in.2 7235.  |7235.  |7235. 7235. 7235. | 7235. )
Qs -,-Stack Gas Volume @
Standard Conditions, *SCFM 118,100 {115,000 }121,100 {114,300 |112,000 {103,200
Tt - Net Time of Test, min. 90 90 90 90 90 90
D, - Sempling Nozzle Diameter,in.  [0.25 0.25 0.25 0.25 0.25 0.25
%1 - Percent isokinetic 95. 96. 95. ‘|98. 99, 99,
wf - Particulate - probe,cyclone 62.4 74.3 49.2 58.8 152.4 | 307.0
and filter, mg.
we - Particulate - total, mg 70.9 81.3 56.2 61.6 184.1 | 326.9
Can - ::ztégfizzf ;r7§g;e'°y°1°“e’ 0.0150 [0.0180 }0.0114 0.0138 |o0.0369 P.0798
Cao - Particulate - total, g;/SCF 0.0170 }0.0197 |0.0131 {0.0144 0.0445 p.0849
Cat - Particﬁlate - ptbbe,cyclone,.
and filter, 0.0111 [0.0132 [0.00831 [0.0100 |0.0270 }0.0576 .
gr/cf @ stack conditions :
i



o . N - « " . -
- . .

PARTICULATE

Run lio.

Coy - Particulate, total, gr/cf
@ stack cond.

Particulate, probe, cyclone, ~

C
aW  and filter, 1b/hr.

Cax

Particulate - total, 1b/hr.

% EA - ¢ Excess air @

* : -
70°F. 28.92" Hg. -

=

" EMISSION DATA (cont'd)

0.00706J0. (0807

~n1

-~ - sampling point - ““_;;__T__,_-_;.
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PARTICULATE EMISSION DATA (cont'd)

Run ldo. ) S MIE-7{MIE-8 lmE-g MIE-10 Mlﬁ-nlmn—lz

C.. - Particulate, total, gr/cT : '
D.0126[0.014 [0.0055 |0.0104p. 0326 0.0613

a4 @ stack cond. -

Caw ‘_‘;ﬁg""}%“tgﬁf',g}'ﬁfi?' cyclone,. 15.2{17.7 11,8 |13.5]35.4 |70.6
C,y - Particulate - total, 1b/hr. - - | 17.219.4 f13.6 | 14.1 |42.7 751
XEN-FEeessalr @0 o fe e | e e Jees. o

. - - - -

*70°F. 29.92" Hg.
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SUMMARY OF RESULTS

- SCRUBBER INLET

-~
R
|
|
i
|

' Run Number M1D-4 M1D-5 M1D-6 | M1D-7 M1D-8 hMlD-9 B3
Date 7/31/71 |7/31/71 | 8/1/71 |8/1/71 |8/2/71 |8/2/71
Stack Flow Rate - SCFM * dry 104,500 |96,500 100,800 | 97,900 | 103,200 | 104,6G0
% Water Vapor - % Vol. 4.85 6.07 5.63 5.30 5.74 5.65 |
% CO, - Vol % dry N/A N/A N/A N/A N/A N/A T
% 0, - Vol % dry . " " " " -0 " -
% Excess air (@ sampling point " " " " " "

802 Emissions - ppm dry

NOx Emissions - ppm dry

Particulates -
Probe, Cydlone, & Filter Catch ?
gr/SCF* dry 1.05 0.423 2,22 1.92 2,10 2.06
gr/CF @ Stack Conditions 0.491 0.182 1.02 | 0.866 0.942 | 0.930
1bs./hr. 940.4 349.8 1918. 1611, 1857. 1846.
Particulate from Impinger - . |
Train (% of Total) 1. 9. 4, 1.5 1. 0.5
Total Catch

gr /SCF * dry 1.06 0.464 2.23 1.95 2,12 2.07

gr /CF @ Stack Conditious 0.496 0.200 1,02 0.879 0.951 0.934 i
1bs. /hr. 949.3 [383.7 | 1926. | 1636. |1875. |18s6.
'Stack Temperature 599 674 607 631 633 629

* 70°F, 29.92" Mg
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SUMMARY OF RESULTS - SCRUBBER INLET (CONTINUED)

} Run Number M1D-10 {MLD-11 |} M1D-12
Date 8/3/71 |8/3/71 8/4/71
Stack Flow Rate - SCFM * dry 91,C60 85,000 94,900
% Water Vapor - % Vol. 14.61 8.9 4.8
% CO, - Vol % dry N/A N/A N/A
% 05 - Vol % dry . " " "

% Excess air @ sampling point " " "
802 Emissions - ppm dry

NOX Emissions - ppm dry

Particulates

Probe, Cyclone, & Filter Catch

gr/SCF* dry 0.965 |1.66 1.91
gr/CF @ Stack Conditions 0.431 l0.709 | 0.%48
lbs. /hr. 752.6 1209. 1553,
Particulate from Impinger

] Train (% of Total) 1.7 1.8 0.5
Total Catch
gr /SCF * dry 0.982 |1.69 1.92
gr /CF @ Stack Conditions 0.438 0.722 0.953
1bs. /hr. 765.9 1231, 1562.
Stack Temperature 655 654 541

* 70°F, 29.92" Mg

A-10




PAGES

t * 70°FD 29.92" Hg. - ?-'.:'.".-

REPORT NO. PAGE  OF |
' . " SOURCE TESTING CALCULATION FORMS : ‘,
. m— e = v i
e e e b e Sie mmm e s St T T . |
. Test. No. i . " No. Runs___9
Name of Firm " Union Carbide T ' . P
_Location of Plant _ Marietta, Ohio ) i.
e — ]
Iype’of Plant . Ferro Alloy . .-
"Control Equ1pment Scrubber : R ‘
’ T
Samp’hng Point Locations Inlet duct to sctubber’ -
Po'nutants Sampled -Particulate ) ] |
. Time of Particulate Test: ' _ _ |
Run No._ MLD-4 . Date 7/31/71 Begin 1030 “End 1257
Run No. MID-5 ~ Date 7/31/71 " Begin 1500 End 1626 -
Run No._ MID-6 Date_ 8/1/71 Begin 1100 " End 1267
- MIp-7 . - - - . .8/1/N : 1525 . 1700
T~ MiD-8. . . . . 8/2/71 0945 1115
. MID-9.° T .- ' 8/2/71 . 1810 1929
C . . PARTICULATE EMISSION DATA
| Run No. M1D-4 [M1D-5 PM1D-6 | w1D-7[b1D-8 pu1p-9 -
Pb barometric pressure, "Hg Absolute 29.5 |29.5 29.5 |29.7 |29.7 2_9—;
P, Orifice pressure drop, "H)0 0.40 f0.31 fo.42 Jo.41 {0.38 [0.37
V, volume of dry gas sampled @ meter 21.66|19.72 [21.54 |20.02]20.0520.96
conditions, ft.3 . '
Tm Average Gas Met.gr Temperatures, 3 ) 90 90 90 98 94 9 ]
v Volume of Dry Gas Sampled @ Standard .
Mg c‘dnditions, 1.3 20.6 {18.7 -{20.4 }18.9 [19.05 19.85i
v Total Hzo collected, n'l., Impingers 122.2 |25.5 |25.7 |22.5 |24.6 l25.2
& Silical Gel. : ) : ;
vw Volume of Water Vapor Collected . 1. i i
gas ft.3 @ Standard Conditions* - 1.05-{1.21-1.22 |1.06 |1.16 31-19 H
Joo ] S
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REPORT NO. 'PAGE_____OF PAGES B
| ' L SOURCE 'n-:snr\e cm.cuumm FORMS |
. Test. HNo. . No. Runs
Name of Firm - '
.Location of Plant_
Type of Plant ‘ ) - ,\
. -Coﬁri-tr;;)l“E.q.u'ipment - - - 1
‘ |
Sampling Point Locations |
- Pollutants Sampled - ' _i*
i
. Time of Particulate Test: . . | !
_Run No. Mip-10 - Date 8/3/71 Begin 1006 End 1122
Run No._ MID-11 Date  8/3/71 " Begin 1400 End 1527
" Run No.  MID-12 Date 8/4/71 Begin ' 1048 - End 1212 .
PARTICULATE EMISSION DATA
_Run No. _ MlD—lolmD-uMID-IZ
Pb barometric pressure, "Hg Absolute 29.6 |29.6 29.5 o S
p_ orifice pressure drop, "H20 0.31 }0.27 |0.31
V_ volume of dry gas sampled @ meter
m Conditions, ft.3 . 20.65/17.93(18.02 |
Tm Average Gas Met_er Temperature, O 91 92 86
v Volume of Dry Gas Samp]ec}' @ Standard - .
M td. conditions, ft.3 19.65117.0°117.23
V. Total H,0 collected, ml., Impingers 1 20.0 |34.9 |18.6
& Silical Gel. - .
/ Volume of Water Vapor Collected ) | :
Woas ft.3 @ Standard Conditions* - 0.92 1’616"'0'8_7 : '
* % 720°F, 29.92" Hg. - ev.. e '
ce® . . - . PO A-lz
L




- PARTICULATE EMISSION DATA (CONT'D)

Run No.

