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APPENDIX K

CHEMICAL ANALYSIS OF EMISSIONS



PREFACE

The following report, covering chemical analysis
of emissions from reactive metal smelting operations
.at Charleston, South Carolina, has been prepared by

the technical staff of TRW Systems Group, One Spaée Park,

Redondo Beach, California.

Principal Contributors: D. F. Carroll
M. L. Kraft
W. B. Hewitt

Approved By: : J. R. Ogren
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CHEMICAL ANALYSES OF EMISSION
FROM ' iRt
REACTIVE METALS SMELTING OPERATIONS |

1. INTRODUCTION

Particulate fumes and gaseous emissions are generated during processing
of an important class of ferroalloy materials called reactive metals. The i
sarticulate portion of the emissions is collected on glass fiber filters stra- -
tegically placed in the air stream of a ventilation systen. Two such filters
from Airco Corporation {Charleston, South Carolina) were analyzed by the com-
bined technigues of electron besm X-ray analysis end atemic absorption anal-
ssis, .and the results are detailed in the following paragraphs.

2.  TEST RESULTS

2.1 Optical Exemination and Compositing

The two samp]es'wefe gray and were labeled WCD and ECD. Small portions
were cut for electron microprobe analyses. The remainder was -shaken and a
copious amcunt of loose powder was gathered, blended, and designated Charles-
“ton Airco Inlet Duct CD-M. |

2.2 Electron Beam Y-Ray Microanalysis and Atomic Absorption

The electron microprobe is an advanced piece of equipment which uses a
small beam of electrons to prcduce characteristic X-ray emissions from a sam- - e
ple volume with a radius of -1 micron. Curved crystal X-;ay spectrometers . Moo e
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 larger segment of the sample. The electron beam
impinged in vacuum upon the untouched surfaces of small pic-shaped pieces of
sanple-covered filter pads. An examination was made of the complex spectrum
of X-rays given off by the specimen-under electron beam excitation, and it
ven Tound thot the ontive spoctrum could be identificd unigualy. AN noricns

ChZ oL Lpordnl e LR Wovelonuln ranie i-alvn Jovirind all ¢lioints

except H, le, L, and Be were taken into account.
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Atomic Absorption (A.A.) means that a cloud of atoms in the un-ionized
anﬁlunexcited state is capable of absorbing radiation at wavelergths that are
spécific in nature and characteristic of the element in consideration. The
atemic absorption spectrophotometer used in these analyses consists of a
sefies of 1amp;_which emit the spectra of the elements determined, & gas bur-
ner to produce'an atomic vapor of the sample, a ronochremator to isolate the
wa§e1engths-of interest, a detector to monitor the change of absorption due
§oithe specimen, and a readout meter to visualize this change in absorption.
i§ » '
§ The qualitative electron microprobe resulis are jn Table 1, along with
thé quantitative atomic absorption results. The latter wvere ggnerated on the
cobposited samp1e§ mechanically separated from the filter (collector) pads
by shaking and 1i§ht]y scraping the filters. A negligible amount of collector
fijter material was included in the blended sample, and therefore no unused
fi}tef pad was negded.

? The sum of the percent values, after conversion to equivalent oxide
values, is 84% and indicates adequate closure in the sense that all the major
constituents have been taken into account. The remaining 16%'c6u]d well be
accounted for by the presence of chlorine, carbon, and titanium.

% The major conclusion is that the sample is a mixture of.oxides: Sioz.
C\"203, Hgoa and~ A10203-

E X-ray diffraction analyses were not executed, and Hence it is not known
if the oxide mixture is amorphous {non-crystalline), crystalline (spinel
structure), or partially amorphous-partially crystalline.

— e——
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II. INTRODUCTION

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 Prétection Agency. These surveys
1nc1udé>the determination of filterable and total particulate matter,
sulfu:“diéxide, particle size analyses and chemical analyses for a
Qariety of furnace formuiations and control devices. The series of

tests, contained in this report, were performed at the Pittsburgh

Metallurgical Ccmpany Division of Air Reduction Company, Incorporated,

P. 0. Box 130, Pittsburgh Avenue, Charleston, South Carolima 23405.

Fmissions from this particuiar plant Qére determined for a high
carbon ferro cbrome furnace (No. 14). This unit was hooded, with a
conditioning tower leading to an electrostatic. precipitator. A large
draft fan, located after the precipitator, forced the cleaned gases
into the stack. The ten-foot diameter éxhaust stack was provided with
two 3-inch sample ports mounted 90 degrees apart on a single cross
sectional plane. Two rectangular inlet ducts, mounted at an angle,

were sampled through five properly spaced ports for equal area sampling.

[P A SR
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iample locations are shown in Figure 1 on the following page.

Further datailed diagrams and descriptions are included in Sections

1V and V:of this report (Process Description and Location of Sampling

Points).i%

Each inlet

.t

triplicate

LR

particulate collection efficiency tests were conducted.
test included two ducts. These tests were assumedly

runs for the normal, typical operating condition.

During this particular survey particulate matter was sampled using

the EPA é;ain as described in Appendix E-1. Sulfur 6xidgs were sampled

P

using théfShell Development method and integrated combustion gases were

sampled in

f=d

o

a gas bag with analysis by standard Orsat. Particle size

was measured in situ with a Brink Samplér. The overall survey included

9 particulate emission runs, 3 Orsat measurements, 3 sulfur dioxide

Sr

.samples, 2
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metals filters and 12 particle size distribution analyses.
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Shown below in Table 1 are the results and averages‘for

Yout" tests of the precipitator system along with the corresponding

collection efficiencies.

Table 1

I11. SIMMARY OF RESULTS

T inil

OVERALL SUMARY OF RESULTS AND COLLECTION EFFICIENCY

] Stack Exhaust (Qutlet)

Inlet Ducts (Combined)

_Particulate Particulate 502

Particulate Particulate

Percent

Date(1971) Run Nof erains/SCF 1b/hr PPM ‘grains/SCF 1b/hr Efficiency
9/21 One | 0.0310 39.4 8. 2.04 1394 97.2
9/22 Two 0.0115 15.7 0.8 1.67 1150 98.6
9/23 Three  0.0125 7.2 8. 11.90 1397 98.8

| Average 0.0183 24.1 8.% 1.87 1312 98.1

% Does not include wvalue from Run 2.

~ The higher particulate inlet loading and lower collection efficiency

on Run No. 1
effect of the conditioning tower.
of the precipitator.

stack exhaust during part of this run.

apparently relate to a ‘furnace blow which reduced the

This in turn affected the efficiency

A much heavier plume was visually evident at the

—— o A
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The | concentration for Run 2 is believed to be in error and

2

was not included in the average. Results are within the ranges previously

obtained for sulfur dioxide emission concentrations at three other

reactive metal furnaces.

=
el =

Particulate and gaseous emission summaries for the precipitator

exhaust,anﬁ both inlet ducts, are shown in Tables 2 and 3 on the following

-

= A .
pages. Flue gas conditions are included and percent particulate matter

in the impinger train has been calculated. This "coqdensible" portion

was extremely low prior to the collection system.

Gas fémperétures and velocities at the exhaust sampling locatiom

Y

remained relatively stable. Conditions at both inlet ducts,during each

run, included some fairly wide variaticns in both temperature and

velocities, but their final averages agreed rather well. "~

o

Particle size distributions of furnace emissions are shown im
Appendix J. Average size of individual particles was typically from
one to two microns (MMD). Frequently there was little difference between

the sizes measured before or following the precipitator system.
- ’ I

Chemical analyses of the inlet composite sample are shown in
Appendix K. The larger quantities of matcrial were oxides of silicon,
chromium, magnesium and aluminum.

Carbon monoxide concentrations ranged from 200 to 400 ppm for short

periods and then for several minutes at levels exceeding 500 ppm.
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" TABLE 2

PRECIPITATOR EXHAUST STACK
SUMMARY OF RESULTS

un Number PCE-1 PCE-2 PCE-3
ate 9/21/71 | 9/22/71} 9/23/71
tack Flow Rate = SCE{ * dry ' 148,400 159,000 161,000
Water Vapor - % Vol. 8.4 9.5 8.9
(€0g - Vol % dry 1.6 2.4 2.2
0, - Vol % dry . | 202 19.8 ) 19.4
Excess air @ sampling point 3370. Ango. 1290.
J- Emissions - ppm dry 7.86 0.781 7.91
DX Emissions - ppm dry - N/A N/A N/A
articulates
r be, Cyclone, & Filter Catch
t/SCF* dry 0.0286 | 0.00916 | 0.01032
¢/CF @ Stack Conditions 0.0207 | 0.00656 0.60748
b~./hr. 36.3 12.5 14.2
Tein (L of Torany e 8. 20. | 17,
>tal Catch
© /SCF * dry 0.0310 | 0.0115 .0.01347
- /CF @ Stack Conditions 0.0224 | 0.00824 | 0.00904
5. /b R 39.4 15.7 | 17.2
zack Temperature, °F 219 217 215
A R I SN 1 '
\ {

[
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TABLE 3
PRECIPITATOR INLET DUCTS
SUMMARY OF RESULTS
n Number EcD-1 | ECD-2  JECD-3  {wcp-1  {wcp-2  |wep-3
Fe 9/21/71 | 9/22/71 19/23/71 |9/21/71 {9/22/71 |9/23/71
ack Flow Rate - SCRM * dry 78,100 {35,500 BS, 500 81,500 |75,200 |83,30C
Water Vapor -.% Vol. | 4.8 3.8 3.6 3.92 2.85 4.12
€7y - Vol % dry NA NA NA 'NA NA NA
02 - Vol Z dry . NA NA NA " " 1"
Excess air (@ sampling point NA NA NA 1 " T
2 Emissions - ppm dry NA NA NA " " "
x Emissions - ppm dﬁly NA NA NA " " "
rti.culat‘es ‘
ove, Cyclone, & Filter Catch )
) . e 28 e y
/SCF*  dry ro.egz 0.819 f?_lﬂﬁ()? 1.09 :835 782
/CF @ Stack Conditions ] ‘
0.510 0.457 0.620 0.590 0.465 0.452
s./hr. : ! .
597 600 811 761 538 573
rticulate from Impinger
rain (% of Total) 3.2 1.0 0.7 0.8 1.1 0.9
t-1 Catch q\é . . .
/SCF * dry 0.922) fo.827 | 1ATE | 1,438 [.0.845" ¢ {0,788
/C¥ @ Stack Conditions ' -
0.528 0.463 0.624 0.603_10.471 0.%457
3 / r . -
2 by 617 606 817 777 544 57a
ack_Temperature, °F 432 463 464 492 475 429
' t ti \
9 ‘-‘



1V. PROCESS DESCRIPTION

Reactive metals are generally ferroalloys which are produced in

submerged-arc electric furnaces. The facility under considcration in

this report is an open furnace, with hooding and an electrostatic

s

precipitator system to reduce the emission 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.

-z

The electric arc is employed as a concentrated source of heat.

Chrome, méngan se and other ores are added to the surface of the

furnace through mechanized equipment and chutes. Additional carbon
- I

in the form of coke, wood chips, etc., is an integral part of the

{

[N

furnace mix, along with specialized fluxes, etc. "The mix is added

directly to the surface of the furnace through chutes and is then

spread over the surface with stoking machines.

