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PREFACE 

The work reported herein was conducted by personnel from Batelle- 
Columbus Laboratories (Battelle), Engineering-Science (ES), the Environ- 
mental Protection Agency (EPA), and Midwest Research Institute (MRI). 

Analysis of all collected samples, with the exception of particle size 
samples and stack gas moisture and Orsat analyses, were performed by 
Battelle personnel at their Columbus, Ohio, laboratory. The Battelle 
analytical results were submitted as a separate report to the EPA. 

MRI personnel were responsible for monitoring the process operations 
during the testing program and for writing Section 111, Process Descrip- 
tion and Operations, and Sections V and VI of Appendix B. 

With the exception of the particle size sampling and the process 
sample collection, all field testing was performed by personnel from ES 
and the ES subcontractor, Cornonwealth Laboratory, Inc. Calculations, 
data reduction, data analysis, and preparation of this report were per- 
formed by ES personnel. 

The particle size samples and analyses were performed by EPA person- 
nel, as was the collection of process samples. Mr. Clyde E. Riley, 
Office of Air Quality Planning and Standards, Emission Measurement Branch, 
served as the Test Project Officer and was responsible for coordinating 
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 
Gas responsible for coordinating the process operations. i 
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SECTION I 

INTRODUCTION 

Under Section 111 of the Clean Air Act of 1970, as amended, the 
Environmental Protection Agency (=A) is charged with the establishment Of 
performance standards for new stationary sources which may contribute 
significantly to air pollution. With’ consideration of,both technical and 
economic aspects, a performance standard is based upon emission reduction 
systems which have been demonstrated to satisfactorily control one or more 
specific pollutants from a given stationary source. 
realistic performance standards, accurate data on pollutant emissions are 
routinely gathered from the stationary source category under consideration. 
This report presents emission test data and results to be used in the 
development of standards of performance for new stationary sources (SPNSS) 
to regulate air pollutant emissions from the manufacturing of asphalt 
roofing products. 

In order to set 

The EPA Office of Air Quality Planning and Standards (OAQPS) selected 
the Celotex Corporation asphalt roofing plant in Lo6 Angeles, California, 
for emission testing designed to gather background data for establishment 
and support of SPNSS. Engineering-Science, Inc. (ES) was retained by 
OAQPS under Task Order No. 21, Contract No. 68-02-1406, for the purpose 
of conducting a specified emission test program at the above installation. 
The Celotex (LA) plant was just one of several facilities selected for the 
SPNSS testing program. 
EPA issued a separate contract to Battelle Memorial Institute for analyses 
of all emission tests samples collected during the asphalt roofing SPNSS 
projects. 

Because of the extensive analytical requirements 

The Celotex (LA) plant was originally recommended to EPA as an exasple 
of a well-controlled plant by both Celotex and Johns-Manvillc (the original 
manufacturer of the high energy air filter (W) control device used by 
this Celotex plant). The Celotex plant and three other roofing products 
manufacturing plants in the Los Angeles area were surveyed as candidates 
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f o r  the  SPNSS t e s t i n g  program. 

HEAP control  devices and in addi t ion one p lan t  a l s o  had an inc inera tor .  

various reasons, the  o ther  p l an t s  were deemed unsui table  f o r  the  SPNSS test ing 

program: one because the  hooding system provided inadequate emissions pickup; 

one because i t  did not cool  t he  exhaust fumes; and one because i n l e t  t e s t ing  

would have been extremely d i f f i c u l t  and a l s o  because the  cont ro l  system was 

a new i n s t a l l a t i o n  t h a t  w a s  s t i l l  being f i n e  tuned. 

When surveyed, a l l  four p l an t s  were u s h g  

For 

During the  t e s t i n g  program the  Celotex (LA) p lan t  w a s  operating under 

a variance issued by the  Los Angeles A i r  Pol lu t ion  Control District (LAAPCD). 

I n  March and again i n  June,1975, emission tests had been performed by the  

W C D  and on both occasions the  plant  was found t o  be in v io la t ion  of emission 
requirements. After the  variance w a s  issued,  both Celotex and Anderson 2000 

( t h e  current HEAF manufacturer) did considerable work on the  cont ro l  system. 

They corrected the  following major items. 

o Gas ve loc i ty  through the  f i l t e r  media was found to  be below 

design spec i f ica t ions .  

depends upon maintenance of a high air  ve loc i ty  through the  

f i l t e r  media. 

area. 