-

MLD-4 [M1D-5 |MLD-6 [M1p-7 |[MiD-8 |M1p-9
| %M % Moisture in the stack gas by A :
volume 4.85 6.07 5.63 5.30 5.74 5.65
Mg - Mole fraction of dry gas 0.952 |0.939 [0.944 |0.947 [0.942 |0.944
% €Oy - - - - - -
% 0, - - . - - -
% N, - - - - - -
M Wy - Molecular weight of dry .
stack gas 29.14 [29.23 [29.18 |29.22 |29.26 |29.24
M W - Molecular weight of stack gas |{28.36 [28.50 ]28.71 [28.65 {28.63 |28.61
APs - Velocity Head of stack gas, 0.53 0.50 0.50 0.58 0.55 0.56
In.H20 .
Tg - Stack Temperature, °F 599 674 607 631 633 629
1D Ps x(1, + 460) 23.62  |23.79 |23.1 25.15  |24.6 24.7
Ps - Stack Pressure,”Hg.Absolute 29.42  }29.42 29,42 [29.42 |29.42 |29.42
Vs - Stack Velocity @ stack 3580 3590 3500 3460 3700 3710
conditions, fpm
Ag - Stack Area, in.2 8976 8976 8976 8976 8976 8976
Qs - Stack Gas Volume @
Standard Conditions, *SCFM 104,500 | 96,500 | 100,800 [ 97,900 {103,200 |104,600
Tt - Net Time of Test, min. 60 60 60 60 |60 60
Dp - Sampling Nozzle Diameter,in. 0.187 0.187 0.187 0.187 0.187 0.187
%I - Percent isokinetic 112 * {110 115 112 95 108
nf - ::§t§§;1::f ;8?r°be’°y°1°“e 1404.4 | 514.6 | 2942.6 |2362.4 |2597.6 |2654.9
we - Particulate - total, mg 1416.3 | 563.3 | 2954.9 |2394.4 |2628.9 |[2667.9
Can - Particulate - probe,cyclone,
and filter, gr/SCF 1.05 0.423 | 2,22 1.92 2.10 2.06
Cao - Particulate - total, gr/SCF 1.06 0.464 | 2.23 1.95 2,12 2.07
Cat - Particﬁlate - probé;cyclone, 0.491 0.182 1;02 0.866 0.942 0.930

and filter,
gr/cf @ stack conditions
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PARTICULATE EMISSION DATA (CONT'D)

gr/cf @ stack conditions

Run No. MiD-10 |M1D-11 |M1D-12
|2 % Moisture in the stack gas by 1
volume 4.61 8.9 4.8
Mg - Mole fraction of dry gas 0.954 |o0.911  }0.952
% COy - - -
% 0y - - -
% Ng - - -
M Wy - Molecular weight of dry
stack gas 29,23 29.18 29.18
M W - Molecular weight of stack gas 28.73 28.18 28.61
A Ps - Velocity Head of stack gas,
In.Hy0 : 0.43 0.40 0.42
Tg = Stack Temperature, °F 655 654 541
VArg X(Tg + 460) 21.9 21.1 20.5
Pg - Stack Pressure,"Hg.Absolute 29.50 29.51 29.5
Vg - Stack Velocity @ stack 3260 3180 3060
conditions, fpm
Ag - Stack Area, in.2 8976 8976 8976
Qg - Stack Gas Volume @ 91,000 |85,000 |94,900
. Standard Conditions, *SCFM
Tt - Net Time of Test, min. 60 60 60
Dy - Sampling Nozzle Diameter,in. 0.187 0.187 0.187
%1 - Percent isokinetic 122 114 103
w¢ - Particulate - probe,cyclone 1231.0 1836.2 |2141.7
and filter, mg. '
my - Particulate - total, mg 1252.5 |1862.8 |2149.6
Cgn - Particulate - probe,cyclone,
end filter, gr/SCF 0.965 1.66 1.91
Cao - Particulate - total, gr/SCF 0.982 {1.69 1.92
Cat - Particﬁlate - probe,cyclone,
and filter, 0.431 0.709 0.948
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PARTICULATE EMISSION DATA (cont'd)

Run Hlo. - S MLD-4 M1D-5 | M1D-6[MLD-7 [uLD-8 H1D-9
Cw - Particulate, total, gr/cf L. . '
@ stack cond. .7 J0.496 jo.200 {1702 |0.879 0.951 |0.934.
Caw - Pari:iculate, probe, cyclone, ,
and filter, 1b/hr. . 940.4 | 349.8{ 1918.}1611. {1857, | 1846.
Cox - Particulate - total, 16/hr. - - Jo49.3| 383.71926.{1636. [1875. |1856.
T % EA - 2 Excess air @ !
C e . samp]ing pg]'nt e e e e N/A HZA N/A. | N/A | N/AL N/A
* i - : = = - -
70°F. 29.92" Hg. .

[
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PARTICULATE EMISSION DATA (cont'd)

Run lo. oo oL MID-14M1D-11 M1D42

C - Particulete, total, gr/cf

@ @ stack cond. 0.438 J0.722 P.353

C_ - Particulate, probe, cyclone,

a¥  and filter, 1b/hr. o 752.6 {1209. | 1553.

cax - Paftiéﬁ]ate - total, 1b/hr. - - 4765.9 1 1231.] 1562.

% EA' - ¥ Excess air @ - . ‘ .
-- - sampling point B N/A_{ N/A I WAL e

*90°F. 29.92" Hg.
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SUMMARY OF RESULTS - TAPPING EXHAUST T3

' Run Number ETE-1 ETE-2 ETE-3 WIE-1 WIE-2 | WIE-3
Date 8/5/71 |8/5/71 8/5/71 | 8/5/71 | 8/5/71 | 8/5/71
Stack Flow Rate - SCFM * dry 70,100 |70,000 69,700 | 64,250 | 61,800 | 64,700

% Water Vapor - % Vol. 4,95 4.12 3.74 3.11 3.32 2,72 |-
% CO, - Vol % dry - - - 0.2 0.1 0.1 )
% 0, - Vol % dry . - - - 21.2 20.9 21.2

% Excess air @ sampling point N/A N/A N/A N/A N/A " N/A

802 Emissions - ppm dry - - 0833 D.703 0361 -

NOx Emissions - ppm dry - - - - - - :
Particulates

Probe, Cyclone, & Filter Catch _

gr/SCF* dry - D.0358  .0249 0.0284 0.128 0.0483 | 0.0169
zr/C? @ Stack Conditions 0.0316 |[0.0226 | 070258 | 0.114 0.0428 | 0.0153 -
lbs./hr. 21.5 14,94 16.96 | 70.5 25.6 9.37

Particulate from Impinger . _

Train (% of Total) 2, 10. 8. 20. 30. 48,

Total Catch 0.0366 [0.0275 | 0.031 | 0.160 |0.0696 |0.0329

gr /SCF * dry .

gr /CF @ Stack Conditions 0.0323 |0.0248 0.0282 . 0.1429 | 0.0616 }0.0297
1bs. /hr. 22,0 16.5 18.5 88.2 36.9 18.25

Stack Temperature 107 100 97 111 115 107

; - :
*!7o°r, 29.92" Hg A-17




REPORT NO. I,

"PAGE.

OF PAGES
o SOURCE TESTH\G "ALCULATIO’! FORMS ‘.
. Test. No. S _. ) o . Ro. Runs 6
Name of Fimm Union Carbide = .
.Location of Plant_ Narietta' Ohio
- Type'of'Pl ént Ferro All.oy - Reactive Metals --
”Co;\:tr;bi.E‘q.uAip'ment . Sc‘ru'b_b‘e’;-.- - : - - - =
Samph’ng Point Locations East. and West 'rappmg Exhausts
Po'l]utants Sampled .- Particulate, S0, S ' _
. '!’me of Parucu]ate Test: ‘ _ . — . o _
‘Run No. ETE-1  WTE-1 Date 8/5/71 8-/5}71 Begir; 1136 © 1130 - End1207 1207
Run N;. ETE-2 WTE-2 Daté 8/5/71 8/5/11 Beg{n 1430 1430 End1501 1500
- Run No. ETE-3 WTE-3  Date 8/5/71 8/5/71  Begin 1602 1604 ‘.End1632 1634
" PARTICULATE EMISSION DATA
Run No. ETE-1{ETE-2]|ETE-3 WTE-1 | WTE-2}WIE-3
Pb barometric pressure, "Hg Absolute 29.7 |29.7 29.7 29-.-7— 29.7 Ej}
._'.)m orifice pressure drop, “HZD ) 1.76 |1.76 |1.74 | 1.34 | 1.26 §1.33
\Im volume of dry gas sampled @ meter . . . 1.
conditions, ft.3 30.19] 22.65}21.89 [22.77 | 17.91}18.63
Tm Average Gas Meter Temperature, Of ) 104 |96 97 106 |97 101
Vm' Volume of Dry Gas Sampled @ Standard )
std. cond1t1ons, ft.3 28.22121.48}20.74 121.22 | 16.96}17.52
vy Total H20 collected, ml., Impingers
& Silical Gel. 31.0 }19.5 |17.0 |[L4.4 12.3 .10.4
\IW Volume of Water Vapor. Cpﬂected . ]. . !
gas ft.3 @ Standard Conditions* - 1.4710.92410.806 0.682 | 0.583:0.493
B ] - —

' % 7200F, 29.92" Hg. - =7
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PARTICULATE EMISSION DATA (CONT'D)

Run No. ETE-1 ETE-2 ETE-3 WIE-1 WTE-2 WTE-3
© | %M -% Moisture in the stack gas by
’ volume 4.95‘ (4.12 3.74 3.11 3.32 2.72
Md - Mole fraction of dry gas 0.950 0.959 0.963 0.969 0.967 0.973
% CO2 - - - 0.2 0.1 0.1
% 0, - - - l21.0 20.8 21.1
% Nz - - - 78.8 79.1 78.8
M Wy - Molecular weight of dry 28.9 28.85 | 28.86 |28.88 28.85 | 28.86
stack gas
M W - Molecular weight of stack gas 28.34 28.41 28.46 28.54 28.49 28.57
A Ps - Velocity Head of stack gas, 1.28 1.24 1.22 1.05 0.98 1.05
In.ﬂzo . '
Tg = Stack Temperature, °F 107 100 97 111 115 107
Vorg x(1g + 460) 27.0 |26.4 |26.1 |24.5 23.8 | 26.4
Pg - Stack Pressure,'"Hg.Absolute 29.7 29.7 29.7 29.7 29.7 29.7
Vg - Stack Velocity @ stack 4052 3962 3905 3666 3561 3650
conditions, fpm
Ag - Stack Area, in.? 2826 2826 2826 2826 2826 2826
Qg - Stack Gas Volume @
Standard Conditions, *SCFM 70,100 | 70,000 | 69,700 64,250 61,800 | 64,700
Tt - Net Time of Test, min. 37 31 30 37 30 30
Dy - Sampling Nozzle Diameter, in. 0.187 0.187 0.187 0.187 0.187 0.187
%1 - Percent isokinetic 119 106 107 97.7 98.3 98.6
mg - Particulate - probe,cyclone 65.6 34.7 38.2 176.9 53.2 19.2
and filter, mg. '
mg - Particulate - total, mg 67.2 38.4 41.8 . 220.5 76.7 37.4
Can - Particulate - probe,cyclone,
and filter, gr/SCF 0.0358 | 0.0249 | 0.0284 | 0.128 0.0483| 0.0169
Cao - Particulate - total, gr/SCF 0.0366 | 0.0275 | 0.031 0.160 0.0696| 0.0329
Cat - Particﬁlate - probe,cyclone,
and filter, » 0.0316 | 0.0224 | 0.0258 | 0.114 0.0428) 0.0153
gr/cf @ stack conditions

