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SECTION 1

INTRODUCTION

During the week of October 20, 1980, PEDCo Environmental
personnel conducted an emission sampling program at Arkansas
Lightweiqht Aggregate Corporation's West Memphis, Arkansas, fa-
cility. The purpose of-this test program was to provide data to
assess the need for New Source Performance Standards (NSPS) emis-
sion limits for selected processes in the lightweight aggregate
industry and, if warranted, to develop such limits.

This plant was selected for testing for the following
reasons:

1. The plant is one of the best ﬁontrolled coal-fired

lightweight aggregate plants that use wet scrubbers and

dry cyclones for emission control; and

2. The arrangement of pollution control devices on process
equipment appears to be representative of future plants.

Comprehensive testing was conducted on two specific sources

as detailed below:

° Coal-fired rotary kiln whose emissions are controlled
by a settling chamber and medium-energy wet scrubber
and,

° Reciprocating grate clinker cooler whose emissions are

controlled by a dry multicyclone.
Particulate concentrations and mass emission rates were mea-

sured at the final exit stacks serving the kiln and clinker

1-1
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cooler by U.S. Environmental Protection Agency (EPA) Method 5.%*
Flue gas flow rates, temperature, moisture content, and composi-
tion [oxygen (02), carbon dioxide (COZ)' and carbon monoxide
(CO)] were measured in conjunction with the particulate test
runs. Sulfur dioxide (802) concentrations and mass emission
rates were measured at the inlet to and outlet from the wet
scrubber serving the kiln by EPA Method 6.* Nitrogen oxide (NOx)
concentration in the flue gas exiting the scrubber was also
determined by EPA Method 7.* In addition, the particle size
distribution of particulate matter exiting the kiln and clinker
cooler control devices was determined.

Representative samples of the kiln feed material {(clay) and
the coal used to fire the kiln were collected during each parti-
culate test for determination of sulfur content, moisture, den-
sity, and ash content (coal only). Samples of scrubber water
influent and effluent were collected for trace metal analysis.
Though not specified in the test plan, samples of the final
aggregate product and dust captured by the clinker cooler multi-
cyclone were also collected and analyzed for sulfur.

Visible emission observations were made for each exit stack
during the particulate tests by EPA Method 9.+ Additionally, a
visible determination of fugitive dust emissions from the kiln
sealé (charging and product discharge) was made during each

particulate test by proposed EPA Method 22.§

* Federal Register, Vol. 42, No. 160, August 18, 1977.
T Federal Register, Vol. 39, No. 219, November 12, 1974.
5 Federal Register, Vol. 45, No. 224, November 18, 1980.
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Mr. Jeff Shuler [Midwest Research Institute (MRI)] monitored
process operation throughout the test period. Mr. Frank Clay,

EPA Task Manager, observed the test series.
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SECTION 2

PROCESS OPERATION

The process operation and summary of data monitored during
the test period are presented below. Data was collected by per-
sonnel from MRI.

Arkansas Lightweight Aggregate Corporation employs a pulver-
ized coal-fired rotary kiln for the production of lightweight ag-
gregate from surface-mined clay. The kiln operation is contin-
uous, 24 hours per day, 7 days per week except for required main-
tenance. Kiln capacity is approximately 680 megagrams (Mg) per
24-hour day (750 tons per day). The kiln is fired with pulver-
ized coal, and small amounts of natural gas are used for tempera-
ture contreol. Exhaust gases from the feed end of the kiln are
treated by a settling chamber followed by a medium-energy scrub-
ber (Fuller/Dracco type CAA, Size 92).

The other major process equipment on this production line is
a reciprocating grate clinker cooler. Particulate emissions from
the clinker cooler are controlled by a dry multiclone.

Tables 2-1 and 2-2 summarize the production and process data

'
monitored during the test period.
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TABLE 2-1. PROCESS DATA FOR EMISSION TEST AT ARKANSAS LIGHTWEIGHT
AGGREGATE PLANT, WEST MEMPHIS, ARKANSAS: OCTOBER 20-23, 1980;

ESED PROJECT 80/12; MRI PROJECT 4659-L

Production report, Monday, October 20

First Second Third 24-h
shift shift shift Total
Coal input, tons 0 11.65 16.90 28.55
Gas input, MCF* 509 205 55 769
Clay input, tons 278.7 298.8 317.0 89475 - 27.3-hh
Product output, yd® 317.7 340.6 361.4 1019.7

Product density (average composite): 33 1b/ft3

H g
. i ..

Production report, Tuesday, October 21

First Second Third 24-h
shift shift shift Total
Coal input, tons 18, 81 17.99 17.56 54,36
Gas input, MCF 36 29 45 110
Clay input, tons 317.7 317.2 317.4 (952.3™ 21.74pk
Product output, yd® 362.2 361.6 361.8 1085.6

Product density (average composite): 33 1b/ft3

*Million cubic feet.

{continued)




TABLE 2-1 (continued)

Production report, Wednesday, QOctoher 22

First Second Third 24-h
i shift shift shift Total
l Coal input, tons 17.76 18.44 16.85 ' 53.05
Gas input, MCF 19 10 36 65
Clay input, tons 313.3 316.8 315.7 1945.8 3.4 tph
Product output, yd3 357.2 361.2 359.9 1078.3

Product density (average composite): 33 1b/ft3

Production report, Thursday, October 23

First Second Third 24-h
shift shift shift Total
Coal input, tons 17.80 NA NA NA
Gas input, MCF 29 NA NA NA
Clay input, tons 313.3 NA NA NA
Product output, yd® 357.2 NA NA NA

Product density (average composite): 33 1b/ft3

NA=Not applicable; testing was completed before second shift began,
therefore, only first shift data were collected.
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SECTION 3

SUMMARY OF RESULTS

This section details results obtained from the emission sam-
| pling program. All emission samples and plume observation data
j were collected simultaneously from the kiln and clinker cooler

' exhaust stacks. Results are reported separately for each source.

It should be noted that the scrubber serving the kiln experienced
feedwater pump malfunction during the second particulate and par-
ticle size test runs; the malfunction resulted in a fluctuation

| in scrubber water level throughout this period. A discussion of

‘ the effects that this malfunction may have had on the test re-

y } sults is contained in Section 6 of this report.

s Example calculations are contained in Appendix A, Field and

L laboratory data sheets are contained in Appendices B and C. Ap~
pendix D details the sampling and analytical procedures used during

this test program. Eguipment calibration procedures and results

are contained in Appendix E.

3.1 ROTARY KILN EXHAUST

Particulate and particle size tests were conducted on the
kiln exhaust immediately after the pollution abatement system, .
which consisted of a settling chamber followed by a wet scrubber.

Visible emission observations were also performed during each

3-1
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particulate test run. In addition, SO2 tests were simultaneously
conducted before and after the wet scrubber., Nitrogen oxide
tests were conducted at the scrubber outlet simultaneously with
the 502 tests.

