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ERRATA SHEET

Page 1, Par. 3, Sentences 4 & 5 Change to read:

Sampling was conducted on the No. 1 saturator line emissions only
while 235-240 pound asphalt shingles were being processed. It is estimated
that the processing of this product, a popular 3 tab self-seal shingle,
produces the highest concentraticns of atmospheric emissions of any common
roofing line product.

Page 44, Par. 2 Change to read:

Emissions from the three sources cited above and the coater hood, which
is ducted to the saturator enclosure, are controlled by 2 modular electrostatic
precipitators (MESP). The MESP ducfing arrangement and the locations of

the sampling points are shown in Figure 3.
Page 44, Par. 3 Change to read:

™ MESP is similar to that of a conventional

The operation of a Smog Hog
two-stage, low voltage ESP, except that the ionizers and collectors are
contained in removable modules and can be arranged in 1, 2, or 3 pass
configurations. Figure 4 shows the operation of a single pass unit. It also
contains an outline drawing of a 2-pass unit such as is used at this location.
Page 47, Par. 3, Sentence 2 Change as follows:

An automatic . . . obtained from weighing 3 bundles at random each
half hour during the test.

Page 48, Par. 1, Sentences 4-6. Chandge as follows:

Data on storage temperatures and tank levels, asphalt deliveries and

transfers and asphalt usage . . . officer. These . . . Section I-2.

Since no flowmeters were available and manual ocutage measurements are

inherently inaccurate for small changes in liquid level, usage was calculated




2o
over periods ranging from 6 to 14 hours. As it could not ., . . times,
plant production records were used. Usage rates . . . caution.

Appendix I-3 Add: Enclosed Tables
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PREFACE

The work reported herein was conducted by personnel from Battelie Columbus
Laboratories, Midwest Research Institute, Monsanto Research Corporation and the

Environmental Protection Agency.

Battelle Lab's personnel were responsible for cleanup of the field-collected
samples, monitoring of the gaseous hydrocarbon concentrations and performing the
sampling analyses at the Battelle Labs located in Coltumbus, Ohio, for which a report

was submitted to EPA summarizing these data.

" Midwest Research personnel were responsible for monitoring the process opera-
tions during the testing program and writing the Process Description and Operations

Saction along with Appendix I of this report.

Monsanto Research personnel were respoensible for collecting and analyzing
particle size samples. These samples were weighed at the Monsanto Research Lab
located in Dayton, Ohio, and a report was submitted to EPA summarizing the testing

and analytical data.

Mr. Clyde E. Riley, Office of Air Quality Planning and Standards, Emission
Measurement Branch, served as Test Project Gfficer and was responsible for coordi-

nating the performance testing program.

Mr. Eric A. Noble, Office of Air Quality Planning and Standards, Industrial

Studies Branch, served as Test Process Project Engineer and was responsible for

_coordinating the process operations.




Note: Mention of trade names or commercial
products in this publication does not constitute
enclorsement or recommendation for wuse by the
Environraenta! Protection Agency.
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I. INTRODUCTIOM

Section 111 of the Clean Air Act of 1970 charges the Administrator of the
Environmental Protection Agency (EPA) with the responsibility of establishing
Federal standards of performance for new stationary sources which may significantly
contribute to air pollution. These promulgated standards of performance for new
stationary sources (SPNSS) will reflect the degree of emission limitation achievable

through application of the best demonstrated control technology, taking into account

cost considerations. To assemble this background information, EPA utilizes emission

data obtained from pollutant scurces involved in the particu1ér industries being

studied.

In the asphalt roofing industry, emission control systems at the Celotex,
Fairfield, Alabama, Asphalt Roofing Manufacturing Plant, was selected by EPA for an
emission monitoring test program. This test program was designed to provide a
portion of the emission data base used for determining "best control technology"
and for developing new source atmospheric emission standards for the processes in-
volved in the manufacturing of asphalt roofing products. This report presents the

results of this test program performed during the week of October 6, 1975.

The Celotex asphalt roofihg manufacturing plant produces saturated felt,
shingles, and roll goods. Two separate product manufacturing Tines operate 24 hours
a day, five days a week. Line No. 2 produces only saturated felt. Sampling was
conducted on the No. 1 saturator ]fne emissions only while 57-pound felt asphalt
shingles were being processed. It had been predetermined that processing this pro-
duct produced the highest concentration of atmospheric emissions. The combined fume
emissions from the No. 1 line are removed via a manifold duct to two modular elec-

trostatic precipitators {MESP) and then discharged into the atmosphere through two

exit stacks (See Figure 1}.
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EPA jointly engaged with Battelle-Cotumbus Labs and Monsanto Research
Corporation to measure the process emissions at the inlet and outlet Tocations to
and from the MESP emission control systems. Battelle-Columbus was responsible for
the cleanup and analysis of the EPA-20 particulate samples, the polycyclic organic
matter (POM) samples, the monitoring of gaseous emissions by two flame-ionization
detectors (FID), and the acquisition and analysis of process samples. Monsanto
Research was responsible for collecting and analyzing particle size samples. Simul-
taneously, Midwest Research was responsible for monitoring and recording necessary

process paramaters.

EPA personnel conducted a total of twelve EPA-20 particulate test runs at
three (3) test locations. These consisted of four test runs at the inlet to the
MESP (TP-1)}, four test runs at the No. 1 MESP outlet (TP-2), and four test runs at
the No. 2 MESP outlet (TP-3). (See Figure 1.} Simultaneous sampling was conducted
at each of the three test locations during the four test runs for velocity, moisture,
and particulate using EPA Method 20. (See Sampling and Ana]yiica] Procedures
Section.) Three integrated orsat samples and three evacuated flask samples were
collected at TP-3 and analyzed for gas composition using EPA Method 3 for the orsat
analysis and gas chromatography for a single evacuated flask analysis. Additional
measurements were made at the inlet and outlet locations for gaseous hydrocarbons
by FID detectors. Three particle size determinations were performed at TP-1 and
three at TP-2. A1l tests were conducted using a Brinks* Cascade Impactor

modified for this particular type of sample collection.

Two simultanecus particulate polycyclic organic matter runs were conducted
during the test program. One run was performed at the inlet, TP-1 and the other

on the outlet location TP-3.

*Mention of a specific company or product does not constitute endorsement by EPA.



Visible emission readings were recorded at the exhaust of each of the two MESP-
stacks. In addition, visible fugitive fume emission observations were conducted at
the dipping and spraying sections of the saturator line, at the strike-in drum
section, and at the coating area section in accordance with procedures detailed in

EPA Method 9 opacity guidelines (see Appendix C).

Two test runs using an experimental high-volume particulate sampting instru-
ment were conducted at test point TP-3. The operational and emission data gathered
during these runs were to determine the comparability of the instrument to EPA
Method 20 sampling equipment. The experimental data are treated as research and
development efforts and are not to be used as background support for new source

standards of performance.

Process samples collected during the sampling program included: bulk or unblown

asphalt, recovery oil from the MESP units, saturant, coating (without filler), coat- .

ing with filler, sand, felt {57 gauge), sealant, zinc powder, and granules used on
the shingles produced on October 8, 1975. 1In addition a toluene-detergent-water
viash solution used for cleaning the MESP screens was collected from a large vat. A

blank or unused sample of the same cleaning solution was also collected Tor back-

ground analysis.

The EPA and contractor personnel arrived at the plant on October 6, 1975. Pre-
Timinary tests and measurements along with preparations for testing the following
day were compieted by the October 6 date. Formal test runs were conducted on

October 7, 8, 9, and 10.

Most of the runs were discontinuous due to process interrupts and slowdowns
encountered throughout the test program. As indicated in Tables 1 through 4 (Summary
Logs for Process and Sampling Times), a four or five hour sampling period was

usually required to collect a two and one-half hour sample.

4
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Yolume 1 of this report contains the following sections:
The Summary of Results
Process Description and Operation
Sampling Point Locations; and
Sampling and Analytical Test Procedures.
Volume II contains Appendices detailing descriptions of procedures used during
sampling and analytical operations along with example calculations and copies of

field and Taboratory data sheets.




.,
v

SUMMARY LOG FOR PROCESS A.';'D SEYPLING TIMES FCR OUTCBER 7, 1975

TASLE 1.

Line Particulate Gaseous Hydrocarbons Yisible Emicsiong Particle Size Vg:Et‘j
Mezn Seeed Intet Outlet | Cutlet Inlet | Outlet Outlet Outlet Outlet | Hcod inlet | Outlet |Integrated | Szmplé
Tite {ft/min) 1P-1 18-2 TP-3 7w TP-2 TP-3 TP-2 T2-3 Fumzs TP-1 T#-2 drsat TP-2 |
£9:05 o line Std;‘ted
10:41  spezeds Stoned l
12:15 recorded _ Starteg
12:33  curing Stcﬁzpe*
12:45  these ) cor;un';
12:03  tizes. Corlple
14:07 330
14:15 300 l
14:16 Started "
14:17 Started '
14:18 Stopped
14:30 350 Started Stapted l
14:32.- Started
14:23 Continved
14:34 Started l
13:40 Started :
14:44 Sto‘g;ed Stopped
14:45 350 : J .
14:45 Started Completed
18:47 Run 1
15:00 399 ‘
15:0%  {Felt l
15:06  Dreak) Stobped
15:07 ‘ Stobped |
15:08 Stogped Stojpped I
15:09 - .-
15:15 Stopped
15:27 Linz on
15:41 Cont!nued l
15:55 310
15:57 Cont’d. Cont'd.
16:00 350 ' _ Started I
16:08 Cont'd, .
16:08 Cont'd. ‘
16:10Q Sto’gped Stapped l
16:1% 350 Port change
16:21 Cont'd. Cont'd.
16:27 Sto{ped Sto{ped
16:29 . . ] l
16:30 350 Stobped Stodped )
16:33 Port change -
16:34 Sto ped Sto‘gped '

6
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TABLE 1. SUMPARY LO5G FOR PROCESS AND SAMPLING TIMES FOR OCTOBER 7, 1975 {Continued)

Particulate Gaseoaus_Hvdrocarbong Yisible Imissions Particle Size High

Mean Line Voluja
Speed Intet Cutlet Outlat Inlet Qutlet Dutlet Outlet Jutlet Hood Intet | Qutlet | Integrated | Sampic-
Time {Ti/riln) TP-1 TP-2 1P-3 TP-1 TP-2 Tr-3 TP-2 TP-3 Fumes TP-1 1P-2 Orsat TP-2
16135 310 © Port change Run 2
16:43  {speed Started
16:45 down} : Stopped
15:58 2570
17:35 250
17:50 320
17:52 : Cont'd. )
17:53 360 Started
17:5% 360 '
17:56 Cont'd.
17:57 Cont'd.
17:58 Cont'd,  —--—- Cnnf'd. i . Cont'd.
18:10 360 QTP:-3 )
18:22 Corpleted
18:25 350
18:40 350 Completed
18:50 ¥ Stopped Stohped
18:33 Stopped R i
18:54 320 Stopped Stopped
19:10 210
19:30 Cont'd.
19:31 330
19:32 Cont'd,
19:34 Runf 1 Cont'd.
19:35 Completed
19:42 Run| 1 Cont'd.
19:44 Completed
19:45 360
19:46 350 Run 1 Run| 3
19:47 Cnméﬁeted © Completed
-7




TARLE 2. SUMLARY LOG FOR PROCESS AND SAMPLING TIMLS FOR GCTOGER 8, 1975 I
R litgh
1 Particulate Gaseous Hydrocarbons Visible Enfssions Particie Size Volure
Poan Ep::,, Intct [ Outletr | Outlet {nlet | Outlet | Outlet Qutlet | Outist | Hood inlet | Outlet Integrated Sarpler | Process
Tire {ft/min) TP-1 -2 TP-3 1P-1 TP-2 17-3 -2 18-3 | Fumes | 1P-1 TP-2 Grsat -3 Samples l
09:24 Started i
co:25 %0 . B |
09:28 , 250 Stobped I |
. Started
09:30
Collecting
1005 320 ' Started Recavery |
TRT Cont'd. . oll
10:20 L1y i
T2 Started Started Started Saturant |
. atin
10:24 Runjz Runf2  RAun]2 Started Started Filtergcaating
10:25 . funl 2 Started Fitler
04 . Started ' Runy 2
19:35 380 Run; 2 B l
10:50 360 Rug 3
10:59 Corpleted
1:05 30 _
n:1s ' : Stagped l
11:20 360
71:24 2 ]
11:29 1 Stopped ] Stopped
3 b
10 Stohped  Stopped L Stopped '
11:23 Sm,[:ped Sm;ped
11:35 %0 Cont'd.
11:42 tunt'd. -
11:43 Cont'd. B
11:44 © Cont’d ] Cent'd,
11:49 Felt Stopped ] L
11:50 Break Stogped Stopped ) St.o;'ped Stopped
12:05 Cont'd.
12:06 Cont'd. Cont'd. . Cont'd
12:07 tont'd :
12:08 Cont’d.
12:10 300 cont'4.
12:11 280 ' '
12:13 Cont'd.
12:14 330
12:15 3% s Collecting of
12:29 Stopped Recovery Qil
12:30 230 . Stapped
12:33 Started '
12:45 270 i Started Star~ted
12:48 3ia Stopped
12:49 |
12:51 ¥ Swpged ¥ v
{ $ -
12:52 Stopped Sto;rped Stopped Sbotped Stopped Stopped StopLed
|
12:51 Stobped
FEHA . Started Started o
1312 360 Coni’d. Cant’d. Cont'd. Cont'd. Cort'd.
13:13 300
13:15 Cont'd.
1397 330
1321 & ¥ . } i Drsas. Corplated
13:25 Stogped Stogpad Stopped Stehped Stonped Stopped Cmp‘letcd

13:25 - Oue to subsequent folt breaks fyrther sampling of particy)ates was terminated and the 2nd test rung were considered to be corpleted.