A-19
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PARTICULATE EMISSION DATA (cont'd)

Run ha. | T S ETE-1 [ETE-2 ETE-3 |[WTE-1|WTE-2 ‘,rfz-B
C,, - Particulate, total, gr/cf L. . _ ' |
@ stack cond. \ -7 10.0323p.0248 {0.0282/0.1429|0.06160.0297 T3
Cow = Particulate, pf'obe, cyclone, '
and filter, 1b/hr. - 21.5 | 14.94{16.96{70.5 [25.6 [9.37
— z
C,, - Particulate - total, W/hr. - - J22.0]16.5 |18.5 {88.2 P6.9 .25 '
% EA - % Excess air @ ‘ _
N U samp]ing point . _..._-_____._.._-.._'___. N/A,. N.[A N/A. NZA N/A |N/A -
* ; - — R——
70°F. 29.92" Hg. . -
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EXAMPLE PARTICULATE CALCULATIONS
ETE-1 .
1. Voiume30f dry gas saupled at standard conditions - 70°F, 29.32"
Hg, ft~.
17.7 X v G’ + P )
m{ B m 3
v|Il = 13.6 = Ft.”
std ('1‘m + 460)
_ : 1,76
(17.7)(30.19)(29.7 + 13.6 )
564
= 28.22

2. Volume of water vapor at 70°F and 29.92" Hg, Ft.3

v = 0.0474 XV = ft.3
w w

gas

- ®(0.0474)(31.0)
= 1.47

3. % moisture in stack gas

100 x v

wgas =% *
7'M'vm + v,
std gas

(100)(1.47)
28.22 + 1.47

= 4095

A-21
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4.

5.

7.

Mole fraction of dry gas

M o 100 - %M
d 100

100 - 4.95
= =100 = 0.950

~ Average molecular weight of dry stack gas

28
de- (zcozx mo)+ (7.0 X 100)+ (7.N xloo
= (0.2)( 100) + (21. 0)(100 ) + (78. 8)(1_66 = 28.9

For this calculation, data from WIE-1 was used, as an
Orsat analysis was not taken for ETE-1.

Molecular weight of stack gas
MW=MW d X Md +18 (1 - Md)
= (28.9)( .950) + 18(1 - .950)
= 28.34
Stack velocity @ stack coﬁditions, fpm 1/2
4
v, = 4350 x\/c.ps X (T «+ 460) PXHW 3 = fpm

1 1/2
= (4350)(27.0) [(29.7)(28.34)] .
= 4052
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8. Stack gas volume @ standard conditions, SCFM

0 - 0123 XV, XA XM, XB ooy
s (T8 + 460)

(0.123)(4052) (2826)(0.950)(29.7)

567

= 70,100

9. Percent isokinetic

JO32 X (T+460) XV _

%I —2 %,
X (D)

V. XT XP XM
8 t s

d

(1032)(567) (30.19)
= (4052)(37)(29.7)(.950)(0.0351)

= 119

10. Particulate - probe, cyclone, and filter, gr/SCF

Mg

caﬁ = 0.0154 X = gr/scf

vlll
std

. (0.0154)(65.6)

28.22
= 0.0358

11. Particulate total, gr/SCF
Mt

C,, = 0-015 X .= gr/SCF

v

Bstd

(0.0154)(67.2)

28.22

= 0.0366

A-23
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12,

13.

14.

15.

Particulate - probe, cyclone and filter,
gr/CF at stack conditions

17.7 x can X Ps XM
Coc =TT, G0y " EE/CF

(17.7)(0.0358)(29.7)(.950)
567

= 0.0316

Particulate - total, gr/CF @ stack conditions

17.7X¢C_X P, XM,
Cau = (x_+ 460y - er/eF

(17.7)(0.0366)(29.7)(.950}
567

= 0.0323
Particulate - probe, cyclone and filter, lb/hr.

caw = 0.09857 X Can X Qs = 1b/hr.
= (0.00857)(0.0358)(70,100)

= 21.5
Particulate - total, 1b/hr.

an = 0.00857 X cao X Qs = 1b/hr.

= (0.00857)(0.0366)(70,100)

= 2200 -

A-24
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16. % excess air at sampling point

100 X % O2
(0.266 X % Nz)'z 02

% EA

100)(19.2
(0.266)(78.7) - 19.2

= 1110

For this calculation, data from MIE-l was used as % Excess

air at sampling point is not applicable for the tapping
exhausts. . .

- A-25




APPENDIX B

COMPLETE GASEOUS RESULTS WITH EXAMPLE CALCULATIONS



o

' S0, EMISSION DATA
Run No. . 1-E 2-E | 3-E | 4-E |5-E
Date . 7/27/1{7/29/m|7/3071 |7/31/ 1157 /31 /7
2. | mgso, ST e I I 0 .{0.19 |o0.19
- 0 N i —f
Tm - Average Gas Meter Temperature, F, 75 68 66 77 88
.- - 4 1]
- Pb - Barometric Pr.essure, Hg abs. 429.5 - | 29.5 29.51 29.5 |29.5
V_ - Yolume of dry ggs sampled @ meter :
M conditions, ft. 31.64 | 6.98 {10.38 | 11.00 | 9.62
- ppm SO . . :
PP 5% 0.158 1 5.21 ! 0 .266 |o0.302
Vacuum . ST ©5.0 . 2.9 . 3.4 3,77 3.0
Vstd -~ Volune of sampled gas converted - L S P
to standard conditions - 257 6.21 . 9.14 9.3 8.24
et -017332-4(-41@9-502-)(-{1'&-#460)- | : 5 i
- ._...P..p-m. -:_-. : - _ Not used because the meter wes
-502 . . under vacuum. L
'P'b _x_v_ ., . . — . . '. .. . -
- : . Do e : ST
= . ’ L. S . :’-
verd - = (y ><f§°>< mory R .
1-F _ 29,92 -
' 530 29.5-5.0
Vstd = (31 6.10-)( 535 ). ( 29 92 ) = 25 7
. ppm so - ( Vstdz D) ( 13.1) =
1-E . : . T
: - go.31)(13.1) - -
ppa SO, 25.7 0-138
. -~
——— LT TR B-1

-



R -"75025 EMISSION DATA
Run R H
D ko. 8-E 9-E"- 10-E
Date . 8/2 8/2 | 8/3 j
mg SO ' h - E
9% moem e o = =essese 16028 10406010419 - |
i : : 0 ) T |
Tm Average Gas Heter Temperature, F' 29 81 68 T
P, - Barometric Pr.essure. Hg abs. 29.7. | 29.7 29.6 2
V_~ Volume of dry 935 seampled @ meter : 3}\‘
° Ppm ‘502 ’ - 90587 0n0340 0-737
Vacuim o 2.4 1.2 -0 2.3 -
Vstd - Volume 6F sampléd gas converted o A _ . .
o ... - to standard conditions - . 625 .23.1 .3.38 _ '
e T L 0.7332 X mg S0, X (T + 460) .
-~ ppm _-5.02 = - - -
- . .'?.- Pb. x vm - e, )
. . . ,"'(. q}
B-2




[N | A |

oy

[

| S0-. EMIESICH DATA |
2 i '

Run Ko. WIE-1 [WwTE-2 [ETE-3
Datt_a . . - (1971) 8/5 8/5 8/5
mg SO, e e, 290 Jo.060..b.060
T, - Average Gas Meter Temperafure, °F 75 179 | 75
P, - Barometric Pr.essure. "Hg abs. 29.6. | 20.6 | 29.6
V_ - Volume of dry ggs sanpled @ meter :

conditions, ft. 13.95 [ 2.45 | 1.0

- ppm SO, " 703 | 0.361 {0.833

Vacuum © 2.5 2.5 ._4'_1.1

'Vs.t:d _. Volume of .dry gas conv'ertégl
to standard cqndition‘s

3,54 2.18° 0.944 -

et .7 0.7332 X'ng S0, X (T + 460) ?