The f i l t e r  m a t  being used was found t o  be of a lower density 

and constructed of l a rge r  diameter f i b e r s  than desired f o r  

optimum col lec t ion .  

denser mat made with smaller diameter f ibe r s .  

Optimum performance of a KEAF un i t  

The veloci ty  w a s  increased by reducing the  f i l t e r  

o 

The mat was replaced with a th icker ,  

o Drain lines from the  mist e l iminator  were found t o  have ex- 
cessive back pressure which caused the m i s t  e l iminator  t o  

dra in  too slowly. As a r e s u l t ,  t h e  m i s t  el iminator became 

sa tura ted  and o i l  droplets  were being reentrained in t he  ex- 

haust gases. 

proper drainage of t he  col lected oil. 

Concurrent with the  improvement e f f o r t s ,  the  plant  had a series of 

The d ra in  l i n e  piping w a s  modified t o  allow 

emission tests performed by an independent contractor .  

tests was performed shor t ly  before the  SPNSS t e s t ing  program reported here- 

in, and that test indicated compliance with the  W C D  standards even though 

the  p lan t  had not ye t  switched t o  the  b e t t e r  f i l t e r  media. 

The l a s t  of these 

-2- 



Based on the EPA surveys and these  la ter  developments, the decision was 

made t o  include the  Celotex (LA) p lan t  in the ove ra l l  SPNSS tes t ing  program. 

The Celotex (LA) f a c i l i t y  produces sa tu ra t ed  f e l t ,  shingles ,  and r o l l  

goods. 

a t  points  associated with t h e  No. 1 manufacturing process line. 
air  contaminant emission sources include the  asphal t  s a tu ra to r ,  the s t r ike -  

in sect ion,  t h e  looper and the asphal t  coa ter .  

operations are vented t o  a common ductwork system, sprayed with cooling 

water, routed through a cyclonic expansion chamber, and then passed through 

a high energy a i r  f i l t e r  (HEAF) p r i o r  t o  atmospheric discharge. 

several  asphal t  s torage  tanks are also vented t o  this c o m n  exhaust/treat- 
ment system. 

A l l  emission tests described wi th in  t h i s  report  r e f e r  t o  sampling 

Po ten t i a l  

Exhaust fumes from these 

In addi t ion,  

The p lan t  operates  continuously, 6 days per week. However, most of the  

sampling MS were discontinuous due t o  the na ture  of the process which 

involved process in t e r rup t ions ,  slowdowns, and complete stoppages. A l l  

emission tests conducted a t  t h i s  f a c i l i t y  were performed only during 

times of normal operat ion of t he  production line as described i n  Section 

111. "Process Description and Operations". The emission t e s t i n g  program 

conducted a t  t h i s  Celotex p l an t  during the  week of October 21  through 

October 24, 1975, consis ted of t he  following: 

1. Par t i cu la t e :  Three r e p e t i t i o n s  of simultaneous in le t  and o u t l e t  

test runs were performed a t  t he  No. 1 HEAF un i t .  The tests 

were conducted i n  accordance w i t h  EPA Method A? and provided 

ve loc i ty ,  moisture, and p a r t i c u l a t e  data.  

Tota l  Gaseous Eydrocarbon by Flame Ion iza t ion  Detection (FID) : 

Three simultaneous sampling runs of the  HEAF i n l e t  and o u t l e t  

gases were performed concurrently w i t h  t he  p a r t i c u l a t e  runs. 
add i t iona l  sampling run w a s  conducted on the  IIEAF i n l e t  stream 
t o  determine the  gaseous hydrocarbon concentration of t he  exhaust 

gases from the  asphal t  s torage  tanks. 

obtained through a tee i n s t a l l e d  in t he  p a r t i c u l a t e  t r a i n  between 

the f i l t e r  and the f i r s t  impinger. 

2 .  

One 

The FID samples were 
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3 .  Polycyclic Organic Matter (POM): One POM sampling run was 
performed consisting of simultaneous tests of the HEAF inlet 
and outlet gas streams. 
sampling train developed by Battelle. 

Samples were collected in an experimental 

4 .  Outlet Gas Composition: .Four integrated Orsat samples were 
collected of the HEAF outlet gases, one sample during each of the 
three particulate runs and one sample during the POM run. 

The Orsat sample analysis was performed as specified in EPA 

Method 3 .  Five evacuated flask samples were also collected 
from the tee in the particulate train used to extract the FID 
samples at the HEAF outlet. 
analyzed for gaseous components by gas chromatography. 
four samples were not analyzed. 