—_ e e e e————




TABLE 2. SWMIARY LOG FOR PPOCESS AND SAUTLING TiniS FOR OCTORER B, 1375 {Contfnued)
I Line Particuiate Gasenus Hydracarbons Visible f- ccipng Pirticie Size
L2an Speed Inlet | Cutiet | Qutlet Inlet | Qutlet | Outllet Gutlet | Gutiat | Hood Injet | Qutiet Integrated Evacuated
P ¥ine (fi/imin) P-1 P2 -3 1P-1 ] 1P-2 TP-3 TP-2 TP-3 Furms | TP=1 TP-2 Orsat Flask TP-3 E
513 tont'd.
IS:SS 320
: 15:50 360 Cont'd. Cont'd.
. el 6705 360 R
';'6:1] Sto{ped Sto‘Lped Completed
: 6:18 a0 o Cont'd. Cont'd.
¢ 16:35 370 ;
N (3L 370 Started Started
.6:45 Started .
¢ 16:54 Started
. 7:00 370 Started
'7:07 Started
7:10 Flask #1
17:1% 370 Flask #2
,l?:w Flask #3
7:25 Started
17:30 30 }
7:45 370
l]:54
Y ¥
7:55 Stopped $ Stopped  Stopped
17:56 ) Stopped Y Stcxped
1:57 Stopped Stopped v 1
8:00 370 Stodped Stopped - -
18:10 Cont'd
'ls;n ‘ Cont'd. Cont'd. -
8:12 Cont'd.
18:14 ' Cont'd,
3:15 370 .
'g;]g Cont'd.
3:20 Cont'd
18:27 3
8:43 3r .
8:49 Stopped
18:50 Stobped  Stobped 1 stobped ' Stobped
8:51 Stc:;pe‘d Stopped
8:53 .
19:11 350 Cont'd. Cont'd. Cont‘d.
29:12 Cont'd.
'9;13 Cont'd. Cont'd.
g:22 Cont'd. {
19:24 Stopped l Stopped  Completed
9:25 360 Stobped Stobped Stobped Stobped :
lg:qg . Cont'd.
19:50 400 tont'd. Cont'd.
9:51 Cont'd.
‘9;54 260 Cont'd.
9:55 350
20100 350 Cont'd. i
to;m L 3 Completed
0:08 Corpieted Corpleted Completed
20:09 Conpileted Corhleted
l20:13 40
9



TAHLE 3. SuMARY LOG FCR PROCESS AND SAMPLING TIMES FCR OCTCEIR 8, 1975

Line _-—‘ilfl‘ Duiiet Gutlet Vism“ch't{:Li'“ia“ ? II TﬁT:_r‘:ELe_S\!){r—Eﬁf—
N A I I I N i
£3:35 300 : Started )
pa:&5 Started
08:50 340
©3:00 A Started Started .

05:05 250 { I A |
09:07 Stopped Stopped Stopped . Stopped
09:15 . Cont'd. Cont'd, Cant'd. .
03:18 Eq]) Cont'd.
09:35 40

03:50 0

12:05 Mo

10:25 330

10:40 350 |
10:46 . Cowpleted
11:00 350

1:15 350

n:30 350 11 L i

M:38) Stopped Stepped Stopped

11:50 Cont'd Cont'd. Cont:d.

1183 1o

12:09 50 Started
+12:01 Started

12:15 330 1

12:40 350

12:55 50

12:56 300 l, )

13:00 Stopped Sugped ,

13:06 Corpieted

13:10 300 E 1

131 . Stopped

1312 Stopped } . o . .
13:25 380

13:27 Cont'd. Lont'd.

13:40 350 { .

1358 r Stobpad Started
13:55 Stobped : _ stobped
13:59 120 . congra.
14:00 Cont'd,

14:07 Cont'd.

14:15 e Cong'd.  Cont'd.:

14:20 . { . Corpleted
4:34 . Stobped Stobped

14:35 Sto M

Y

14:38 Stobped 3

14:41 : Cong'd. Cont'd.

14:22 " tont'd.

14:43 e

14:4% Cont'd.

14:51 Cbrf'lemd

14352 Completed

14:58 370

K. ”

5:08 ¢ Stobped

15:07 Stobped

15:20 : ' Cont'd.  Cong'd.

16:22 30 .

15:35 370

15:50 30 -

16:05 a2 v

16:20 Ao ]

6:3) (u;;'leted

16:15 320

16:40 Codleted

15:42 20

e



TABLE 4. SUMMARY EOG FOR PROCESS AND SAMPLING TIMES FOR OCTOBER 10, 1975
Line Particulate Gasecus Hvdrocarbons
iean Speed Inlet OQutlet Outlet Iried Outlet Outtet Process
Time {(ft/min) -1 TP-2 TP-3 TP-1 TP-2 TP-3 Samples
0B:45 320 Started
08:4¢ Started
08:48 Started
08:52 Stggped
08:53 (Blower Stopped
08:54 ;‘;;’;Ed _ Stolped
08:57 Cont'd. Cont'd.
08:58 Cont'd. Started
09:00 320
09:07 300
09:14 Started
09:15 300
09:30 300
09:45 360 |
16:00 360 1 | Stogped . . Felt,
10:02 Stogped Stogped Stogped Sto;ped sea]an#.
- samples
10:06 Cont'd. collected
10:08 Cont'd.
10:09 Cont'd.
10:10 Cont'd.
10:15 360
10:16 . ) ! Stigted
10:19 StoEped © Stopped Stopped Stopped Stopped
10:20 320
10:21 Cont'd.
10:22 Cont'd, Cont'd. Cont'd.
10:26 Cont'd,
10:30 350 i !
10:44 Stéﬁped Stohped Stoppad Stopped Stopped
11:00 320
11:10 Cont'd.
11:02 ) Cont'd.
11:03 Cont'd.
11:05 Cont'd.
11:08 ) Cont'd.
11:15 350
11:30 350
11:38 350 ]
11:39 13 } Completed | Completed
11:40 Completed Completed Completed
11




I1I. SUMMARY OF RESULTS

A summary of the particulate and gaseous hydrocarbon concentration and
eniission data for the test program is presented in Table 5. These data represent
the front half portion of the sampling train results from which the blank values
have been substracted. Indiyidua] summary results for the four‘particu1ate and
gaseous hydrocarbon runs conducted at the inlet (TP-1) are presented in Table 6.

‘Tables 7 and 8 summarize the particulate and gaseous hydrocarbon runs conducted at

the two outlet locations, TP-2 and TP-3.

Emissions were sampled simultaneously at the inlet and outlet of the MESP used
for control of the asphalt saturator pollutant concentrations. Average sampling
- time covered a period of 2 hours and 20 minutes and in all instances sampling times
ware conducted during specific process conditions which were considered to be simi-
ter to those used during normal plant cperation. Process parameters were carefully
observed and the emission tests performed only when the process appeared to be

operating normally.

PARTICULATES

Results of the particulate emission tests at the MESP iniet and outlets have
been averaged as shown in Table 5. Inlet sampiing was conducted 46 inches upstream
of @ forked "Y" that branched off to two separate MESP units {(see Figure 5). The
intet Tocation was only 188 inches downstream of a 90° right angle bend. The varia-
tions between the inlet and outlet volumetric flows can be attributed to the
inaccuracies that accompany the measurement of the residual angular flow profiles.
The temperature of the gas streams were consistently higher at the outlet, due to
the kinetic energy created by the centrifugal fans. For each test'the calculated

isokinetic sampling rate was well within the define Timits of 90 to 110 percent.

12
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Table 6. Particulate and Gaseous Hydrocarbon
Results for Inlet TP-1

Run_Number 1
Date 10/7/75
Volume of Gas Sampled--DSCF® 100,97
Percent Moisture by Volume 2.8
Average Stack Temperature--°F . 125.

Stack Volumetric Flow Rate--DSCFM 25339.
Stack Volumetric Flow Rate--ACFMC 29248.
Percent Isokinetic 97.2
Feed Rate--Ton/hr -

Particulates--probe, cyclone,
and filter catch

mg . :530.30
gr/DSCF 0.0809¢
gr/ACF 0.07021
1b/hr 17.61

1b/ton feed -

Gaseocus Hydrocarbon
Average Results

Minimum value, ppm'vd 41.5
Maximum value, ppmvd 44.0
Weighted average value, ppmvd 42.8
gr/DSCF 0.0127
1b/hr : 2.77

2

10/8/75
102.54
2.4
124,
26755. .
30070.
101.2

——

423.30
0.06352
0.055438
14.31

42.8

- 44,6

43.7
0.0130
2.':1_93 '

aDr_y standard cubic feet at 70°F, 29.92 in. Hg.

bDry standard cubic feet per minute at 70°F, 29.92 in.

c . .
Actual cubic feet per minute

d
Parts per million, by volume measured as CH,

14

3 4 Averaqge
10/8/75 10/10/75
110.76  111.83  106.51
2.2 2.2 2.4
135. 119. 126.
26438,  26422. 26131,
30683.  29840.  29959.
102.5  103.5 101.1
489.60 352.70  449.00
0.06807 0.04857  0.06529
0.05862 0.04293  0.05682
15.43  11.00 14.59
37.2 38.6 40.0
38.9 40.1 41.9
38.1 39.3 41.0
0.0113 0.0116  0.0122
2.56 2.63 2.73

Hg.




Table 7. Particulate and Gaseous Hydrocarbon
Results For Qutlet TP-2

Run_Humber

Date

Votume of Gas Samp]ed—--DSCFa
Percent Moisture by Volume
Average Stack Temperature--°F
Stack Volumetric Flow Rate--BSCFM
Stack Yolumetric Flow Rate--ACEMC
Percent Isckinetic

b

Percent Qpacity Averaged
Feed Rate--ton/hr

Particulates--probe, cyclone,
and filter catch

mg
gr/DSCF
qr/ACF
1b/hr
1b/ton feed

Gaseous Hydrocarbon
Average Resuits

Minimum value, ppmve

Maximum value, ppmve

Heighted average value, ppmve
gr/DSCF

Th/hr

! 2
10/7/75 10/8/75
107.04  99.93
3.1 2.9
133. 134.
13,412, 12,698.
15,604, 14,769.
97.8 69.3
3.3 0
73.00 15.60
0.07050 0.00240
0.00%02 0.00207
1.21 0.26
51.5 48.6
53.8 49.9
52.5 49.3
0.0157  0.0147
1.80 1.60

aDry standard cubic feet at 70°F, 29.92 in. Hg.

thy standard cubic feet per minute at 70°F, 29.52 in.

“Actual cubic feet per minute

3
10/8/75
101.42
2.7
145.
12,769.
15,095.
97.4

0

38.80
0.00589
0.004598
0.64

39.0
40.8
39.9
0.0119
1.30

Hg.

4 Average
10/10/75
102.48  102.97
2.7 2.9
130. 136.
13,022.  12,975.
15,012.  15,120.
97.4 98.0
0 1.0
10.30  34.43
0.00153 - 0.00508
0.00133  0.00435
0.17 0.57
35.5 43.7
37.2 45.4
36.3 44.5
0.0108  0.0133
1.21

d . . .
Average of 6-minute interval averages per date; opacity reading times
do not coincide with particulate test times

®parts per milltion, by volume measured as CH4

1.48




Table 8.

Particulate and Gaseous Hydrocarbon

Results For Qutlet TP-3

Run Number

Date

Volume of Gas Samp]ed--DSCFa
Percent Moisture by Volume
Average Stack Temperature--°F
Stack Volumetric Flow Rate--DSCFM
Stack Volumetric Flow Rate--ACFM"
Percent Isokinetic

Percent Opacity Averaged

Feed Rate--ton/hr

Particulates--probe, cyclone,
and filter catch

mg

gr/DSCF
gr/ACF
1b/hr
1b/ton feed

Gaseous Hydrocarbon
Average Results

b

Minimum value, ppmve

Maximum vatue, ppmve

Weighted average value, ppmve
gr/DSCF

1b/hr

1 2. 3 4
10/7/75 10/8/75 10/8/75 10/10/75
103.99  99.8] 101.87 101.91
3.0 2.5 2.7 2.7
127. 132. 150. 129.
12,203. 12,2%2. 11,910. 12,051.
14,040. 14,190. 14,195, 13,869,
102.8 101.5 103.1 102.0 -
5.0 0 0 0
54.80 13.80 - 23.00 11.80
0.00812 0.00213 ©.00348 0.00178
0.00705 0.00184 0.060292. 0.00155
0.85 0.22 0.35 0.18

47.5 49.7 45,5 48.5
50.4 52.4 47.2 49.7
48.7 51.2 46.4 49.0
0.0145 0.0152 0.0138 0.0146
1.52 1.60 1.47 1.51

aDr‘y standard cubic feet at 70°F, 29.92 in. Hg.
bDry standard cubic feet per minute at 70°F, 29.92 in. Hg.

“Actual cubic feet ner minute

dﬁverage of 6-minute interval averages per date; opacity reading times
do not coincide with particulate test times

eParts per million, by volume measured as CH4

16

Average

101.90
2.7
135,
12,114.
14,074,
102.4
1.0

25.85
0.00388
0.00334
0.40

47.8
49.9
48.8
0.0145
1.5]



Average inlet and outlet particulate concentrations based on the front half
(probe, prafilter, and filter) of the samnling train wevre 0.0653 gfains per dry
standard foot (or/DSCF) and 0.00448 gr/DSCF, respectively. The average emission
rates were 14,59 pounds per hour {1bs/hr) for the inlet and 0.97 1bs/hr for the two
outlets. DBased on these.data, the average collection efficiency for particulate

matter was 43.8 percent.

Crsat analyses of the outlet gases showed them to contain essentially the same
degree of cowponents as air. Average valumetric flow rate for the inlet was 26,131
dry standard cubic feet per minute (DSCFI). The combined average volumetric flow

rates for the two outlet stacks was 25,089 DSCFM.

Additional information concerning the particulate testing is contained in
Section V, "Sampiing and Analytical Test Procedures." Computer print-outs of the
test results are contained in Appendix A, Tables A-1 througn A-VI together with
example calculations for Run 1 at the inlet lecation. A1l particulate field test
data sheets are contained in Appendix D. Particulate sampling logs are located in

Appendix H.

TOTAL HYDROCARBONS

MESP intet and outlet gas streams were simultaneously sampled for total gaseous
hydrocarbon concentration. The hydrocarbon sampling systems were operated in con-
junction with the particulate runs. However, only one FID was used on the outlet
stacks and was alternated from one stack to the other (see Appendix B for location
and sampling times). Tables 5 through 8 summarize the measured hydrocarbeon concen-

tration and calculated emission rate averages for each of the test runs.

Continuous total hydrocarbon monitoring of gas passing through the glass fiber

fitter of the particulate sampling train by a FID instrument showed an average

17




“concentrabion range of 41.0 parts per million by volume (PPMY) for the inlet and

a combined averane concentration of 46.7 PPMV for the two cutlet stacks. The
average total hydrocarbon emission rates for the four runs was 2.73 Ths/hr at the
intet and 2.99 Ibs/hr for the two outlet stacks. PRased on these data, the average
collection efficiency for total hydrocarbons was 0  percent. Because hydrocarbon
measuremnents ware not always performed at the exact same time as the particulate
runs some of the particulate sampling points have no corresponding hydrocarbon data.
Thereforé, the number of valid hydrocarbon sampling points are indicated for each

run in the summary data sheets presented in Appendix E.

Additionai information concerning the total hydrocarbon testing is contained

in Section V, "Sempling and Analytical Procedures.”