The very high temperatures produced initiate 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 conjunction 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 monoxide, are burned at the surface of the furnace in the

so-called open units.

10

000
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Furnace i& is a nominal 40 megawatt Qnit produciﬁg a high carbon
ferro-chrome using Soderberg type‘electrodes, formed in place from 5
"paste!', rather than using prebaked carbon electrodes. Induced dra?t
fans are employed to pull fumes from various hoods into the exhaust
.system. Gases and fumes from the normal furnace operation are passed
tﬁrough a conditioning tower and an elecﬁrostatic precipitator for
cleaning, prior to discharge into the atmosphere. The collection of
fumes aroﬁnd the furnace is almost 100 percent effective during

normal operation. A page of technical data is shown in Appendix C.

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 produced. Molten metal and slag éouf into ladles. Fumes
produced in this operation are drawn orf by a separate exhaust fan but
they are introduced into the furnace hooding and thereby enter the
gtandard ?recipitator collecticn sygtem; The céllection of thesé fumes
was only about 80 percent effective when.obsérved, and was said to be
only 50 percent‘effective-when the tap is particularly violent. The
slag is removed from the ladle and disposed of by various means.

Molten product is poured into molds, after which it <is broken into

usable sizes.

12
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1 V. LOCATION OF SAMPLING POINTS

Sample poft 1o§ations were installed by plant personnel prior to the
;rrival éf tﬁg‘test team, and approved by thg EPA pr9ject officer. There
wvere five-gaéple ports,mounted af an angle, on one side of each inlet
duct. ;\.a;gahom P4 1!-‘1gure 3%the £rOS¥E sec‘tion«mf ‘each ‘duct was ‘@lvided -,
into f1ve equal layers, thus forming a sample profile with 25 equal ",

areas. ,Pa;rti‘culate tests were conducted for 4 minutes at the centroid g
# oroh N N

of each area. A special step arrangement, resting on one-inch rollers,

provided pori"ontal and vertical access to each sampling point in the

duct. -
=3 i

Two Sample "ports at the exhaust stack were located 90° apart. The
stack was ten feet in diameter at the sampling location and was divided

into nine equal areas, as shown in Figure 4. The railing was extended
in order to support a lZ-foot plank and. allow the probe to reach each
sampling point. A complete run was conducted»by'traveréing both ports’

(36 points) for a total duration of six hours.x

ol

13
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V. PROCESS OPERATION

Practically all sampling was carried out while the process was
running normally. There were periods with furnace "blows'" or minor
process load-variations but these special .conditions were rapidly

corrected so that the sampling was not seriously affected.

Appenaix C tabulates the tapping data, operating éata, énd
indicates the furnace load during the sampling pefiods, There were
some fluctuations in the furnace load during testing,ibut these were
considered to be within normal operating conditions. Normal operating
levels were indicated when the furnace operated between 35 and 37
megawatts. Tapping was conducted as oftén as necessary, depending

-

upon the total power input to the furnace.

1.0
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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 Environmental

Protection Agency for source sampling.

{

to select nozzle sizes for isokinetic sampling. Particulate sampling was

Y/;reliminary velocity and temperature readings were obtained in order

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 specifiéally'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. Carbon monoxide was sampled directly into the infrared

analyzer.

.

Particle sizing was performed using the Brink impactor. Further

information and details are included in Appendix J.

Special care was taken, not only to obtain all
operating conditions, but for each particuiate test
cycle. Any deviation from the standard methods was

recommended by the EPA project engineer at the site.

17
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VIII. CLEANUP AND ANALYTICAL PROCEDURES

The methods employed for cleanup of the EAP particulate traiﬁ have
become relatively standardized through testing incinerators, furnaces,
etc., for:é0vgrnment approval. Various sections of tﬁg sampling train
were washed with acetone and water. The filter was removed carefully
and each portion of the collected‘particulaté matter’was placed in
' separate containers. All portions were then aried at ambient conditions
and.the water was extFacted for organic material, as well as being
evaporated to dryness. These procedures are outlined in detail in
Appendix E-Z:

802 samples employéd simple means of‘cleaﬁup, using distilled,
deionized water as a rinsing medium. The analytical procedhre is
somewhat more involved and details are outlined in Appendix E-2. Both
cleanup and analytical procedures were conducted in.accordance with

approved methods.

Specialvprocedures for particle sizing and for chemical analysis
of the metals samples are discussed, respectively; in Appendixes J

and K.

——— e e
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IX. DISCUSSION

A. RESULTS

Precipitator Efficiency

The efficiency of the overall electrpstatic precipitator system was
determined under what was understood to be routine conditioms. Efficiencies
of appfoximately 97, 99, and 99 percent were obfained'during normal
process variations. The lower efficiency occurred during a period in

which there was a prolonged furnace blow and subsequent cooling.

During periods in which the furnace temperatures are cocled below
normal, for one reason or another, the exhaust gases are also cooled

until operation resumes normal load. During the period in which the gases

are emitted at a reduced temperature it is necessary to reduce the moisture
content of these gases, as controlled by the conditioning'tower, to
prevent condensation within the precipitator section of the system. This
change in conditioning reduces the efficiency of the precipitator to a

very noticeable degree.

In fhe‘above incident emissions from the exhaust stack were clearly
v151b1e, while normally the emissions can be ‘seen only when viewed abalnst
a very clear sky or dark backgrouﬁd. kUhder the circumstances assocxated'
with this installation it is pecullar, but when the actual emissions from
the furnace are reduced, .and therefore usually at -a cooler temperature,

the exhaust emissions.:from-the system.z2re noticeably dncreased over norntal.

19
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The minimum emission of particulate matter occurred during Run 2, +

when the lowest inlet dust loadings were produced. Correspondingly, ~

' , HH
the greatest efficiency occurred in association with the highest inlet
loadings, during Run 3.

“Each efficiency'has”been calcﬁlated on the basis of total pounds
per hour (massMragg).igNspite;ofrxhg'fact that‘inlet apd exhaust flue et
~ gas volumes did not ii&ayé*ﬁatdh“nS”éleély“éﬁ.Beéiréé?" It must be
remembered that the mass emission rates %re calculated for a specific

period of time, and that this rate will vary depending upon the actual

plant operating conditions.
Emissions

The inlet duct measurements were conducted over a relatively short:
period of time (100 minutes) while the exhaust measurements were
oStainedfovef‘a six-hour period in order o oBtalf larger quantities: ;
of material for increased accuracy of weighing. "Relatively high dust
loadings at the inlet duct provided plenty of material for accurate

weights in a short period of time. B
f ]

Exhaust emissions appeared to be rather uniform except for the known 3 P,
occasions where the unit was not operating at peak efficiencies. "Inlet- /

grain loadings and ‘emissions varied sharply between individual samples,” .-



as well as between the two ducts during the same time periods. Considering
inl ducf dust ' e B
the inherent variability of furnace operationm, all of the inlet TH

concentrations are con51dered to be quite reasonable. =

No separaté samples were obtained from the tapping exhaust ducts C— .
because these systems led directly into the overzll furnace hooding e
system, and therefore were sampled with each ordindry test. gEwvery sample: ..
period was ‘timed iguch ‘that a tapping?cycie‘wasuindluﬂed?midway»duringﬁ

|

that test. |

k4

Although thq collectlon eff1c1ency of the tapplng ladle hood was not
.vely eff1c1ent; these escaping- fumes were relatlvely 1n51gn1f1cant in
comparison to the total amount of dust and fumes being produced.’ These
fumes, of course, were not subject to collection and scrubbing in any
-~ manner. They were therefore actually emitted to the atmosphere from one Lo T

point or another, while the collected fumes were normally reduced by

about 99 percent.

Particulate Versus Total Catch

The ratic-<of particitlate trapped by the impingers, versus the
total catch, was quite ‘different for samples collected at different
locations. With a single exception, the inlct duct samples contained

approximately one percent of the total catch as trapped by the impingers. : oo -
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These results are similar to other uncontrolled emissions from reactive

v

metal furnaces. Niagara Falls (Test FA-3) is the only possible exception

to this pattern. . .

The percentage of "condensible' material at the exhaust stack was

considerably greater. These samples averaged 15 percent of the catch
caught in' the impinger train. It should not be toc surprising that there
is. an increased ratio of "condensible" material at the precipitator

exhaust because the electrostatic precipitator would not be effective

in trapping non-filterable material. Although the conditioning tower

acts as a low efficiency scrubber (removing about 50 percent of the
total material Laught by the system), the proportion of any condensible
material originating from the furnace would be increased greatly by the

time the exhaust gases were leaving the stack.

Flue Gas Conditions

Considering the normal variation in operating conditiohs, and
observing gas flow from the furnace, the flue gas volume was considered
to be relativély stable for the test runs. ‘ﬂobever,'th? total flue gas
volumes at standard conditions, for Run 1 and Run 3,,;ere apprpximately .
seven percent greater at the inlet ducts than was measured at the exhaust

stack. Measurements during Run 2 indicated the flue gas volume to be

almost equivalent at both locations.

[ .



Due to the one sample with matching volumes, it is c¢ifficult to
believe that there wés a uniform 1c$kage of seven percent. Flue gases
at the inlet ducts were under a slight positive pressure, therefore some
leakage could be possible, although the quantities involved should have
been readily-visible. " The EPA tiain has been designed for extreme c;:e
and accuracy, andﬂiziisfbelieved thax'f1§e~gas volume measurements ¢

R

should be more accurate than the-above figures would indicate.

There appear to be two possible explanations, in addition to that
of inherent error. The exhaust flow was relatively stable and uniforﬁ,
as well as being located after several pipe diameters of straight flow,

therefore these figures are assumed to be the more accurate.’

Gas flow at the inlet ducts was highly variable from one point to
another as well as from one moment to the next. Measurements were
conducted at a bend in the rather large duct. Multiple measurements
usually result in a satisfactory average, simﬁly because of many measure-
ments and averaging. However, it is someéimes possible that inlet and
exhaust flows appear to differ greatly because the angle of gas flow
is not parallel to the walls of the cross section in,the area being
tested. If this should occur (as is common with tangential flow in a
round vertiﬁal sgack) if is pdssible fhat.£he éctﬁai.flﬁe gas volume

.-

does not match that as measured.

23
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A second reason for the apparent discrepahcy may simply be that.
the exhaust samples cover a period of some six hours while the inlet

measurements cover a period of only 100 minutes.

Temperatures at the exhaust stack were extremely stable between
runs. Corresponding temperatures at the inlet ducts varied widely
during each test, yet the averages for these two ducts over the entire

test period were relatively stable.

Caseous Fmissions

.Sulfur dioxide concentrations were measured only at the exhaust
stack. The first and third runs matched exactiy bﬁt the second sample
was almost certainly in error. Run 2 indicated a meter volume two to
threé times larger than Runs 1 or 3. Based upon almost ident{cal méter

conditions and sampling times, it appears evident- that there was air

1eakage during this second sample.