One of these five samples was 
The other 

5. Visible Emissions: S i x  hours of simultaneous observation were 
conducted by two observers of the HEAF outlet stack discharge. 
S i x  hours of simultaneous observation were conducted by two ob- 
servers of fugitive emissions around the KL4.F inlet ductwork. 
Simultaneous observation of fugitive emissions around the 
asphalt saturator were conducted by two observers for three 
hours at the spray/dip portion and three hours at the strike-in/ 
coater section. 
EPA Method 9 guidelines. 

Observations were performed in accordance with 

6. SO2: One sample run of instrumental monitoring analysis was 
performed on the HEAF outlet gas stream using a Dynascience. 
electrochemical SO2 analyzer. 

(1) 

7 .  Particle Sizing: Experimental sampling runs on the REAF inlet 
and outlet gaseous streams were conducted exclusively by EPA 
personnel using a Brink a) Cascade Impactor modified for this 
particular type of sampling. 

Mention of a specific company or product does not constitute endorse- 
ment by the EPA. 
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8.  Process Samples: Grab samples of unblown asphalt, saturant 

asphalt, coater asphalt, recovered oil from the control device, and 

used and unused HEAF f i l t e r  media were collected by Midwest Re- 

search Inst i tute  (MRI) and EPA personnel. 
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SECTION I1 

SUMMARY AND DISCUSSION OF RESULTS 

Emission t e s t i n g  w a s  performed a t  t he  Celotex asphal t  roofing p l a n t  

i n  Los Angeles during the  week of October 21-24, 1975. 
program, several  s p e c i f i c  po l lu tan ts  were sampled simultaneously a t  the  

i n l e t  and ou t l e t  of t he  HEAF equipment used f o r  cont ro l  of po l lu tan t  

emissions from the  No. 1 asphal t  s a tu ra to r .  In a l l  instances ,  sampling 

times were conducted during s p e c i f i c  process conditions which were con- 

sidered t o  b e  s i m i l a r  t o  those used during normal p l an t  operation. Pro- 

cess parameters were ca re fu l ly  observed and the  emission tests performed 

only when the  process appeared t o  be operating normally. 

During the  tes t ing  

The manufacture of .asphal t  roofing products generates organic 

pol lu tan ts  which are emitted t o  t he  atmosphere. 

divided i n t o  two categories  based on t h e i r  physical  state:  

which are l i qu id  o i l  droplets ;  and gaseous hydrocarbons, which are 

organics in t h e  vapor state. 

tween the  two categories  or physical states is highly temperature de- 

pendent. 

manufacturing industry,  i t  w a s  recognized t h a t  t he  EPA Method 5 sampling 

procedure would requi re  several modifications t o  insure t h a t  t h e  da t a  

col lected w a s  comparable. For example, t he  p a r t i c u l a t e  co l l ec t ion  f i l t e r  

temperature would have t o  be control led within a narrow range t o  prevent 

col lected o i l  d rople t s  from being subsequently vaporized. Other method 

modifications were a l s o  developed and evaluated p r io r  t o  t h i s  t e s t i n g  

program. These methods development tes ts  led t o  the  establishment of 

EPA Method 20--Determination of P a r t i c u l a t e  and Gaseous Hydrocarbon 

Emissions from the  Asphalt Roofing Industry.  The p a r t i c u l a t e  and gaseous 

hydrocarbon t e s t ing  reported herein was performed in accordance with EPA 

Method 20. 

Sampling and Analyt ical  Procedures. 

and the  other  procedures used during t h i s  t e s t i n g  program is contained 

in Section V ,  Sampling and Analytical  Procedures. 

These compounds are 

pa r t i cu la t e s ,  

The d i s t r i b u t i o n  of organic pol lu tan ts  be- 

V e r y  ea r ly  in t he  SPNSS study of t he  asphal t  roofing products 

The latest  d r a f t  of Method 20 is contained i n  Appendix F,  

Additional discussion of Method 20 

-6- 
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In  an e f f o r t  t o  gain more i n s i g h t  i n t o  the emissions r e s u l t i n g  from 

asphalt  roofing manufacture, tests were conducted t o  quant i fy  SO2 and 

POM emissions i n  addi t ion  t o  the  p a r t i c u l a t e  and gaseous hydrocarbon 

emission tests. Visual emissions observations were a l s o  performed. TO 

put the  t e s t i n g  program in b e t t e r  perspect ive,  Tables  11-1 through 

11-4 are d a i l y  chronological l i s t i n g s  of t h e  pa r t i cu la r  test a c t i v i t i e s  

performed each day. 

made i n  sampling or  process conditions.  