- .p'pm. SOZ =

T Py XY



Test Number

MlE-

]
W 0.~ O & W

— am‘
o1
-
N = O

| _ WIE- 1
-2

ORSAT RESULTS

Date

7/2711
7/29/N

©7/30/71

7/31/71
7/31/71
Discarded
8/1/71
8/2/71
8/2/71
8/3/71
8/3/71
8/4/71

8/5/71
8/5/71
8/5/71

3.1

0.2
0.1
0.1

% _CO

Negligible

”
L1
”

Negligible

Negligible

e



APPENDIX C -

COMPLETE OPERATION RESULTS WITH EXAMPLE CALCULATIONS




TAP DATA - NO, 1 FURNACE - MARIETTA, OHIO

*d

- M.J._.r

(NS R NG AN

YN SRT. W NI RV R SV )

shift Date  Time
8/4 7/27 8:50
8/4 7/27 10:15
/4 7127 11:45
8/4 7127 1:10
s/4 7727 2:45
8/4 7127 3:55
4112 7/27 5:30
4/12 7/27 6:55
4/12 7/27 8:25
4/12 7/27 9:45
4/12 7/27 11:10
12/8 7/28 12:35
12/8 7/28 2:10
12/8 7/28 3:40
12/8 7/28 5:15
12/8 7/28 6:45
4712 7/28 4:00
4/12 7/28 5:30
4/12 7/28 -7:10
4112 7/28 8:35
4/12 7/28 10:05
4/12 7/28 1130
12/8 7/29 © 1:00
12/8 7/29 2:25
12/8 7/29 3:55
12/8 7/29 5:15
12/8 7/29 6:45
8/4 77129 8:10
8/4 7/29 9:30
8/4 7/29 11:10
8/4 77129 12:50
8/4 7/29 2:10
4/12 7/29 4:30
4/12 7/29 6:00
4712 7/29 7:30
4/12 7/29 8:50
4/12 7/29 10:20
12/8 7/30 3:00
12/8 7/30 - 5:45
12/8 7/30 7:25
8/4 7/30 5:00
8/4 7/30 7:25
8/4 7/30 0:15
8/4 7/30 10:40
8/4 7/30 12:20
8/4 7730 1:40

Tap _

No. Shift Date Time

207 8/4 7/30 3:15
208 4/12 7/30 4:50
207  &4/12 7/30 6:20
210 4712 7/30 7:45
211 8/4 7/31 9:20
212 8/4 7/31 10:45
213 8/4 7731 1:00
214 8/4 7/31 2:20
215 8/4 7/31 3:50
216 4/12 7/31 5:20
217 4/12 7/31 7:00
218 4/12 7/31 B:25
219  4/12 7/31 10:00
220 4/12 7/31 11:25
221 12/8 8/1 1:25
222 12/8 8/1 2:20
223  12/8 8/1 5:00
224 12/8 8/1 . 7:10
225 8/4 8/1 10:50
226 8/4 8/1 " 11:35
227 8/4  8/1 1:05
228 8/4 8/1 . 2:35
229 4/12 8/1 4:10
230 &4/12 8/1 5:45
231 4/12 8/1 7:05
232 4/12 8/1 9:05
233 4/12 8/1 10:35
234 12/8 8/2 1:10
235 12/8 8/2 3:10
236 12/8 8/2 &4:40
237 12/8 8/2 6:10
238 12/8 8/2 7:40
239 8/4 8/2 9:10
240 8/4 8/2 11:00
241 4/12 8/2 5:35
242  4/12  8/2 7:05
243 4]/12 8/2 8:40
254 4712 8/2 10:05
245 4/12 8/2 11:40
246 12/8 8/3 1:10
247 12/8 8/3 2:40
248 12/8 8/3 4:10
249 -12/8  8/3 5:45

250 12/8 8/3 7:10

Tap
No. shift NDate Time
251 8/4 8/3 8:45
252 8/4 8/3 10:15
253 8/4 8/3 11:45
254 8/4 8/3 1:20
255 8/4 8/3 2:55
256 4/12 8/3 4:30
257 4/12 8/3 6:00
258 4/12 8/3 7:25
259 &4/12 8/3 11:00
260 12/8 8/4 12:35
261 12/8 8/4 2:15
262 12/8 8/4 3:25
263 12/8 B/4 5:15
264 12/8 B/4 6:40
265 8/4 8/4 8:15
266 8/4 8/4 9:35
267 8/4 8/4 11:30
268 8/4 8/4 1:00
269 8/4 8/4 2:45
270 4/12 8/4 §4:45
271 4/12 B/4 6:35
272  4/12 8/4 8:05
273 4/12 8/4 9:50
274 4/12 8/4 11:20
275 12/8 8/5 1:00
276 12/8 8/5 2:25
277 12/8 8/5 4:05
278 12/8 8/5 5:40
279 12/8 8/5 7:15
280 8/4 8/5 8:40
281 8/4 8/5 10:00
282 8/4 8/5 11:34
283 8/4 8/5 1:10
284 8/4 8/5 2:30
285 - 8/4 8/5 3:55
286 4/12 8/5 S:15
(287 4/12 8/5 7:10
288 4/12 8/5 8:55
289 4/12 8/5 10:05
290 4/12 8/5 11:30
291 12/8 8/6 1:30
292 12/8 8/6 3:10
293 12/8 8/6 4:40
294 12/8 8/6 6:15
295 12/8 8/6 7:40

12-8 Shift starts at 12:01 a.m.

on the Date Indicated

)
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APPENDIX D

FIELD DATA
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MIE - Moisture Calculation ~  7/27/71

1. Isokinetic Sampling (Dry Gas) (cfm)

2 .
Ry " 33xTmx V, x d” x Ps ¢+ BRm (corrected) = Rm x HMc
. Ts Pb - Pm .

-

Estimated .Value:

-----o.--—-------------------b-----.

Calculated Value:

)

2., Water Vapor Volume (cu. ft,)-

Vv = .00267 x VX Tm 00267 x 30 x 535 . 1.83
: - Bp - Py _ 23,5 -

3. Condensate Correction for ieter Rate

Mg = Vo, .
Vm'l‘vv '

4, Moisture in Metered Gas (cu, ft.)

M= _ _V.P. xVn .739 x 10.56 . .33
Pp - Py —23.5

5. Percent Moisture (%) Stack Gas

% Moisture = Vy +im x 100

1.83 4 .33 =2.16 = 17.4%.
v o 3

1.8
*1.83 + 10,56 12.39

Saturated at % . ' - - . . ) p-3
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Part 10, p. 2 of 8

VELOCITY TRAVERSE FIELD DATA

Plant UC/RM - }'(arietta

Test M1D

Location _Duct Inlet

Date ’ 7/28/71

Operator Blessing & Schroeder

A to E = Left to right, facing exhaust stack.

Depth | Clock : Stack Stack " _tl
Feet | Time |Point | &P, fn. H,0 | Temp, °F | Pres., In. Hg |aP x (T+460]" [YaP x (T+460)")
0.5 A-l 0.58 603 ,
1.5 ; A-2 0.57 © 522 §
2.5 A-3 0.48 598 i
3.5 | A-4 0.42 608 |
B-1 0.38 698 - g
B-2 0.48 705 |
3-3 0.58 648 ' )
B-4 0.53 562 '
c-1 0.2 726
c-2 0.33 751 .
c-3 033 - | 829 °
C-4 0.32 805
D-1 0.48 772
h

* . Calculation columhs. not Field data

Conments: .
NCAP-29 (12/67) T .

D-15

v




Part 10, p. 2 of 8 © e : ﬁi

VELOCITY TRAVERSE FIELD DATA

Plant ' R o | H

Test

Location Duct #1 Continued

Date _ 7/28/71
Operator
Clock Stack Stack - « .I,!
Time |Point | &P, in. H,0 | Temp, °F | Pres., In. Hg |&P x (T+a607" |7aP x (1446077} |
D-2 0.48 780 T i
D-3 0.56 888 ]
D-4 0.55 835 . ' -
E-1 0.72 810 S ' . 5
E-2 0.70 s;b ~ ' . ' i
E-3 0.72 820 '
E-4 0.63 780 )

AVG, 0.50 . 725

¥* _ Calculation columns, not Field data

Corments:
NCAP-29 (12/67)

D-16

A



D-17
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Part 10, p. 2 of 8

VELOCITY TRAVERSE FIELD DATA

Plant UC/RM - Marietta

Test Preliminary Traverse (ETE)

Location East Tapping Exhaust

Date 8/4/71

Operator Schroeder

STATIC PRESSURE = ,51

l

Clock : Stack AVG. .
Time | Point | 4P, 1n. H,0 | Temp, °F YaP x (T+460?§
1sos | 1 | 1.3 1.25 |90 99 1.30 o4 !
2 1.50 1.20 |95 99 1.35 97 !
3 1.45 1.45 |98 99 1.45 98 :
& | 1.55 1.40 |99 99 1.48 99 ;
5 1.50 1.35 |99 99 1.42 99 i
"6 1.20 1.20 {99 99 1.20 99
1.7 1.20 1,10 {99 99 fias 99 )
8 1.20 1.20 |99 99 1.20 99 ’
9 1.14 1.20 |99 99 117 99 i
1515 | 10 1.15 1,20 |99 99 1.18 99
AVG, 1.29 98

e Calculation columns, not Field data

Cornments:

NCAP-29 (12/67) T

D-35

i
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‘Part 10, p. 2 of 8

VELOCITY TRAVERSE FIELD DATA

Plant UC/RM - Marietta

Test Preliminary Traverse (WIE)

Location West Tapping Exhaust

Date 8/4/71

Operator Schroeder

STATIC-= -0.44 in. H,0 -

?

=

Clock | . Stack ﬁ!
Time |Point | &P, in. H,0 | Temp, °F AP x (T+46CT;
1440 1 1.0s 0.76 | 110 110 Avg. 0.90 | 110 i
2 0.83 0.75 | 110 110 " 0.79 | 110 !
3 0.86 0.55 | 115 110 " 0.70 | 112 :
4 0.78 0.86 115 110 " . 0.82 112 5
5 1.00 0.8 | 115 110 |- " 0.92 | 112 ‘?
6 1.20 1.25 | 115 110 " 122 |12 %
7 1.10 1.0 | 119 10 | " 1.1 115 __j
8 1.20 1.20 | 119 115 " 1.2 115 '
9 1.40 1.40 | 119 115 " 1.4 115 %
1500 10 1.60 1.60 | 119 119 " 1.6 119
AVG. 1.06 | 113
*

f* - Calculation columns, not Field data

Corments:
NCAP-29 (12/67)

D-40

B O
t




RESOURCES RESEARCH, INC, PAGE 1 OF 2
Personnel____Baxley Entered j
-Checked
Plant Conditions, etc.
Plant, UC/RM - Marietta pate  8/4/71
Sample Location WTE - Moisture Détermination
‘ T
_ Meter # GAS METER CONDITIONS Pump
Sample | Cu.Ft. |[Cu.Ft.(Vm) [Elaps. (Rm) (+460=Tm) { Bn) Imp. Thimbl
Time Number | Reading [Difference | Min. C.F.M. [Temp ®7 |vacuun"Hg| Temp. | Number
1443 585.40 68 8.0 60
1453 597.10 10 70 8.0 60
1503 608.10 10 74 8.0 60 L
1513 618.10 10 74 8.0 60 -
AVG 32.70 30 72 8.0 60
=
!
|
Stack/Duct Measurement Bstimated Mc~ Actual -
Stack Diameter, inches (D) Estimated Rm{Corrected)
Stack Area, Ft2, (A) Calculated Rm(Corrected) F
Final Gas Temp Op Sample Nozzle Dia.,In, (d)
Starting Gas Temp Op+460=Ts O°R % Moistwe of Gas
Barometric Pressure,™Hg,(?b)__29.6 Avg.Gas Velocity, fpm(Vsx60)
Stack Static Pressure, In.},0Q +~=  Us=(2.9 xF.) xJH x VT
Condensate,ml (Vw) 5 ml or D-41

2.46



DI

PAGE 2 OF 2
WIE- 4
TRIAL MOISTURE CALCULATIONS
1. 1sokinectic Sampling (Dry Gas) (cfm)
2 ]
R, = 33xTmxV xd x P ¢ Pm (corrected) = Rm x e
Ts : Pb - Pm . .