Specially evacuated bulb flasks were used to withdraw gas samples from the tee
connection used to exhaust the FID sample from the particulate sampling train lo-
cated at the TP-3 outlet. Three of these flask samples were collected during testing
on Ociober 8, 1975. However, only one of the three samples obtained was subsequently
analyzed for gaseous components by a gas chromategraph (GC) instrument at the
Battelle Labs in Columbus, Ohio. The various components detected in the analysis
are presented in Table 9 of this section. An additional discussion relating to

this analysis is presented in Section V, "Sampling and Analytical Procedures.”

VISIBLE EMISSICNS

The results of the EPA Method 9 visible emissions evaluations for the dual
MESP outlet stacks and for the fugitive visible emissions at the No. 1 saturator-
coater hoods controlled by these control devices are summarized in Tables 10 through
12. A sketch diagramming the plant layout and outlining the observation sites in

relaticn to the two exhaust stacks is presented as Figure 2. All opacities are

18
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TABLE g,

ANALYSIS OF

FLASK SAMPLE

OF GASES DOWHSTREAM OF

*Parts Per Million by Volume

Piant..... e n. Geletox
Location...... airlietd, Ala,
Sample Ho. ... S73-000-404
Components Percent
0, 21.0
co, 0.05
Ny 77.9
A 0.99
Co <0.0015
Hz 0.06
PP 4\.’
502 <0.02
0,5 0.7
NO_ <0.5
- Cos 0.06
CH3OH 0.1
HSOH <0.1
HCHO 0.
Cli,COCHL, 1.0
CH({- (}
C2H6 i
C3H8 1
04H10 0.2
CsHyo 0.2
Cellyy, 0.2
CaHy 0.2
C3H6 <0.1
Cstig <0.1
Calty <0.1
Cellg 0.06
CGHSCII3 0.07
19
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TABLE 10, VISIBLE EMISSIQNS COMPOSITE SUMMARIES FCR OCTOGER 7,1975 .
40 .
30 '
20 l

o
- i

el b
|
{ 2 3 l
TIME - HOURS l
OUTLET STACK TP-2, OBSERVERS 1 and 2 ,
T
40 3
20 —— l
20 — I
ol 1
} 2 3 l
TIME -~ HOURSG

OUTLET STACY TP-3, OBSERVERS 1 and 2 l
20 . l

|




40

a0

20

(=]

30

20

\O

TABLE 1. VISIBLE EMISSICGNS COMPOSITE SUMMARIES FOR OCTCBER 8, 1975

TIME

- SATURATOR/COATER HOOD, OBSERVERS 1 and 2

a

-

HOURS

TIME

QUTLET STACKS TP-2 AND TP-3, OBSERVERS 1, 2, and 3

21

2

MOURS




20

\D

40

20

20

\O

TASLE 32, VISIBLE EMISSIONS CCMPOSITE SUMMARIES FOR OCTOBER 9, 1975

|

: SATURATOR/COATER HOOD, OBSERVERS 1 and 2

TIiME

2 3

- HOURS

] 1 N

OUTLET STACKS TP-2 AND TP-3, OBSERVERS 3 and 4

TIME

22

2 3

- HOURS




30

20

O

40

20

20

\O

TABLE 12, VISIBLE EMISSIONS COMPOSITE SUMMARIES FOR OCTOBER 9, 1975 (CONTINUED)

! 2 3
TiME - HOURS
QUTLET STACK TP-3, OBSERVERS 1 and 3
!
i
[
HERN
| a 3

TIME =~ HOURS
QUTLET STACK TP-2, OBSERVERS 2 and 4

23




Y

X

X

SOUTH  4Tacys e,

SUILDING WAL

—%

»® Anoon .ﬂ.oﬁd

SATURATOR- COMTER HocdS

Figure 2. Plant Layout and Yisible Emissio

OBSERVER LOCATION KEY
M STACLS
4+ HOODS

Observation Locations

24




presented as consecutive set numbers of six-minute averages over the length of the
observation period. A composite of each observer's recordings for the six-minute

average opacities has been plotted versue hours of time at each observation site.

The outlet stacks were observed for emissions opacity levels for approximately

twelve hours intermittently by two to four observers. Also the No. 1 Tine hooded areas

were observed for escaping fugitive emissions intermittently for approximately six
hours by two observers. This is explained by the fact that visible emissions
readings were recorded only when the process conditions appeared to be that of
normal operation. Thus, when a process interruption occurred, the six-minute inter-
val reading would be curtailed, and the next set of six-minute intervals would

begin at the first reading when normal process cperation was resumed. On October 7,
1975, the two MESP stack plumes were read for about two hours before rain stopped
the opacity measurements. During Octoher 8, 1975, the No. 1 process line hood

was observed for two hours. The two outlet stacks were observed for two and-one—
half hours during the afternoon. On Gctober 9, 1975, emission readings were con-
ducted for four hours at the hooded areas and for about seven hours at the two
stacks. Whenever two or more observers were available and the two stack emissions
consistently read zero, both stacks were ohserved simultaneously in order to
maximize the acquisition of visible emissions data at these locations. There were

a total of approximately nine process interruptions during the visible emissions

testing conducted over the three day period.

Except for a brief one hour period on October 7, 1975, where measurements
ranged between five and fifteen percent opacity, the two outlet stacks emitted no
visible emissions during the testing program. Of the five hood pull-down doors
observed at the MNo. 1 saturator/coater 1ine only one was observed to allow fugitive

emissions to escape capture. These emissicns were read at a constant ten percent
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opacity by one observer and at five percent by a second during the totsl six hours
of observations. These emissions were attributed to poor draft conditions as

reported by the observers.

Additional pertinent comments for visible emissions are contained in Section V,
"Sampling and Analytical Procedures." Summaries and copies of the field test data

sheets are located in Appendix C of this report.

PARTICULATE POLYCYCLIC ORGANIC MATTER (PPOM)

Isokinetic PPOM or POM sampling was conducted simultanecusly at lccations TP-1
and TP-3 of the MESP control device on October 9, 1975. Sampling was performed
using a Battelle POM sampling train which essentially is an EPA Method 5 sampling
train utilizing a packed adsorbent column inserted between the glass fiber filter
holder and the first water filled impinger (sea description of adsorbent column in
Section V). Upon completion of the two runs the recovered samples were forwarded

to Battelle Labs for analysis by gas chromategraphy--mass spectrometry {GC-MS).

A summary for the POM testing is presented in Table 13. A total of ten dif- -
ferent organic compound groups were detected and are reported individually in con-
centrations (gr/DSCF x ]0"6) and mass emission rates (1b/hr x 10"3). The combired

3 1b/hr found at the inlet stream was reduced

PPOM mass emissions rate of 12.9 x 10~
by 54.1 percent to measure 5.92 1b/hr X 10"3 for the total PPOM mass emission rate

from the two outlet streams.

The concentration and emission rates for some of the PCM compounds were greater

at the outlet than at the inlet. This phenomena could possibly be the results of

one or more of the following:

(1) POM's produced from energy or reactions from the control device.
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(2) Inadequate sampling methodology.
(3) Inadequate cleaning procedures.

{4) Inadequate analysis methodology.

Concerning Item 1, it is widely known that some POM compounds are produced in
combustion processes. However, the technoiogy of POM formations has not been
developed to the point that it can be predicted whether or not POM compounds might
increase or decrease in a MESP emissions controt device such as used at the Celotex

plant.

Tha sampling methodology as well as the cleanup procedures used for this work
are considered to be the existing state-of-the-art. As more data are obtained and
industrial program studies are fielded perhaps the validation, accuracy, and re-
Tiability of this data can be determined. The adsorbent column, the crucial com-
ponent of the Battelle POM sampling train, has been validated for a limited number

of sampling conditions and laboratory sample analyses.*

The GC-MS analysis technique is fairly well proven as discussed in Section V,
"Sampling and Analytical Procedures.”" Battelle analysts claim an accuracy of within
+ 12 percent of the true value for sample recovery and analysis procedures relating

to laboratory samples.

Therefore, it is difficult to evaluate why the POM values for certain organic
compounds increasad in the MESP control device. Possible at this time the best
accepted method of evaluating the data would be to reflect its crder-of-magnitude

and estimate its accuracy on that basis.

Informaf1on submitted by Battelle Laboratory analysts who are know]edqeable in PPOM
sampling and analyses.
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Additional information as well as copies of the field data sheets pertaining

to the POM sampling can be found in Appendix F of this report.

Particle size distribution tests were conducted on the inlet, TP-1 and outlet,

TP-2 ducts of the MESP No. 1 control device.

Three tests, TP 1-1 through TP 1-3, were conducted on the inlet location and
three tests, TP 2-1 through TP 2-3, were at the outlet location (see Table 14).
TABLE 14

SUMMARY OF PARTICLE SIZE TESTS
CONDUCTED AT THE CELOTEX PLANT

Ave, Sampier ~Stack
Run No. Total Catch Run Time Temperature Temp.
TP1-1 19.12 mg 30 115 100
TPi-2 12.21 mg 30 130 120
TP1-3 19.49 45 130 115
TP2~1 14.15 70 135 135
TP2-2 13.42 90 138 135
TP2-3 15.38 120 149 135

The routine test equipment consisted of an eighteen inch stainless steel probe with
a l.5 mi]Timeier nozzle, a Brinks* Model B cascade impacter using preweiched alumi-
num Toil cups to cover the substrate pans, and a backup glass wool fiber filter. A
summary of the test data is presented in Tables 15 through 20. The suspected test

results are presented in the following three different forms.

1. Cumulative Mass Percent less Than or Equal to Effective Particle Diameter--

All stages excluding cyclone and probe wash: The data are presented in this manner

® PR L
Mention of a specific company or product does not constitute endorsement by EPA.
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TABLE 15. l
DRY CATCH
CASCADE IMPACTOR PARTICLE SIZE OISTRISUTION FOR RUN TP1-1
INPUT VARIABLE UNTTS INPUT DATA .
SAMPLING TINE . MIN 30.C
PRESSURE DROP IN HG 1.00
STATIC PHESSURE IN »20 -1.85
PARTICLE DENSITY G/CC 0.90 i
BAROMETRIC PRESSURE IN HG 29,57 E
GAS MOL WT 29.0 :
GAS TERPERATURE DEG F 115.0
GAS VISCOSITY POISE 0,00019
GAS DENSITY G/CC 6.001G9 i '
|
STATE WT OF MATERIAL DPC MG/ACF WT PCNT CUM WT PCNT |
| f'
CYCLONE 6,000 0,00 6.00 100,30 ;
1 0,940 5.02 0,58 14,37 100,00
2 0,000 2,99 0,00 0.00 85,63 '
3 0.970 2,08 0.60 14,83 85,63
4 1.990 1,10 1,23 30,43 70.80 '
5 2,540 0,71 1,45 35,78 4%0.37 '
FILTER 0,300 0,19 4,59 4,59
JO0TAL_CATCH. .
CASCADE IMPACTOR PARTICLE SIZE DISTPIBUTICN FOR RUl: TP1-1
IHUT VARTEBLE UMITS INPUT DATA | .
SaPLINE TIND It 30.0 '
PHESEULME OHGE IN RC 1,00
STal1¢ FROSSURE 18 426 ~1.65 .
PARTICLE DENSITY G/CC 0.90
NARDMETRIC PHESSURE IN KRG 29,57 '
CAS Gl wT 29.0
GRS TE*FEKATUKE UEG F 115.0
GaS VISCORITY POISE ¢.0001%
CAS DEMSITY ' G/CL 0.00105 [ '
STATE T UF MATERIAL URC MG/ACF WT PCHT CUM WT PCHNT |
cyeLonr 16,400 ' 6.6hR S6.49 100.00 ! '
L 1.860 S.e2 1,072 6,68 43,51 .
2 C0.620 2,959 0,01 0.10 34,83
3 [T ' Z.05 U.61 5.18 34 .73 l
5 7,010 1,10 1.686 15.74 29,55
4 2,450 u,71 1,45 12,24 13.81 '
FioTe s L, 30U 0,19 1.57 C1.57
30 ' | l
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TABLE 16.
DRY_ CATCH

CASCADE IMPACTOR PARTICLE SIZE DISTRIBUTION FOR RUN TPL-2

IMeUT VARTADBLE UNITS

SAMPLING TIME MIN

PRESSURE DROP IN HG

STATIC PRESSURE I HZ20

PARTICLE DEMSITY G/CC

HARUME TRIC PRESSURE IN HG

GAS MOL WY

GAS TEMPERATURE DEG F

GAS VISCOSITY POISE

GAS DENSITY G/CC

WT OF MATERIAL pPC MG/ACF
0.000 0,00
0,000 5,12 0,00
0,000 5,04 0,00
6,000 2,09 0,00
0.390 1,11 0,24
1.200 0,71 0,73
1,200 0,73

_JOTAL CATCH

INPUY DATA

29,0
130.0
0.,00020
0.001086

WT PCNT

- 4o -

0,00

100,00
100,00
100,00
i0o0,.00
100,00

86,02

43,01

CASCAGE IMPACTOK PARTICLE SIZ28 DRISTRIBUTIGIH FOR R TP1-2

THPwY VARLARLE

SATPLING TIME
PELSSLKRE ORUP
STLTIC PRESSURE

Frafe FTCLE DEMSITY
Gabu¥CIRIC PRESSURE
LA ML w1

a3 TEHEERATURE

s VISCOUSYTY

Gas LEhaTy

Wi OF wATERIAL

.o TCUL

g.h0o

UM1TS
[l )
I v
1IN ne(
G/CC
I i
(EG F
PUISE
G/CC
OFC MWG/IRCF
5.32
2,12 0,¢0
I, L4 0,0¢C
2,062 0,40
1,11 a.»u
0,71 0,72
.77
31

INFUTY DATA

3G.90
l.0¢C
"200”
C.3C
29.57
25.¢
13¢.0
G.00G2U
0.00106

Wl PCNT

9.83

CUM WT PCNT

- . T e e

CuM WT PCHT

R X T

100,00
28,75
28,7¢%
28.75

22.895




STATE

-

CYCLONE
1
2
3
4
5

FILTER

PILTLR

1P

SAN
PRE
STA
Par

Ut VARIABLE

WLITRG TIME

SSuRiE pHOP
TIC PRESSURE
TICLE DEMSITY

BaROMETHTLC PRESSURE

GAS
GAS
GAS
GAS

WT

Chd

1

HOL WT
TEMPLRATURE
VISCOSITY
DENSETY

OF MATERIAL

CALE THMPACTOR PARTICLE SIZE GISTRIBUTION

UT VERIAGLE

LML TLNE

Fint

&N
Fraw
et

Gl
G"tt_\.
Cfhs
Chs

SSUHLD Deop

[T¢ v RLSSURE
bICLe oErsSIvY

UMETRITC PRESSURE
SOL WY
TEMpP L ATURE
V1ISCUSITY
pLhsliy

1.004

DpC

TABLE

17.