Particuilate sampling and analytical procedures followed EPA
Method 5* except that an ether-chloroform extraction was per-
formed on the impinger contents to determine condensible organic
and inorganic fractions. Particle size sampling and analytical
procedures followed those described in "Procedures Manual for
Inhalable Particulate Sampler Operation," recently developed by

1 Visible emission observa-

Southern Research Institute for EPA.
tions were conducted by EPA Method 9.+ Sulfur dioxide sampling
and analytical procedures followed EPA Method 6* except that large
impingers were used instead of the midget impingers specified by
EPA Method 6. Nitrogen oxide sampling and analytical p;ocedures

fellowed EPA Method 7.%*

3.1.1 Flue Gas Conditions and Particulate Emissions

Summaries of the measured flue gas and particulate emission
data from the kiln exhaust are presented in Tables 3.1-1 and
3.1-2. Volumetric flow rates are expressed in actual cubic
meters per hour (acmh) and actual cubic feet per hour (acfh) at
stack conditions. Flow rates corrected to standard conditions
[20°C and Y760 mm Hg (68°F and 29.92 in. Hg)) are expressed as dry

standard cubic meters per hour (dscmh) and dry standard cubic

—
Federal Register, Vol. 42, No. 160, August 18, 1977.
T Federal Register, Vol. 39, No. 219, November 12, 1974.
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feet per hour (dscfh). Particulate concentrations are reported
in milligrams per dry standard cubic meter (mg/dscm) and grains
per dry standard cubic foot (gr/dscf). Emission rates are ex-
pressed in kilograms per hour (kg/h) and pounds per hour (lb/h}.
The product of the concentration and the volumetric flow rate is
the mass emission rate. The filterable particulate data in Table
3.1-2 represent material collected in the sample probe and on the
filter, both of which were heated to approximately 121°C (250°F).
The condensible organic and inorganic fractions represent mate-
rial that condensed out or was trapped in the impinger section of
the sample train at a temperature of approximately 20°C (68°F}).

The volumetric flow rate averaged 95,353 dscmh (3,367,337
dscfh) at an average temperature of 77°C (170°F). The moisture
content averaged 23.3 percent; and the oxygen, carbon dioxide,
and carbon monoxide contents averaged 14.7, 4.9, and 0.0 percent,
respectively. Because the gas stream appeared saturated and con-
tained water droplets, two moisture determinations were made:
the first involved calculations based on the water collected in
the sampling trains, and the second involved psychrometric calcu-
laticns. In each case, the lower value was used as the correct
moisture content according to EPA Method 4.%*

Filterable particulate concentration averaged 661 mg/dscm
(0.289 gr/dscf) with a corresponding averaée mass emissioR rate
of 61.8 kg/h (136.3 1lb/h). Results from Run SOP-1 were excluded

from the average because of a nonisokinetic sampling condition.

* Federal Register, Vol. 42, No. 160, August 18, 1977.
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The organic and inorganic concentrations averaged 4.0 mg/dscm
(0.0017 gr/dscf) and 299 mg/dscm (0.131 gr/dscf) with correspond-
ing average mass emission rates of 0.37 kg/h (0.82 lb/h) and 28.3
kg/h (62.4 1b/h).

3.1.2 Particle Size Distribution

A total of nine particle size samples were collected from
the scrubber outlet during the particulate test runs. The first
test was a preliminary run and is not considered representative;
therefore, it is not included in the overall data averages.
Sampling and analytical procedures followed those described in
"Procedures Manual for Inhalable Particulate Sampler Operation,"
developed by Southern Research Institute (SRI) for EPA.1 Data
obtained from the particulate test runs were combined with sam-
pling data to obtain average flow rates, moisture content, and
gas composition.

Data were reduced by computer programs in "A Computer-Based
Cascade Impactor Data Reduction System," developed by SRI for
EPA.2 Individual computer printouts for each test and brief
descriptions of each program used are contained in Appendix A of
this report.

Figures 3.1-1 and 3.1-2 present the average distribution
curve for each set of four samples collected. Individual data
pbints for each test were plotted manually. The distribution
curve was plotted manually and represents the best-fit average
curve for the specified number of test runs. All particle size

results are based on aerocdynamic diameters and unit density (1

g/cc).




‘3SNEYX® ULLY - §-SdOS UBNOIY} Z-SA0S SUMY 404 UOLINGLUISLP BZLS B|d134ed “|-L°E dunbiy

suoJsd *3Z1IS I1I1L6Vd

ool 0°01

.
—r T TV e
g=-3" TS v I : KRB Kk
HAM NI
§ evese-03 LV 10AVELXIY sl s i “ "
. i L & N
K o |mlmn_°m_ Tt - i |1 ol I I LN R 1 A2
- - - IT1T M L
9 - $-540S R B smlidi 08 "
=3 O - £-5d0S : Tt
. - I ¥ iy
-] ® - 2-5d0S T H T Tt i 4 b8 '
. . T
ON NN M a' s
] . . T e e el e a - 3
— . T o Tt { :__ 1
3 S ELER! _ . - it i
“] bbb i I
& o I KIL U JALIELLLY M T T DA I A " .
- T ol T T 1 T ™ T
UL SOBE T i Wil T ) * M WAL T 1T
Ty _m y .H“ T r I “ b T u
T v r v
b i e L b4 ) - 1 L e q- L) u :
i T . T ht s laiee Panan . 1§
- Y T - i ? = ag
| St == T
- S S ¥ 3
1| T T Ly T T Ml mh “
k iy 105 BAAI + v 1] LA 00 il S L I O RS (4 L8 ~
i yod o GAS M B 1 aendg £ A A 0 A 18 008 T T b4 T
- T T 1NE MR R T b § ) 0 O I u -y i 1 44 § MLAA 81 T n 1
¥ s — H-+ T 1 o
— b9 Rw & - e r 2 8 B A28 b B Ok 4 el et 2 .:w H“ T I I Y w L ad i “ [ ™
3 T e T o e 1 Arirrbetr T 1 v 1
T b + M B Y 1 M _n‘ A4 S8 B ) 4 «. g b o bl A -<< -
-  oou wn = § B T b poad nﬂu - IIT 1Lom » [ ]
i ki i 1 ) 1 1
11 H 1 1 h -IMM M h b4 b b8 -— I ™
b | T 1 1 z H 1T b L e (]
[ ) - T T ‘ T T e s r1 [, ] “
: : T = e e st
- T hod oy ot Bag pasad ;
- -~ - 1 I “ ' 8 ) B 1 111 —— ‘
4 B - 13 Il 3 ITTYT ) | 1 1 Bl |
- - -l 1 )iy paa i g RAA R - 1 r 11 <
_ - T Sty TIrT r o T 1 -
L g 1 g
. e T . ¥ T T - T 4 —
vl T t ——ttT v =
Y t t s Ba T =
= Lo r et n =
. = T s =i =SE=RESTS TS o
[ ST e g .
i+ ErEEE R i T —=-f=1= AT e
{7 g . H ¥ + Y 3T -
R . e H T t3aas Linnmdnl i @ [~
+ s ros hAS re
- v T =L
r + 11t w
H | LESAN A T -t
¥ ¥
g iy R
] T ™Y ]
T T
N TN bl Ik L
+— '
T [
HT = Tt
- 1 T ™ —F
e iz o e : -
- o T ) Il ™ T
L v rh ¥ v
et T T Ly
b AN G MTH M TDLTLD R I LM R T 1
S TR LTI
.*Im h Ym T T “ “ “ K .- z-— m—lqs m
. . LTI ™