Carbon dioxide content was within the range expected, after having
conducted tests at previous installations with similar hooding
arrangeménts. The infrared analyzer for carbon monoxide (CO) operated

vwithout problem. This is the first survey, ha&ever, in which the unit
was available for low concentrations. The extreme ﬁiuctuations in‘values
is apparently due to the inherent, yet perhaps small, 'blows" associated

with normal feeding operations.
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Particle Sizing

pes 1

The particle size of material emitted from the furnace and the

'_éxhaust stack is so small that major differences are hard to determine.
The méss med;an diameter (MMD) ranged between 0.4 microns and 2.5 microns
in Qia exhaust samples and between 1.2 microns and 2.6 microns in all

{
inléé duct samples.

i?t must be remembered that that sample time at the inlet duct was

|
ple

only five to seven minutes at a single point. It is unlikely that any

+
)

singlé value would represent & true average of material being emitted

from the furnace.
i

o - -

-
T
NEN

gﬁxhaust samples were obtained during periods ranging from 90 minutes

"3

to 240 minutes. This time period was probably long enough for average
results. However, the average particle size was so extremely small,

that 1t was dlfflcult to obtain wholly satisfactory results.

All of the above particle size results- are explained in 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. ’
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Chemical Analvses

An inlet sample-was composited from partiéulate matter obtainéd
at each inlet duct énd was analyzed by qualitative electron beam X-ray
micro analysis and atomic absorption. Samples collected for these
.chemical ana}yses were obtained through all-glass pyrex probes between
the second ;nd third particulate runs. Both of these tests were

conducted isokinetically at a single point until the smaller (two and

one-half inch) filter began clogging. )

B. OPERATING CORDITIONS

Precipitator System
As far as can be determined there were no problems with the
operation of the electrostatic precipitator ‘during any testing. On

the day in which the first samples were obtained, the ammonia supply

for the conditioning towers was shut down to Furnace 15. Although the

test was being conducted on Furnace 14 this unit was shut off while they

were cleaning this system. Fortunately, this occurred early in the
morning and the exhaust samples were not quite ready to bégin. By the
time the testing was completeiy ready, the ammonia was back in proper

]
operaticn.
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Furnace 14

1t is understood that the operating conditions of the furnace were

‘falrly uniform. _Detaided operatlng conditions were bexng recorded . by J?l —I’-
: i -

plant personnél,but xhese aze not ava11ab1e<1n time -to be ineluded as

part of th1s report {normailly Appendix C) Every particulate sample

,1
waF timed into the ordinary operating schedule, in order to include

,j - ———
onf tapping cycle during the middle of the test. period. E—

C.. - TEST CONDITIONS
: |

Inlet Duct

i 1hE‘E.Eié#ﬂﬂ-ﬂ&hﬁx-iﬂaﬁabie:&ﬂ;&ﬁgM‘jg .sam ;%ngﬂituhdmnhaquegau . ;Jv_;&, B

!

ducts,"Q&; }hg%ewvefeﬁpoer'1ocations in most: respects, except access. 4

There was 1ittle or no straight flow of gases prior:to-the sampIe

p01nt and very little straight flow following the sample location.

fhéisample perts were located on a shar§ bend ofvnearly 45 degrees. -
The location was very hot, and_relatively dusty, but fans were put into

pdsition to alleviate some of the heat.

A special platform was prepared so that the EPA train could be
. * 5 I
mounted directly in front of each sample port. These sample ports

formed a line which sloped upward and therefore ranged.from about one

foot above floor level to nearly ten feet above the floor level. A

o —— i —
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step arrangement platform was placed on pipe rollers such that it could
be;moved, and access arranged for each port. The platform was too

short in length, and therefore great care had to be taken to assure that
b
each of the five sampling points was within reach.

Outlet Duct

4
3

= The vertlcal exhaust -stack, with long‘étraight flow before and

after the sampling location, should have provided good representative

sampling. A newly expanded platform was quite satisfactory and provided

—f |

two sample poris. A specially'prepared EPA train platform was made in

advance and chried to the job site so that a ten-foot probe could

ch a11 points within ‘the stack.

3
3 -

i .
7y The weather was good during the test survey and there were no
o3 )

robleﬂs due to the nature of this location or platform. A telephone

system connected the exhaust stack location to the inlet location so

that there were no problems of communlcatlon during the survey.

Power

»
Ind1v1dua1 c1rcu1ts vere avallable for the testing equipment sO

that there were no power failures at elther duct or stack.

.
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Filter Plugging

-4

In all previous surveys at reactive metai furnaces there has been
a severe problem of clogging and vacuum buildup in the sample train,
_because of the accumulation of fine particulate matter on the glass
fiber filters. The ultimate cure for the problem has been to emplo§ a
small size nozzle, so that less overall.sample was obtained, in

addition to being ready to change filter holders frequently.

Four-inch filter holders were availéble at Charleston for the
first time. During the first sample a one-quarter inch nozzle was
employed at the inlet ducts to '"play safe'. A single four-inch filter
was required ésr thé entire run and this required a negligible buildup
in pressure drop. A larger nozzle was tﬁén embloyed for future %uns
in order to achieve a higher and more accurate sampling rate: The new
rate was kept at isokinetic without ;Acident;wwA$%ﬁ6h§§%Eﬁg?p}ggg@ggg
probléms were reduced to a surprising degree, ‘it is difficult to °
believe that the nature of the fume and phrticuiate matter could have

been appreciably different from previous éurveys.

Particle Sizing

Analyses for the distribution of particle size were conducted with
a Brink cascade impactor. These tests were conducted at both inlet and
exhaust locations, with considerablydfewer piobléms that had preﬁiously

been experienced. There was no problem with high moisture content and all

problems with high temperatures had been resolved at previous locations.

29
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Miscellaneous Problems

?i % preliminary mioisture run atithgvinlet,duct,was being conducted

'Jhlle the EPA equipment was being brought into position and set up. ;l_i_Il‘
'Ihis moisture equipment was not being closely observed and the mercury

i : X
was inadvertently sucked into the dry gas meter, therefore, moistuxre

4 ..
at both inlet ducts was estimated between two and three percent.
B
i ¥
pue to the extremely hot and difficdlt gampling conditions the -
*

rellmlnary traverse was’ completed only on the west duct. When the ;

.......«.‘L v b s

apparent velocities were duplicated at the east duct, a few readings-
&gre taken as a check, and the nozzle size was.estim;ted from these
- ‘ |
vféw readings in'conjunétion with the traver;e‘og‘the other duct.; '\
Althoubh the average velocity and temperature readings were very close

between ducts, therewere wide variaticmns in individual readings both

between the ducts and among the various ports.' The ducts had areas

with very low velccity and at times the gage registered zero. During . -—- -
these instances no sampling was conducted at those points. The lost

time was made up at nearby points with measurable‘velocities in order

to complete the normal time period for each.run. Although the two

inlet ducts were geometrically similar,.the velocity pattern was

sometimes quite different for equivalent locations. o _’ S e
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The first runs at the inlet ducts were discarded. It was foﬁnd
th;t the vacuum was building up very rapidly, and investigation proved
thét the glass fiber filters had been placed on the wrong side of the
;upport disc by a new technician. Both trains were then thoroughly"

cleaned and reloaded. Run 1 was satisfactorily conducted that

afternoon. -
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PRECIPITATOR EXHAUST STACK
SUMMARY OF RESULTS

b Run Rumber PCE-1 PCE-2 | PCE-3
Date 9/21/71 9/22/71{ 9/23/71
Stack Flow Rate_- SCIM % dry 148,400 | 159,000{ 161,000
% Water Vapor - % Vol. 8.4 9.5 8.9

% €O, - Vol % dry 1.6 ' 2.4 : 9.3
% 0, - Vol % dry . 20.2 19.8 19.4
% Excess air (@ sampling point 3370. 2200. 1290.
$0, Emissions - ppm dry 7.86 0.781 7.91
NOX Endissions - ppm dry N/A N/A N/A
Particulates
Probe, Cyclone, & Filter Catch
gr/SCF* dry 0.0286 0.00916 ) 0.01032 §.
gr/CF @ Stack Conditions 0.0207 | 0.00656 0.60748

“1bs. /hr. 36.3 12,5 | 1.2 |

roeere e gopinaer | oo |
Total Catch
gr /SCF * dry 0.0310 | 0.0115 | 0.01247
gr /CF @ Stack Conditions" 0.0224 | 0.00824 | 0.00904
Lbs./hr. 39.4 15.7° | "17.2
?tnck Temperature, °F 219 217 215

Y
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EPORT_KO. PAGE _ OF PAGES
}' SQURCE TESTILG ALCULATION FO&.S :
‘est. Ho. PCE No. Runs Three
{ame of Firm Afrco -
_ocafion of P]ant' Charlescén, South.Carolina ¥
Type of Plant Reactive Metalv .-
Contro't Equ1pm°nt . Electrostauc Prccxp).tator - -
Samp]mng Point Locations Exhaust
Po]]utants Sampled Total Partlculate, 802 COQ, 09, co _
Time of Particulate Test: . : _ . _
Run No. PCE-1 Date 9/21/70 Begin _ 0930 .End 1600
Run No._ PCE-2 Date 9/22/71 " Begin__ 0900 End 1510
P fo. PCE-3 - Date 9/23/71 Begin__ 9850 ' End 1520
PARTICULATE EM1SSIOH DATA
win Ho. , PCE-1 |PCE -2 [PCE-3 l
. - —eeed
p. barometric pressure, "Hg Absolute 30.3 |30.3 [30.3 _
_Em-orifice pressure drop, "H,0 1.48) 1.78] 1.79 A_!
Vo, volune of dry gas sampled @ meter 232.59] 254.1%258.68 ‘
' conditions, ft. : : !
T Average Gas He;er Temperature, OF 110 | 90 | 94 %
5
. Volume of Dry Gas Sampled @ Standard . : ’
M.ed. conditions, ft. 219.5 | 249.°]251.0 !
Vw Tofa]szﬂ collected, ml., Impingers 1
& Silical Gel. o 425- 1553 510, , .
v Valu-o of Lator Vooor Collectiod A IR U | ‘ !
l‘) . N ool ) 0 Condiiions _ e O 24
— e _,_.---1._..._.._...._.-...1__.__..__'*-___..-«1
1 9 . 0 LS ] .. e i .
; ,O'J, Z:fgé h% - ; T . e A2

RSN

T

£ [ .



PARTICULATE EMISSION DATA (CONT'D)

-
.~ {
0. PCE-1 PCE-2 PCE-3
Moisture in the stack gas by s
- Jlume . B.42 9.52 .8.9
Molg fractipn of dry gas 0.916 0.905 0.911
] 1.6 2.4 2.2
20.2 19.8 19.4
- 78.2 "77.8 78.4
- Molecular weight of dry
stack gas 29.0 29.2 29.1
- Molecular weight of stack gas 28.1 28.1 28.1
- Velocity Head of stack gas,
In.H,0 : 0.45 0.53 0.54
- Stack Temperature, °F 219 217 215
X(Tg + 460) 17.5 19.0 1 19.1
Stack Pressure,'Hz.Absolute 30.3 30.3 30.3
Stack Velocitf @ stack
conditions, fpm 2610 2830 2830
Stack Area, in.Z 11,300{ 11,300{ 11,300
“Stack Gas Volume @
Standard Conditions, *SCFM 148,400 159,000 161,000
Net Time of Test, min. 360 360 360
Sampling Nozzle Diameter, in. 0.25 0.25 0.25
Percent isokinetic 1007 102 98
Particulate - probe,cyclone
and filter, mg. ' 407.6 148.3 168.4
Particulate - total, mg 441.6 185.8 203.5
- Particulate - prObe,CYCIOYle, 0.0286 0.009160.01032
and filter, gr/SCF
. Tavticulate - tetal, gr/SCF 0.0310 | 0.011570.01247
e ‘ ’ ' |
- ‘ -~ mrche,evelona, 00007 R 5‘?).‘:‘-07-".15 ;
ana L‘j:‘LI.I:"l., o . )
pr/ef @ stack conditions
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- PARTICULATE E:1SSION CATA (cont'd) 00,
Rua ho. ' T S rce-1|pcE-2{rce-3
Cau - Particuleta, total, gr/ct oL T S A : .