DRY CATCH
CASCADL IMPACTOR PARTICLE SIZE DISTRIBUTION FOR RuMN TP1-3

UNITS

MIN

IN HG
IN H20
GsCC
IN HG

DEG F
POISE
GrsCC

M

INPUT DATA

0,00020
¢.00106

G/ACF WT PCNT

TOTAL_CATCH

UFC

UMITS INPUT DATA
MIM 5.0
I G 1.0U0
it pe0 -2.00
G/CC G.9C
I WG 29,58

T 22.0
DEG F 130.0
POISL p.o06g2o
GsCC G.N0106
MG /ACF WwT PCMT
b, 7R 58,97
0,46 5.73
u,29 3.52
o,u5 5.53
C.74 8.65
1,22 12.57
0.41 S5.03
32

CuUM WY PCONT

l1c0,.00

100,00 -,

99,56
99,24%
52,01
78,43

29,23

FOR RUM TP1-3

CuM WT PCNT

|
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S5TATE

CYCLONE
1
2
3
5
5

FILTER

FILTLER

CASCADE

INPUT VARIABLE

SAMPLING TIME
PRESSURE DROP
STATIC PRESSURE
PARTICLE DENSITY
BAROMETRIC PRESSURE
GAS MOL WT

GAS TEMPERMATURE

GAS VISCOS:TY

GAS DEMSITY

WT OF MaTERTIAL

0.000
0.005
0.000"
0,000
0,001
0,000

0.500

1HFUT VaRIFBLE

SpEPLING VIMD
PRESSLRE LEEP
STATIC FRESSLAD

e TICLE wELEITY
FrHUMCTHIC PRCSSURE
GAasS MoL o wl

GAS FLPIreTURE

GaAsS VISCUSLITY

Eat CEMSITY

VI OOF MATERTIAL

o,.ouu

TABLE 18,
_DRY CATCH

DRY

Dpe

MG/ACF

[E A,

TGTAL_CATCH
CaSCACE THPACTOR FARTICLE $1ZE DISTFIBUTION FOR RUM TP2-1

UEC

D,.11

3,04

33

INPUT DATA

0.00106

WT PCNT

- - -

INPUT DATA

- - ——

T0.0
1.00
~0.60
0.20
2936
29.0
135.0
6.00026
0.00106

WT PCHT

IMPACTOR PARTICLE SIZE DISTRIBUTIOM FOR RUN TP2-1

CuM WT PCNT

CUM WT PCNT




STATE

L

CYCLONE
1
2
3
4
5

FILTER

STATE

CYCLO o

PIerey

CASCADE IMPACTOR PARTICLE SIZE DISTRIBUTIGN FOR RUN TP2-2

INPUT VARIABLE

SAMPLING TIME
PRESSURE QDRCP
STATIC PRESSURE
PARTICLE DENSITY

BAROMETHIC PRESSURE

GAS MOL WT

GAS TEMPERATURE
GAS VISCOSITY
GAS DENSITY

WT OF MATERIAL

TOTAL CATCH

TABLE 19.
DRY_CATCH
UNTTS
MIN
IN HG
IN H20
G/CC
IN HG
DEG F
POISE
G/CC
(11T MG/ACF
0,00
5,11 6.00
3,03 0,00
2,08 .00
1,11 0,00
0,71 0,00
0.00

INPUT DATH

90,0
1.00
"0980
0.90
29,58
29.0
138.¢
0.00020
0,0010%

WT PCNT

CUM WT PCHT

100,00
160,03
109,00
100,00
100,00
100,00

106.00

CASCALE IFFACTOR FARTICLE SIZE GISTRIBUTION FOR RUN TP2-2

TPUT VARIADBLE

SAFHLING TIRE
PHESSURE DRGH
STalIC FRESSURL

Hoik TICLE CEMSITY
BaruMETRIC PRESSUKE
LaS #gL o wT

GnS TEMPEHRATURE

Gax VISCOSTITY

Gas DERSITY

wl UF 2ATEF 1AL

N e e e

uPC

UnIrs
AIH
In w6
IN He0
G/CC
IN #G
DG F
POISE
G/CL
nG/ACF
2,01
0,28
0.0A
0.c%
0,z86
c.ro
0.00
34

INPUT OATA

g,0002¢0
0.0013%

WY PCHT

cumM WT PCNT

100,00
26,01
19,65

12,74

-

-




CYCILONE

FILTER

cycecre
1
2
3
4
3

FILTE R

CASCADE IMPACTOR PARTICLE SIZE

InNP

Ut VARIABDLE

SAMPLIMNG TIME
PRESSURE DBROP

STATIC PRESSURE
PARTICLE DENSITY
BAROMETRIC PRESSLURE

GAS MOL WT

GAS TEMPERATURE

GAS VISCOSITY
GAS DENSITY

WT OF MATERIAL

0,600
0.000
¢,0040,
0,000
0,000
0.007

G.000

INPUT DATA

- an T

120.0
1.00
"0-70
0.90
29.70
29.0
i40.0
6,.00020
0,001035

WT PCNT

- e -

DISTRIBUTION FOR RUN TP2=-3

Cum WT PCHT

106,00
100,00
100,00
100,00
100,00
100,00

‘0,00

CASLAUE TMPACTOR PARTICLE SIZE DISTPIBUTION FOR RUM TP2-3

1LFUT VARIABLE

- e = o - —

ERFFLING TIME

PROSBURL uRGR
STATIC PRESSURE
PAr TTCLE GEMSITY
FaroFETRIC PREISURE

GuS FUul WT

Gan YENFERATURE

GAS VISCCSITY
GAS DENSITY

w1 SF MATERIAL

10,4800
u,930
0,570
1.070
1,276
.70

G.00U

TABLE 20.
DRY CAICH
UnNiTSs
MIN
IN HG
IN H20
G/CC
IN HG
DEG F
POISE
G/CC
Inl-Tol MG/ACF
0,00
5,11 0,00
5,03 0,00
2,08 .00
1,11 0.00
u,71 0.00
0,00
_JOTAL _CATCH
UNITS
MIN
o IN ke
IN 20
GsCC
I HG
LEG F
POISE
GrsCC
(8] =T MG/ACF
1,64
9.11 0.1%
4,05 0.09
2,08 0.16
1,11 0,19
U,71 0,11
0.00
35

INPUT DATA

120,90
1.0¢
-0.70
0.90
29.70
29.0
140.0
0.00020
0.00105

WT PCNT

- - -

70,22
&,05
3,71

6.9A

cum WY PCNT

10c.002
22,78
23.73
EO.bS

13,07




bacause tho weignt percentage collected in the cyclone often varies wicely from test
to test. This 1s especially true of data collected at a control device inlet. ‘hen
working with small amounts of mass collected by the cascade impactor, a few extreme-
1y large particies collected in the cyclone may make a large difference in weight
percentage. Using a cumuTative basis of data presentation, this variance in weight
percentage in the cyclone is propagated to the lower stages. Therefore, eliminating
the cyclone from the data reduction eliminates any bias introduced during data re-
duction due to the fact that some extremely Targe and heavy particles may have col-
Tected in the cyclone. A better correlation of the weight percentages on the

stages would tend to indicate that scme of the variance indicated when all five
stages and the cyclone are plotted is due to the bias introduced by abnormally large
particles impacting in the cyclone. Therefore, the data is presented in this manner
only to indicate whether or not a large amount of bias has been introduced due to

abnormally large particles collecting in the cyclone.

2. Cumulative Mass Percent Less Than or Equal to Effective Particle Diameter--

A1l stages with cyclone: This is the most widely used method for presenting particle

size data. They are based on the mass percentage of total particulate collected on

each stage.

3. Mass Leoading as a Function of Effective Particle Size: Although particle

size distribution data are usually presented in a cumulative percent form, in some
cases this presents a biased view. This is because any error {ntroduced either
during sampling or analytical procedures on any single collection stage is propa-
gated to the other stages by the nature of the data reduction. This is due to the
fact that each data point is based on the total mass and consequently introduces
error to every other data point. Presenting the data in the form of mass loading

as a function of particle size permits the results of each size range to be computed

36
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independently of the other size ranges.

Runs TPi1-1 and TPT1-2 were conducted for 30 minutes each at the inlet of the
control device on October 7, 1975, and Run TP1-3 for 45 minutes, on October &, 1975.
On the first two runs, the upper pans appeared to have very small amounts of col-
lected material. The third stage had more material and the deposit in the center
of the pan had started to spread to the sides in tiny dropltets. The fourth stage
had a large puddle of clear 011 in the center of the pan and the last stage had the
entire bottom covered with 0il. A yellow-green tint was detected at the bottom edges
of the pans indicating some buijldup had occurred in the 20° corner. PRun TP1-3 was
extended to 45 minutes in an attempt to collect wore material on the upper stages:
but during the clean-up, no obvious gain was observed. It is now beljeved that the
original sampling time was sufficient and that the mass 1oading of the fourth stage

was a function of effective particle size and/or excessive sampling time.

Run TP2-1 on the outlet was conducted on Cctober 8, 1975, for 70 minutes. -None
of the pans appeared to be Toaded to any extent and it was estimated that there was
only a marginally weighable amount in any pan. Run TP2-2, alsc conducted on
October 8, 1975, was extended to 90 minutes. Upon cbservation of the pans during
clean-up, there appeared to be less material collected on this run than the previous
run regardless of the fact that the flow rate remained the same and the time was ex-
tended. The third run, TP2-3, was conducted Octoher 2, 1975, and extended to 12C
minutes in an attempt to obtain sufficient sample so that an accurate analysis could

be done. Mo appreciable increase in sample size was noticed.

It was concluded at this point, that further routine sampling using the Brink

sampler on the outlet would not produce any more useful data.

The routine operation of the Brinks particle size unit attempts to maintain an

0.C5 cfm fiow rate through the impactor. Thus, with other facters being equal, the
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longer sampiing times should deposit more material in the impactor. The data shown
above, tends to indicate that the amount of material coliected is indepzndent of
sampling time, particularly for the TP2 outlet runs, where the sampling time varies
from 70 to 120 minutes. This would ba possible if some material was deposited on
each stage of the sampler, and then from that point on an eguilibrium condition
exists where the amcunt condensing and the amount volatilizing is approximately the
same. The amount of material collected, therefore, is not a function of time but
rather of the composition and volatility of the material. The initial doposit would
be influenced by the initial droplet size, but as soon as some material is collected,
it would coalesce and may then be evaporated by the effect of the impactor jet and
thus leave the system as a vapor. Therefore, based upon the results of the particle
size analysis, it is not possible to draw any definite conclusions about the relia-

bility and accuracy of the data.

After cleanup the exposed pans wiere hand carried back to the laboratory and
reveighed. It is possible that & loss of organic material occurred during the inter-
val between the collection of the sample fractions and the reweighing of the desic-
canted sample pans in the laboratory. It is possible that some of the volatile
materials were Jost due to evaporation. Because of possible weight losses the parti-

cle size distribution data presented in Tables 14 through 20 may be auestionable.

Additional information pertaining to the particle size testing is presented in
Section V, "Sampling and Analytical Test Procedures," and in Appendix B of this

report.

HIGH-VOLUME SAMPLING

*
The Rader automatic-isokinetic high-volume particulate sampling train used in

these tests was only operated at the outlet test point TP-3. The main objectives

*Mention of a specific company or product does not constitute endorsement by EPA.
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of these tests were: (1) to evaluate the performance of the electronic components
of the high-volune sampler; (2) to provide comparicon emissions data betueen the
EPA Method 20 particulate train and the experimental high-volume sampler; and

(3) to establish the precision and accuracy in. relation to the manufacturer's

specifications and current instructional manual.

A data summary of the particulate tests for the two sampling trains is pre-

sented in Table Z21.

It is evident from these resuits that the volumetric flow values based on the
output of the high-volume flow totalizer were consistently about 13 percent Tower
than the values obtained manuai]y with EPA 20. The manufacturer has suggested
that possible reasons for this discrepancy are: (1) that the calibration of the
high-volune unit was not checked immediately prior ta sampling; and (2) that the
transducers may not have beecn properly warmed up before testing. It should be
noted that while both of these factors can affect the performarce of the sampler;

niether 1is stressed in the current instructicnal manual.

Therefore, based upon the results of the Fairfield test, it is not possible
to draw any definite conclusions about the reliability of the high-volume sampler's
electronic components. Further field testing {with vroper calibration and warm-up
time prior to sampling, of course) is still needed to properly evaluote the train.

Additional information concerning the high-volume train can be found in Apnendix G.

RECCVERY OIL

Recovery oil (EPA Sample No. S75-006-458), was aralyzed by ASTH orocedures for
proximate and ultimate analyses. Table 22 summarizes the data derived from the
recovery oil analyses conducted by Hr. Darwin Nevey of the Nalin Laboratories for
Battelle labs. Copies of the laboratory reports for these analyses are included

in Appendix K.




Table 21. Summary of Comparison Cata Between High Volume
And Method 20 Sampling Test
S ' Percent Particuiatie Volumetric
Dates Run No. Isokinetic Concentration* Flow (DSCFM) .

J EPA 26 tHi~vo] ] EPA 20 1 Hi-vol EPA 20 [Hi-vol EPA 20 { Hi-vo]
10/7/75 1 1 102.8 100.0 |G.00812 [0.00055 ‘12,203 10,735
' 12 {percent
10/8/75 2 2 101.5 100.9 {0.00213 {0.0C059 | 12,292 | 10,530
: 1 lpercent

]

H

|

*Comparison between front half of EPA Method20 and high—vo]dme
sampler results; units are grains/dscf.
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TABLE 22.  PROXIMATE AND ULTIMATE ANALYSIS FOR
RECOVERY OIL COLLECTED FROM MESP

Sample Recovery 01l

Sample No, 575-006-458
Volatile Matter, percent 9%.02
Fixed Carbon, percent 0.10
Ash, percent 0.20
Moisture, percent 1.68
Carbon, percent 75.99
Hydrogen, percent 5,28
Sulfur, percent 3.84
Nitrogen, percent 0.22
Oxygen, percent 12.79

Heating Value, Btu/lb,
as received 18,729

ASTM Procedures Used For Above Analyses:

A. Proximate Analysis D3172-73
Volatile Matter (VM) D3175
Moisture (M) D3173
Ash (A) D3174
Fixed Carbon ' By Difference

(100-VEi-t-A)

B. Ultimate Analysis N3176-74
Carbon (C) & Hydrogen(H) D3178
Sulfur (S) N3177
Nitrogen (i) D3179
Oxygen (0) By Difference

(100-C-H-S-H~-#-A)

4




The quantity of Fixed Carbon was calculated as the difference betucen 100 per-

cent and the sum of the percentage values for moisture, ash, and volatliie matter.