Estimated .Value:
Calculated Value:
2. Water Vapor Volume (cu. ft.)

Vv = 00267 x Y x Tm ' .00267 x =5 x 532, = 0.329

. Pb - Ppn - 27.6 .

3. Condensate Correction for ileter Rate

M = Vo 32,70 _ 32,70 _ ;.0

i Un + Vy 32.70 32,37 T

4, loisture in Metered Gas (cu, ft.)

My = __V.P, xVn 522 x 32.70 . .79°

Pb - Pm .
5. Percent Moisture (%) Stack Gas '
% Moisture = Vy +im x 100 334 .79 .
VW ¥ Vg | 33+ 32,70 ~ Rl 3.3

33.03 7,

————

Saturated at % . ' - - . . "p-42
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SOURCES RESEARCH, INC

.

Personnel _ Entexed
' -Checked
; Plant Conditions, etc.  Metals Run
) Plant . - UC/RM-Marietta Date __8-1-7]
Semple Locatiom MLE - 6M
: " 'APCO Sample Box #4
. | Meter # GAS METER CONDITIONS ___ Pump % _____
Sample [ Cu.Ft, |Cu.Ft.(Vam) |Elaps. | (Rm) |(4609Tm)] (o) Mp. | Thimbld
| Time Number | Reading [Difference | Min. C.F.M. [Tewp °F |Vacuum"mg Number
1100 289.55 - : - 76 5.0 65
1110 |MIE-6 - 10 76 5.0 65
1120 10 78 5.5 65
1130 - 10 84 6.0 65
1140 10 . 98 5.5 65
1150° 10 100 5.5 65
1200
1210
1220
-l 1230
1240 ' 100 6.5
1245 365.92 K 100 6.5
76.37
D-47
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RESOURCES RESEARCH, INC,

B

o o

Personnel Avery & Baxley Enteved ,'
' -Checked %
Plant Conditions, ete. Metals Run
Plant UC/RM - Marietta pate 8/5/71
Sample Location East Tap Exhaust
: Meter # GAS METER CONDITIONS Pump % ]
Sample { Cu.Ft., [Cu.Pt.(Vm) |Elaps. (Rm) {(+460=Tm) {Bn) | Thimbld ‘!
Time Number | Reading |pifference | Min. C.F.M. |Temp °F |VacuumHg Number ;
1015 ETE-1A | 783.46 0 66 5.5 130
1022 -Poper Off | 790,37 7 66 5.5 130
1027 -Poper On | 790,37 66 5.5 ‘
1040 807.44 13 66 5.3 130
1054 823,73 14 66 5.0
1105 837.93 11 66 5.0
1115 - ) 850,20 10 66 4.8
1120 859.14 5 66 4,8 130
FALSE TAP RUN
1130 |ETE-1 859,14 0 66 4.9 105
1140 872.40 10 66 5.5 105
1150 883 .80 10 67 5.8 105
1200 900.30 10 68 5.9 105
1206 908.51 6 68 5.9 105
D~50




RESOURCES RESEARCH, INC,

Personnel Avery & Baxley Entered
) -Checked
Plant Conditions, etc.  Metals Run
Plant UC/RM - Marietta Date 8/5/71
Sample Location East Tap Exhaust 2
. Meter # GAS METER CONDITIONS Pump i
Sample { Cu.Ft. [Cu.Pt.(Vm) |Elaps. (Rm) (+460=Tm) ( Bn) Stack | Thimbld
L Time Number | Reading |Difference Min, | C.F.M. |Temp °F |vecuuw' Temp. | Number
1430 ETE-2 908.52 0 75 5.3 105
1440 921 .84 10 75 5.3 105
1450 934.12 10 74 5.3 105
1500 949,29 10 74 5.2 105

p- 51




Plant Conditions, etc.

Plant.

RESOURCES RESEARCH, INC,

"Metals Runs

Personnel

Schroeder

Entered

‘ -Checked

UC/RM - Marietta

Date

8/5/71

Semple Locatiom West Tapping Exhaust

Thimble
Number

. Meter # GAS METER CONDITIONS Pump ¥
Sample | Cu.Ft., |Cu.Ft.(Vm) |Elaps. (Rm) | (+460=Tm) (¢:1))
l Time Number | Reading [Difference Min. C.F.M. |Temp ®p Yacuum®™Hg
1610 | WTE-3 | 34.83 | 80 5.0
1640 77.02 80 5.0

D-52




RESOURCES RESEARCH, INC,
Personnel Gonzalez & Baxley Entered
' -Checked
Plant Conditioms, etc. ' S0,
Plant U/C - RM_ - Marietta Date __7/27/71
Sample Location SO, - 1E |
. | Meter # GAS_METER CONDITIONS Pump T
Sample | Cu.Ft. |[Cu.Pt.(Vm) |Elaps. (Rm) | (4460=Tm) {Pn) | Imp. Thimbl
Time Number | Reading |Difference Min. C.F.M. |Temp ®°F |Vacuum"mg] Temp. |Number
1505 030.61 78 5.5 70 AsLmed
1515 |S0x-1 10 78 5.5
1525 10 78 5.0
1535 10 . 76 5.0
1545 10 76 5.0
1555 - 10 76 5.0
1605 10 76 5.0
1615 10 74 5.0
1625 10 74 5.0
.{. 1635 10 74 5.0
1645 10 72 5.0
1655 10 72 5.0
1705 10 72 5.0
1715 10 - 72 5.0
1725 062.25 10 72 5.0
AVG, 31.64 140 75 5.0
D-53
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SOURCES RESEARCH, INC
Personnel Gonzalez & Baxley Entered
-Checked
Plent Conditions, ete. SO,
Plant - UC/RM - Marietta Date __7/29/71
Sample Location Exhaust SO -2E
. &
: Meter # GAS METER CONDITIONS vump * o
- Sample | CuJFt. |Cu.Pt.(Vm) |Elaps. {Rm) | {+460=Tm) (@:)] "{ Thimbl
| Time | Number | Reading [Difference | Min. C.F.M. |Teup °¥ |vVacuum™ Number
1015 65.30 - 66 2.0
1025 66,00 10 66 3.0
1035 10 66 3.0
1045 10 66 3.0
1055 68.00 10 68 3.0
1105 10 68 3.0
1115 10 70 3.0
1125 10 70 3.0
1135 10 70 3.0
1145 10 70 3.0
1155 10 70 3.0
1205 10 70 3.0
1215 72.28 10 70 3.0
AVG, 6.98 68 2.9 )
Power Went off and dn 3 timed during this test.
D- 54
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RESOURCES RESEARCH, INC,
Personnel _Gonzalez & Baxley Entered
' -Checked

Plant Conditioms, etc. _S,O‘

Plant UC/RM - Marietta Date 7/30/71

Sample Location M1E-3 Exhaust

502-3E
: Meter # GAS METER CONDITIONS Pump #
Sample { Cu.Ft. |Cu.,Pt.(Vm) |Elaps. (Rm) (+460=Tm) () Imp. Thimble
Time Number | Reading [Difference Min. C.F.M. |Temp °F |VacuunBg Temp Number

1815 072.28 - 64 3.2 60 AJsumed

1825 10 64 3.2 60

1835 10 64 3.0 60

1845 10 . 66 3.0 60

1855 10 66 3.5 60

1905 M1lE-3 10 66 3.5 60

1915 10 66 3.0 60

1925 10 66 3.5 60

1935 10 66 4.0 60
.1.1945 82.60 10 66 4.0 60

AVG, 90 60
D+55
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RESOURCES RESEARCH, INC,
Personnel _Gonzalez Enteved
-Checked
Plant Conditions, ete. 502
Plant, UC/RM - Marietta Date 7-31-71
Sample Location M1E-4 S02 - 'AE
: Meter # GAS METER CONDITIONS Pump
Semple{ Cu.Ft. |Cu.Pt.(Vm) |Elaps. (Rm) | (+460=Twm) { Bn) Thimbl
Time | Number | Reading |pifference | Min. C.F.M, |Temp °P |Vacuum"Hg TMP. | Number
0940 082.95 70 3.0 60
0950 10 70 3.0 60
1000 10 72 3.2
1010 IM1E-4 10 74 3.2
1020 502 10 76 3.2
1030 10 76 3.2
1040 10 76 3.4
1050 - 10 76 4.0
1100 10 78 4.0
L1110 | 10 78 4.0
L1120 | 10 80 4,2
1130 ' .10 80 4.2
1140 093.95 10 80 4,2
5r];1 s00 120
D56
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SOURCES RESEARCH, INC
Personnel Gonzalez Eanteved
' -Checked
Plant Conditions, etec. 50__2_
Plant UC/RM - Marietta pate 7-31-71
Sample Location 502 - E5 MIE-5
: | Meter # GAS METER CONDITIONS __ Pump ¥
. Sample | Cu.Ft. [Cu.Pt.(Vm) |Elaps. (Rm) | (+460=Tm) ( Pm) Thimbl

 Time | Number | Reading |Difference | Min. C.F.M. |Temp °F |Vacuum"Hg] TMP Number