@ stack cond.

— - T

C - Parficu]ate, probe, cyclone,

a¥  and filter, 1b/hr. : 36.3 {12.5 | 14.2
Cax - Particulate - totalf 1b/hr. oo 139.4 {15.7 | 17.2
T % EA - % Excess air @ . o o _
B SRR samp]ing pgjnt i e e oo e e 3370. 22.0?.- 149../.-;-.-..-. e | —- —_—
: . :

*70°F. 29.92" Hg. - T - e
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PRECIPITATOR INLET DUCTS

SUMMARY OF RESULTS

un Humber ECD-1 ECD-2 ECD-3 weh-1 CD-2 WCD-3
ave 9/21/71 | 9/22/71 [ 9/23/71 {9/21/71 {9/22/71 9/23/71
tack Flow Rate - SCRY * dry 78,100 [85,500  B5,500 81,500 |75,200 |85,5C0
Water Vapor - % Vol. 4.8 3.8 3.6 3.92 2.85 4.12
€O, - Vol % dry NA NA NA NA NA NA
0,'- Vol % dry . NA NA NA " " "
Excess air G sampling point NA NA NA " " -
62 Emissions - ppm‘?ry NA NA NA " u "
O, Emissions - ppm %ry NA NA NA 1" T "
articulates
robe, Cyvclone, & Filter Catch ) '
r/SCF* dry 0.892 0.819 1.107 1.09 0.835 0.782
riCF (¢ Stack Conditions . ‘

0.510 0.457 0.620 0.590 0.465 0.452
bs./hr. g :

: : 597 600 811 761 538 573
P S 3.2 1.0 0.7 0.8 1.1 0.9
otal Cotch 5
r /SCF * dry G.922 0.827 1.114 1.113 |0.845 0.789
r /Cr € Stack Conditions 0.528  lo.463  1o.624 | 0.603 [0.471 10.457
bs./hr. 617 606 | 817 777 544 573
tacl Temperature, °F 432 463 464 492 &5 ‘ &?;""_
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PORT NO. PAGE . OF°  PAGES

. SOURCE TESTING CALCULATION FORMS

—

R Al ]
st. No. ' L ... . No. Runs
me of Fim Airco o
,Cétion of Plant - Charleston, South Carolina
pe’of Plant__ . Reactive Metals o - ' : e
irol Equipment Flectrostatic Precipitator - - : :
mpling Point Locations East and West Inlet Ducts
utznts. Sampled . Total Particulaté
e of Particulate Test: . : o )
m Ho. ECD-1 Date 921771 Begin_- 1410 - “End_1630
in No._pep-2 Date_g/32/71 * Begin__ 0903 End 1104
i No. ECD-3 Date 9/23/71 " Begin 0942 " End_1135
un No. WeD=1 --. ' Date- 9/22/71 .- Begin__ 1416 " End 1620
un No. VCD-2 . . " Date 9/22/71i . __ _Beein 0904 .- End 1104
un Ko. $CD-3 - Date . 9(23/7 . Bez2in 0941 “End 1135
” < ; l’ﬁ-f'\ X U7 Ut i
m ho. - : : lEcp-1 kcp-2 | ECD-3 {WCD-1 | WCD-2; WCD-3
, barometric pressure, "Hg Absolute 30.3 | 30.3 | 30.3 | 30.3] 30.3730.3 .
orifice pressure drop, "H,0 0.20 1113 [1.11 | 0.23] 0.93 {1.11 |
L. . i
in volume of dry gas sampled @ meter 5 . 1.
conditions, ft.3 ~ 25.21 | 56.25| 57.38{27.795(36.14 9.7
m Average Gas.Meter Temperature, °f A" {126 ‘ 122 | 129 { 131 | 117 |119
Volume of Dry CGas Sempled @ Standard )
Mstd. conditions, ft.3 23.1) 53.7°| 52.3 | 25.7{ 52.2{55.5
Total 4,0 collected, ml., Impingers , e
% Silical Ge)l. _ : 26,71 44.3 {41 . 22,1} 32.2 ¢ 50,
' — ) i At S o S
Voluns o Mator Voopor Cuileciod 3 | : | :
W ., . - - . -\ - - 8
gas  ft.9 ¢ Standerd (onditions™ - 1.1 2.1 1.9wl 105} beoo s e
|
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PARTICULATE EMISSION DATA (CONT'D)

o1

)
0. ECD-1 ECD-2 ECD-3 WCD-1 WCD-2 ’CD-3
Moisture in the stack gas by _
volume ' 4.8 3.8 3.6 3.92 2.85 | 4.12
Hol§ fraction of dry Bas 0.952 0.962 0.964 0.961 0.972 {0.959 M H
2 NA BA NA " NA A NA
] NA MA NA NA NA NA
NA NA NA NA NA XA
- Molecular weight of dry 29.0 | 29.2 29.1 29.0 2.2 | 20.1 T F
stagk gas . ' i
- Molecular weight of stack gas 28.5 28.8 28.7 28.6 28.9 28.6
- Velocity Head of stack gas, 0.07 0.086 | 0.085 | 0.08 0.066 | 0.052
In.H20 i .
—- Stack Temperatu%g, °F 432 463 464 492. 475 429
¢ X(Tg + 460) | 7.9 8.9 | 8.85 8.7 7.83 | 8.55 o —ao
- Stack Pressure,'Hg.Absolute 30.3 30.3 30.3 30.3 30.3 | 30.3
- Stack Velocity @ stack 1170 1310 1310 1290 1153 | 1265
conditions, fpm
- Stack Area, in.’ 16,800 |16,800 |16,800 16,800 16,800 16,600 o
] §§3i5a53sciiﬁﬁiio§s, - 78,100 |85,500 |85,500 81,500 75,200 185,500 ““““
- ‘et Time of Test, min. 100 100 100 100 100 100
- Sampling Nozzle Diameter,in. 0.25 0.375 0.375 0.25 0.375 | 0.375
- Percent isokinetic 110 99.3 101 116 89 106 ]
- Particulate - probe,cyclone : v T
and filter, mg. 1339.9 |2855.2 |3758.1 [1818.9 § 2829.9 2520.7
- Particulate - total, mg 1382.3 |2880.5 [3783.4 |1855.2 2863.6 |2842.8 »
- Particulate - probe,cyclone,
and filter, gr/SCF 0.892 lo0.819  [1.107  |1.09 0.835 |0.782
"fo‘ffff}ffﬁw* total, gr/SCF  lg.022 |o.827 {1.114  11.113 0.e45 lo.7z9 T T
gricf @ stack conditions |



PARTICULATE ENISSION DATA (cont'd)

S
M|
4
;é.

e hre e 5 i gim

Run lid. ) ECD-1 |ECD-2 {5€D-3 | ticD-1 wcm-vg‘ca-
C.. - Particulete, total, gr/cf . X '
v . . LR l, ‘_.I. t'
C - Particulate, probe, cyclone, i
aw and filter, 1b/hr. 597 604 811 | 761 538 {573
C,, - Particulate - total, 1b/hr. 617 608 817 {777 | se4 |s78
% EA - % Excess air @ . o _
-~ - sampling point e | NA -} -NA- ) WA} WA RA-- NS
. — - - NS
1 T70°F. 29.92" Ng. - -
8 !
A
!
I
; s Nt —
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1.

2.

3.

EXAMPLE PARTICULATE CALCULATION

(PCE-1)

Volume30f dry gas sampled at standard conditions =- 70°F, 29.32"

Hg, ft~.

. ’ T17.7 XV <% + P ) .
m B m 3
v = 13.6 = Ft.

std (?m + 460)

o (17.7) (232.59) (30.3 + =48

13.6
(110 + 460)

(17.7) (232.59) (30.409)
T (570)

= 219.5
Volume of water vapor at 70°F and 29.92"-Hg,«Ft.3
3
w

v = 0.0474 X vV = ft.
gas v

= (0.0474) (425)

= 20.2

% moisture in stack gas |

100 X v
. Yoas =%
M= g + v
Mstd ¥ gas
_ (100) (20.2) e
(219.5) + (20.2)

2020
239.7

= 8,42

'
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&L, Mole fraction of dry gés

100 - 7M™
d 100

100 - 8.42
100

91.58
100

= .916

5. " Average molecular weight of dry stack gas

MW = (%0, X 2 + (0, X 22y 4 (i, X =25
= (1.6) (.44) + (20.2) (.32) + (78.2) (.28)
. = 704 + 6.44 + 21.9 | '
= 29.0
6. Molecular weight of stack gas .

HW=_MWdXMd+ 18 (1 -Md)

(29) (.916) + 18 (1 - .916)

- 26.6 + 18 (.084)
= 26.6 + 1.51
28.1

7. Stack velécity @ stack ‘conditions, fpm 1/2

vV, = 4350 XVaP X (T + 460) R

- @33007.5) (EearEy )

. (4350)(17.5) (g~ ) 1/2

= (76000.) ( 2—;7)

= 2610

A-10
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8. Stack gas volume @ standard conditions, SCIM’
0.123 X v X AS X Md X PS = SCFM
Q =
s (Ts + 460)

_ (0.123)(2610)(11,300)(.916)(30.3)
679

148,400

9. Percent isokinetic

1032 X (T + 460) XV _

TR = - 2
Vs X Tt X Ps,; Md X (Dn)
- (1032)(679)(232.59) .
(2610) (360) (30.3){.916)(.0625)
_ 163500000. :
1635000.
= 100%
10. Particulate - probe, cyclone, and filfer, gr/SCF
Me
Can = 0.0154 X 3;:——-——-*' = gr/scf
std

- (0.0154)(407.6)
219.5 :

= 0.0286

11. Particulate total, gr/SCF

Mt
) H
C,, = 0.0154 X 7= = gr/sCF

Vm
std

- (0.0154)(441.6) -
21905 o i

= 0.0310

e i s e
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12,

13.

14.

15.

Particulate = probe, cyclone and filier,:
gr/CF at stack conditions

17.7 X.C XP XH
- an [ d
at (Té + 460)

= gr/CF

- (17.7)(0.0286)(30.3)(.916)
679

= 0,0207

b .

Particulate - total, gr/CF @ stack conditions

17.7XC__XP_ XM
ao s

Cau ™ (T_+ 460) = gr/CF

- (17.7)€0.0310)(30.3)(.916)
. 679

= 0.0224

Particulate - probe, cyclone and filter, 1b/hr.

C_ = 0.00857 X C_ X Q_ = lb/hr.
aw ' an s
= (0.00857)(0.0286)(148,400)
= 36.3

Particulate - total, 1b/hr.