Oxygen content was calculated by the difference between 100 percent and the

sum of the ash, moisture, carbon, hydrogen, sulfur, and nitrogen percent values.

Due to the volatility of the process samples, some uncertainty existed con-
cerning the effect of evaporative loss during sample analysis. As part of a re-
search program designed to aid in determining this evaporative loss, & sample of
recovery 01l was exposed in a laboratory environmant under atmospheric room con-
ditions (approximately 75°F) for 87 hours. The weight loss by evaporation was 2.2
percent as indicated in Appendix K, Table K-2. Also included on the sawme page in
Table K-4 are data presenting long-tern weight losses for the glass fiber filter
catches. The remaining process samples collected during the testing program have
ot been analyzed at this time, however, they have been placed in storave for
future use, if the need occurs. Additional information relating to the process
samples is contained in Appendix J, in the section Tlabled "Process Samplaes Iderti-

fication log."
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[1I. PROCESS DESCRIPTICN AND OPERATION

This asphalt reofing manufacturing plant is 23 years old and has two
roofing manufactuving lines. One of the lines is used for making saturated
felt and the other for producing shingles and rells, The line producing
shingles/rolls, designated as Line 1, is the one that was tested. Even
though the plant is 23 vears old, the main emission control systems (i.e.,
Smog—Hogsm) used at the plant are less than 1 year old.

PROCESS DESCRIPTION

Glie shingle line, designated as Line 1, consist of an asphalt satura-
tor, a stcike-in drum section, a hot looper, coating section, and a surface
application section. Beyond this point the usual operations of cooling,
cutting, and packaging are undertaken. The combined emissions sources mon-
itored on Line 1 during the emissions tests include the saturator, strike-in
drum section, hot looper, and the coater. All of these sources arc ducted
via a manifold to two modular electrostatic precipitators (Smog-Hogs™) which
are discussed in the next section.

The first step in the shingle manufacturing process is saturation of
felt with asphalt. The felt used on the shingle line is organic felt and is
3 ft wide. The saturation of felt can be accomplished eithex by spraying the
felt with hot asphalt followed by dipping or by dipping alone. The Celotex
plant uses dipping alone and has 13 dips and one dancer™ in its saturator.
The saturator itself is 14 ft deep and contains 10 ft: of hot asphalt at about
450°%. The lower rollers are 6 to & ft above the tank bottom. After satura-
tion, the felt goes through the strike-in drum section where excess asphalt
is removed. The felt then passes through the hot looper before it enters
the coating section. In the coating section, coating asphalt is applied
onto the saturated felt. The coating asphalt differs from saturating as-
phalt in that it has a softening point range of about 225 to 235°F compared
to 120 to 145°F for saturant. Another major difference is that coating as-
phalt contains about 50% filler (limestone) by weight. The purpose of the
coating asphalt is to strengthen the fiwmal product (i.e., shingles) to with-
stand the elements. After the application of coating asphalt, granules and
backing agent (sand) are applied onto the felt. Granules are imbedded on
the top surface and sand on the other. The product is then cooled, cut, and
packaged.

EMISSION CONTROL SYSTEHM

the saturator, striking-in drum, and hot looper are enclosed in a box-
type enclosure with removal doors from 2 to 7 £t above ground level. The
saturator doors were kept closed during the emissions tests but the doors

% A dancey is a shallow dip which serves as a floating looper.

Ti-~Trade Mark--Mention of trade names, products, or specific comnanies does not
constitute endorsement by EPA.
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in front of the strike-in scctien aud the hot looper were kept open. Ap-
parently, this Is the usual practice of the plant. However, there was adas-
quate suction preventing the escape of fumes from the enclosure into the

room.

Brnissions from the
ducted to the saturator
ducting arrangement and
shown in Figure 3.

The operation of a
trostatic precipitator.
main difference between
the latter is a modular
in modular form and can

The two Smog-Hogs™

three sources cited above and the coater, which is
hood, arc all controlled by two Smog-Hogs™. 1The
the Smog-Hogs™ including the sampling points are

Smog-Hog™ is similar to that of a conventional elec-
Figure 4 shows the operation of a Smog-Hog™. The

a conventional unit and a S$mog-log™ is the fact that
unit. In a Smog-log™ the ionizer and collector are
be arranged in tandem.

used for controlling emission from the shingle line

saturator cach have a capacity of 16,000 cfm and are 2-pass systems. Each
unit has 16 ionizers and 16 collector modules, eight on each side. The to-
tal ionization and collection voltages for each unit are 11 and 6 Kv, re-
spectively. Model numbers, sexial numbers, and other details for the two

units are shown helow.

No. 1 Smog-Hopg™ (i

.e., unit on north side of plant)

Manufacturer: United Air Systems, Cincinnati, Ohio
Model and Serial No.: MS-16-AT, 9701

Inpuf: power supply:

115/1/60

AP Across prefilter: (.88 to 0.9 in. H70

Blower: Serial No

.1 613-¥74-1

Sizc: 330-BBM Vent Pak, 15 HP
Manufacturer: Champion Blower and Forge, Inc.

Roselle, Illinocis

No. 2 Smog-log™ (i.e., unit on south side of plant)

Manufacturer: United Air Systems, Cincinnati, Qhio
Model and Serial No.: MS-16-AT, 9702

Input power supply:

115/1/60

AP Across prefilter: 0.88 to 0.9 in. Hy0

Blower: Serial No

613-F74-2

Size: 330-BBM Vent Pak, 15 HP
Manufacturer: Champion Blower and Forge, Inc.

Roselle, 1llinois

'-l_ﬂ.“— 3 - . + . :
TH frade Mark--Mention of trade names, procducts, or specific companies does not
constitute endersement by EPA. '
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Figure 3. Schewatic of ducting arrangement, Smog»}logsTM and test points (TP)
at Celotex's Fairfield Plant ‘

45

1




MODULAR ELECTROSTATIC PRECIPITATOR
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Figure 4. Diagrams of electrostatic precipitator and of installation of device in process

duct-work.
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PROGHSS_OPERATION

Emlssion tests were conducted to determine particulate and hydrocarbom
levels including POM, gas composition, and the efficiency of the two Swog-
Hog™ units. In addition, particle sizing measurcments werce conducted at
the inlet and cutlet of the Smog-Hogs™; visible emission readings were also
taken at the Smog-log' stacks and at the saturator cnelosure. All of the
above tests were undertaken during normal plant operation.

-

Plant operation was considered to be normal when the manufacturing line
was operating and the line speed was = 300 ft/min or at least 80% of the
maximum operating spced for the day tests were conducted. At speeds lower
than this value, samp ling was usually stopped unless it was only for an ex-
tremely short time., For durations of 2 to 3 min it was presumed inadvisable
to stop and resume sampling since errors introduced by doing so would prob-
ably be more scrious than those introduced by continuing the sampling at
reduced line speed. Sampling was also conducted only when shingles were
being manufactured.

The production rate of the manufacturing line was determined from the
number of shingle bundles produced during the test, the average weight of
the bundle and the total test time. An automatic counter recorded the num-
ber of bundles passing a certain point on the conveyor and the average weight
of the bundle was obtained from three random half-hourly weights measured
during the test. The length of felt used during the test was also monitored
with the help of a counter. From the weight and length of five randomly se-
lected felt rolls used during the test the welght per unit length was com-
puted. This value which ranged from 0.32 to 0.35 1b/ft was then used in con-
junction with the total length of felt used during the test to determine the
tonnage of felt utilized. Other parameters such as line speed, saturant
temperature, filled coating temperature, pressure drop across the prefilter
of cach Smog-Hog™, etc., were obtained from charts and gauges that were al-
ready installed. The line speed was also verified at randem with the help
of a tachometer. All of the process conditions including production rates
that were recorded during the ecmissions tests are presented in Appendix 1.

Characteristics of raw materials, primarily felt and asphalt used in
producing shingles during the tests, were obtained from plant personnel
and arc also included in Appendix 1 in Tables I-1 through 1-9. Felt char-
acteristics include felt width, moisture content, kerosene value, etc., and
asphalt characteristics include softening point, penetration, flash point,
ete. The percent saturation of felt (with asphalt) and a breakdown of the
product components by weight are also shown in Table I-%. According to
plant personnel, variations observed in the characteristics are normal and
within theilr specifications.
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Trhe Tine speeds, shingle production rates, felt usage rates, asphalt usage
rates, etc., are summarized from data contained in Appendix I, Sections I, I-1 and
I-2. The swmmarized data ave presented in Table 23. Similarly, Table 24 is a
summary of raw material and product characteristics. Data on asphalt usage (i.e.,
Appendix I) were collected by the EPA projec£ officer. These are presented
separately in Section I-2 since they were obtainad for periods ranging-from 6 to
14 hours and could not be tied in with preduction data obtained during actual

sampling times. Hewever, usage rates reported in Table 23 were estimated from these

data and therefore should bo used with caution.
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Table 24. RAW MATERIAL AND PRODUCT CHARACTERISTICS2/ OBSERVED DURING SAMPLING PERIODS

2/ information previded by plant personnel.

e For other charvacteristics of felt see Appendix A.
WA = Not available.

Asphalt
Saturant Urnfilled ceating
Soften- Sofien-
relrd/ {7 moisture) ing Flash in Flash  Shingles (1b/bundle)
bDate and sampling Qverall point Penctra- point point Penetra- polint Overall
time  win. Max. averane (°1) tion °F) (°¥) tion (°F) Min. Max. averarn
QOctober 7, 1975
2:30 p.o.-7:45 p.o. 1.5 4.5 3.2 140.6 NA 437+ 212-214 14 437+ 76 85 80
October &, 1975
10:20 a.m.-1:25 p.o. 2 5.5 3.4 150.6 N4 437+ 212-214 14 437+ 75 84 79.1
Qctober 8, 1975
4:45 p.m.-8:13 p.nm. 2 7.0 3.9 140.6 NA 437+ 212-214 14 437+ 78 87 81
October 9, 1975
12 noon-2:54% p.o. 4.9 7.0 6.2 140.6 NA 437+ 212-214 14 437+ 76 80 78.6
October 10, 1975
8:45 a.m.~11:38 a.m. 6.0 9.9 7.7 140.6 NA 437+ 212-214 14 437+ 76 &0 78.1

.

0

I
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I¥. LOCATION OF SAMPLIHG POINTS

HESP DHLET (VP-1)

The MESP inlet sampling site was located in a 45-1/2 inch I.D. vertical
section of a 16 gauge steel duct. The steel sampling platform was placed above
a roof that covered the two MESP emission control systems. A schematic of the
sampling site including the traverse point sampling locations and in-duct dimen-
sions is presented in Figure 5. Two 3-inch 1.D. pipe-nipple sampling ports were
positioned 46 inches (1 stack diameter) upstream of a forked "Y' that branched off
to the two separate MESP units. These two ports were only 188 inches (4.1 stack
diameters) downstream of a short-radius, 90° bend. The inlet sampling Jocation
did not meet the "eight diamsters” criteria as outlined in EPA Method 1; conse-
quently, 18 sampling peints were chosen for each axis traverse for a total of 36
sampling points {i.e., EPA Method 1}. These points were located as specified in
Figure 5. This figure shows the cross sectional view of the duct at the sampling
Tocation and T1ists the exact distance each traverse point is located from outside
the nipple. The Tocation of traverse points 1 and 18 at ports X and Y were calcu-
Tated to be less than 1 inch from the duct wall. Sampling within 1 inch of the duct
wall is considered to produce a biased "4P" or velocity head, therefore, each of
these four points were sampled at a distance'of T inch from the inside wall. The

sam2 point numbering seguence and point locations were used for all particulate

testing conducted at the inlet location.

MESP_QUTLETS

The cleaned gases exiting each MESP unit vere ducted to an induced draft fan
which was adjacent to the control device. The gases discharged from the Tan,
traveled vertically through a 16 gauge steel stack, and were exhausted to the

atmosphere. Doth outlet stacks were somewhat elintical in shape, therefore, the
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TRAVERSE SAMPLING
POINT DISTANCE,
NUMBER inches
1 51/4
2 61/4
3 75/8
4 91/4
5 10 7/8
6 - 12 1/8
7 15
8 17 3/4
9 215/8
10 32 3/8
u 361/8
12 37
13 41 1/4
14 43 1/8
15 44 3/4
16 46 3/8
Y 47 3/4
18 45 3/4
e —
7
./
b
1
i%
L]
i
=
:./,?,
.'r/
i
/
L]
1=
JAE

Traverse point sampling location and in-duct distances from
Celotex Corporation, Fairfield, Al, test (Test point 1).
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dimensions referrcd to below represent an  average measuremant for the two
traversed axas, X and Y {see Figures € and 7). The two stacks were fitted with
raincaps which were removed during the testing pregram; primarily for the visible

emissions testing.

IP-2
Testing was conducted on the 31-3/4 inch 1.D. hHo. 1 MESP cutletf stack. Two

3-inch I.D. sampling ports were Tocated 189 inches (& stack diameters) downstream

from the fan outlet, and 64 inches (2 stack diameters) upstream of the vertex.

The port Tocations did not meet the "eight diameters™ criteria as outlined in

EPA Method 1. Consequently, 14 sampling points were chosen for each traverse axis

according to method instructions which indicated a total of 228 sampling points for

the 6 downsireai diameters. Figure 6 shows the sampiing port locations and tra-

verse dimensions for the TP-2 outlet stack. The location of traverse points 1 and

T4 at ports ¥ and Y were moved to the 1 inch position for the same reason as reported

in the TP-1 sampling Tocation section.

TpP-3
The tio. 2 MESP 32.5 dnch I.D. cutlet duct was fitted with two 3-inch 1.D.
sampling ports in a manner simitar to the TP-2 site. The downstream distance to
the ports was 19C inches and the upstream distance to the vertex was €4 inches.
Again these dimensions did not meet the Method 1 criteria, therefore, based on the
5.8 downstream diameters a total of 28 sampling points was selected to satisfy the
minimum number of traverse points. Again the two outer traverse points at each

nort were moved te the 1-inch position as reported in the TP-2.