1440 275.29 86 3.0 70

1450 E=-S 10 86 3.0

1500 302 10 86 3.0

1510 10 88 2.8

1520 10 88 2.8

1530 10 88 2.8

1540 10 90 3.0

1550 10 90 3.0

1600 - 10 90 3.0
. 1610 10 88 3.0

1620 10 88 3.0

1630 284.91 10 88 3.0

9.62_ 110 88 3.0
b-57
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RESOURCES_RESEARCH, TINC,

Personnel Schroeder Entered
-Checked
Plant Conditions, ete._ '
Plant__UC/RM Exhaust Date 8-2-71
Sample Location M1E-8 SO02
. Meter § GAS METER CONDITIONS Pump #
Sample | Cu.Ft, |[Cu.Ft.(Vm) |Elaps. (Rm) (+460=Tm) { An) "} Thimbl
Time | Number | Reading |pDifference | Min. C.F.M. |Temp °F |Vacuum" Numbex
0920 hnp-g | 458.10 70 2.0
0940 s0, 75 _ 2.8
1010 79 2.8
1030 82 2.2
1050 84 2.2
1110 465.07 84 2.0

D-58
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RESOURCES RESEARCH, INC,

Personnel Schroeder Entered
-Checked
Plant Conditions » etc, S02
Plant__ UC/RM - Marietta Date _8-2-71
Sample Location __ Exhaust MIE-9 S02
: Meter # GAS METER CONDITIONS  Pump % |
Sample | Cu.Ft, |[Cu.Ft.(Vm) |Elaps. (Rm) {4+460=Tm) { Bu) Thimbld
Time | Number | Reading |pifference | Min. C.F.M. |Tewp °F |Vacuum"Bg Number
1730 466.08 78 1.6
1805 473.61 79 1.6
1850 479.57 84 1.5
1917 | 482.96 82 1.0
1942 488.84 82 1.0
1952 490.78 80 0.8

g



RESOURCES RESEARCH, INC,

Personnel Blessing Entered
-Checked
Plant Conditions, etc. S0
Plant' UC/RM - Marietta Date 8-3-71
Sample Location MIE-10 SO,
: Meter # - GAS METER CONDITIONS Pump
Sample | Cu.Ft. [Cu.Ft.(Vm) |Elaps. (Rm) | (3460=Tm) ( o) Thimbld
Time Number | Reading |Difference Min. C.F.M. |Temp °F |Vecuun™Hg Number
0957 497.91 66 2.6
1025 499,92 68 2.4
1055 501.00 69 2.2
1130 501.60 68 2.0

D-60
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RESOURCES RESEARCH, INC,

Personnel

Plant Conditioms, etc. S0, Field Data

Schroeder & Avery Entered

-Checked

Plant UC/RM - Marietta

Sample Location Tapping Exhausts

Date __8/5/71

: Meter # ____GAS METER CONDITIONS Pump #
Sample | Cu.Ft. |Cu.Pt.(Vm) |Elaps. {Rm) {(+460=Tm) (o) Pb Thimblq
Time Number | Reading |Difference Min. C.F.M. Tenp‘;F Yacuum"Bg Number
1128 WTE-1 28.40 73 3.0 29.60
1140 30.50 76 2.5 29.60
1207 32.35 77 2.0 29.60
1430 WTE-2 32.38 78 2,5 29.60
1500 i 34,83 79 2.5 29.60
1607 |ETE-3 | 962.77 75 1.0 29.60
1620 963.16 75 1.0 29.60
.| 1630 963.55 75 1.2 29.60
1635 963.77 75 1.2 29.60

D- 61
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rart tu, p. 7 of 8 : -

ORSAT FIELD DATA

Location MIE-1

Comments:

Date 7/27/71

Time . W:_I.th Particulate

_Oper_ator - Gonzalez

Test (C0,) (0,) (co)

Reading 1 Reading 2 ~ Reading 3

M1E-1A 2.1 19.2 Nil
M1E-1B ‘ 2.1 19.3 Nil
AVG, 2,1 .. 19.2 Nil

Near-31 (12/67)
D- 62




ORSAT FIELD DATA

LA

Location M1E-2 Comments:

Date 7/29/71

Time With Particulate .

Opérator; Gonzalez

Test (C0,) (0,) (co)

Reading 1 Reading 2 Reading 3
| MIE-2A 3.2 18.4 Nil

MLE-2B 3.6 18.2 Nil
M1E-2C 3.6 ‘ . 18,2 Nil
AVG, 3.4 18.3 Nil

- ——e — -

Near-31 (12/67)

i

D-63



Location

ORSAT FIELD DATA

MLE-3 Comments:

Date 7/30/71

Time . With Particulate

Operator " Gonzalez

Test (C0,) (0,) (co)

Reading 1 Reading 2 Reading 3

MIE_-3A 1.9 18.6 Nil
M1E-3B 1.9 . 18.6 Nil
AVG, 1.9 . 18.6 Nil

NcAP-31 (12/67)

D- 64
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Part 10,

p. 7 of 8
ORSAT FIELD DATA

Location___ Exhaust MIE-4 Comments:

Date 7/31/71

Time With Particulate

Operator Gonzalez

Test (COZ) (02) (co)

Reading 1 Reading 2 Reading 3

}41E-4A 2.8 . 18.8 Nil
MLE-4B 2.8 18.8 Nil
AVG, 2.8 18.8 Nil

NcAP-31 (12/67)

D- 65




Part 10, p. 7 of 8

. Location

Date

Exhaust

ORSAT FIELD DATA

M1E-5

Comments:

_Time

With Particulate

Operator Gonzalez

Test (COZ) 4 (02) ' (co)
Reading 1 Reading 2 Reading 3
MLE- 5A 3.2 . 18.5 Nil
- 5B 3.4 18.3 "
3.3 18.4. "

NeAP-3) (12/67)

D~66
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Part 10, p. 7 of 8

" ORSAT FIELD DATA

Comments:

Location M1E- 7
Date 8-1-71
Time - With Particulate

Operator‘ Gonzalez

Test (o) (0,) (co)
Reading 1 Reading 2 Reading 3

MIE - 7A 3.0 - . 18.6 Nil

- 78 3.0 18.6 Nil

AVG. 3.0 18.6, Nil

NcAP-31 (12/67)

=)
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Part 10, p. 7 of 8

ORSAT FIELD DATA

UC/RM - Marietta

Location Comments:
Scrubber Exhaust

Date §-2-71

Time - 0945 - 1100.

Operator _ Schroeder

co

Test (C0,) (0,) (o

Reading 1 Reading 2 Reading 3
MIE- 8 3.2 - 21.7 Negligible

3'2 | 21.8 . " '
3.2 21.8 ”

NCAP-31 (12/67)

"~ D-68
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Part 10, p. 7 of 8

ORSAT FIELD DATA

Location Scrubber Exhaust Comments:

Date - 8-2-71

Time - 6.15 - 8:15

Opérator __ Schroeder

Test (C0p) | (0,) (co)

Reading 1 Reading 2 _ Reading 3
MIE- 9A 3.4 . ' 18.5 Negligible
" 9B 3.4 18.5 "

Avg. 3.4 _18.5 o

NcAP-31 (12/67)

D-69
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part 10, p. 7 of 8

ORSAT FIELD DATA
Location Scrubber Exhaust Comments :
UC/RM - Marietta
Date g-3-71 T

Time  1010-1110

Operator, Blessing

Test (€05) (0,) (co) --
Reading 1 Reading 2 ~ Reading 3 -
M].E'IO"A . 3.2 - 22.0 -
-B 3.2 22,0 - -
AVGO . 3.2 " .22-0 Nil

NCAP-31 (12/67) . ' 10



et h o emems el o A v e e e

Part 10, p. 7 of 8

ORSAT FIELD DATA

Location Exhaust M1E-11

Comments:

Date = 8-3-71

Time 1400 - 1530 .

Opérator Blessing and Avery

Test (C0,) (0;) (co)
Reading 1 Reading 2 Reading 3
MIE-11A 3.2 18.6 -
B 3.2 " 18.6 -
AVG. 3.2 18.6 Nil

o ——

Neap-31 (12/67)

‘p-71

D1




Part 10, p. 7 of 8

" ORSAT FIELD DATA

Location Scrubber Exhaust Comments:
Date 8/4/71
Time ' With Particulate
Operator _ Gonzalez
Test (C0,) (0,) (co)
Reading 1 Reading 2 Reading 3
MIE - 12 3.1 - 18.7 Nil

NCAP-31 (12/67)

- 72



Part 10, p. 7 of 8

ORSAT FIELD DATA

Location WTE-1 Comments

Date 8/5/71 '

Time With Particulate

Operator Schroeder

Test (Co,) (0,) (co)
Reading 1 Reading 2 Reading 3

WTE-I 0.2 21,2 Nil

NcAP-31 (12/67)

D-73



Part 10, p. 7 of 8

ORSAT

FIELD DATA

Location  WITE-3 Comments:

Date - 8-5-71

Time During particulate

Operator _ Schroeder

Test (Co,) (0,) (co)

Reading 1 Reading 2 Reading 3
WTE-3A 0.1 21.2 Nil

-3B 0.1 21.2 Nil
AVG 0.1 Nil

21.2

NCAP-31 (12/67)

D-73



APPERDIX E

STANDARD SAMPLING PROCEDURES



APPENDIX E-1

STANDARD SAMPLING PROCEDURES

PARTICULATE SAMPLING

With an unstable plant operation a trial run is often conducted. 1If
the trial turns out to be satisfactory it may be considered a part of the
final testing. Preliminary data is obtained for gas velocity, temperature,
moisture content and other variables which might affect the isokinetic
sampling rate. Each sample port traverse is divided into a number of
equal areas for each location, Each test run is designed to obtain simul-
taneous samples at each location, for such a period of time that plant
operation will be representative, and that sufficient material will have

been obtained for accurate analysis.

Particulate samples are obtained using the equipment and test
procedures as stipulated in IV'Samp].e Collection Procedures," published
' by OAP, The sampling train is basically the same as that designed
by the Control Development Program of OAP (formerly the Air Pollution
" Control Office), "Gas Stack Sampling Improved and Simplified with
New Equipment," and described in Paper No. 67-119, presented at the
Air Pollution Control Association meeting at Cleveland, Ohio, in June,

1967.