C = 0.00857 X C XQ = 1lb/hr.
ax ao s

= (0.00857)(0.0310)(148,400)

= 39.4



]

/
16. % excess air at ssmpling point

100 X % 02
(0.266 X % Nz)‘A O2

% EA = = 7

(100)(20.2) ,
= (0.266)(78.2) - 20.2 .

= 3370

3
3
:
.
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i
}
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CO CONCENTRATION

RITN

o A v

L1 b,

CO concentrations were measured by a Mine Safety Appliance,

Model lléb, Infrared Analyzer with a rangé of 0-500 bpm. Measure~

ments were taken at port C of the east duct, and port B of the

west duct of the furnace exhaust. o =

CO concentrations in both ducts varied from 200 ppm to 400 ppm

for short periods of one to two minutes followed by concentrations

exceeding 500 ppm for periods of five to ten minutes. The concen-

tration measurements were very unstable and unpredictable.

B-1
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&
SO E t1ccTod DATA
foo ..;....‘ e .

Run ho. | PCE-1 | PCE-2 | PCE-3 T H
“Date - w (o7l (9/21 | 9/22 | 9/23

mg S0, e miee o+ e e e 17BL9 1.8..].6.8 -
- - l N o =3 -

Ty - Average Cas Meter Tgmperature, Foloo |78 83

P'b"—'_Baro.l..tmc Prossure, ‘Hg abs. 30.3 . {30.3 {30.3 ‘ ‘i—
TV = Volume of dry %s sempled @ meter S

conditions, ft. 20.65 |41.1  {15.0

- ppm S0, - 7.86 |0.781 | 7.91

Vacuum i . 8.0 8.0 . 7.3
. Vsta -,Volhme'df'LaS‘Sampled at . Y B N DT

' standard ‘conditions - 1?:8? 30'? . |11.26

e cm e o s———

oo 0.7332 X'mg 502 X (T + 460

)-'>

_ppm 3D, = :
- R Py XV

PCE-1

, 530 Pb -.Pm

Vstd = (‘m) L > (o702 )
. - s3o ' 36.3 - 8.0 .
(20‘65) ( 550 ) ( 29.92 )
= 14 83

rCE-1

' Mg SO
PPM S0, - =iipg 2 X 13.1

- _(8.9) 113.1) '
PPH SO, T 7.86

.) under vacuum.
Y . . e.
. -

) Not used as.the meter was -

B T oE o e

e i e



A H
ORSAT RESULTS
Date Run No. % C02_ % 02__ TR
9/21/71 PCE-1 1.6 20.2 T
9/22/71 PCE-2 2.4 " 19.8
9/23/71 PCE-3 2.2 19.4

"The above results are all for the exhaust location.

¥o Orsat analyses were conducted at.the inlet sampling

location.
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No operating data was available in time for

publication. A technical data sheet is included.
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A) Description of the Tust
y Collectang I'lant

pPage 1

1. Technical Data

1.1 Meste Gases from the Furnace

Waste-gas voluze

162,000 scim

Waste-gas temperature 380 - 625 °F
Waste-gas dust content 0.79 gr/scf
' 19 1bs/a

Dust volunpe

4.2 Waste Ganses behind Cooler

Conditioﬁing the waste gas'

Pertinent temperature
Water dew point

|
behind the evaporation
“cooler

194 - 203 °

1.3 Flectrostatic srecinitator

NWunber of electric zones

in the gas flow direction 3
Fumber of H.T. installation 3 ’
. Secondery voltage ‘ 78 kVs

Secondary power
Cleen-gas

dust conteﬁt

248,000 cfn actual

104 - 118 °F

-

576,000 Mas/h
200 - 330 °C
1.8 g/¥o3
500 kg/h

420,0C0
Bm3/h

80 - 85 °¢
40 - 48 °c

3 x 1,000 mA arith.
- 0,05 gr/sct

0.114 g/¥r

At
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art 10, p. 2 of B

- -VELOCITY TRAVERSE FIELD DATA

Plant Airco, South Carolina

:'Tcst

Preliminary Vel. Traverse

Location Péecipitator Exhaust

Date

9/20/71

Operator Baxley and Avery

South  East |  Stack Stack . . ]
- | Point | &P, in. Ho0 Temp, °F Pres., In. Hg |&P X (T+4603" |YaP x (T+40077,
1 0.30 ~0.45 205 ;
2 0.35  0.40 !
3 0.35 0.35 2'
4 0.30  0.35 Aj
5 0.35  0.35 ’ : ;
6 0.35  0.30 1
7 0.35  0.30 _~J
8 0.35  0.35, '%
9 0.40  0.50 i
10 0.50  0.50 205 - i
|
i
|

Calculation celumns, not Field data

ents:

29 (12/67)

L34

Boie G e



RESOURCES RESEARCH, INC,

" Personnel

~ Conditions, etc.

Raxlev and Avery Entered

Checked

Preliminary Moisture Run.

Airco, South Carolina

Date _9/20/71

@ Location Precipitator Exhaust

Meter & GAS METEZR CONDITICNS Tamp # —
Sawpie.| Cu.Ft. |Cu.Ft.{(Va) |Elaps. (=) (+460=Tu) { ) Thimbla

e Yumber | Readine [Difference Min. C.F.M. |Tewp °pr . lvacuum™in SUTBET
5 112.60 35 6
0 125.80 84 6
R 138,12 83 5.6
. 25.52 84 5.9

: i

H

ck/Duct Measurcment Estimated Me~ Actual -
ck Diaweter, inches (D) Estimated Ra(Corrected)
el Avea, Ft2, (A Calcvlated Rz(Corrected)

Cos Tenp o ep Samnle Nonule DiasTn, () o

TRV ¢ B A PR SR W T RIS S GOV . .

cuetric Pressure,hiy, (Fb) Avg.Gas Velocity, fpa(Vsau60)

¢k Statfe Pressure, In..“l(}

4 ml

Jensate.m? (‘.’w)

Ve=(2.9 % Fs) i x VT

or
2,46

T H



L N U TE RIS T

ACH
' : PRECIPITATOR EXHAUST ) Eé_(_?g_g_gi_g
: TRIAL MOISTURE CALCULATIONS
1. Icokinetic Sampling (Dry Cas) (cin)
! 2 . C—
Ry = .33 x Inx Vo nd” x —2Ps ¢ Rm (corrccted) = Mm x lMe ;
s Po = Py . : o
Estinated Value:
Caleulated Value:
. Water Vapor Volume (cu, ft,) : ’ B ' S
: 00267 5 LE3ML _,,
Vv o= ,00267 x Y x Tm ‘ :
- Pb - Pm
« Condensate Correction Zor ileter Rate . e
B Mo = Vo e .
. Vn + Vy .
. Moisture in Metered Gas {cu. ft,)
My = __V.P, x Vn ' : ’
’ D . D _ ) e e
b ™ n 1.18 x 25.52 _ ,
Toag o = L2
Percent Moisture (%) Sstack cas -
Cae L 24+ 1.24 148 T
% Moisture = Vy *+in x 100 o S = 5.89% .
VT . W24 4+ 25,52 25.76 :
v TV ‘ .
~ : D-2 '
Saturated at . ) A : : '
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a,rt 10, p. 2 0of 8

Plant

VELOCITY TRAVERSE FIELD DATA

Airco, Souéh»Carolina
Test Preliminary
Location West Inlet Duct
Date 9/20/71
Operator. __- Eggleston
tock Stack _Stack % rg
ime | Point | AP, 1in. H20 Temp.,, °F Pres., In. Hqg AP X (Tfﬁﬁﬁj "AP x (T+4GCT
A-1 0.03 440 +0.20 e i
1 a- 0.04 490 +0.20 ?
A-3 0.03 500 +0.20
A-4 0.05 460 +0.20 ) j
A-5 | . 0.07 500 +0.20 2
A-6 0.06 520 +0.20 E
B-1 0.05 490 +0.20 . __}
B-2 0.07 500 +0.20 - R
B-3 " 0.06 530 +0.20 ;
B-4 0.05 550 +0.20 s %
B=5 0.04 550 +0.20 1
B-6 - 0.05 - 550 +0.20 _,,,«i
CANTINUED TO NEXT PAGE __‘

‘- Calculation columns, not Fie1d data

vt
DI N

F-29 (12/67)

_— s ———

O



MR
_ . ]
part 10, p. 2 of 8
VELOCITY TRAVERSE FIELD DATA
CONTINUED :
: ) . "HH
Plant Airco, South Carolina
Test Preliminarv
Location = West Inlet Duct
- 2 _
Date 9/20/71 -
Operator __ ggeleston -
|
lock : Stack Stack v | r
“re |Point | 8P, in. B0 | Temp, °F | Pres., In. lg |4P x (T+4605" VAP x (T+4c0;
c-1 0.05 450 +0.20 ; -
c-2 0.05 460 +0.20 ! _
c-3 0.05 490 +0.20 . :
C-4 0.06 510 +0.20
c-5 0.05 520 +0.20 -
N : - -
c-6 0.05 520 +0.20 o
_ _
|
Avg . 0.055 510 ) :
|
-
b
i

* < Calculation columns, not Field data

R
Chn

chP-29 (12/67)

Sd e



| [ ! i | i | S -
] | ] | m _ | m e
B} _ w } | | !
N | i _ i | L
| ‘ | | ! FOVd LYEN|0L (IANTINGD ! _ o e
“ _ « _ | ) _ | _ _ IS A -
TIN | 011 | o0sz Z ZE1 O€Tl | 9z°0 | %20 [ 600 | 0L°€l6 | wfii . §-2 |
1IN | o1l | o0sz Z 0¢1 0¢1_| 9201 %20 60001 Twgia | cscv i__=en 1
I R 01T G Z OET | o€l 920 | %20 6070 | €7° 146 | g9st b €=0 )
: 1 01l 0se [4 0¢1 0t 1 92°0 ¥2°0 60°0 | 82°046 ! zzer 4 z-D -
i LIN 011 0se Z 01 061 | 9Z°0 %20 60°0 | 09°896 1 sI6t ' 1-0 !
- | _ [ | wici i s3E3sy
TN 001 0S¢ 1 17 %eT 0CT %270 %0 6070 | $TTr96 [ suii i Cta
[IN . 001 0SZ | 6*1 vl 0g1 %20 %20 60°0 | 89°696 | gosi i wew
TIN | SOl 0sz | §°1 Y€1 | 0¢T | 91'0 | 91°0 9070 | eyTw96 4 esml i =R
O] 001 0sC | §°1 0l 91 | ¢1°0 | AN 00 | 6£°€96 | €cvi 1 7-4 )
1IN 01T 0se | ¢ 1 oel 9Z1T [ 9170 | 91 0 9070 | €E17296 | Suvi 1 1-€
I _, : [ €L ‘ DIV
TR OTT Y4 T OtT 9¢T 010 010 7070 087096 {  Ivvi | &-v 1
TN UTT § 0%¢ T ULT AN 0170 YOTO ) wETeS6 | Sevy 1 t=¥ )
TTX U1l 032 T 7 8¢t | ¢l1.:i 800 8070 €070 | 01°6S6 | 1E%1 1 gov |
TIN | 011 052 1 9Z1 2Z1 | _01°0 01°0 %0°0 | £6°0S6 I azuw1 1 z-¥
1IN S11 (1% 1 vl %Z1 | 8070 80°0 ~_€0°0 §6°956 | 1ewi 1 1-¥
[ 0t 0S¢ VA AR €16°956 | 9141 i 1535 ]
4 Ut 2o do ebn29, 301300 | 32qur | len3dy | poayseg év 43 ‘aexe Catio boquieg
$S244 s *dwdy| By gl 4 ! g¥H ut 04 -uL| - s29 £ag $3¢13 |
%2235 J425uLcug xogt wans2p| cdwdy seg fuq iy Ootitdp 10214 m
. ¢eng 4 | |
<z°. “Uy ‘*elg dil 9goud 09 Bu11305 2eyecy sgoug 193242¢(
ocz do ‘Bul12TS %CZ 42302y 101 ybuat 0qosg . 1/12/0 3133
Z % 9493510y paunssy " Z TON X03 42194 39nQ 38quy 3sop “CLIR30T
£°0¢ BYH,, °ssouag -ueg A *C!l X0g c|cumg I-ao~ 0 uay
021 dwa] juotqu *5°5 ‘uo . 1557 e
do 1 LQuy . . - sa3nu L o°s ISVTITYY f00I .y uR|d
T4 %1 + d38Suapuog G A43A3 pa0daa pue pead ‘buyg(dues