“ISNeYXa ULy - 6-Sd0S YBNOUY} 9-SdOS SUNY 405 UOLINGLUISLP BZLS BdLded “Z-1°E unbid

suoddti *371S 311LHVd
0ol 0°01

1Y
T T Y T
P L AL HNE REAN ST ; 1IN IR i
UL i wiHrpho e
PKM I i DI 1 T
T L A WAL
O = 6-Sd0S i+ ! L e
= - T THITT T T ) §
- Q9 - 8-S405 e 11 e + 1)
- - f= faad t10se PASS S 25 o L ==
0 - ¢-Sd0S=E: ! 40 das, .
K A - ~fritertHH s A T
N ® - 9-540S IR : L v
= . Ry T 3 I ]
T ON 50 Caurl Dl R A T
¥ f g ; 1 LLE:
E b T WA I O T
] H H
+ i T T | Ty .
-] WAL bRbE D 1 I T T LI Mkl 8 T
N T T s T MAJ AL (o L ) ] -
Ty T
] T T ¥ .".. L _ ¥ : - m
- ++ T 1T T 1
o T ¥ “.m.“ - | + 1 u
= ~ — v fa e K - rgaavefore- 3 K T
= : : : Ea : Rty e nE e =
-] : =0 — alaes B8
K 7 =T =1=3 T 71 v " et ARA N b a %2
- T T T 1 I 1t L el il | 7 LA B
M b6 11T TIT ol LA | L T L 1T T T LA LB |
y - T v ey + 1= v + ~rrrri ” @
At e h TTy T 1 Ty o
— r vy r oad A2 | L8 § T TN — ]
sase S48 : 1 . T oot 2t 14305 50
T T+ ¥ "+t TV I IT T LY T Y ™M
T ¥ YT v L v il LAASS LAk &8 AN T
h Y 4 LS '
= = T e =R ¥
ot nd T T L i i b r g oo -
T 1 T . . bl bl 34 14 m™m
. i T oo =F S Soma Aot ats s s S S, " _
il 5 T T ) 4 o LI BL.AEES S i | L ML Wl &880 T
- T H1T - 3 . o F v T b S 4 4 Y 1 14 T ¥
* e 1 -
T (it A L6 has8d M 11 ot i =
- L T 1 A R — T 111 1 o +
v -4+ LN 88 1 -} T ".
= Lt it T | v e | [ )
o e R ¥ m PR o
£ il s ) r— i AT T + LA AN =]
- Te1) ¥ T I T VT ~ L]
. ¥ - ¥ + 3 et oo s n
| L aunt == = 3. =3 Arrir s % A =
i = 5 5 2 e BT B i i } e85 n 2 =
] Lan 1l s saaad o = T 3 I o
tih i : 1 ®u
T } } o]
T LA | Y n
i 1A
M { LAL T “
M 1 L Bl
M i
T T - T 1 ”»
1T i = o 4 1
and A0 B4 B 0 6 208 A -4 1 + — T+t
o L e ——r HH
. 3 i pessmmm ! eem=m—= ;5225 “
™ T Tt t
- i Tt T —~ + T
r T prrve T e
[ L A T H
11 TN TTHYTT [ |
b i it vt I s
B | .
yes




Samples SOPS-2 through SOPS-5 were collected during the
first and second particulate test runs. Scrubber operation prob-
lems occured midway through the second particulate test, but did
not seem to affect the particle size results as evidenced by the
data point distribution for these runs. The data show that 50
percent of the particles by weight were less than 2.4 microns in
diameter.

Samples SOPS-6 thiough SOPS-9 were collected during the
third particulate test. The data point distribution for these
runs indicate that 50 percent of the particles by weight were
less than 2.1 microns in diameter.

3.1.3 Sulfur Dioxide

Table 3.1-3 presents a summary of results for SO2 tests con-
ducted simultaneously before and after the wet scrubber. Concen-
trations are reported in parts per million by velume (ppm), mil-
ligrams per dry standard cubic meter (mg/dscm), and pounds per
dry standard cubic foot (lb/dscf). Mass emission rates are
reported in kilograms per hour (kg/h) and pounds per hour (lb/h}.
The outlet mass emission rates were calculated from the measured
concentrations and the average outlet flow rate measured during
the particulate test runs [95, 353 dscmh (3,367,337 dscfh}]. The

inlet mass emission rates were calculated from the measured con-

L}
centrations and the average outlet flow rate corrected for excess

air for each individual test run. Analysis was conducted on site

by EPA Method 6.*

*
Federal Register, Vol, 42, No. 160, August 18, 1977,
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Sulfur dioxide concentration at the inlet to the wet scrub-

5 lb/dscf) with a

ber averaged 900 mg/dscm (342 ppm; 5.62 x 10
corresponding average mass emission rate of 72,9 kg/h (160.6
1b/h) . Flue gas temperature averaged 229°C (445°F) with oxygen
and carbon dioxide contents averaging 13.5 and 5.1 percent.
Moisture content averaged 15.7 percent and was determined gravi-
metrically by weighing each impinger in the sample trains to the
nearest 0.1 gram before and after each test.

Sulfur dioxide concentration at the scrubber exit stack

> 1b/dscf) with a cor-

averaged 483 mg/dscm (184 ppm; 3.02 x 10
responding average mass emission rate of 46.1 kg/h (101.7 lb/h).
Flue gas temperature averaged 61°C (143°F) with an average mois-

ture content of 18.4 percent determined gravimetrically. Oxygen

and carbon dioxide contents averaged 14.6 percent and 3.9 percent.

The isopropanol fraction of the sample train, normally dis-
carded per EPA Method 6, was retained in order to investigate
possible ammonium sulfite interference with the SO2 analytical
procedure. Selected samples from both the inlet and the outlet
sample trains were analyzed by ion chromatography for sulfates

(so =) and sulfites (SO3=). Concentrations of both species were

4
found to be at or below the detectable limits of the analytical

method. These data indicate that ammonium sulfite is not present

in sufficient quantity to cause a bias in the measured S0, frac-

2

tion.
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3.1.4 Nitrogen Oxides

Table 3.1-4 summarizes nitrogen oxides emission data. Three
tests, consisting of four grab samples each, were conducted on
the kiln exhaust scrubber outlet. Concentrations are reported in
milligrams per dry standard cubic meter (mg/dscm), parts per mil~
lion by volume (ppm), and pounds per dry standard cubic foot
{1b/dscf). Emission rates are reported in kilograms per hour
(kg/h) and pounds per hour (lb/h), and were calculated from the
average flue gas flow rate measured during the particulate test
runs corrected to standard conditions.

Nitrogen oxide concentrations averaged 400 mg/dscm (209 ppm;

4

0.250 x 10 ° 1lb/dscf) with a corresponding mass emission rate of

38.1 kg/h (84.0 1b/h).

3.1.5 Kiln Exhaust Visible Emissions

Visible emissions surveys were conducted at the kiln scrub-
ber outlet during each particulate test. Condensed water vapor
was present in the kiln outlet plume; therefore, visible emis-
sions were observed beyond the point in the plume where the steam
dissipated.

Visible emissions were read in 6-minute sets throughout each
particulate test. Table 3.1-5 contains a summary of visible
emissions for the kiln outlet. Opacities during Test 1 ranged
from 5 to 40 percenk, with an average of 19 percent for all sets.
During Test 2, opacities ranged from 5 to B5 percent, with an
average of 27 percent for all sets. Scrubber oéefation problems

occurred several times during Test 2, during which there were

3-12
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TABLE 3.7-4. SUMMARY OF NITROGEN OXIDE EMISSION
DATA - KILN EXHAUST SCRUBBER QUTLET
a Mass

Run | Sample Date Concentration emission rate
No. No. (1980) | ppm mg/dscm 1b/dscf x 104 { kg/h 1b/h
1 SONO-TA | 10/23 199 381 0.238 36.3 80.1
SONO-18B 216 415 0.259 39.5 87.1
SONO-1C 217 415 0.259 39.6 87.3
SONO-1D 216 4158 0.259 39.5 87.1
Average 212 406 0.254 38.7 85.4
2 SONO-2A | 10/23 210 402 0.251 38.3 84.5
SONO-28B 210 402 0.251% 38.3 84.3
SONQ-2C 186 356 0.222 33.9 74.6
SOND-2D 188 359 0.224 34,2 75.5
Average 199 380 0.237 36.2 79.7
3 SONO-3A | 10/23 222 426 0.266 40.6 89.4
SONO-3B 204 389 0.243 37.2 81.9
SONQO-3C 219 420 0.262 39.9 88.1
SONO-3D 219 418 0.261 39.9 88.0
Average 216 413 0.258 39.4 86.9

concentration of NOy as nitrogen dioxide (NO) in parts per million by volume
(ppm), milligrams per dry standard cubic meter (mg/dscm)}, and pounds per dry

standard cubic foot (1b/dscf).

b

Emission rate in kilograms per hour and pounds per hour.
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excursions in opacity. Opacities observed during Test 3 ranged
from 10 to 40 percent, with an average of 26 percent for all

sets.