The above sample equipment is referred to in this report as the
EPA train. It is essentially the same as that recently described in
Federal Register, Volume 36, Number 159, August 17, 1971, Part 1II as

Test Method 5. Its operation, briefly, is as follows:

E-1



determiried by using the nomographs presented in APCA Paper No. 67-119,
This nomograph relates stack gas velocity, temperature, and moisture

content to the flow rate required for isokinetic sampling.

The ASME train, run in parallel with the EPA train, consists of a
stainless steel filter holder containing a pre-weighed alundum filter.
Its operation, briefly; is as follows:

Sample gases are drawn through a stainless steel nozzle and filter
holder, placed within the stack, into a set of water filled Greenburg-
- Smith impingers. Isokinetic sampling rates are not determined during
the test but are precalculated from initial pitot and temperature

readings. Only the material collected by the alundum filter is normally

considered as particulate. No ASME train was employed during this survey.

SULFUR DIOXIDE SAMFLING

Sulfur dioxide emission tests are normally conducted at the same
location as.the exhaust particulate tests. Sample gas is drawn through
a*glass wool filter into an electrically heated glass probe, followed
by a coarse frit midget impinger and a second glass wool filter. The
filter leads to three midget impingers in an ice bath, followed in turn

by a silica gel tube drier, vacuum gauge, dry gas meter and vacuum pump.

The midget bubbler contains 15 milliliters of 80 percent isopropyl
alcohol. The first two impingers contain 15 milliliters of three percent
hydrogen peroxide solutién and the third is operated dry. Equipment is
leak tested before each run. The three percent hydrogen peroiide is
prepared the day of the test by dilluting 10 milliliters of 30 percent

reagent grade hydrogen peroxide with 90 milliliters of distilled water.

~
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Temperatures, vacuum and gas meter readings are taken and tabulated
in order to calculate standard volumes. After sampling, the train is
purged with clean air in order to carry over any SO2 trapped in the

isopropyl alcohol.

NITROGEN OXIDES SAMPLING

Nitrogen oxides sampling is normally carried out at the same exhaust
location as the sulfur dioxide and particulate tests. The sample gas is
pulled through a glass wool filter and a glass probe into an evacuated
two-liter flask containing dilute sulfuric acid-hydrogen peroxide solution.
This is prepared according to EPA directions for nitrogen oxides sampling.
The flask is fitted with a three-way stopcock and a pump is employed to
evacuate the flask and purge the probe lines. Vacuum present in the flask
is measured by a vacuum gauge and the sampling train is leak tested by
pulling a vacuum of 27 inches Hg and observing the pressure gauge. Initial
and final.readings of pressure, flask temperature and atmospheric pressure
.are récdrded after the probe is purged. After collecting the sample the
flask is sealed and shaken for 5 minutes, then allowed to stand overaight,
before being washed into sample containers for transfer to the laboratory.
ORSAT SAMPLING

An integrated gas sample is obtai;ed with a mylar bag and a peristaltic
pump with adjustable flow rate. The gases are filtered and cooled prior to
reaching an all plastic and glass flow meter where the sampling rate is
monitored. Gas samples are taken during the same period during which veloc-
ities, temperatures, and particulate samples are obtained. Analyses are per-

formed at the site immediately after each sample is collected.
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APPENDIX E.2

CLEANUP AND ANALYTICAL PROCEDURES

CLEANUP (EPA PARTICULATE TRAIN)

Probe, Nozzle, Cyclone, and Front Half of Filter Holder

The nozzle, probe, cyclone, flask, and front half of the filter
holdér are washed with reagent grade acetone, the washings collected
in a container and transported to the laboratory for analysis. A
brush and/or rubber policeman is used with the acetone to remove any
particles adhering to the cyclone walls or the flask. The reagent
acetone used for washing is tested to determine the blank or residue

upon evaporation.

Filter
The tared circular MSA type 1106BH filter paper is carefully
removed from the fritted glass support and transferred to a glass

petri dish for later weighing.

Iméingers

Water in the first three impingers (the original water plus the
condensate) is measured, then emptied into a polyethylene container.
The impingers are then water washed.and the washings cqmbined with the

condensate and original water.

Acetone Train Wash

The rear half of the filter holder, including the fritted glass

support, the impingers, and impinger connections up to but excluding the



fourth impinger, are washed with acetone. These washings are collected
in a polyethylene (since changed to glass) bottle and sealed for later
analysis.
Silica Gel

Silica gel is transferred (dry) from the fourth impinger to an air-
tight container and sealed. The impinger is then washed with acetone; the

acetone being discarded because it contains fine silica gel particles,

CLEANUP (SO2 TRAIN)

The impinger containing 80 percent isopropyl alcohol is discarded and
the impingers containing three percent hydrogen peroxide are saved. These
latter impingers contain 802 gas in the fo?m of H2804. A glass jar is uéed

as a sample container for transportation to the laboratory.

CLEANUP (NOy TRAIN)
After storage overnight and shaking for another two minutes the con-

tents are rinsed into glass containers for shipment to the laboratory.
ANALYTICAL PROCEDURES (EPA PARTICULATE TRAIN)

Acetone Washings

The acetone washings from the nozzle, probe, cyclone, flask, and filter
front; from the fritted glass, filter back and impinger train; are analyzed

separately by evaporation and drying at ambient temperatures.

Filter Particulate

The filter and particulate collected thercon are dried for 24 hours in
a desiccator at ambient temperature and weighed. Tare weight of the filter

is then deducted,
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Impinger Water

Water collected in the impingers, along with the water washings of the
impingers, is extracted with ether and chloroform. The extracts are trans-
ferred to a tared dish and evaporated to dryness at room temperature. After
extraction, the remaining water and solvent are evaporated to dryness on a
steam bath and this additional net weight is added to the total weight of

particulate matter.

SPECTAL NOTE

All samples are now dried in 250 ml beakers to a constant weight.

ANALYSIS (ORSAT MEASUREMENTS)

Orsat measurements for determination of carbon dioxide, oxygen and
carbon monoxide are made using a Burrell Industrial Gas Analyzer or

equivalent.

ANALYSIS (803 TRAIN)

| 50, samples are analyzed by the modified Shell Development method.
Barium perchlorate is used instead of ba¥ium chloride (as in the new EPA
source testing Method 6) because of the sharper titration end point obtain-

able with the former reagent.

ANALYSIS (NO, TRAIN)

Samples are analyzed by the standard phenoldisulfonic acid method.

This is now incorporated in the new EPA source testing Method 7.
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Related reports covering emissions from reactive metals furnaces,

under this same contract for the Environmental Protection Agency, are

as follows:

Test Number

Survey Location

Emission
Control Device

Status

FA-1

FA-2

FA-3

FA-4

FA-5

Foote Mineral Co.,
Steubenville, Ohio

Union Carbide Corp.,
Marietta, Ohio

Airco Alloys and Carbide,
Niagara Falls, N.Y,.

Airco,
Charleston, S.C.

None

Venturi Scrubber

Baghouse

Electrostatic
Precipitator

Issued Aug.,1971

This Report

Issued Oct.,1971

In Progress

Future

Future
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PROJECT PARTICIPANTS AND TITLES

R. N. Allen, P.E., Project Leader
N. A. Blessing, Chemist
C. C. Gonzalez, Chemist

W. E. Schroeder, Chemist

J. R. Avery, Technician
L. W. Baxley, Technician
W. C. Hall, Technician

G. Hogan, M.S., (Particle Size Determination)

G. Patchell, Senior Technician,
(Particle Size Determination)

T. J. Wright, PhD., (Particle Size Determination)
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PARTICLE SIZE DISTRIBUTION OF METAL FUME
INTRODUCTION

Determinations of particle size distribution of fume emissions
at the Ferroalloy Division Plant of Union Carbide, in Marietta, Ohio,
were conducted from July 27 through August 4, 1971. Emissions from
the No. 1 furnace were evaluated at the following points: in the
furnace hood exhaust duct prior to emission control, in the exhaust
stack after emission control, and in the two stacks from the tap

exhaust hood.
METHODS

A Brink cascade impactor was employed to obtain data on size dis-
tribution.in this study. Two samples were collected using the
"Andersen Stack Sampler but 90 percent of the particles gathered on the
fiiter and not enough data points were available to provide the desired
information. As a result the Andersen Stack Sampler was discarded in

favor of the Brink cascade impactor.

The Brink impactor, followed Qy a 47 millimeter glass fiber filter,
was mounted on a probe and connected to a vacuum pump by a length of
rubber tubing., The inlet side of the pump was fitted with a vacuum gauge,
calibrated in inches of mercury, and a flow controlling valve. The outlet
side of the pump was connected to a dry gas meter whenever samples were

collected for periods longer than two minutes,



Prior to collecting samples in the field, the impactor was calibrated
to determine air flow rates at various operatiqg conditions, Rates were
determined by assembling the particle sizing train as shown in Figure 1.
Air was drawn through the impactor for 10 minutes at each pressure drop
(AP) of five inches of Hg, seven inches of Hg, and 10 inches of Hg. The
corresponding volume of air flow for each sample was measured by the dry
gas meter. A calibration curve was constructed by plotting the pressure

drop across the impactor versus the air flow rate.

Volumetric flow rates for the short duration samples, of one and two
minutes, were measured by the AP across the impactor. For samples of
longeg duration than two minutes,volume was measured by a dry gas meter.

A AP of five inches of Hg was maintained during all sampling. The
impactor was grounded, either to the stack or building, to prevent electro-

static deposition of particles,

As high temperatures were encountered, in the furnace hood exhaust
duct, the plugged impactor was inserted into the duct for at least five
minutes, to allow time for thermal equilibrium. The impactor was then
removed from the duct, the plug removed, and reinserted into the duct for
sample collection. Samples were collected from each of the five ports on
the upper surface of the duct, at a debth of 24 inches into the duct.
Difficulties were experienced in collecting these samples due to the dense
concentration of the particles in that duct. Samples were first collected
for 10 minutes, but these were not satisfactory because too many particles
deposited on the collection plates. Sampling time was then reduced to

five minutes with the results being the same.