jutod agburs Jt ‘40 JuLod 3502
4ded JO 34R}S 9Y] 30 PU0I3J pue pady

— Sy e |

: 'i - S —
‘ CNMY 11 YT MY T30 e IMWINA T 183192




1 .
- - _ i ' ' { ! _ )
(o _—, ? ; “ ‘ I | «
< , , [ _. " _ m
; P | o o ,
. m , . i , 1 ' 3 1 | _
(£9/77 5 . 12-c2N
1S3UILLo)
L _ ! ] _ _ _ | ]
: ! ] | | | ! ]
. | | _ _ m
! | | | | ] :
J "_ : [ | | i [ : ]
_ ! | _ _ _ ! | : |
_ { | | | | _ . _
| [ _ ) ~ | !
_ _ —_ | I ! | o
_ _ 1 _ _ ‘ .
i .| . | i _
_ _ _ _ | - j
| [ _ _ ” _ i |
I_ | _ i |
| _ *
. ) _ | | ]
26y V1 201 sz 131 | zgl | 621 £€2°0 | 2270 | w00 | s6l'lz T
m | : | | | " | T
ﬁ N | | L
I — S I | _ R
CESTTIIE T og DT ST TR CET T TUUT 270 AN L$7¢66 | " 0cul | TR
vs | TN ] 001 0sz | ¢°% 9el | el | =et0 | Ze"0 2io | §H2i6 | 1191 -3
VY4 AR N G01 OSC | 6" [ GeT | el | 0 | 0| 210 | SO 16| T
LS 1TeTg OTT [ U%E [ A 9T | IEL |0 ) ZL 0 o | OUT 176 | I R
009 | 11a 011 0sz | gz, 9¢1 | zex | zeo | 7£°0 z1'0 | 00626 | poar i
N /a 3 : * 1.||||‘l . _ _ _ ‘ (SR _ .inumm
Cop i TN 011 0¢z z 9E 1 zer | weto | e 0 €1°0 | sevel6 | uyoq [
| ORI DI 05 l 9€ 1 A 70 LU by £46 | €St u-d T
Ocy o 011 0sz -z 1 9e1 I ze1 | <z 0| <Z°0 010 | 09°946 | cc1 e
COS 1 TR | 07T 057 2 1 wer | zer 1 9770 7°0 010 | 6°¢16 | (51 T
603S T YA 052 3 €l | ZeI | wz°0 %20 6070 | TR syCT T i-d |
” | [ _ | Inel TTII T
~ noyl S0 | 1S4ul | (oagoy | pautscg dv | 43 *<oaey R Si1og |
! ] 2- | “H oL 0% "uL|  se9 AQ 59C1" |
ol cuvar <unm Cin _ tiew NS 1Y Ity 1 -y g )

YO S -



-~
C
%
5
s
=
— . b
e s

Pt b R i . i [ 4 s — 4
i ~ * w | L | W R S
[ o | I ! { | | S s
! [ - | | . _ N R ”
. ; ;
| | A | i . [ S S
! T [ _ i AoV y R
| _ ! _ ] | _ [T
, Ts { 0t 74 QU A/ S R AV [0 SYRIVIRREN Gatgiut v
| 68, 0°¢ vzl _j__zel | [0 | L0 <0rg_ | 299101 _J___§1.o
| 08 “oe . wer | ezl 20 | L°0 €00 | 0" mum@i\hl;amp
RV | 0°¢ w1 | eel |50 550 i~ %o | S1 ot |
08 { [ A 0¢t %370 %370 T 9070 | 8/ 0101 |
03 Ty ozU |- 81l g1 | 81 €rro | 197 90ul |
03 't getl ] 9tl S (S 60°0 | 1879001 |
_ U3 [ ASE YN (9 6070 | (AU
[ €8 ¢ | 8il | o1l | 0T | ki T 100 | 62°2001 |
I 08 ALY 711 | 01 | 0"l 7070 | 69387666 |
08 0°t 911 711 | v8°0 | %370 00 AT
08 0°¢ Zl1 Z11 %80 %80 96°0 | A
| 08 0'€ g0T_|__ 80T 71 VAl 01°0 | 2°666
08 _ 0°¢ 801 801 4 %1 N N 8266 |
g [ Q0T | 801 i O°1 0°1 070 i 0.°066 |
| 06 [ ¥4 201 g1, o1 | 01 100 99386 |
06 - "z 801 801 1 %8°0 ¥8°0 900 €9°996 |
, 001 ‘Z 201 g0l | %8°'0. 78°0 90°0 98°¢86 | i
T T [ 4. | ednen| 3eLs o._ up | qonasy | pestseg dv 4) ‘a3 | “
sS04y diss sdwoyl by tuif. CYH Ut 1 ¢dy rut seg Kag %2CLS “ ;
¥3215| 425uicy] X0Q| wnnsep aﬁo_ moo A4Q _ g 221140 . 2034
aeng | . : ! .
TZg-  -u] *-eig ¢l 0Goid 09 Dut3aog seiedy 8qoid Uosysaju.y  403242d(
0%z 4, *06uLIBS XCF 4IITH 01 y25ud7 5GoLd 1-20-4 R
Z < 24735101 PILASSY : z "o\ X0g 42234 JaquL ooguing ;.. HIE32307
€°0¢ DM, °SS34d "deg z *cy xog dldes z-con TON UM
0cl 4, dwd) Judiquy ] - sopnuu 5 ETE03SS{Ie0) — 05TV auRlc
6 A13A2 pa02aL pue prad ‘buipdwes : , &
qutod o1buts L 40 pcroa 1593 . S
Yoea 4O 34B3IS Oy} 3B PA0IBL puR pedy .

. TGI8 TWONT T - ININOHI A¥3A




“
‘ | . ; { s |
- m ._ v p i ' u v
'
(£5/ 1) .LE-eYdN
DR RNy
| i | . | | | | | . ~
: | _ - _ ! L J
] : | | | L ;
| _ ] _ w
" | [ | _ I } ‘ . |
_ _ | _ _ ! ! . |
T | | : |
N B
. _ . . _ .
| ) i | _ ]
“ ] | i .
" | | m -
! | | | : J
| | _ ! _ . |
i i | }
B _ | _ | e
4% ~ 98 T[T 0S| T BTl 9T toU te 0 EENMY) FTTIS T TERE G s v
w-.l _ ' _ _ ~ _ _ _ c;.ll : ) S
| | _ ! :
1 [ | m
GUo| 06 ) .zl 811 %9°0_| $9°0 <0°0 0070401 | cong
| . 05 N cel B11 $9°0 | 90 S0T0 | AN i
U0yl | 06 | I o-g zz1} 81t | 2°0 | 8°0 900 | zgroral | S
Cidl i $6_ | vy | Al 911 | w0 | v 0 <0°0 | i heul | 0
GO T 001 . A 0Z1 9It 1 w0 ) 7070 c0°0 | £8° 20T | E
Cus) _ Cul ¢ A 91T [ 9v0 | 9770 £0°0 SZ IOl | -IL,
0GS| | 001 §'¢ 0zl 911 9°0 9°0 5070 CHL 00T | -V 340
0an | 59 8y 071 911 0°1 0°1 £0°0 G5E070T I I
i 0SY! | se 1 8y 221 811 01 0°1 (00 | 61°6201 | 1
0zs) _ ¢8| I 9°% | 21 Zey Z°1 Z°1 80°0 | 69°6201 | i
08Y] i S vy el 0zt | 0°1 071 070"} 0S°€C0T | -d ~
03 7] ﬁ g 0 7 ZAUEAS 0°1 10°0 1071201 | -g
Ulw “ U6 07 A TAN 0°1 0°T 1070 68°€10T | REEFRRY
o | Botuy EN do 1 cbn2gi3Siangy aoqup i ENIY L peaiseg 47 40 4oien eI Lo
I ssRdg) dul ) By v o O“H uL 024 “ut]  s2g Aug wocys
..,um_ y221q ) L25utdug X0g; winzeA | tCwdr se9 Aug Hy 31410 0 LY W
3 q LI | .




el
T

B O 02 O a7 D S £ W SO 1S S VA7 R ARG
o qzn i g focg U o | 1l wel | N.wtt. ¢l oo ] Gotval b
gy , ST 0N N0 O A AN B T
sy | | [Tos | A RN ASE P v R GLn01 |
Coh ' o |G T A4 ,vm_lgl-«..w.thﬁ 7 ( R bi it |
TR 1 ¢ T ovsz | gy il ozt | | 11 Qg c _ yE fh |
01y | | q¥ A 8¢ ¢ell 0zl | 2§80 | 23°0 90y | 9€°¢6 |
0ty ] | <y 0S¢ 87¢ Zel ot ¢80 A co.o ] LETE6 ]
007 _ TH Y4 g€ gy git |- ¢&°D €60 1070 €906 |
oYy _ 3 N Vi Y R Ve i) S A AR A AT
GV ' 06 04e 0% e 911 11 "1 800 | €Z-9g |
[~ o6t 06 0%2 07y ozl 9711 21 | Z°1 £0°0 | gy e8|
[ __ozy 06 052 0"y 9Z1 vil ¢ 1 | 6 1 o 4 62y |
i oty | | 06 0se 0°% 921 Y11 ST | G 1 11°0 | 1703 )
oy | _ 06 062 [ 9ct Wil | T°T | 11 Q00 66700 |
0oy 7 I 06 08¢ <t 9Z1] ¢l 1T ) 171 $0°0 r<.mm !
( 0Sv 5 0T [ A A AR GE AR GO0 | Go el |
]ud.mqlm - 5o BT (/M 774} CIT | 560 €60 070 S0l
iy “ 00T 1 0%¢ T ¢il viT | 9°1 9 1 zZr'o $5°0L |
BEE A GOT | 0T [ 0Z1 ¢TIt 9 | 71 cro | BIL9 |
—US7 oot 1194 T T T OTT T T T} 01759 |
057 | | 001 05? T 01t 801 |  ¢°1 1 6070 8¢9 |
CET w 011 0S¢ AN 601 901 | ' "1 2070 Gy 09 |
o1y ! _ 0ct 05z | 23 901 %0l | Z°1 1 60°0 SE0°8S |
Jdo | Lu U 2o . | eCazgl3e(3ng [ _324ur | 1en3oy | poatseq dv 42 ‘4o1ey
nuuw_ $IT4d desy . scp S cvi | ER “iyut 0%H -ut s2g A2
xuuum~ %2236 | J2duidug x0al wnnzepl cCcwdy sey fuQ 17 2011140 2103 L4 w
. M . . i
¢ :.ua . ! |
a/¢ ‘u] ‘-eig dif 9Go.d 09 Bul130s sciecy 3Godd UOIEITELTT oroa2dy
05z 4, ‘Buryzes xeg sa300 01 yabuag oqoud 1L-€2-6 3220
— 12 ¢ 9413S10 nosnmm<J e e . “CN X03 4223 391Uy adeulIng 4. LCL3BD0]
£°0¢ mx: *5534d "42g Z Tl X0g 3|dig . €-Goi. toy uay
dwdy judLGy - . “ 5 e 7 ol T s
. 0z1 do 1 Juotquy . . A 970U 0 *s fuojlsayaey) - os: . 3LR|d |
G A43A9 puaodas pue peas ‘Huidwes
. qutod a(buts 1t ‘40 julod
. Yora jJO JJ423S Oyl 3B p40d34 pue pedy
4 ' et S !