"Line Speed" ( fee t  per  minute) designate the  occurrence and cause of 

process upsets.  

frequency of sampling f o r  s p e c i f i c  po l lu t an t s  a t  designated locat ions.  

Time entries are noted only when alterations were 
Notations under the column 

The remainder of t he  columns ind ica te  the in t e rmi t t en t  

The remainder of t h i s  s ec t ion  describes the  test r e s u l t s  obtained f o r  
Additional information concerning t h e  the indiv idua l  po l lu t an t s  sampled. 

test program r e s u l t s  is contained in Sect ion V, Sampling and Analyticdl 

Procedures. 

PARTICLTLATES 

Results of t he  p a r t i c u l a t e  emission tests a t  the  HEAF i n l e t  and o u t l e t  

have been averaged f o r  each loce t ion  as shown i n  Table 11-5. 

l i ng  was conducted upstream of the  water spray used t o  cool  the exhaust 

gases. 
flow rates were cons is ten t ly  higher  a t  t h e  BEAF o u t l e t .  

the  HEAF o u t l e t  temperature was always lower than the  corresponding i n l e t  

temperature f o r  each run. 

corrected t o  dry standard conditions (ZO'C, 7 6 b  Hg., dry) the o u t l e t  

volumetric flows were s t i l l  cons is ten t ly  6 t o  9 percent higher than the  

i n l e t  flow rates. The average inlet gas flow rate w a s  19,462 dry stan- 

dard cubic f e e t  per  minute (DSCFM), while t he  average o u t l e t  value w a s  

19,681 DSCFM. 

H20 below atmospheric. 

flow rates re su l t ed  from ambient air  leaking i n t o  the  system a t  the HEAF 

fan suction. 

after t h e  HEAF f i l t e r  mat. 

of ItEAF Control System Operating Conditions. 

I n l e t  s q -  

As a r e s u l t ,  the  moisture content and uncorrected gas volumetric 
For the  same reason, 

When the  gas  volumetric flow rates were 

The HEAF fan suc t ion  pressure is approximately 29 inches 

It is l i k e l y  t h a t  the higher o u t l e t  volumetric 

Process temperatures were a lso . recorded  d i r e c t l y  before and 

These data  are presented in Table 111-2, Summary 
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TABLE 11-1 

DAILY COHPOSITE E S T  LOG 
OCTOBER 2 1 ,  1975 

TOTAL VISIBLE 
HYDROCARBONS EMISSIONS PARTICULATES 

HEAF HEAF 
HFAF 

HFAF HFAF I n l e t  
( F u g i t i v e )  

Line 
Speed I n l e t  O u t l e t  Inlet O u t l e t  T i m e  

0830 
0840 
0909 
0912 
0930 
0945 
0948 
1000 
1034 
1035 
1155 
1200 
1259 
1300 
1313 
1314 
1345 
1353 
1354 
1408 
1409 
1413 
1414 
1418 
1426 
1432 
1433 
1437 

1508 
1510 
1514 
1516 
1525 
1539 
1540 : 30 
1541 
1543 
1543: 30 
1544 
1549 
1600 
1628 
1642 
1645 
1715 
1720 
1727 
1745 
1754 
1802 

1448 

A 

250 

270 

A 

275 

A 

210 
C 

250 

210 

R 
250 

280 

290 
290 
250 

A 
250 
270 

1 
1 

E 1 

.I 

! 
E 1 

1 
1 

1 

1 

E 1 

BI 

i 
I 

B 

1 1  
1 I 
1 I 

E 1 1  
l 

BT 

A - F e l t  Break, Line  Stopped  
B = Begin T e s t  
c - stop Sampling to Change P o r t 9  
E - End T e s t  
R - Reduced Line Speed 

-8- 
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TABLE 11-2 

DAILY CoWOSITE TEST LOG 

OCTOBER 22, 1975 

VISIBLE 
EMISSIONS 

TOTAL 
~ ~ T I C U L A T E S  HYDROCARBONS 

Line 
llEAF HEAF HEAP HEAP s a t u r a t i o n  S a t u r a t i o n  

Time eed Inlet inlet out le t  Ou t l e t  DtdSPraY Strike-in 
0900 230 BI IB 
0903 A 
09 33 
0938 260 
0946 
0953 
1000 225 
1003 
1004 
1005 
1006 A 
1025 250 
10 32 
1033 1040 250 I 1 1 I 
1110 
1111 
1112 A 
1115 
1125 245 ] ] ] ] 
1146 C 
1146 
1150 
1212 A 
1223 
1224 210 
1226 
1235 