J-2
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A dilution air apparatus was placed in series with the Brink impactor
to dilute the particles before they entered the first stage. This process
also proved unsatisfactory because the extreme temperatures in the duct
(up to 1300°F) melted the silver soldered joints of the dilution air
apparatus as well as oxidizing the inner surfaces of the unit. Finally,
the sampling time was reduced to one and two minutes without dilution,

and this procedure was found to be satisfactory.

In order to prevent condensation, with the high moisture content of
the furnace exhaust gases, following passage through the venturi
scrubber/cyclone control device, it was necessary to preheat the impactor
and filter holder to a temperature above the dew point. This was
accomplished by wrapping the entire impactor and filter holder assembly
with electrical heating tape, insulated with asbestos tape and aluminum
foil. The tape was plugged into a 120 volt AC line and allowed to heat

.the sampling device for at least 15 minutes prior to sampling.

Exhaust emission samples were collected from a 3 inch port approxi-
mately 70 feet above ground level, and 36 inches into the stack, for
periods of 30 to 55 minutes. At least two samples were taken at pressure
drops of 37 inches of water, 47 inches of water, and 57 inches of water

across the venturi scrubbers.



Simultaneous samples were collected for 20 minutes, in each of the
two tap hood exhaust stacks, during furnace tapping. These samples were
collected at ports located on the fourth floor of the furnace building,

at a distance of 30 inches into the stacks.
RESULTS

Graphical results are shown in Sub Appendix 1 and the field data
sheets are included in Sub Appendix 2. The characteristic diameter of
an aerosol particle for each impactor stage (Dpc) has been calculated
for a pressure drop across the impactor of five inches of mercury,
assuming particles of unit density (1 gram/cubic centimeter), using the
equation described by *# J, A, Brink, Jr. The characteristic diameters

are as follows:

Stage No. Dpc, microns
1 3.40
2 2.00
3 1.36
4 0.69
5 0.42

Graphical presentation of the data, that is, log-probability plots
of cumulative percent less than stated micron size versus the Dpc for each
stage in microns, is shown for each sample in the following section., A
graphically determined mass median diameter (MMD) and geometric standard

deviation (g~ g) for each sample are presented in the following Table A.

* Industrial Engineering and Chemistry, Vol, 50, April 1958, pp 645-648.
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SUB-APPENDIX J-1

GRAPHICAL PRESENTATION OF RESULTS



PAR S S S
EXHAUST STACK INLET DUCT
Sample Time Sample Time
P = 57 HZ-O- Number Date Sampled Time Port #1 Number Date Sampled Time
A 7/31 1340-1350 10 min. 8/2 1105-1106 min.
C 7/31 1720-1750 30 min. 8/2 1108-1109 min.
E 8/1 0503-0837 34 min.
N 8/3 0755-0840 45 min. Port {#2 L 8/2 1852-1653 min.
P 8/3 1709-1759 S0 min. po.¢ 43 8/1 1720-1722 2 min.
AP = 47" HO H 8/2  2025-2055 30 min. T 8/3 1945-1947 2 win.
DD 8/4 1857-1947 50 min. U 8/3 1950-1952 2 min.
.[BP - 37" H.0 U 8/4 0740-0835 55 min Port #4 0 8/3 1410-1412 min.
,—_————-—_2.— .
W 8/4 0847-0932 45 min. poe s R 8/3  1738-1740 2 min.
AA 8/4 1621-1706 45 min. S 8/3 1742-1744 min.
TAPPING EXHAUSTS
Sample Time
East - Number Date Sampled Time
' X 8/4 1642-1702 20 min.
EE 8/4 2010-2030 20 min.
West Y 8/4 1641-1701 20 min.
A 8/4 2010-2030 20 min.
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The following report, covering chemical analysis
of emissions from reactive metal smelting operations
at Marietta, Ohio, has been prepared by the technical
staff of TRW Systems Group, One Space Park, Redondo Beach,

California.

Principal Contributors: D. F. Carroll
M. L. Kraft

W. B. Hewitt

Approved By: J. R. Ogren



' CHEMICAL ANALYSIS OF EMISSIONS
FROM

REACTIVE METAL SMELTING OPERATIONS

1. INTRODUCTION

Particulate fumes and gaseous emissions are generated during the
smelting and pouring of a commerciélly important class‘of ferro alloy
materials called reactive metals. The particulate portion of these
emissions has been collected on glass fiber filters, strategically
placed in the air stream of an exhaust system. Six such filters from
the Union Carbide Corporation (Marietta, Ohio) were analyzed micro-
scopically, by qualitative electron beam X-ray microanalysis, and

atomic absorption. The analytical results are presented in the

following sections.

2. TEST RESULTS

2.1 Optical Examination

' The specimens were examined at magnifications up to 30X. The
particulate matter could be seen intimately mixed with the quartz filter
fibers and it was obvious that the particulate matter could not be
physically separated from the filter pad upon which it had been collected.
Under tungsten filament the specimens appeared as follows:MlE-6 (light
gray), M1E-7 (dark gray), MLE-12 (yellow-brown) and ETE-2 (partly dark

brown, partlylight brown).



2.2 Electron Beam X-Ray Microanalysis

The electron microprobe is an advanced piece of equipment which uses
a small beam of electrons to produce characteristic X-ray emissions from
a sample volume with a radius of ~1 micron. Curved crystal X-ray
spectrometers are used to analyze the resultant characteristic X-ray
spectra. In these analyses, the electron beam was defocused to a diameter
of 150 microns (0.006 inch) to cover a relatively large area of each
specimen and thereby obtain data which Qould be represent;tive of the
entire sample. The electron beam impinged in vacuum upon the untouched
sample surface. An examination was made of the complex spectrum of X-rays
given off by the specimen under electron beam excitation, and it was found
that the entire spectrum could be identifiéd uniquely on the basis of the
elements shown in Table 1. All portions of the X-ray spectrum in the
wavelength range 1-100A covering all elements except H, He, Li, and Be

were taken into account.

The analyses were conducted on small portions of the filter pads which
were not later digested for the atomic absorption analyses. The small
samples for electron probe analyses are still intact. The qualitative

analysis results are summarized in Table 1. Several points seem germane:

1. The major elements are manéanese, magnesium, calcium, and
potassium., The silicon signal could have come from either
the filter pad or from the particulate matter. The fibers
of the pad were visible in the optical microscope which is

attached to the electron probe.
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2. Distinct signals, equivalent to several weight percent,
were found for sulfur, chlorine, carbon, sodium, and

potassium.

3. The presence of sodium and chlorine frequently suggests
salt and could have come from handling with bare hands.
However, it must be stated that the filters were not
handled with bare hands during the chemical analysis

effort.

Atomic Absorption Analyses

Atomic Absorption (A.A.) means that a cloud of atoms in the
un-ionized and unexcited state is capable of absorbing radiation
at wavelengths that are specific in nature and characteristic of
the element in consideration. The atomic absorption spectro-
photometer used in these amalyses consists of a series of lamps
which emit the spectra of the elements determined, a gas burner
to produce an atomic vapor of the sample, a monochromator to
isolate the wavelengths of interest, a detector to monitor the
change of absorption due to the specimen, and a readout meter to

visualize this change in absorption.



The filteré with samples were weighed, and the sample weights
calculated by subtracting the tare weights written on the outside
of the Petri dish sample containers from the total weights,
Specimen identifications were as follows: M1E-6, MIE-7, MLlE-12,
and a composited specimen consisting of filters WIE-3, ETE-1,

and ETE-2.
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The filters (both pad and particulate) were extracted for 2 hours with
50 mls of 1:1 HZSO4; this solution was decanted and saved. The filters were
then extracted for 2 hours with a boiling dilute Aqua Regia solution.* This
solution was then combined with the H2504 solution, filtered, taken to con-
stant volume in a volumetric flask, and analyzed by A.A. The instrumental
parameters used for the individua) elements are given in Table 2, and the
results of the A.A.** analyses are shown in Table 3.

The A.A. results are normalized to compensate for the portion removed
for electron beam X-ray microanalyses. Silica (§j02) analyses were not per-
formed since the entire SiO2 filter pad with the intimately mixed specimen
was digested in acid in each case. In order to determine if the acid diges-
tion process chemically attacks the 5102 filter, an unused filter wil) be
exposed to the digestion process and A.A. analyses run on a blank to deter-
mine background concentrations. A remote Possibility exists that some K or
Na could have come from the filter material if it is not pure Si0,.

Note also that in Table 3 only one specimen (MIE-6) adds up to 100%.
The other specimens most likely consist of metal oxides or a mixture of
metals and metal oxides; o}yéén and silicon are therefore the likely
missing chemical components needed to bring the totals in all four cases
to 100%. :

A comparison of these results with the results reported in Part 1
(Foote Mineral Corporation-Steubenville, Ohio) immediately brings to light
certain differences between the two emissions. The Union Carbide gﬁarietta,
Ohio) emissions contain, in general, less chromium but more manganese,
sodium, potassium, chlorine, and to be particularly noted, sulfur, than do
the Foote Mineral Corporation emissions.

R. J. Thompson, G. B. Morgan, and L. J. Purdue, “"Analysis of Selected Ele-
ments in Atmospheric Particulate Matter by Atomic Absorption", Atomic
Absorption NEWS Letter, Volume 9, No. 3, 1970

*r )
. Walter Slavin, Atomic Absorption spectroscopy, Interscience Publishers,
New York, New York, Pp 79-189, 1968.
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Table 2. Instrumental Parameters
Wavelength Fuel Oxidizer STit Hollow Cathode
Element Ajﬁ) System Width (R) Current (Ma)
Cr 3579 Air-Acetylene 2 10
Mn 2801 Air-Acetylene 2 10
Mg 2852 NZO-Acety1ene 7 4
Fe 2483 Air-Acetylene 2 12
Al 3003 N,0-Acetylene 7 13
Ca 4227 NZO-Acetylene 7 8
Ba 5536 NZO-Acety1ene 7 7
Na 5890 Air-Acetylene 20 10
K 7665 Air-Acetylene 20 10
Zn 2139 Air-Acetylene 7 8
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