3.2 CLINKER COQOLER EXHAUST

Particulate and particle size tests as well as visible emis-
sion observations were conducted on the exit stack of the dry
multicyclone serving emissions from the reciprocating grate
clinker coocler. Particulate sampling and analytical procedures
followed EPA Method 5* except that an ether-~chloroform extraction
was performed on the impinger contents to determine condensible
organic and inorganic content. Particle size sampling and ana-
lytical procedures followed those described in "Procedures Manual
for Inhalable Particulate Sampler Operation," recently developed
for EPA by Southern Research Institute.1 Visible emission obser-
vations were made by EPA Method 9.+ Concentration and mass emis-
sion rate data are expressed in units identical to those used in

Section 3.1 of this report.

3.2.1 Flue Gas Conditions and Particulate Emissions

Summaries of the measured flue gas and particulate emission
data from the clinker cooler exhaust are presented in Tables
3.2-1 and 3.2-2.

The filterable particulate data reported in Table 3.,2-2

represent matter collected in the sample probe and on the filter,

* Federal Register, Vol. 42, No. 160, August 18, 1977.
T Federal Register, Vol. 39, No. 219, November 12, 1974.
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both of which were heated to approximately 121°C (250°F). The
condensible organic and inorganic fractions represent material
that condensed out or was trapped in the impinger section of the
sample train at a temperature of approximately 20°C (68°F).

The veolumetric flow rate averaged 31,283 dscmh (1,104,749
dscfh) at an average temperature of 89°C (191°F). The meisture
content averaged 1.9 percent; and oxygen, carbon dioxide, and
carbon monoxide contents averaged 18.8, 1.6, and 0.0 percent,
respectivély.

Filterable particulate concentrations averaged 175.6 mg/dscm
(0.076 gr/dscf) with a corresponding mass emission rate of 5.5
kg/h (12.1 1lb/h). The condensible organic and inorganic concen-
trations averaged 1.5 mg/dscm (0.0007 gr/dscf) each with a corre-
sponding mass emission rate of 0.05 kg/h (0.105 lb/h).

3.2.2 Particle Size Distribution

A total of nine samples were collected from the clinker
cooler cyclone exhaust. The first test was a preliminary run and
is not considered representative; therefore, it is not included
in the overall data averages. The sampling and analytical pro-
cedures as well as the data reduction technigue are the same as
those described in Section 3.1.2 and Appendix A of this report.

Figures 3.2-1 and 3.2-2 present the distribution curves for
each set of four samples collected. Indivi&ual data points for
each test were plotted manually. The distribution curve was
plotted manually and represents the best-fit average curve for
the specified number of test runs. All particle size results are

based on aerodynamic diameters and unit density (1 g/cc).
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Samples CCPS-2 through CCPS-5 were collected during the
first and second particulate test runs. The data point distri-
bution indicates that 50 percent of the particles by weight were
less than 24 microns in diameter.

Samples CCPS-6 through CCPS~9 were collected during the
third particulate test and show that 50 percent of the particles
by weight were less than 13 microns in diameter.

3.2.3 Clinker Cooler Exhaust Visible Emissions

Visible emissions surveys were conducted at the clinker
cooler outlet during each particulate test. Visible emissions
were read in 6-minute sets throughout each particulate test.
Table 3.2-3 contains a summary of visible emissions for the
clinker cooler outlet. Opacities during Test 1 ranged from 5 to
30 percent, with an average of 16 percent for all sets. During
Test 2, opacities ranged from 10 to 30 percent, with an average
of 18 percent for all sets. Opacities observed during Test 3
ranged from 5 to 25 percent, with an average of 12 percent for

all tests.

3.3 PROCESS SAMPLES

Table 3.3-1 summarizes results from the analysis of process
samples collected during the particulate test runs. Clay and
coal samples were collected at appfoximately 20-minute inter&als
during each particulate test. Clay samples were collected from
the kiln feed conveyor and coal sambles after the pulverizer but
before the kiln. In addition, single samples of the final pro-
duct and dust captured by the clinker cooler multicyclone were
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TABLE 3.3-1. SUMMARY OF PROCESS SAMPLE ANALYSIS
Particulate Date Sample | Density, | Moisture, Ash, % Sulfur, %
Run No. (1980) type g/ml % dry basis | dry basis
1 10/21 | Coal 1.14 3.51 9.04 1.922
Clay 2.49 21.65 - 2.19P
2 10/21 | Coal 1.00 3.24 9.2 1.64°
Clay 2.57 19.34 ] 2.12°
3 10/22 | Coal 1.09 2.94 8.27 1.48°
Duplicate . b
trains Clay 2.34 24.00 - 2.13
2 10/21 | Final | - - - 1.63
product
Clinker - - - 1.57b
cooler
hopper
catch
4 ASTM D3177.
b AsTM D2234.
3-23
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collected during the second particulate test in order to deter-
mine the sulfur content.

The clay analytical data was characterized by an average
sulfur content of 2.15 percent and an average moisture content of
21.7 percent. The coal analytical data were characterized by an
average sulfur content of 1.68 percent and an average ash content
of 8.84 percent. The sulfur contents of the final product and
the multicyclone hopper catch were 1.63 percent and 1.57 percent;
these results indicate that a substantial part of the sulfur in
the raw clay remains as such.

Table 3.3-2 summarizes results from the trace metal analysis
performed on scrubber influent and effluent water samples, which
were collected during the particulate test runs. All results are
reported in parts per million (ppm) by volume. Table 3.3-3 sum-
marizes results of the trace metal analysis performed on the sol-
id fraction, which was filtered from the water samples. Results
are reported in parts per millicon by volume and, in some cases,

percent by weight.

3.4 FUGITIVE EMISSIONS FROM THE KILN

Fugitive emissions surveys were conducted to determine the
magnitude of any leaks around the kiln seals. These surveys were
conducted during each particulate test using the procedure of
Draft \EPA Method 22.* |

Three fugitive surveys were conducted for 15 minutes, at
each end of the kiln during each particulate test. During each
of the three particulate tests, no fugitive emissions were

observed from either end of the rotary kiln.