Tvic high-volume sampling port holes were cut into the steel duct and were
located 40 inches downstream of the above referenced test ports. Figure 7 shows

the sampling nort locations and traverse dimensions for the TP-3 cutlet stack.
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NUMBER inches

PORT X
X1 53/4
X2 65/8
X3 8
X4 91/2
X5 11 1/4
X6 131/2
X1 16 5/8
X8 25 3/8
X5 281/2
X 10 303/4
X1 32172
X 12 34
X13 35 3/8
Xi4q 36 1/4

PORT Y
Y1 53/8
Y2 G 3/8
Y3 75/8
Yi 91/8
Y5 10 7/8
Y5 13
Y7 16
Y8 241/a
Ya 27 1/4
Y10 29 3/8
Y 11 Nn
Y12 321/2
Y13 331/8
Y14 345/8

SCHEMATIC GF ELECTROSTATIC PRECIPITATOR

OUTLETS

Figure 6. Traverse point sampling locations and in-stack distances

frem Celotex Corporation, Fairfield, Al., test (Test point 2).
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TRAVERSE POINT LOCATIONS
CELOTEX CORPORATION
CUTLET TESTPOINT 3
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: . X2 61/2
| s 4 3/4 in, X3 77/8
. PORT Y T o X4 93/3
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T X11 32 3/8
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_' el @ 1 64in TEST X14 361/4
i 40in. POINT 2
~L— QG- - B0 PORTY
| TEST ! Y1 5 3/4
| POINT 3 88 in, y2 61/2
WA PR Y3 73/4
: — Y4 91/4
I Y5 107/8
: Y6 13
] Y7 16
I Y8 24
1E Ya 27
{ = X1 291/8
T Y1 307/8
- Y 12 321/4
- Y13 332
P Y14 331/
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PRECIPITATOR OUTLETS

Figure 7. Traverse point sampling locations and in-stack distances

from Celotex Corporation, Fairfield, Al., test {Test point 3).
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VISIOLE EMISSIONS OBSERVATIONS

Outlet Stacks

Figure 2 indicates the relative positions of the four different observation
sites employed to ovhserve the iwo outlet stacks effluent. These Tocaticns were
chosen o conform to [PA Method 9 quidelines and specifications. The stacks vertex
was Tocated approximately 22 feet above ground level. Observers were positioned
at distances of €0-120 feet from the stacks. Heights of the observaticn points

ranged from ground Tevel to 35 feet above ground level.

Saturator/Coater Fugitive Emissions

The obsurvation sites used in evaluating the saturator/coater hood emissions
are shown in Figure 2. Examinations of emissions emitted from the spraying/dipping
section, from the siriking-in section, and from the coater avea were pervormed from
points located at each end of the Heo. 1 saturator/coater process lire. The sparcely

ceurring fugitive emissions were detected approximately 2-10 feet above the floor
at distances of 10-50 feet from the observer, Consistent fugitive emissions were
detected escaping capture at the No. 5 deor which was located near the coater area.
Thesa emissions were observed at approximately 5-10 feet above floor level and at

distances of 5-20 feet from the No. 1 and Ho. 2 observers.

PROCESS SAMPLES COLLECTION LOCATIONS

Throughout the testing period various process samples were collected directly
from their applicable locations in the process operations. A Tist of all collected
process samples is included in the Sample Identification Log contained in Section

E-VIT of Appendix H.
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V. SAMPLING AND ANALYTICAL TEST PROCEDURES

Stack gas sampling equipment designed by EPA's 0ffice of Air Programs and
dattelle Laboratories was used during this testing program. A schematic of the
Method 20 particulate and gaseous hydrocarbon sampling equipment is presented in
Appendix L, and a schematic of the POM sampling equipment designed by Battelle
Labs is presented in Appeﬁdix F.

Sampling was performed according to the following: Sampling port locations
were selected and the number of sampling points were determined by calculating the
number of duct diameters between obstructions in the upstream and downstream
distances of the sampling ports. Stack pressure, temperature, moisture content
and velocity head readings were measured. EPA designed nomographs were set up
using the above data and the correct nozzle diameter was seiected.

Many of the runs were discontinuous due to process upsets and/or shutdowns.
The discontinuities are detailed in Appendix H and in the process data sheets. The
sample times ware quite long because of process delays, line speed reductions, and
process equipmant malfunctions which often affected the continuity of sample col-
lection. When a process upset occurred, the sampling train was stopped and the
probe removed from the samp]jng duct.

Published average Cp factors of 0.857 to 0.847 were used for calculations of
air flow and percent isokinetic for this testing program. EPA's pitobes were cali-
brated with and without their nozzles in a 12 inch diameter wind tunnel. Calibra-
tion of pitobes without nozz1es.in the 12 inch diameter conforms to 2ublished EPA
Method 2 procedures. A February 1974 EPA.Qua1ity Assurance document on velecity
measurementsI states that & wind tunnel of 12" diameter or greater should be used
for the calibration of pitot tubes. EPA data shows that the pitobes should be

calibrated with the nozzles in place and operating at isokinetic velocities during

]U.S. environmental Protection Agency, O0ffice of Research and Development,
EPA-650/4-74-005a.
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calibration. Due to the above considerations, measured Cp factors of 0.86 to 0.84
have been used for calculations and reporting of data.

A Jeak test was performed on the assembled sampling trains. The leak rate did
not exceed 0.025 cfm at a vacuum of 22.5 inches Hg. The probe and filter were heated
onty sTightly as this was an ambient air source with very tow humidity. Crushed ice
was placed around the impingers at the beginning of the test with new ice being added
as required to keep the gases leaving the sampling train as much as possible below
70°F.

The train was operated as follows: The probe was inserted into the stack to
the first traverse point with the nozzle tip pointing directly into the gas stream.
The pump was started and immediately adjusted to sample at isokinetic conditions.
Equal time was spent at selected points of each of the equal elemental areas of the
duct with the pertinent data being recorded for each time interval. Nomographs
were used to maintain isokinetic sampling conditions throughout the testing periods.
At the conclusion of the test run, the pump was turned off, the probe removed, and
the final readings were recorded. For datailed particulate clean-up procedures,
please refer to Appendix L, “EPA Method 20.“ For detailed POM clean-up procedures,
please refer to Appendix F, "POM Sampiing and Analysis Using the Battelle POM
Sampling Train."

Total hydrocarbon (THC) measurements were perforﬁed during that testing program
using continuous monitoring FID instruments.

EMISSION MEASUREMENT METHODS

Organic pollutants generated in the manufacture of asphalt roofing products
were divided into 2 categories--particulates (oil droplets) and gaseous hydrocarbons
{organics in the vapor state at filtration temperature).

Method development tests were conducted at two asphalt roofing plants to

evaluate the proposed sampling trains to collect these pollutants. These prior
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studies resulted in the use of a modified EPA Method 5 system to isokineticelly
sample the gas stream. The modifications to Method 5 include the following:

1. Change of filtration temperature from 120°C to 50°C: The physical state

of the organic matter is a function of temperature. Therefore, it was necessary to

. select a filtration temperature te provide a basis for evaluating the different

control systems and the emissions from the different plants. The 50°C upper limit
was selected to be consistent with the optimum operating temperature of 40°C for the
collection systems, i.e., filtration and electrostatic precipitation.

2. Use of a precollector filter to reduce the o0il droplet Toading on the

primary filter: This change was necessary to prevent oil from seeping through the

glass fiber filter mat during periods of high oil dreplet concentrations. A
procedure to avoid having to quantitatively remcve the oil from the precollector was

added to the method. This involves weighing the precollector system before and

after sampling to obtain the wass collected by difference.

3. Extraction of a small gas sample portion (1-1pm) after the gas had passed

through the glass fiber filter: This gas sample was then fed to a continuous flame

ionization detector (FID) analyzer to measure the gaseous hydrocarbon (HC) content.

The sample gas to the FID analyzer is transported through heated lines to pre-
vent condensation. The FID analyzer monitors the level of total gaseous hydrocarbons
(THC) by ionizing the hydrocarbons in a hydrogen vrich flame and measuring the
current produced. This type measurement system has been used by EPA as a reference
method for other emission sources and is reasonably accurate over a wide range of

the concentrations.

Tc develop background information on the chemical composition of the emitted
organics, specific hydrocarbons were identified using techniques which included
infrared analysis, gas chromategranhy (GC), and GC mass spectroscopy (GCMS). The

01l droplet fractions were semi-guantitatively analyzed and found to contain almost
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every category of hydrocarbons, e.g., ringed, straight chained, partically oxidized,
letc. However, the gaseous portion wnich was defined using quantitative GCMS
analtyses showed that the hydrocarbons were primarily 1- through 3-carbon chains

for noncombustion control devices, and methane for after-burners. Therefore, the
FID measurements of the Tow concentration gaseous hydrocarbons were determined to

be satisfactory. These data are described in Appendix E.

4, Change in cleanup reagent from acetone to 1,1,1-trichloroethanéd: Sample

cleanup and recovery procedures were also developed and tested during the method
development program. Various solvents were used, e.g., acetone, chloroform,

hexane, 1,1,1-trichioroethane, diethyl ether, methylene chloride, and trichloro-
ethylene. The chlorinated hydrocarbons proved to be the most effective solvents.
Chloroform and methylene chlovide were rejected as unsafe due to the toxic chemi-
cal exposure criteria estabiished by OSHA. The solvent, 1,1,1-trichlorcethane (TCE)
was decided upon because it was most effective in dissolving the baked on o0il and
tars and was less toxic due to its lower vapor pressure.

5. Change in analysis procedure to minimize sample loss through evaporation:

In the laboratory the cleanup reagent presented some problems. The low vapor
pressure of TCE caused an increase in the time necessary to evaporate the samples
at ambient temperature to a final weight. Experiments were conducted to quantify
the loss of light hydrocarbons by condensing the vapors from the evaporation pro-
cess and analyzing them by gas chromatography. Results showed that the hydrocarbon
loss for outlet sample fractions was minimal.

A continuous weight loss was recorded for the samples over a period of several
weeks after removal of the condenser. The weight loss was most significant for
inlet samples. The outlet samples also continuad to lose weight, but %o a lesser
degree. Consequently, the criterion of "constant weight" was defined as "a less

than 10 percent waight change between two sequential weighings twenty-four hours

60




apart." These two sequential weighings were to be added together and then divided
by 2 to deterinine an average final weight. Most samples weighed in this manner

reached a constant weight between the 24 to 48 hour weighings.

Previous investigators used test methods which differed from the EPA approach.
These methods, e.g., LAAPCD and conventional Method 5 including impinger analysis,
measured both filterable and condensible hydrocarbons as particulate. - The gaseous
hydrocarbons were measured by flame ionization analysis; the sample gas, however,
was collected directly from the stack. The gases were neither filtered nor cooled
to 50°C. In sowe cases the data gave similar emission rates. “In other cases,
Yarge differences vccurred. Since EPA did not conduct comparative tests, it can-
not be determined if these differences were due to process operating conditions or

to differences in the test methods.

PERFORMANCE TEST METHODS

Performance Test Method 20, which is recommended for the measurement of
asphalt roofing emissions, was based on the EPA definitions of particulate and
gasegus hydrocarbons. The sample train is essentially a modification of the
Method 5 sampling equipment. Changes were made in the sample filtration tempera-
ture and in the cleanup and anaylsis. The test procedure is sufficiently similar
to Method 5 and test persomnel experienced with Method 5 should have no difficulty
with Method 20. Gaseous hydrocarbons are measured after the saiple train filter
using & flame ionization detector analyzer. This instrument is relatively simple

(to calibrate and operate. It requires some special protection for field use as

it is basically a laboratory device.

The asphalt roofing industry has two major processes, each with peculiar

problems wnich hamper the performance of the emission test. The asphalt saturator
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line is a continuous process. However, it is subject to numerous 1ine speed
fluctuations and stoppages, making coordination of testing with the process
essential. The sampling equipment must be stopped and remowved from the stack when-
ever the process is not at steady state. Extra care must be used to maintain the

sample integrity during these times.

Quantitative analyses for particulate matter and for polycyclic organic
materials (POM)} co]]ectéd from the flue gases were subsequently performed by
Battelle-Columbus Laboratories under a separate contract with EPA. In general, the
analytical procedures employed were those prescribed by EPA Reference Methods for
the specific emission or were techniques previously recommended by Battelle and

authorized by EPA.

Total particulate catches in milligrams (mg) were calculated by adding the
trichioroethane (TCE)} and acetone rinse residues of the probe and prefilter portions

o7 the sampling train to the fiber glass filter catch.

Minimum, maximum, and average THC concentrations were tabulated for each
traverse point by using the same time interval as was used for the particulate
sampling. Only data recorded during the actual particulate run times were reported

in this manner.

Visible emissions were measured by EPA Method 9 and observations were scheduled
to coincide with the particulate sampling test runs, however, due to scheduling
some of the visible emission times do not coincide with the particulate sampling.
Opacity readings were recorded simultaneously by two certified observers. Opacity
observations were made at the two outlets from the MESP control systems and at the
saturator/coater hood. The procedures adhered to EPA Method §. Data sheets are

presented in Appendix C.

62




PRELTMINARY VELGCITY TRAVERSE

A series of velocity traverses were conducted on October 6, 1975, in accord-
ance with procedures detailed in EPA Method 1]. Two testing teams, using "S"
type pitot tunes and inclined manometers, performed velocity measurements at the
inlet (TP-1) and two outlet {TP-2 and TP-3) stacks. A static pressure for each
stack was obtained, and stack gas temperature confirmed by utilizing a thermo-
couple and potentionmster. Stack gas moisture content was measured by wet and dry

bulk thermomaters.,

PARTICULATES

Particuiate sampling was conducted simultaneously at the inlet and two outlet
stacks of the MESP units using similar sampling trains. The trains consisted of
Reference Method 20 equipment, modified to accommodate concurrent Total Hydrocarbon
monitoring {see Appendix L). The sampling train used at the MESP inlet included
prefiliers constructed of a glass wool plug inserted in the cyclone between the
probe and glass fiber filter holder. In previous inlet tests, it was discovered
that oil droplets were passing through the cyclone and filter and on into the first
impinger. Subsequent tests conducted at the inlet were performed with a glass
wool plug inserted into the cyclone exit. Inclusion of the glass wool plug was
intended to eliminate mist carryover through the filter. No cyclone prefilter was

used with the train sampling the MESP outlet.

A modification to the normal Method 2 arrangement consisted of a "T" inserted
at the exit of the filter in order to allow THC sampling. A dial thermometer was
inserted through this "T" into the back half of the filter holder for-monitoring
of gas temperafure at this point. The prefilter and filter were slightly heated

above stack temperature in order to prevent water and/or hydrocarbon condensation

]Standards of Performance for MNew Stationary Sources, Federal Register,
Votume 36, No. 247, December 23, 1971.

63




in the front half of the sawpling train. MSA glass fiber filters (Cat. #CT-75428)

were used Tor alil runs.

Pretest preparation and all sampling procedures described in Reference Method 5
were used with minor modifications. When assembling the sampling train, no silicone
or other sealant was used on any ground glass joints upstream of the silica gel
impinger. Leak checks were performed before and after each test using standard

EPA procedures.

Additional information concerning the particulate testing and sampls analyses

is contained in Appendices A, D, H, J, and L.

TOTAL HYDROCARBONS (THC)

Total hydrocarbon concentrations were monitorad concurrently with all particu-
late test runs. A description of the sampling train is described in Appendix F.