4
. | | _
[ | .
AHM 2 i ' ! |
(L8 V3. LE=273N
IgIucILsy
! | ! ! B
i . | J ! ;
[ ~ :
vk _ _ _ K ~
: !
: ! !
_ : | _ i :
— —
_ _ |
ﬂ | | .
" _ | . -
m _ @
_ _ “ ]
_ | :
. | :
e M d_ *_ ,_,..
m | ] “
. [ ! o :
_ | J A !
. _ _ | ;
* ~ _ . | :
| i | | | _ _ S
L [ | 06 0S¢T el | il | 800 $9L765 (Tl LML
_ ﬂ : q “ | [ » o deay
i I | _
| _ | ! e
i _ [§F | 0S¢ 0¢l 011 660 5000 ] 03411 m
{ N <3 |05z 0z1 011 |_65°0 %0r0 | orcerr |
| | ] [ 0ce 0z1 011 ! 89°0 00 1__ €z w1l *
i _ <y 052 0Z1 011 | 28°0 90°0 i |
i T3 1%/ 0Z1 Yil | 28°0 9070 00°011 |
! S 0s¢ yel 911 | $6°0 L0°0 L5101 |
Gotud 2o do 181300 | 32{Ul fense dv 40 4918y
SSody dizs ) FR 0CH "ut s29 Aug
; %3225 | 4dduiduy X093 *Cuwdl sen Lug H 3!




RESOURCES RESFEARCH, INC,

Personnel OConzalez and Fegleston Entered

on

Checkeqd ;ﬂ
. e a
. «ant Conditions, etc. Metals Runs
Plant‘ Airco. South Carolina "_ Date 9/22/71
Sample Location Inlet Ducts
. Meter #_ CAS METER CONDITICNS Pums# .
Sgmpie | CuJ't, {Cu.Pt.(inm) Elaps. (Rm) | (+460=Tn) { Pz Stack Thizsl.
Time Number | Readine [Difference Min, C.F.M. |Tem °r Vacuum'Izf 1emp. num2e s
1450 ECD 702.9¢ 470
1455 116 14 470
1500 122 18 470
1507 714.88 126 24 470 - -
1443 WCD 40.00 120 8.5 470 }
1447 43.70 121 15. 470
1451 46,70 122 22. 470
J 1452 ] 48.40 125 23. 470
1455 50.50 $126 23. £70 -
1459 53.80 129 24. 470 BT
1503 56.49 129 25. 470
1
. | B b N
% ‘ :
"m_muh___i J . !




RESOURCES RESEARCH, INC,

Personnel Avery Enterecd
-Checked

ant Conditions, ete. j so') - pCE - 1,2,3

PR,

.ant Airco, Charleston, S. C. Date 9-21 - 9-23
mple Location PCE (Precipitator Exhaust) ‘
%
. Mater # CAS METER CONDITIONS  Twmp ¥

) Sample Cu.{t. iCu.Ft.(Tm) Elaps~ (Ramj (*46q:Tm) {E= . Y
Time Number | Reading (Difference Min, C.T.¥. |Texwp °F  |Vacuuz"ils
21 |pcE-1 | 140.00 l ‘90 8.0 30.3
1142 147.00 90 8.0 30,3
1200 v 153.00 90 8.0 30.3
1221 ‘ 160.€5 90 8.0 3
o 20.65 90 8.0 . |20.3
1026 {PCE-2 180,50 75 8.0 30.
1053 199,00 78 8.0 20
1126 | 221.60 82 8.0 30.
ave. | 41.10 78 8.0 |30.
1030 PCE-3 247.60 81 8.0 30.3
)‘99*-_ 255.90 84 8.0 30.3
1130 | 262.60 84 6.0 30.3
Avg. . 15.00 83 7.3 30.3
N ‘. | | | '9 |

! i | | ]

Rifw:l



E— y —py R .
o Lid.
ORSAT FIELD DATA * R:ANetA

}

Location Precipitator Exhaust Comments: :

Date 9/21/73 f
s T 0T

Time During particulate run. D

Opcrator Gonzalez

- co
Test (COZ) ( (02) (co) S
. Reading 1 - Reading 2 - Reading 3 C

PCE 1-A 1.6 ‘ " 21.8 Nil
PCE 1-B 1.6 - 21.8 Nil
) Avg. 1.6 ' 21.8 Nil |
j
1.6% 20.2% , Nil
1
u
RCaw-3) (12/67)
1-26
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aart 10, p. 7 of 8

Location  Precipitator Exhaust

Date

ORSAT FIELD DATA

9/22/71

Time

During particulate run.

Operator Gonzalez

Comments:

Test (COZ) (02) (o)
Reading 1 Reading 2 Reading 3
PCE 2-A 2.4 22.2 Nil
PCE 2-B 2.4 22.2 Nil
Avg. 2.4 1222 Nil
2.4% 19.8% Nil




.
ba -
3

gt

Part 10, p. 7 of 8 -

ORSAT FIELD DATA

Location Precipitator Exhaust Comments:
Date 9/23/71
Time | During particulate run.
Operator Gonzalez
i -
t co
Test (COZ) (02) (Co)
' Reading 1 Peading .2 Reading 3
! .
PCE 3-A 2.2 21.6 Nil
PCE 3-B 2.2 - 21.6 Nil
Avg. 2.2 J21.6 Nil

NCAP-31 (12/67)

D-28

[ 1 -
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APPENDIX E-~1

STANDARD SAMPLING PROCEDURES

PARTICUTATE SAMPLING

Wiéh-an unstable-plant operation a trial run is often conductéd. If
the trial turns out to be satisfactory it may be.considcred a part of the
final testing. Preliminary data is obtained fer gas velocity, temperature,
moisture content and other variables which might affgct the isokinetic
sampling rate. Each sample port traverse is divided into a number of
equal areas for ea;h location. Each test run is'dcsigned to obtain simul-
taneous samples at each location, for sucﬁ 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 "Sample Collection Procedures," published
by OAP, The sampling train is basically the same as that designed
by the Control Development Program of OAP (formerly th; 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,
: . - 1 4

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 II as

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

LL)



Samplc‘gascs are drawn into an all-glass sampiing train through
a button-hook stainless steel nozzic with the proper diameter for
isokinetic sampling. A pyrex glass'p%obe_is fitted ingide the stainless
. steel éhcath with a probe heating eclement. The glass probe is connected
to a glass cyclone with an Erlenmeyer flask to‘collect the solids from
fhe cyclonc. The sampled gases flow from the cyclone through a tared
MSA i106 BH élass fiber filter, This filtér,.and the cyclone assembly,
are enclosed in a heated box which is maintained near 250°F. The filter
holder is c&nnected to an impinger train consisting of fouf Creenburg-
Smith impingers wiéh the high velocity Fip.removed'from the first impinger.
The second impinger is used with the tip while thé thifd and fourth
impingers are m?dified as the first, Thesg first two impingers cach
contain a measured volume (100 ml) of distilled? deionized wéter, while
the third impinger is used dry; and the fourth impinger contains approx-
imately 175 grams.of silica gel. A sampling train exit is co&nected,
in line, to a vacuum gauge, a leakless vacuum pump, a dry.gas meter, and
a calibrated orifice. This calibrated orifice differential is measured
with an inclined-vertical manomecter. Veloéit§ variations at the sampling
point are constantly monitored by a pitot tube attached to the probe
sheath, Prior to each test, the sampling train, with probe and nozzle

. 1

attached, is leak tested.

lsokinetic sampling is maintained.By apprOpriafe ad justment of the
sampling rate, as indicated by the‘pressurg drop across the orifice follow-

ing the dry gas meter. The neccssary orifice pressure differential is

E-2




—-dstermined by using the nomographs presented in A?CA 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 traiﬁ, consists of a
stainless steel filter holder containing a pre-weighed alundum filter.,
its operation, briefly, is as tollows:’ :

Sample gases are drawn through a stainless steel nozzle and filtex
hoider{ placed within theAstack, into a set of water filled Greenburg-
Smith impingers. ;sokinctic 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.

SU#FUR DIOSIDE SAMPLING

Sulfur dioxide emissién tests are normally conducted at the same
logation as the exhaust particulate tésts. Sample gas is drawn through
a glass wool filter into an clectrically heated glass probe, followed
by a coarse frit midget impinger and a second giass.wool filter. The
filter lecads 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.
; s

The midget bubbler contains 15 millilitérs of 80 percent isopropy!
alcohol. The first two impingers contain 15 milliliters of three percent
hydrogen'pcroxide solution and thé third is oberatcd dry. Equipment i:
leak tested before each run. The three percent hydrogen peroxide is
prepared the day of the test by dilluting 10 millilitcrs of 30 percent

U T LIPS Yo Yo s . PRI | Ll IR LT B PR, r PR I S BTN
ceaneal crede hvdronen perodice cith 00 millilivers of distilled wave .

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

Rt}

i50pr0p§1 alcohol.

NITROGEN OXIDES SAMPLIKN (Not Conducted In This Survey) .

Nitrogén oxides sampling 1is normall& carsied out at>¢he same exhaust
location as the sulfur dioxide and partlculate tests. The sample gas is
pulled through a glass wool fllter and a glass probe into an evacuated
two-liter flask containing dilute sul furic acid-hydrogen peroxide solution.
This‘is_prcpared 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 measurcd 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 qf pressure, flask temperature and atmospheric pressure
aré tecorded after the probe is purged. After collectiné the sample the e
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
3

An integrated gas sample is obtained with a mylar bag and a peristaltic
pump with adjustable flow rate. The gascs are filtered and cooled prior to
reaching an all plastic and glass'flow meter where the sampling rate is
monitorcd. Gas samples are taken during the same period during which veloe-
jities, temperaturcs, and particulate samples aro obtained. Analyses arc per- -

e . U it amuediately atter cach sawple is cnllected.