*Federal Register, Vol. 45, No. 224, November 18, 1980.
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TABLE 3.3-2. SUMMARY OF TRACE METAL ANALYSIS
~ SCRUBBER WATER SAMPLES
Test No, 1 Test No. 2 Test No. 3 Composite
Element effluent-ppm effluent-ppm effluent-ppm influent-ppm
A 240 250 k¥ li] 0.37
Sb <0.032 «<D.032 <0.032 <{0.032
As <0.057 <0.057 <0.057 <0.057
Ba 0.096 0.10 0.15 0.69
Be <0. 0005 <0.0005 <0.0005 <0.0005
Bi <0.05 <0.05 <0.05 <0.05
B 16 17 23 0.21
Cd 0.080 0.080 0.080 <0.008
Ca 610 630 570 71
Cr 0.16 0.16 0.14 <0.00
Co 0.43 0.49 0.62 <0. 006
Cu 0.096 0.093 0.049 <0. 001
Au <0.03 <0.03 <0.03 <0.03
in <0.05 <0.05 <0.05 <0.05
Fe 0N 0.50 0.70 <0.008
Pb <0.084 <D,0B84 <(.084 <0.084
Li 0.54 0.57 0.86 0.003
Mg 190 210 260 26
Mn 57 66 80 0.012
Ag <0.03 <0.03 <0.03 <0.03
Mo 0.1 0.1 0.1 0.015
Ni 0.94 1.1 1.4 0.022
P 0.50 0.94 0.96 0.27
Pz <0.03 <0.03 <0.03 <0.03
K 69 76 100 6.2
Sc <0.08 <0.08 <0.08 <0.08
Si 170 160 180 13
Ag <0.00% <0. 001 <0.001 <0. 00
Na 5 56 77 13
Su 3.2 ia 3.8 0.52
Te <D.1 <0.) <0.1 <01
m <0.1 <0.1 <0.1 <0.1
5n <0.12 <0.12 <0.12 <0.%12
Ti 0.‘8 0.18 0.096 <0, 005
u <0.06 <0.06 <0.06 <0.06
y 0.1} 0.14 0.056 <0.003
W <0.03 <0.03 <0.03 <0.03
Y 0.52 0.54 0.64 <0.002
In 1.1 AR 1.3 0.007
3-25
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TABLE 3.3-3.

- SOLID SAMPLES

(ppm except as indicated)

SUMMARY OF TRACE METAL ANALYSIS

] B . = Y

Elements Test No. 1 Test No. 2 Test No, 3
Al 4.9% 4.9% 4.7%
Sb <g- <B . <8
As <14 <14 <14
Ba 660 660 660
Be <0.12 <0.12 <0.12
Bi <13 <13 <13
B 3.2% 3.2% 3.2y
Cd 1.7 .5 1.5
Ca 1.2% 1.2% 1.42
cr 69 66 54
Co 50 42 37
Au <B <B <8
In <13 <13 <13
Fe 5.5% 5.1% 5.3%
Pb €5 60 63
Li 68 72 65
Mg 5900 5800 4900
Mn 350 250 360
Hg <8 <8 <B
Mp 21 27 26
Ni 420 40 360
p 480 520 460
Pt <B <B <B
K 1.5% 1.5% 1.3%
Se <20 <20 <20
Ag <0.5 <0.5 <0.5
Na 4.2% 4.3% 4.3
Sr BO B3 80
Te <25 <25 <25
T <25 <25 <25
Sn <50 <50 <50
Ti 3900 3900 3300
] <15 1‘]5 <15
v 160 140 137
W <B <8 <8
Y 3.3 1.8 2.3
In 180 150 130
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SECTION 4

SAMPLE LOCATIONS AND TEST METHODS USED

Figure 4-1 is a simplified process flow sheet depicting the
sample locations and type of testing conducted at each site. The
following is a description of the sample locations used to con-
duct sampling for particulate, sulfur dioxide and nitrogen oxide

emissions, and particle size distribution.

4.1 CLINKER COOLER MULTICYCLONE OQOUTLET

Particulate concentration and particle size distribution
were measured at the multicyclone outlet as shown in Figure
4.1-1. Two sample ports, 90 degrees off center, were located 7.1
duct diameters downstream and 1.5 duct diameters upstream from
the nearest flow disturbances in the round stack, the inside di-
ameter (I.D.) of which was 1.22 meters (4 ft). Twenty-four tra-
verse points, twelve per port, were used to traverse the cross-
sectional area of the stack for the particulate test runs. Each
point was sampled for 5 minutes, and total test time was 120

minutes.

4.2 KILN EXHAUST SCRUBBER OUTLET
Particulate, sulfur dioxide, and nitrogen oxide concentra-
tions as well as particle size distribution were measured at the

kiln exhaust outlet as shown in Figure 4.2-1. Two sample ports,
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RED OUTLET

!

STACK

ROTARY | _ DUST ,_@ WET |
COAL—=1  "YILK ™ cotécTor [F=™] scruser [~ SLUDGE
| '®
: INFLUENT
Iy
COOLING CLINKER
: () sampLE PoINT
, —= SOLIDS FLOW
| ~—m= AIR/GAS FLOW
DRY CAPTURED
LTl PARTICULATE
=
|
OUTLET
STACK
SAMPLE TYPE SAMPLE POINTS | NO. OF SAMPLES | TEST METHOD
PARTICULATE 4,8 4 EPA 5
S0 3.4 3 £PA 6
PARTICLE SIZE 4.8 18 IMPACTOR
OPACITY 4.8 3 EPA 9
FUGITIVE DUST | KILN SEALS 3 EPA 22
NO, 4 12 EPA,7
RAN MATERTAL 1,2 24 .
TRACE METALS 59 | _ 3 I-CAP

8om samples:
percent ash.
Clay samples:
Sulfur analysis
b

sulfur content; density, percent moisture; and

sulfur content; density and percent moisture.
by Method: ASTM D3177 and ASTM D2234.

I-CAP - Induction Capture Plasma and Atomic

Spectrophotometry.

Figure 4-1,

Absorption

Process flow sheet and sampling plan
for Arkansas Lightweight Aggregate Corporation.
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90 degrees off center, were located 2.4 duct diameters downstream
and 0.5 duct diameters upstream from the nearest flow distur-
bances in the round stack, the I.D. of which was 1.5 meters (4.9
ft). Forty-eight traverse points, twenty-four per port, were
used to traverse the cross-sectional area of the stack for the
particulate test runs. Each point was sampled for 2.5 minutes,
and total test time was 120 minutes.

Sulfur dioxide and nitrogen oxide sampling weré conducted at
constant sampling rates by placing the probe tip near the center
cf the stack. The test and analytical procedures used are

described briefly below.

4,3 VELOCITY AND GAS TEMPERATURE

A Type S pitot tube and an inclined draft gauge manometer
were used to measure the gas velocity. Velocities were measured
at each sampling point across the duct to determine an average
value according to the procedures outlined by EPA Method 2.* The
temperature at each sampling point was measured with a thermocou-~

ple and potentiometer.

4.4 MOLECULAR WEIGHT
Flue gas composition was determined by EPA Method 3.* A bag
sample was collected during each particulate, sulfur dioxide, and
}

nitrogen oxide test run. The bag contents were analyzed with an

Orsat Gas Analyzer.

*
Federal Register, Vol. 42, No. 160, August 18, 1977.
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4.5 PARTICULATE

The test procedure used to measure particulate grain loading
at each final exit stack was EPA Method 5.* All tests were con-
ducted isokinetically by traversing the cross-sectional area of
the stack and requlating the sample flow rate relative to the
flue gas flow rate as measured by the pitot tube attached to the
sample probe. The sampling train used for each test consisted of
a heated, glass-lined probe; a heated glass fiber filter {Gelman
Type AE) with a diameter of 87 mm (3 in.); and a series of Green-
burg-Smith impingers. An acetone rinse of the nozzle, probe, and
filter holder portions of the sample train was made at the end of
each test. The acetone rinse and the particulate caught on the
filter media were dried at room temperature, desiccated to a con-
stant weight, and weighed on an analytical balance. Total fil-
terable particulate matter was determined by adding these two
values. The contents of the impinger section of the sampling
train were recovered and analyzed for organic and inorganic con-

tent by ether-chloroform extraction.