The THC samples were collected by withdrawing a portion of the gas stream being
sampled under normal Method 2 conditions immediately after it passed tiirough the
glass fiber filter. Samples were drawn from the "T" through heated (=210°F) Teflon
lines. Each sample then passed through a pump and to a four-way gas manifold

(1samp1e, zzero qas, 3span gas 4THC analyzer inlet). The FID instrumenis used were

a Beckman Model 109 and a model 402. Analyses results were calibrated using methane.

The heated sampling lines of the model 402 analyzer were maintained at 205°F to

210°F (96°C to 99°C) during sampling.

Table 5 contains results of the gaseous hydrocarbon measurements. Complete
gaseous hydrocarbon results and calculated emissions at each sampling point are
given in Appendix E. The molecular weight of methane {16) was used when converting
gaseous hydrocarbon data from volume to mass. It is believed that the increase of

the THC between the inlet and outlet sampling locations was due to the higher
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1
teperatures at the outlet. This was caused by the kinetic energy created by the

centrifugal fans located after the MESP outlets.

GAS COMPOSITION FLASK SAMPLING AND ANALYSIS

Three evacuated flasks were obtained from the FID sample line at test site
TP-3 while sampling outlet emissions. One of .the flask samples, S75-006-464, was
analyzed at battelle using gas chromatography techniques. Table 9 reports the

analysis of this flask.

PO SAMPLING AND ANALYSIS

POM sampling was conducted at Tocations TP-1 and TP-3 (inlet and outlet) on
October 9, 1975. Sampling was conducted using a Battelle POM sampling train which
essentially is an EPA Method 5 sampling train with an adsorbent column located

between the filter and the impingers. Analysis was by gas chromatography-mass

spectrometry (GC-MS). Details of the sampling train, its operation, sample recovery,

and analysis are included in Appendicies F and L. Table 13 summarizes POM emissions

results.

For some POM compounds, the concentration at the MESP outlets was greater
than at the intet. This phenomena might be the.result of:
1. POM produced in the MESP control device. -
2. Inadequate sampling methodology.

3. [Inadequate analysis mehtodology.

Concerning Item 1, it is known that POM is produced in combustion processes.

However, the state of the art in the mechanism of POM formation is not such that

it can be predicted whether or not POM might form in an emission control device such

as used at the Celotex plant.
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The sampling methodology used for this work is state of the art. However, it
is sti1l undergoing validation studies and its accuracy and reiiability for all

sampling conditions is not proven at this time.

PARTICLE SIZE

It is apparent from the interpretation of the particle size results that the
cascade impactor was not completely at stack temperature when the sampling was
started. Consistent with this conclusion are the indications that some vapor con-
densation may have formed on the impactor walls and/or substrate pans immediately
after sampling had commenced. As time progressed, the heat from the stack gases
was quickly absorbed by the pans and eventuaily was absorbed by the impactér walls.
The pan and wall for each stage progressively reached stack gas temperature as a
function of time. Any material which condensed on the substrate pans was probably
revaporated as the pan reached stack gas temnerature and probably recondensed on

the cooler walls.

In conclusion, it seems sufficient to say that the data are probably in error
.and vapor condensation in the probe, cyclone and impactor is a possible reason
although not conclusive at this time. It is difficult to say what value the data
have but if they are suspect, it is suggested that they not be included in any
report. Perhaps mention could be wade that an attempt to measure size distribution

was tried.

Additional particle size information and interpretation is presented in Appendix
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APPENDIX A

COMPLETE PARTICULATE RESULTS
WITH
SAMPLE EQUATIONS AND EXAMPLE CALCULATIONS

Includes English and Metric Data
For

Inlet to Electrostatic Precipitator (TP-1)
Qutlet from Electrostatic Precipitator (TP-2)
Outlet from Electrostatic Precipitator (TP-3)
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Table A-II
Plant: Celotex Corporation
Location: Fairfield, Alabama
Tester: EMB

Test location: Inlet TP-1

PARTICULATE SUMMARY "IN MFTRIC {INITS : ! :

NESCRIPTION UNITS 1 7 3 4
. NATF OF RUN 10-7-75 10~-R=745 11=R-75 10-10=-75
STACK RREA . M2 1.049 1,049 1.049 1.049
NET TIME OF RIIN MIN . LA 134, 0 164,0, 1460
RAROMFETIIL PIFSIHIF Mi1_HG " 781 .R4 751 .R4 754,38 754, %R
AVG ORTFTICF PRRES DIOP JH?20 39,474 L7144 43,180 41,148
vOL NDRY GAS-MFTHER COND nMx T, 04 1,1% 3,31 %, 31
AVG T38 MET™R [EMP DEG.C 27.9 A 34,7 34,3
vOl PARY GAS-STD COND DNM3 .84 .94 .14 2,17
TOTAL H2% £ FLTED ML W0 . a0 .0 Can
: VOL H20 VAPIR-STD COND NM= Lan .00 .00 .0n
PFROCFENT MOISTURF RY V0L 7.8 A 2.7 2.2
MOLF FRACTION DIY GAS L9727 .974 L97R L97A
PFRECENT €02 RY vQOlL, ORY - N .0 .0 ,0 o~
PFRGCFNT 02 RY VvaOL., NRY 0 W0 .0 .0 o
PERCFNT 0O RY VOL, NRY ° ! Nt L N
PFRCFNT 12 RY VvObL., DRY 100,0 1070,0 100,90 1on.n
MOLECHLAR WT-NIY STK GAS PR.9D ?R.90 2R.90 ?8.90
MOLFCULAR WT=STK GAS 28,59 PR, hb CPRLAA 2RUAA
AVGE STACK TFMPERATURF NFG.C 51,7 51.1 7.2 4R.7%
NFT SAMPLING 20TNTS : 1 1 1 1
STACK PRFSURE, ARSOLUTE M., HG 749 .,%0 749,70 751.R4 791.R4
AVG STACK GAS VELNCITY Mis 13,140 13,5830 17,806 13,427 13.481
STK FLOWRATE. DAY SN CN DNMT /M 719, 747, 749, 748, 740.
ACTUAL STACK FLOWRATE AMT M R?R, - RE7, RAG, R4S, 849,
PFROFNT ISOKINFTIC 97,7 101.2 107.5 10%.5 101.1
PARTICHULATE Wl-PARTIAL Ma 530,30 L7273, LAG,AD 152,70 448.98
PARTICHLATE Wl-TOTAL MG 530,50 L23.30 LRO ,AD 352,70 448,98
PFRC TMPINGFR CATEH .0 W0 .0 W0 0
PART, 10&D~PTL.STD CN MG/NMT 1R5.418 145,48 155,78 111,158 149.40
PART, INAN-TILSTH CN MG /NUT 1R5,.4R 145,68 155,78 111,45 149.40
PART, I0AD-PTL.STH CN & 12% (02 L R R R R Y A RN R T T
' PLAT, {0AD-TFL.SED CH A 12% CO? L R R N Y R R T T
PART, LOARN-PT1 ,SFX CN MG AT 140, A4 124,98 134,15 R, T4 130.03
PART, LOAD-TIL.STK CH MG 7AMT 140,44 124,95 134,15 QR ,3A 130.03
PARTIC FMTIS~PARTTAL KG/HR 7.9 ALLY 7.00 4,90 .62
. . PARTIC FMIS~TOfAL KG/HR 7.99 PR 7.00 4.99 6.62
PART FMIS/WT PRD Fi PTL KG/MTON FA AR A A TR Ak h ke ki okk kN b Ak k kY h Sk kA AL b . '
PART FMIS/WT PRD FN TrL KG/MTON PR I S TR S U R G Ao g MU A U U A T
PERLFMT FYLFSS AIR bk kR AL v Ak Rk Rk Ak Rk kkk bk on ok bk bk okRokw ANk ok !
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| Plant: Cejotox
| TYester: EMB._.

Corporation .
location: Fairfield, Alabama

Table A-IV

Test Location:

Qutiet TP-2

PERCENT FXCFSS AIR

P TN 2 R E A L ) [ T N W

P S A

PARTICULATE SUMMARY ~ IN METRIC UNITS
BESCRIPTTON tTNTTS i) 7 3 & mwe_mwyom it —-- —
—— AT EOFRUN == 7S— =87 R —T=RZ7 S 101075
oy i Mo s 54+ 51t 511
NET TIME QF RUN MIN 140.0 134.0 140.0 140.0
- e R ARAME TP E § SR MHH G F5brAR 75 L3R PRI PN A E WL J B -
AvG ORIFICF PRES NDROP MM H20 57,374 50,792 50,797 S0.R00
P RY—GAS ot FFFRA—EOHG—— N i Ffy I 2.09
AVG AAS MET®R TFMP DEG,C %7, AR 1.7 L0.0 Th
¢ OL—HAF —-4 S S FR—E O SILE ] T i1 —FZ, R 2 93
TOTAL K20 LOLIFCTFD ML L .0 L .0
O L HPONAPNR WS TA LD D ———HMI 00 Y P ¥ 0 - -
PERCENT MNISTURE RY VOL 7,1 2.9 2.7 2.7
YOLE_ERACTIANNDRY GAS LOAQ 974 N7 873
PERCENT D2 RY vhi, DRY L0 .0 .0 .0 ‘
cenrENT. 02 RY wal npRy -D -LD -J -D
PERCENT CO RY ¥OL., DRY L0 L0 .0 L0
 PFRLFNI_N2--ARY.VOI nRY 3000 1-03-0 1005 1.0.0,0 —em g
MOLECULAR WT=~NRY STK GAS 28,90 38,90 28.90 28,90 =<
e AOEFCULARWTSTK-HAS . 585 e 3 Ao §R— PR 28,41
AVG STACK TEMPERATIRF DEG.C 54,1 54,7 A7 LR Sh, b
NET SAPT T VG POT TS | ) i} 4
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Plant: Celotex Corporation
Tocation: rairfield, Alabama
Tester: EMB
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PARTICULATE CALCULATION TERMINOLOGY AND NOMENCLATURE

Sampling Time, 24 hour c}ock

D

Sampling flozzle Diameter, in.

Met Time of Test, Min.

Barometric Pressure, in. Hg

Absolute

" Average Orifice Pressure

Drop, in. H20

Volume of Dry Gas Sampled at

Meter Conditions, DCF

Average Gaé Meter Temperature,
°F

Volume of Dry Gas Sampled at
Standard Conditions®, DSCF

Total H,0 Collected in Impin-
gers and $ilica Sel, ml

Volume of Hater Vapor Collected
at Standard ConditionsP,
SCF

% Meisture in Stack Gas, by
- Yolume

Hole Fractioq of Dry Gas
Volume % Dry

Yolume % Bry

Volume % Dry

Volume ¥ Dry

Percent Excess Air

Molecular Yeight of Stack Gas,
Dry Basis

Molecular VYeight of Stack
Gas, Wet Basis

. Pitot Tube Coefficient

Average Stack Temperature.
Q
F

b Standard conditions at 70°F, 29.92 in. Hg.

¢ Dry. standard cubic feet per minute at 70°F; 29.

a Dry standard cubic feet at 70°F, 29.92 in. Hg.

A7

Met Sampling Points

P
pst' Static Pressure of Stack
Gas, in. Hg.
P Stack Gas Pressure, in. Hg
s Absolute
) Stack Gas Velocity at Stack
s Conditions, fpm
" Stack Area, in.2
0 Dry Stack Gas Volurmetric Flow
s Rate at Standard Condi-
tions,© DSCFN
Q Stack Gas Volumetric Flow Rate
a at Stack Conditions, ACFM
r ! Percent Isokinetic
70 Percent Opacity
TC Unit Feed Rate-ton/he
e Particulate - Probe, Cyclone,
and Fitter, mg
m, Particulate - Total, mg
IC - ¢ Impinger Catch
C Particulate - Probte, Cyclone,
an and Filter, gr/SCF
Cao Particulate - Total, gr/SCF
C,p Particulate - Pribe, Cyclone,
a and Filter, gr/ACF
Cau Particulate - Total, gr/ACF
. ; P&fticuiate ;‘Probe, Cy€1one,
aw and Filter 1b/hr.
cax' Particulate - Tatal, 1b/hr. -
_Ptf Particulate - Probe, Cyclone,
. and Filter, 1b/ton feed
Ptt Particulate - Total, 1b/ton
feed
92 in. Hg.

ovts 4 b e v ———

-



Sample Equations and Example Ca1cu1ations]

Example: Inlet (TP1) Run 1

1. Volume of dry gas sampled at standard conditions?, BSCF2

7.7 %V (P * Pod 9397 % 107,00 (29.6 + 1.56)
3.6 _ 36 .0
(T "+ 460) (99+460) I

i

vm
std

2. Volume of water vapor at standard conditionsb, SCF

v = 0.0474 x VW = 0.0474 x 62.4 = 2.96 SCF
gas ' :

3. Parcent meiscure in stack gas

100 x Y,
ot - “gas . 100 x 2.96 _ .,
s Voot 100.92 + 2.95 29
std gas
4. tole fraction of dry gas
_ 160 - %M _ 100 - 2.8
"o =700 10~ <0973
5. Molecular weight of dry stack gas
I . a’ _[i'i =) __33 o Ay 28
Mdd = (/;CO2 X 100) + (AO2 X, 3 O) + [:(ALO + Auz) X 7@@:] o
&4 5 32 28 -
(0.03 Xﬁﬁ) + (60.9 X Tm) + (79.1 X ‘ﬂj’ﬁ) 258.9

1 ' . . . , _
Sample results may nol corresponc to computer calculated data in evewry

case becausz of intermediate computer roundoff.

2 - . . . .
Includes volume of gas passed through FID analvzer {0.108 cubic ft/min).

RB




6. Molecular weight of wet stack gas

Md = M x M+ 18 (1 - Md) = 28.9 x .973 + 18 {1 - .973) = 28.6

i

7. Stack gas velocity at stack conditions, fpmC

, 1 1/2
VS = 5128.8 x Cp x ¥ APS X (TS + 460) [%s + Mﬁ]

1/2 -
5128.8 x 0.848 x 17.3 1 i
[é9.5 X 28.6:] = 2590 fpm

8. Stack gas volumetric flow rate at standard tonditionsd, DSCFM
0.123 x VS X AS X Md X PS 0.123 x 2590 x 1626 x 0.973 x 29.5

Q = (T, + %60) (135 T 4607 =

25,359 DSCFM

9., Stack gas volumetyric flow rate at stack conditions, ACFM

Q ) .05645 ¥ QS (TS + 460) ) 05645 x 2%89- (]25. + 460)
a P X My (29.5 + 0.973)

29,242. ACFM

10. Percent isokinetic

1,02 x (T_ + 460) x V_
i1 - | std | _ 1, 032 x
Vo x T, x Pty x (Dn)2 2590. x 1

460) x §00.52
b x .973 x (.282)

= 97.2

A9
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11, Particulate - probe, cyclone, and filter, gr/DSCF

m

. 530.30 _ :
Ca” = (1.0154 x - 0.0154 x 10055 0.0809 gr/DSCF
std
12. Particulate - total, gr/DSCF3
My 530. 30
. - I - = S YL =
Caa 0.0154 x y 0.0154 x 0093 0.0809 gr/DSCF

13. Particulate - prohbe, cyclone, and filter at stack conditions, gr/ACF

oo LT x L X P X Mg 17,7 x 0809 x 29.5 x 973

at (TS + 460) N (125. 4 460) = 0.3702 gr/ACF

i4. Particulate - total at stack conditions, gr/ACF

o LT X Coq X P XMy 17,7 x guon x 29.5 x 973

au (Tg + 460) ) (125. + 460) = 00702 gr/ACF

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

Caw = 0.00857 x Can X QS = 0.00857 x .8809. x25,389=17.61 1b/hr

16. Particulate - total, ib/hr

C x © 0.00857 x Cao x Q

a = 0.00857 x .0809 x 24 ,389=17.61 1b/hr

S .