APPENDIX E.2

CLEANUDP AND ANALYTICAL PROCEDURES

CLEARUP (EPA PARTICULATE TRAIN)

Probe, Nozzle, Cvclone, and Freont Half of Filter Holder

The nozzle, probe, cyclone, flask, and front half of the filter
ﬁclder are washed with reagent grade acctone, the washings collected
in a container and transported to the laboratory for analysis. A
brush and/or rubber~policeman is used with the. acctone to remove any
particles adhering to the eyclone 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 tjpe 1106BH f{ilter paper is carefully
removed from the fritted glass support and transferred to a glass

petri dish for later weighing.

Impingers

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

condensate and original water,

Acetone Train Wash

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

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



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

Silica gel is transferred (dry) from the fourth impinger to an air-
fight 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
iatter impingers contain S0, gas in the form of H2804. A glass jar is used
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 Washines

The acetone washings from the nozzle, probe, cyclone, flask, and filter
5

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 therecon are dried for 24 hours in

a desiccateor at ambient temperature and weighed. Tare weight of the Iilter

B Y [T
ie Lhen dataered,

E-6
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s > -
Impinrer Water

P
Water collected in the impingers, along with the water washings of the
;g :

impingers, is extracted with cther and chloroform. The extracts are trans-
1
}
. 1
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
_ i ‘ ‘
steam bath and this additional net weight is added to the total weight of
3
1 g
particulate matter.

SPLCIAL MNOTE
- = _
] .
All samples are now dried in 250 ml beakers to a constant weight.
1
.;‘
ANALYSIS (ORSAT MEASURILMENTS)

i | . .
Orsat measurements for determination of carbon dioxide, oxygen and

-

carbon monoxide are made using a Burrell Industrial Gas Analyzer or
{ i ; .

qequivalent.

‘ .

il

ANALYSIS (SO, TRAIN)

SOZfsamples are analyzed by the modified Shell Development method.

Barium perchlorate is used instead of barium chloride (as in the new EPA

source tésting Method 6) because of the sharper titration end point obtain-

able with the former reagent.

Y

ANALYSIS (NO.. TRAIN)

Samples arec analyzed by the standard phenoldisulfonic acid method.
This is now incorporated in the new EPA sourceltesting Method 7,

i
- %

- vr—
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APPERDIX .J

PARTICLE SIZING SAMPLES
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PARTICLE SIZE DISTRIBUTION OF METAL FUME

INTRODUCTION

Determinations of particle size distribution of fume emissions
at the éerroalloy Plant of the Air Reduction Company, Charleston,
South Carolina, were conducted September 22 and 23. Emissions were
evaluated at the east and west exhaust ducts of furnace 14, and at

the exhaust stack of the electrostatic precipitator of furnace 14.
METHODS

Samp1e§ for the evaluation of particle size distribution were
gathered using Brink samplers. The samplers, with attached 47
.millimeter glass fiber filters, were mounted on probes and connected
to vacuum pumps by rubEer tubing. The inlet sides of thg pumps
were fitted with vacuum gauges calibrated in inches of mercury and
metering valves to adjust the air flow through the samplers. The
outlet sides of the pumps were connected t5 dry gas meters when -
samples were collected longer than seven minutes.

Prior ;o collecting samples in the field, the samplers were calibrated
to determine air flow rates at various operating conditions. Air was
‘drawn through the samplers for 10 minutes at eaeh_pressure droﬁ (AP)
of two inches of mercury, five inches of mercury, and ten inches of
mercury. The corresponding volume of air flow through the samplers
was measured by a dry gas meter. A calibration curve was constructed
by plotting the pressure droplacross the samplers versus the air flow

rates.

Volumetric flow rates for short duration samples of seven minutes,

or less were measured by the 8P across the samplers.. For samples of

——



longer duration, volume was measured by a dry gas meter. A AP of
five inches of mercury at the furnace exhaust ducts, and ten inches
of mercury at the precipitator exhaust was maintained during sampling.
The samplers were grounded during sampling to prevent éiectrostatié

“deposition of particles.

When exhaust temperatures were higher than ambient temperature
the samplersvwcrc plugged and allowed to .thermally equilibrate before
sampiing to avoid thermal deposition of parficles. The plugs were
then removed‘from the samplers and the samples collected.

RESULTS

- The fie}d data sheets are included in Sub-Appendix J-2. fhe
characteristic diameter of an aerosol particle for each impacFor stage
(i.e., Dpc) has been calculated for pressure drops across the impactor
of five inches of mercury and ten incﬁeé of mercury aésuming particies

of unit density (1 gram/cubic centimeter), using the equation described

- '
by J. A. Brink, Jr. The characteristic diameters are as follows:

For a Pressure Drop of Eiuve-Inches For a Pressure Drop of Ten Inches
of Mercurv Across the Impactor . of Mercury Across the Impactor
Stage No. Dpc Stage No. Dpc
micron ' micron

1 3,40 '1 - 3.06

2 2.00 2 1.80

3 1.36 3 1.23

4 0.69 4 0.63

5 0.42. 5 0.38

3 . . . : : P - L0 » LR
® adustrial Engivcorvia, and Chemistry, Vol.50, April 1958, pp 645-u5b.



Graphical presentation of the data, that is, log-probability ploté
of cumulative percent less than stated micron size versus the Dpc for
each stage in microns, is included in Sub-Appendix J-1. A graphically

determined mass median diameter (MMD) and geometric standard deviation

(¢- 8 ) for each sample are presented in Table A, on the following page.

()
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SUB-APPENDIX J-2

FIELD DATA
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_ )0 .- p Date EL7 22,/97/
Stack Yo. 20 Lo Lo Lt /éruau,af :
Sampls No.__ /
' Cun. %
Stage Post V. Pre i, e Gain % less than Doc
rﬂﬂi
1 3.6 3 S 3.£3¢/ 9.3 23.0 770 -
2 35899 3.5828 o./ 77 &9-3
3 322435 B.2¢/3¢ o./ 2.7 G/l 6
L, Zesve - BCEve oz IS5 .2
5  SI32< 3.5320 5.4 Jo. 8 /5.0
filter &©./298 0.7 2596 0.2 /3.
- Fo7AL /3
TIE METER a-p T
£  AerosS
AL D2/ & S0t E
) ' |
) |
/750 060/ 72 £y SZFT 44,M7alc7
/2 /0 cO3. o0 S . '
/320 - 040. 96 < il
. ALZF ST
Yo

LOLD



5 ]?J/Vf«,wt Date eoZ 22,/97/ ‘T
Stack No. &T¥< 2 . _ : :

Sazpls No. 2

Cum, % b -
Stage Post Vb, Pre Ws, Wy Gain % less than Doc _
1 S.339% 3337 /.S /5.5 Sl s
2 3B.3/06 S.3/02 O.f 2./ . - 3094
3 3B./37¢ S, /37 6.7 3./ . %o.3 . _ .
y S/sed 3. /560 o.¢f 12,4 27.2
¢ 3.5759 3.579y o./ J.o 2/ 2
filter 2./26 8 O./260 0.8 - 29.z : S
| Jozzt 3.3
70172 & METEL ) ap
fEARDNG Seeoss ,
S .
CrF .
— i i) S
26 £10.96 - 7 JZ | L
& - i W‘ﬂz]
p =

.
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!Stack _No .‘é/z
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; E - -
i Cum. %
Stage Yoet t, Pre Wi, Wy Gain % less then Toce e T
i nni ' _ ) o I .
11 3co03 B.599/ /e 2 iadd 232
' 2 J.éco05 2.éz0/ 0.4 &7 9/ 2
13 325877 3, 58/ 6./ /-2 9.0 - -
)y 3.8séz 3. 5657 0.5 359 B/
g 36087 3 so8e 5./ 22 72,9
filter & /332 0./270 6.2 72.9 o
] . _ Jorme AB.S
P 227 Bty <t Racrsas
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. &e ) y /’Z’?‘a’ ,
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Sample Yo._ Y W&a% tere TR FST
] Cur“w n
Staze Ooet Y. Pre “t. 4 Gain % less than Doc o
' G ‘
. o . 7 ' _ Lo gq .
1 B ol 3. 594 0.5 So. 9 g9/ .
. 1 ’
| 5’ 6’6' )-'O
2 3. 3557 3.3857 a2z 2.9 2
3 5’5976 3.59.5‘.3— le ST S i v \v?é ~ _
L 3 Zs‘cﬁﬂl 3. 2¢/28 Jo.s S0 3 B L9
g 32993 - F.2887 3.6 /6.7 S /.3',/2 A@\
filter 4306  5./2¢80 e /3.7 L
T 33,6 _ _ o
Saz /732 : . -
” /239
apP = = ”7{‘7 s -
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| LN\
. Stage Poct VR, Pre ¥t Y+ Gain % less tran Toce - ,g.)
1 B 48L4 2. 4892 ”:Zz | .‘5'2.1.5'» &/7. 5 o
2 ‘3.5.5'6/’-/ . 5'.‘5'2‘/ - 2.0 . S | /2, 7
3 3439%/ 2 ¢38. SO 2.8 39,3 R
L S 2885 228wl 29 0.6 28.7
5 2 bzl 3. 6,99 Yy /2.0 /.7
fn_‘ter' &,/.32'7 2..264 G /6.7 . ' |

Totnt 36.6
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Staze Post b Pre Wi. 4+ Gain % less than Doe
Stage dL Gatn
S
1 JS,5z0 3.74/99 S/ 4h.5 39,5
o 36250 3,620 " Jo A4 7.6
3 J. 6(2'?‘/ 3. 677 2,7 S 6 6.0
L 3.¢e29 3, 6000 ¢ 2.9 23.0 23.0
g 3.46/6 3.9%03 /.3 /0.3 /2.7
filter ©./3Y9 0./3353 A /2.7
: Gk 12,6
A ¢x) AR
6ESO | G
- 03_44/0 . /o Loy
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o72.
7 /2 NS
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Sampls Yoo 7 Soellanieee L &
i . " Cum. %
Stare Post VL, Pre Wi, 4 Gain % less than Doc o
T 7 -"
1 B e 3.¢385 3¢ 296 .4 < 34
- . ) .O
2 J.6525 3. 6650 2.5 22:0 8./ J
H : ' ’&
3 L.6267 3. 62 éo. /7 6.2 G2.2 \. -
. : - _ (A -
L 3.5789% 2. 5770 L9 . /6.7 25.8 .o
5 3,025 T ¢ 009 /6 1440 /1.5 R
filter 0./250 0./267 /3 /S - -
- .. -._/Z’&/ //,(/ L ) I - =
Slanr - /03/ . | '._ )
SZZ/@ - /036 ) -
P - S /47 . . . . .
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Stage Post MWt Pre Wt. Wy CGain % less than The
7y :
1 J. 7403 37293 /O 27./ 72,9
2 3.6576 3 6886 8.8 246 573
3 F,59/0 3-’532/ 8.9 2/.9 | 29.</
L 3,5'35@ 3. 52'73 ) ,5'.5“ /.5.(,'- /5.8
g 3.83670 3.365¥ /G o 8
filter 4./3/7 ' 4./263 ¥4 /2.8
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