4.6 SULFUR DIOXIDE

The test procedure used was EPA Method 6* except for the
replacement of the midget impingers with a series of Greenburg-
Smith impingers. A heated, glass-lined probe preceded thf series
of impingers. A plug of glass wool was placed in the tip of the

probe as well as in the connecting glassware between the first

*
Federal Register, Vol. 42, No. 160, August 18, 1977.
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and second impingers. FEach inlet and outlet test consisted of
two 30-minute runs. Each sampling train was purged with ambient
air for 15 minutes after the completion of each test. Contents
of the second and third impingers (3% hydrogen peroxide) were
measured, and analyses for sulfur dioxide content were conducted
on site with the barium-thorin titration method. Contents of the
first impinger (80% isopropanol) were recovered and shipped to
the laboratory for the purpose of investigating possible ammonia

interference.

4.7 NITROGEN OXIDE

Sampling and analytical procedures used followed EPA Method
7.* Three tests consisting of four grab samples taken at approx-
imately l1l5-minute intervals were conducted on the scrubber exit
stack. Samples were obtained and shipped to the laboratory for

analysis.

4.8 PARTICLE SIZE DISTRIBUTION

Particle size samples were obtained with an Andersen 2000

‘Mark III Source Cascade Impactor. This is an in-stack, multi-

stage cascade impactor that has a total of eight stages with
particle size cutoffs ranging nominally from 0.5 to 15 microns,
followed by a backup filter stage. Substrates for the Andersen
ﬁere glass fiber filters, each 64 mm (2.5 in.) in diameter. A
constant sampling rate was maintained through the test period.

Sampling rates were set for isokinetic sampling as long as the

* Federal Register, Vol. 42, No. 160, August 18, 1977.
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sample rate did not exéeed the recommended flow rate for the
impactor (0.70 acfm).

A total of nine impactor runs were conducted at each outlet
sampling site. Sampling point locations for each stack were lo-
cated as shown in Figure 4.8-1. At least two impactor runs were
conducted at each sampling point. The procedures used followed
those recommended in "Procedures Manual for Inhalable Particulate
Sampler Operation," recently developed for EPA by the Southern

Research Institute.l

4.9 PROCESS SAMPLES

Samples of the coal and clay fed to the kiln were collected
at approximately 20-minute intervals during the pafticulate sam-
pling. Coal samples were collected after the pulverizer just
prior to entering the kiln. Clay samples were collected from the
kiln feed conveyor belt. Coal samples were analyzed for sulfur
content, density, moisture content, and percent ash. Clay samples
were analyzed for sulfur content, density, and percent moisture.

In addition to the coal and clay, composite samples of the
influent and effluent from the kiln wet scrubber were collected
and analyzed for trace metal content. Samples of the final
aggregate product and dust captured by the c¢linker cooler multi-

cyclone were also collected and analyzed for sulfur content.

1]

}
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Figure 4.8-1.

Particle size sampling points for circular stack.
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SECTION 5

QUALITY ASSURANCE

Routine quality control procedures for standard reference

methods were followed throughout this test series. These in-

cluded but were not limited to the following:

° Calibration of gas meters, thermocouples and potentio-
meters, pressure gauges, thermometers, and pitot tubes.

° Use of designated equipment.

.° Sample train leak checks.

e Train configuration and calculation checks.

Detailed calibration procedures and results for equipment
used during this test series are contained in Appendix E of this

report.

In addition, the following gquality assurance procedures were

implemented to insure valid, reproducible data.

5.1 PARTICULATE
During the third particulate test, duplicate EPA Method 5

trains were run simultaneously on each stack. The results of

these tests are presented in Table 5.1-1. Results from the tests
conducted on the kiln exhaust show good cérrelation and repro-
ducibility, considering the entire sampling system.

The reliability of the analytical method used to analyze the

filters for particulate and particle size tests was checked by

5-1
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resubmitting sets of filters, preweighed in the lab, for repli-
cate analysis. Table 5.1-2 summarizes the results of a blank
filter analysis. The results of the blank filter analysis show

good data reproducibility from an analytical standpoint.

5.2 SULFUR DIOXIDE

Audit solutions prepared by EPA were used to check the
analytical procedure and reagents prior to onsite sample anal-
ysis. The results of the analytical audit conducted onsite are

presented below:

Audit solution Measured
Audit sample concentration, concentration, Percent
lot No. ppm ppm difference
0680-1 85.9 86 +0.1
0680-3 429.5 426 -0.8

In addition, calculations relating the theoretical gquantity of

SO2 generated from the combustion of pulverized coal to the quan-

tity of SO, measured at the scrubber inlet show good correlation.

2

5.3 NITROGEN OXIDE
Audit solutions prepared by EPA were used to check the ana-
lytical procedure and reagents prior to laboratory analysis. The

results of the analytical audit are presented in Table 5.3-1.




TABLE 5.1-2. EXAMPLE BLANK FILTER ANALYSIS

- : — . i : .
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Sample type and | Original tare | Blank weight, Net weight,
filter number weight, mg mg mg
Particulate -
87-mm Gelman AE
# 0002003 357.6 358.2 40.6
# 0002011 359.7 359.9 +0.2
Particle size -
64-mm Reeve
Angel 934 AH
K-83 143.1 144 .1 +1.0
N-06 140.6 140.9 +0.3
K-85 132.3 132.3 0.0
N-G2 134.7 134.6 ~0.1
K-07 144.6 145.1 +0.5
N-98 137.4 138.0 +0.6
K~-67 132.0 132.8 +0.8
N-44 134.6 135.0 +0.4
B-25 180.6 181.1 +0.5
!
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TABLE 5.3-1. NOx ANALYTICAL AUDIT RESULTS

Audit Measured
Sample concentration, concentration, Difference,
No. mg NOz/dscm mg N02/dscm %
1293 99.54 101.2 +1.7
3251 796.31 772.8 -3.0
4535 248.79 245.4 -1.4

——
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SECTION 6

DISCUSSION OF RESULTS

Overall, the sampling program was executed as planned and no
major problems occurred with either test equipment or sampling
activities. 1In addition, the process operation was characterized
as normal throughout the test period by plant personnel and the
NSPS contractor.

The feedwater pump serving the kiln exhaust scrubber malfunc-
tioned during the second particulate test and periodically
throughout the third test. This malfunctioning probably decreased
the overall particulate removal efficiency of the scrubber and
thus significantly increased particulate concentrations and emis-
sion rates. Both the particulate and the visible emission re-
sults from the source support this conclusion.

Because no obvious malfunctions or process modifications
occurred with the clinker coocler and/or its control device, the
particulate and particle size data appear representative of emis-
sions from the source. It should be noted that the organic con-
centration measured in the back half of the EPA Method 5 sample
trains from both sources was negligible. \

The 802 results obtained from tests conducted at the inlet
to the kiln exhaust scrubber are compatible with theoretical cal-
culations of the guantity of 802 generated from the combustion of
coal. Analyses of the final product and the catch from the

6-1




Y W ¥

B Il IR G A GE By N 0 aE 0 EE E B BN e e
" ! -t v

clinker cooler multicyclone hopper indicate that a large percent-
age of sulfur in the clay feed material remains in the clay as it
is processed. Therefore, it is reasonable to conclude that 802
emissions from this source are caused primarily by the combustion
of pulverized coal in the kiln.

Initially, NOx concentrations were expected to be negligi-
ble. The test data, however, show that NOx emissions are poten-
tially significant and are generated from the combustion of coal

in the kiln.