3Impinger catch not analyzed for mass particulate.

A0




17. Particulate - probe, cyclone, and filter, 1b/ton feed

¢ \
p o= NA 1b/ton feed

18. Particulate - total, 1b/ton feed

]
1]
1l
i

1b/ton feed

% Dry standard cubic feet at 70°F, 29.92 in. Hg.

b Standard conditions at 700F, 29.92 in. Hg.

©v &P x (TS + 460) is determined by averaging the square root of the
product of the velocity head (aPs) and the absolute
stack temperature from each sampling point.

d Dry standard cubic feet per minute at 70°F, 29.92 in. Hg.




APPENDIX B

PARTICLE SIZE RESULTS

Includes:

Discussion of Particlte Size Testing
Figure of Model B Cascade Impactor _
Particle Size Eguations and Sample Calculations
Particle Size Field Data Sheets




APPENDIX B
PARTICLE SIZE DATA

Sampling and Anatlyical Procedures

At both testing locations the tests were conducted by sampling for a
given period of time under isokinetic conditions at a single point in the
duct. The sampling point was selected by determining the average velocity
of the duct from velocity traverse data and selecting a point in the duct
that represented average velocity conditions. This is referred to as
"probe immersion depth" on the field data sheets in the field data section
of this appendix. Isokinetic sampling rates were established as specified in
the instructions provided with the sampling device. This basically is done by
selecting a nozzle size that maintained the flow rate through the sampler at
approximately .05 cubic feet per minute while the velocity through the nczzle
was maintained at the velocity of the stream being sampled. The impactor it-
self was a calibrated orifice, and after appropriate conversionsrfor the
difference in temperature and pressure between the stack gases and the impactor
gases, the AP {pressure drop across the impactor} was selected from the cali-
bration curve. (See Eguation and Sample Calculations Section presented in

this Appendix.)

Prior to the start of each sampling test, the sampler was cleaned and
assembled. The proper size nozzle was assembled on an appropriate probe
length and the probe connected to the inlet of the glass cyclone. The outlet

of the cyclone was connected directly to the first stage of the impactor, and

B1
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downstream of the last impactor stage, an absolute filter of pyrex wool was
installed. The assembly was then connected to the vacuum pump. The sampler
vias positioned at the sampling location and heated to prevent condensation

of moisture in the train. The nozzle was positioned at the sampling point

and sampling was started by adjusting the control valve to maintain the proper
AP on a mercury manometer. After sampling for the predetermined length of
timz, the flow was stopped, and the probe removed from the stack. The

sampler was then removed to the clean-up area.

The sampling time is deterimined by experience and trial and error. The
sampling time on the first run was estimated and when the run was finished
the pans were observed for collected material. The sampling time for subsequent
runs was then adjusted depending on the amount of material collected on the first
run. If too little material was collected on the impactor pans the sampling time
was increased, or conversely if too much material was collected, -the time was

decreased.

Clean-up and sample collection was achieved by cooling and disassembling
the impactor, removing the collection plates cr substrates, and placing them
in plastic containers for shipment back tc the laboratory. The 1mpactof was
then cleaned thoroughly with methylene chloride solvent. The final filter was
removed and placed in its original container for shipment. The nozzle, probe,
cycltone, and cyclone catch bottle was washed with methylene chloride and all

of the washings were saved for subsequent analysis.

Upon arrival at the laboratory the aluminum collection pans were reweighed

to determine the amount of material collected. The final filter was also

B2
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weighed and its weight gain determined. The methylene chloride washes from
the probe and cyclone and subsequent stages vere evaporated in a tared con-

tainer and the weight of residue was determined.

Following is a figure of the Model B cascade impactor and equaticns
from which the characteristic particle size diameter can be developed. In
addition, copies of the field data sheets are presented in the latter section

of this Appendix.

A test log displaying the actual particle size sampling times can be

found 1in Appendix H under the Particle Size Testing Log Section.
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Table B].
EQUATIONS AHD SANPLE CALCULATIONS

TEST RISULTS

ralculations for these values were done according to the equations of

EPA Method 5, Federa] Register, December 23, 1971.

PARTICLE Slé. DISTRIBUTION

e T e

1} Characteristic Particle Diameter, Dpg,

Calculation of the characteristic particle diameter was based on
the generalized calibration curve determinad by Ranz and Yong . Ranz
and Vong used dimensional analysis technigues to develop a dimension-
Jess inertial impactor parameter, ¥ From this work, the characteristic

particle diameter can be developed:

18 uD LN
/ Yo 4
Dp \J T . — X (107) (1)

where €, Cunningham Corraction Factor, is a function of DpSO:

-4 ]
] [ 4]
—i n‘io l (2)
T

{ZL ' . 640D
I_D) + 0419 —;*' L

A computer program was used to obtain Dp by solving equations

(1} and (2) simultaneously by iteration.

Dp = characteristic particle diameter, microns
p = viscosity of gas, poise
D = diameter of impactor jet, cm

Yoy * inertial parameter for 50% stage eff1r1ency
C = Cunningham Corvection Factor
e = particle density, g/cc
V = jet velcecity, on/sec

L = gas mean free path, cm

Ranz, W. E. and Yong, 3. O., AMA Archives of Industrial Hyaienz and Occuba-

ticnal Fedicine, §,464-77, 1452,
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Table B1.

EQUATIONS AND sin

COHTIHLED

2} Meight Percent

weight @ stagé N =

exampie .

1.53%

u

'3) Cumulative 3 5—Dp50

cum % f-DPSO, stage H

example

Cyclone
1
2
3
4
5
Filter

cum % DPSO, stage 3

43¢
weight % stage 1 = f%%§7%%

x 100

= Total sum of mass percent on stages with

DDSO E-DPSO, stage N

=
]

= mass % stage 4 + mass

1

W B D O S 0O -

£
&

o O O -~ N WO

Mass %
97.69
1.53
0.4/
0.14
0.07
0.00
0.10

= 0.10 + 0.00 + 0.07

+ 0.17%

B5
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Table B1. Concluded

4) dii/d Log b, gr/scf

(gr/scf) stans N
- Loy Jp

".'fd s D v =7
dii/d Log stage i Log Db

50 stage -1 50 stage N

e S S l am N oe

exampla:
Stage Dy g/scef
Cyclone 6.8 35.81
1 3.4 0.56
’ 2.0 0.17
3 1.4 0.05
4 0.7 0.03 '
5 0.4 0.00
Filter 0.3 0.04 I
dM/d log Dstage 3" Tog 2.0 ;OEOQ 1.4 1
032 3
i

!
o AR W .
__
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APPENDIX B-1
PARTICLE SIZE
FIELD DATA SHEETS
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APPENDIX C
VISIBLE EMISSION RESULTS

INCLUDES:
Visibile Emissions Summary Tables

For

Qutlet Stack Location TP-2
Qutlet Stack Location TP-3
Fugitive Emissions Areas (Saturator Hood, etc.)
Visible Emissions Field Data Sheets
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y FOR DETERTHATION OF NSPS

A \}5‘5“ GUIDELINCS FOR USE OF KETHOD 9 DRP\"‘ QQ?\{

1. Purpesg _
'To establisnh basic‘pfoéedures for visually determining'the

opacily of enissions for the purpose of attaiping baseline opacity
data for NHSPS5. These general guidelines are to aid the observer in

ensuring representative data is collected.

IT. Obsevver Qualification

Prior to performing work for Emission Standapds and Enginecer-
ing Division, the observer must meet the following qualifications:

1. He must have a current certificétion from a smoke school
conducted by either the Environmental Protection Agency, State air
pof]ution agency or local air pollution agency. ‘

2. He must have attended, at one time, the classroom portion
of the smoke school.

Certificates indicating the above requirements have been
met, will be submitted to the Emission Measurement Branch and filed.
HI.General -

1. The procedures set forth in Method 9.shall be followed.

é. The data should be recorded on the attached forms. Note that
observations are made and recorded at 15 second intervals. It is sug-
gested a digital clock be used for timekeeping. Use of a stopwatch is
helpind fpr exactly timing short periods of peak emissions such as dur-
ing rapoping, soot-blowing, bag c]eaning,.etc;

3. Each observer sheuld monitor only one emission source at a time.
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4, Before boginﬁing observations, the observer should delerinine
that the feedsiock or fuel is rcpresentafive of that which would re-
sult in the highest level of visible emissions. ‘The facility should
be oporating at or close to design capecity and the control system
shoutd be operating properly.

5. Before beginning observations, the observer should make arrange-
ments with the operator to obtain the necessary process data. The
observer should arrange for the process to be monitored and for the data
to be recorded for the entive period of observations. Care should be
taken to insure that the é]ocks used by the smoke observers are pre-
cisely synchronized with the clock [or chart recorder) used to record

process data. Process data obtained should include:

-l S G S G N W e aw e
: TRy,

{1) maximum rated capacity
(2) actual operating rate
b. Production schedule
(1) start-ups
(2} shutdowns
(3) charging, soot-blowing, tapping, etc.
c. Control device data
(1)‘ recent maintenance history
(2) cleaning mechanism and cycle information

6. Two qualified observers are veauired to monitor any source

wvhen the data is collected for standard development. During the test,

tho two observers chould:
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a. not lake breaks at the same tine.
L. wuse ecither the sawme timepiece or synchronized time-
piccéé for recording observations to'avoid confusion
during data reduction.
¢c. nol compare readings until all observations at the source
have been completed.
7. The observer should request the appropriate plant personnel t;
briefly review and comment on thé.opacity measurements and process data.
8. The observer should comment on:
a. the basis for choosing the observation periods used.
b. why it is believed the periods chosen constitute periods of
greatest opacity.i
c. why the observations span & time period sufficient to char-
acterize the opacity.
.

enach of Obsecrvation Period

—_—l

1. Vhen other emission”tests (i.e., EPA Methods 5 - 8) are also
being conducted, the opacity observations should be made simultaneously.
However, it may not be sufficient to make observations only during the
actual emission tests (Methéds 5 - 8). It is suggested that extended
observation periods be used. If properly arranged these extended obser-
vation periods will encompass the planned emission test runs. For
exomplie:  Three tests by EPA Method 5 are required, two ninety-minute
tests to be conducted one day, one test conducted the following day. On

the first day, rather than just observing the emissions during the actuzal

C3
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ninciy-minute tests, dn erlendzd observation period of six continuous
hours would be used to enceapass both emission tests by Nethod 5. If
simyl tancovs visible emission ob:cfvations-are desired during all the
emission test runs, then ihe foliowing day during the third test by
ticthod & an additional ohservation period of .ninety minutes would be
conducted.

2. Past data indicate that the type of control device influences
the behavior of emissions. For this reason the following minimum ob-
servation times are suggested.

a. Baghouse
Observation during six continuous hours of normal
operations unless additional time is necessary to encompass:
(1) at lcast one complete production cycle in batch type-
operations.
(2) at least three periods of peak emissions obviously due
| to baghouse cleaning (if such peak periods exist).
b. Scrubber : |
Observation during six continuous hours of normal opera-
tion unless additional time is necessary to encompass:
(1) at least three complete cycles in batch type operations.
(2) at lcast three periods of normal process variations
(start-up, shutdown, soot-blowing, etc.) where opacity

is suspected of being greater than normal,

C4




c. Precipitator
hservation during six continucus hours of normal
operation unless additional time i1s necessary 1o cncom-
pass: |

(1) at least three conplete pfoceés cycles in batch fype
operations.

(2) at least three periods of normal process variations‘
{start-up, shutdown, soot-blowing, etc.) where opacity
is suspected of being greater than normal.

(3} at least three pericds of peak emissions due to pre-
cipitator rapping {(if such peak periods exist).

Heather Restrictions

Fmissicn scurce tests {EPA Methods 5 - 8) are generally not
sensitive to veather and will not be cancelled due to the 1nabi1ify
to perform concurrent visible emission evaluations. Planned visual
observations should normally be'attempted during source tests
(Methods 5 - 8) conducted in adverse weather. However, the visible
emission readings should later be repeated under more favorable
weather conditions according to the guidelines below.

1. Black smoke

a. HNight

b. Fog, precipitation
2. thite or colored smoke

a. Night

b. Fog, precipitation

€5
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¢. Overcast sky

d. Greater than 50% cloud covering

Steam p1umc§

@#. Repeat observations at a time ﬁhén atwospheric con-

ditions allow more rapid evaporation of the steam.
!

Field Kit

1.

~J

w0

;S W N

Digital clock, battery operated
Stopwatch (2)

Comhass

et bulb - dry bully thermometer
Clipboard

Data sheets

Sun visor

Extra batteries, Hg type

Arnemometer

Co




GUIDELINES FOR PREPARING SUMHARY
OF VISIBLE EMISSIONS

1. The attached form is to be used for summarizing visible emissions
data obtained for the Emission Measurement Branch for the purpnose

of developing Standards of Performance for New Sources.

2. Hhen more than one observer takes readings sinultaneously,
separate summaries shall be prepared for each observer, and the table
should include below "Summary of Visible Emissions”, "Observer #1" or

"Observer #2", etc.

3. When any changes in reading conditions occur during a summary time
period, the variaticns should be noted on the table as space permits,
and, in a discussion of the results accompanying the table/s, the time
of charges should be documented and what effect, if any, the changes
have on the validity of the data. For example:

Cescription of Sky: Clear to Qvercast

Wind Direction: N to NE

4. Fach set consists of 24 readings taken at 15-second intervals as
specified in Method 9. The 6-minute average opacities shall be

rounded off to the nearest 0.1%.

5. The plot at the bottom of the table is 6-minute opacity averages
versus time. Unless otherwise specified by an EPA Project Officer, the
opacity scale shall be 0-50%. If the capability of reducing the form
to 8 1/2" x 11" is not available, this plot should be included on a

separate sheet referencing and following the table.
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