—
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Emission Test Report
Review Checklist

Reviewer: _i&rian lj}ﬁmgcr
Review Date: _April 24 .7/992
A, Background Information

1. Facility name: ﬁ@ﬁ&%@ﬁﬁ%&?@&&qﬁﬁmﬁm

Location: W. Memphis, Arkanses

2. Source category: ﬁaﬁhﬁ&gﬁﬂg&zﬁgﬁ@cﬁpn

3. Test date: week Op (octobe 20, (980
4. Test sponsor: _EPA[em&B

5. Testing contractor: JEDCe Enviconmental, Tne.

6. Purpose of test: 2 provide dafa fo assess The nced for
emission limits for slected procegses in fhe Lwh industry o,

iF warranted, 4o develop such [omits.
7. Pollutants measured

O -CB’ (89 @ voc b @

Others (list):

8. Process overview: On an attached page provide a block
diagram of the unit operations and associated air
pollution control systems at the facility. Identify
process tested with letters from the beginning of the
alphabet (A, B, C, etc.) and APC systems with letters
from end of alphabet (V, W, X, etc.). Also identify test
locations with Arabic numerals (1,2,3, ...). Using the
ID symbols from that sketch complete the table below that
identifies processes or unit operations tested.

Test [D |Process Process ID | Uncontroiled { Controlled APCD (controlled emissions only)
Hea:“hﬁ A v Mediom 15—76@ o Scrobber
Headina A V4
Heg £y ng A ‘/ o ..bb £r
Caplina _B v/ 1|Dn, Mu/’ﬁqﬁglone
(Kiin Fircat‘-!a/ f:qa.t) '




DRAFT/WP
d3006-4/971130
03/30/92 2

B.

- ber (Fuller/Dracco type CAA, Size 92).

Process Information

1. Provide a brief narrative description of the process.
with as much detail as possible, (e.g., if a furnace or
conveyor system is used, identify the type of unit)
describe the equipment used for those operations tested.

(Note: If process description provided in test report is
adequate, attach copy or reproduce here.)

Arkansas Lightweight Aggregate Corporation employs a pulver-
ized coal-fired rotary kiln for the production of lightweight ag-
gregate from surface-mined clay. The kiln operation is contin-
uous, 24 hours per day, 7 days per week except for required main-
tenance. Kiln capacity is approximately 680 megagrams (Mg) per
24-hour day (750 tons per day). The kiln is fired with pulver-
ized coal, and small amounts of natural gas are used for tempera-
ture control. Exhaust gases from the feed end of the kiln are

treated by a settliﬂg chamber followed by a medium-energy scrub-

The other major process equipment on this production line is
a reciprocating grate clinker cooler. Particulate emissions from
the clinker cooler are controlled by a dry multiclone.

Tables 2-1 and 2-2 summarize the productiocn and process data
t

monitored during the test period. |/
e
UM £ 1
N%ﬁkua&;?wﬁ L’*:>
@—F DRY
%‘Tﬂ_;u& J MuLTiCNCiaNE
AMBE R,
q\
MINING | CRuSHiNG 21 Si1Zing —— HEATING [—»| CooLtER STORING/
(KILU) SHIPAING-
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2. For each process tested list feedstock materials and

products. Indicate if activity factors are for feed (F)
rate or product (P) rate.

Basis for activity |F/P

Process [D | Feedstock materials Producta factor

LA Clay LA WA P {
A Clo LA LLoA P
A Clady _Lwa LA a
b Heated Lexpoaded clav (Lwa)l LA LA F

Basis for data: f32C)
(Indicate page/table Nos. in test report)

3. For each process or operation tested and each test run
note process capacity and operating rate during test.

Capacity | Units Units 1020 454
A 750 WHongday ped. 1 20.1% +ons [h- ozt 483
(3126 donsfhe) 2 20.1% fonsfhe tofer 40
3 20 Fons [h— iofr3 Y4¥7
4 Zo donsfhe | i)
A 750 | porsfday prad) 1 i9. 56 fons/hr e
- 2 1988 Aons/hr |
3 4,88 tons [he
4
A 50 fonslday o i i9,.88 tonslh
2 R.%8 donsfhr
3 19.29 donsfhr
4 ~
B 1750  Ions/day peod] 1 20.1% fons fhe
. 2 10:% Aons [h -
3 Z‘O Aons/hr
4 tovsfhe

Basis for data: pﬁ 2-1,2-2,2-3
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C. Air Pollution Control Systems Tested

1. For each air pollution control system pollution control
gystem identified in A.8, note the following

Type of APCD Manufacturer Model No. |
Settling Chambe - | f

e S fu 22CO CAASEc‘ldI
r]?r\_{ Ml)“'fc#ploné’ "

Note: Be as specific as possible in identifying APCD. For
example, indicate "pulse jet fabric filter" rather than simply
nfabric filter."

2. For each system identified above, provide a narrative
description. For fugitive systems describe capture
techniques as well as the removal techniques (use a
separate page if necessary)
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3. Using the attached parameter list for guidance complete
the table below. (Use additional pages as needed.)




DRAFT/WP

d3006-4/971130

03/30/92 &6

D. Sampling and Analysis Methods

1. Complete the following table

f Refarence/
conditional | Deviations
Test location Poilutant S & A method method noted

All _PM_ Co,con Nethod 5 (ON | (YN
S0 Metned 6 onN | QN

ANOx Mothad F N @

Y/N YN

Y/N Y/N

YN Y/N

YN YN

Y/N YN

YN Y/N

YN " Y/N

YN "Y/N

YN | YW

YN YN

4 , | ] ] - 1 YN YN

YN | ww
Y/N Y/N
YN YN
Y/N Y/N
YN Y/N
Y/N Y/N
Y/N Y/N
YN YN
Y/N YN
Y/N YN

Y/N Y/N
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2. If a method used was not a reference or conditional
method, provide a narrative diascuseion including any data
manipulation needed to make results correspond to
reference or conditional method results.

3. Describe any deviations identified above.

Particulate sampling and analytical procedures followed EPA
Method 5* except that an ether-chloroform extraction was per-
formed on the impinger contents to determine condensible organic
and inorganic fractions. Particle size sampling and analytical
procedures followed those described in "Procedures Manual for
Inhalable Particulate Sampler Operation," recently developed by
Southern Research Institute for EPA.l visible emission ohserva-
tions were conducted by EPA Method 9.* Sulfur dioxide sampling

and analytical procedures followed EPA Method 6* except that large

impingers were used instead cof the midget impingers specified by
- EPA Method 6. Nitrogen oxide sampling and analytical procedures

followed EPA Method 7.%
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E.

1.

Emission Data Documentation

Tabulate the following stack gas data from the test

report. (Use additional pages as needed.)
" Values reported ll

||'rmm Parameter Units Run 1 Run 2 Run 3 Run 4 "
{  |Stack temperature o F | E> 153 17F (77
Moisture % Vo, | 240 Z2.1 23.0 Z4.0
Oxygen Yo VoL. 4.0 /4. F 15,1 15,1
Volumetric flow, actual | acfh 544395 15,225 943 | 4,892,190 |5 2¢8 349
| Volumetric flow, standard} {<-{ ) 3450823 |2.5/1,697 13,123 o6l | 3,383256
Percent isokinetic ) ) j
Pollutant concentration:
PM-FiterAue| grfdscf  lo.ziez | 014272 |o3zng | o0.3855 |
- Conpens, ofgate 1 gcfdselt looo®  loosiz  loocoza 0004
A - copenis, anoesants | gridsef | o, 1334 O 1476 2,140 e, 029 |-
(o2 Yo VoL . 52 5.0 4.4 4.4
2. |Stack tempersture e F 450 440 A4-0
Moisture /s Vo 200 19:0 (% O
Oxygem %YoL, 13,2 13,5 173.7
Volumetric flow, actual 1
Volumetric flow, standard| s/ * |37, 93%% | % 3c 7,237 33¢7,337 H
& Wivemis Lewsassuare g - —==- — — gt a T - e _
Pollutant concentration:
502 bldsd |  556g0d S5Fbros] 65505
£02 oo VoL 52 4.8 5,4
2 [Stack temperature 2 E [40 144 43
Moisture Yo Vos. ., I8 19 19
O "A VL . |4 5 I4'u(’r‘ i4‘»4‘
Volumetric flow, actual
Volumetric flow, standard Adscfh¥ 3367,332 | 2. 267332 | 2262 337
| Percent isoldnetic . i
Pollutant comcentration:
X2z m%zf 2. 3.06g-05| 2,05£-05
NOx Ib/dsc 0:254E-04| 0.23F-o¢] 0.250E 04|
CO2 7YoL . 4.0 2 6 4.7
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E. Emission Data Documentation

1.

Tabulate the following stack gas data from the test

report.

(Use additional pages as needed.)

Values reported
Parameter Units [Ruz | Run 2 Run 3 Run 4 "
4. |Stack temperature 2 186 Z o4 185

Moisture % VoL . 2.2 {5 /, 7
[Oxygen o W | 17,6 20. 6 /9.9
Volumetric gow. actual 4@? 1, 344732 | 1,445353 | 1,292,315
Volumetric flow, dscfh LOZ2,682 | 1,135,100 | 4.4
[Votspetsic flaw. saaivd ‘ 22,466
Pollutant concentration:

Ftiteraple M ~/dsc f 0,/077 0.0778 0.047C
Cordens ible organic. £M gridset | o.000¢ 0. 0007 2.0005
Cordersibic_insrgamic O lar/ dser Vo no040 10:.00003 | 0o onndo

(57 % _\OL. 2.% 2.0 _o0.29

Stack tempersture

Moisture

Oxygen
Volumetric flow, actual

Stack temperuture

Moisture

0O

oxygea
Volumetric flow, actual

_Yolunmic flow, standard

Percent isokinetic

Pollutant concentration:
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2. Tabulate pollutant mass flux rates

Mass flux rates
Test ID Pollutant Units Rua 1 Run 2 Run 3 Run 4
i Citlzeable PM. | 16/p, 1088 213 15,2 [86.3
O P | Jo/he ras ¥4 0.6 59 110 0. 70
Corders. Trocy, Ml 1 b/h < 24| 6Z.9 50,2
Cop [Mibjhe  12%pq% |zo5ez |ie08t |17,417
S0z | lb/he 589 1£5.2 157.6
coz b fhe 20,467 | (Ba 21,275
S0z |- |b/hr 9.5 [03.0 102. &
NOx fb‘/ﬁr K5. 4. 79, 7 26 <7
coz \*blhs 15 15 14,18 16,547F “
|
Hecapie PM | Ap/he 6.t /2.6 r N 1>
s, Orp M| 1b/h- oA 0,11 0.0F 2./5
rdeos Tear 18l {blhe .60 0.008 9.070 2. 240
Coz 1 *1p/h, 2903 0 1,189 NEE

*Lms:w @ STP - o170 1bfp3
'rEﬁf i RUN I Antisokpmetic Cﬂha\'hav\s -5 Fn 3 5
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3. Present example emission

factor calculations below.

TEST |
_—-"'_'—-_.—-_-’ 04 \M
ka 372 %
CIT g 1988
fv
XY,
FILTERRBLE PM
06, 2 ,
re- (1968 703 1512 186,3 ) lbfhr 4 Loy ?mducd
2043  2oa% 20 zo /s on
r VJﬁj'V Si?JWbF
ey A
A et o ad"" +M;e_(‘u
rRoCESS PorLuTAT Run Run 2o m;‘asﬂ” ”‘? “)((hc} Rurd &4
A Fillerable PM 8 1.3 - 1517 ~Fbe " iBs.35.9,
o 20, 3%‘ 20.|3}( 20 . 2o 932
Cond. 0. M %é . OVPELS 0.65 y@ g0 i
3 : 7 OE et 240 3 290 . 0035
! ‘ E 74"- - 62. g : .
Coyd._‘ﬁw,j. P %{3 W ?“43)@5 2.7 3’( s2.2. 2450
%4 s D 20543, (021 .
(oo K % e _ | /6,981 B04.1 %{ 3;’0? B
A . 501_ 158.9 =m’ 5.2 .. 3.5 15?.6_,?'q3
19868 4.0 19,88 4.2 1988 &5 4.}
oy z%a;:wz’t' a1t 9569 24275 . JeR0”
! Sz~ .98 42 1988 $2¢ __% Yy
A 5 91.% . .ot w32 . 548 026 . B.16
Or 1982 5.¢y 1988, oy 1288 745 2.$¢
Nox 224 . 4.30 2.7 ; 4.0 86,9 - 437
19.88° ¢ 15.88 5.0 oB8 249 T2
Cos 15,754 : #8279 14183 . FBA ) pen | gB23
.88 350 288 3¢ jage | 4oy
6
6 ﬁ’fmb{ pm /6.6 - OCB25 2.8 ., 03¢ 1‘:’-’0‘?’5 2 - D565
€ 2ot o. i Zon3 00'3“9 20 a.19 22 6-23 2,30
o090 000477 At C0F - 35 a15- 0, 0075
Cond. . U s oosee 207 0.00 L2i5- O
0{.3 FM 20.1% a.ﬁdw 203 28,6027 2o 0.6018 o 0'06-}3& 00?;7
AOF = 348 0,008, _ 007 ;0.0035 - '
Cond Tnorg- PM ¢.00 £.228:39%£05 L£.0F o26-0.013%
ond 200D 0'00’7 20,i3 /.99 20 A.6018 20 pogt a.fm@’
3 ) 2.3 Zo 5 2o 34 43
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4. Tabulate emission factors

’_ml
Process Pollutant Units Uncontrolled Controlled ||
A Fllecaple PM o/ fon, @ o0t veed Bl 5
’ At Vo {
Condens. Ora. PM _Dr0ZA1 q
Cnvdmf. Thorg . PA - O]jFIf
Clz - —B9EF 500D
210 liblton prduced 2a7f foN
Cemipir) <73 | -
A S0z loj{on prodveed] giog |
CO2 n 1017 2
_A <02 Ik [ton,_produced 5.1 2 |
__m&d b 4| 2%
Coz - 779.5
B Filterable BMm ”)!ﬂl:m f}mdmed 0,601
Conders Orq, PM N . 0.00523
gra, M » 5.00 E~b3
001‘ N [} 6'5,|
PMIo ) : 0,240
(M(F1tDx 40)

b3006-4/971130
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ATTACEMENT A
APCD PARAMETERS

Type of
APCD

Parameters

Fabric filter

Cleaning mechanism
Bag type

Cleaning frequency
Air to cloth ratio (A/C)
Pressure drop

Inlet temperature

| ESP

Type (wet or dry)
Number of fields

Rapping cycle (if dry)

Specific Collection Area (SCA)
Particulate resistivity (if known)
Spark rate .

Current and power levels

Venturi (or other high
energy) scrubber

Pressure drop

Liquid/gas (L/G) ratio
Mist eliminator type

Packed-bed scrubber

Packing depth
L/G ratio

Fmon mtin soma AT AT
"N AT

o \ATANYy
pH
Mist eliminator type

Carbon absorber

Bed depth

Superficial gas velocity

Bed temperature

Desorption mechanism (media)
Flue-gas moisture

Cycle length

Time-on-line after breakthrough
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