1303 
1304 
1305 G 
1 3 8  
1318 220 
1325 200 
1325:30 
1336 1348 200 1 1 1 1 
1350 A 
1352 
1602 E I E 1  
1405 
1608 
1609 
1610 200 
1 4 1 1  E1 
1616 
1425 200 
1528 
1540 200 
1541 
1600 
1655 G 
1710 L 
1715 200 
1721 
1756 

A - F e l t  Break. Line stopped 
B I Begin Test 
c - stop Sampling t o  Change P o r t s  
E - End of Test 
F -  law i n  F e l t .  L ine  Stopped 
G - Changing C r a n d e s ,  Line Stopped 

1 1  8.1 I" 

E l  ]E 

L - Line  on -9- . - 



TABLE 11-3 

DAILY COMPOSITE TEST LOG 

OCTOBER 23, 1975 

PPOM 

Line HEAF HEAF 
T i m e  Speed I n l e t  Out le t  

1350 175 
1351 
1354 N 
1355 W 
140 5 175 
1410 
1426 A 
1428 
1434 210 
1436 

1515 130 
1522 
1550 
1551 C 
1615 130 
1622 
1650 G 
1652 
1706 130 
1708 

BI 
11 

1 
11 

Bl 

1458 G 1 1 

1 

1750 E 1 E 1 

A = F e l t  Break, Line Stopped 
B = Begin T e s t  
C = Changing Por t s ,  Sampling Stopped 
E = End Test 
G = Changing Granules, Line Stopped 
N = Nozzle Change, Sampling Stopped 
W = Waiting f o r  Other Team, Sampling Stopped 

-10- 

- 



I 

TABLE 11-4 

DAILY COMPOSITE TEST LOG 

OCTOBER 24. 1975 

TOTAL VISIBLE - 502 
PARTICULATES HYDROCARBONS MISSIONS 

L ine  HEAF EEAF HEAF HEAF 
O u t l e t  Ou t l e t  
HEAF EEAF 

Time Speed inlet o u t l e t  I n l e t  Ou t l e t  

0926 
0945 
0955 
1000 
1012 
1015 
1049 
1050 
1051 
1052 
1107 
1108 
1113 
1115 
1120 
1121 
1123 
1133 
1134 
1155 
1159 
1205 
1214 
1228 
1230 
1235 
1254 
1305 
1306 
1307 
1315 
1317 
1320 
1334 
1342 
1345 
1402 
1405 
1415 
1416 
1418 
1521 
1535 
1538 
1545 
1600 
1613 
1646 
1650 
1653 
1658 
1710 
1718 
1733 
1735 
1753 
1800 

285 

285 

270 

G 

27 5 

29 5 

C 
A 

130 

A 

285 

L 
240 

230 
A 

270 

290 
A 

200 

250 
200 
225 

A 

200 

250 

A 

'I 
1 

I 
I 

E I 

1 
I 

I 
I 

E I 

'1 
I 

I 
1 

E 1 

.I) E 

BI , 

1 

I 

1 
E I 

. 

'1 
I 

I 

I 
E I 

. 
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The average i n l e t  and o u t l e t  p a r t i c u l a t e  concentrations and mass flow 

rates are based on the  material co l lec ted  i n  t h e  f ron t  ha l f  of the sampling 

t ra in  (probe, p r e f i l t e r ,  and f i l t e r ) .  

blank weights of the  reagents used f o r  sample recovery. 

t i c u l a t e  concentrations were 0.418 gra ins  per  dry standard cubic foot  

(gr/DSCF) f o r  the i n l e t  runs, and 0.00700 gr/DSCF f o r  the  o u t l e t  runs. 
Average mass flow rates were 66.0 and 1.11 pounds per  hour ( lb /hr )  f o r  

the  i n l e t  and o u t l e t  respect ively.  Based on these mass flow data ,  the HEAF 
system p a r t i c u l a t e  co l l ec t ion  e f f ic iency  was 98.3 percent. 

Corrections have been made for 
The average par- 

Due t o  t h e  na ture  of the  sh ingle  manufacturing operation, severa l  

f ac to r s  i n  addi t ion  t o  l i n e  speed have a d i r e c t  e f f e c t  on the  produc- 

t ion  weight rate without a corresponding e f f e c t  on the emission poten t ia l .  

An example is the type and weight of granules applied t o  the  shingles.  

Thus, production weight rates may not  c o r r e l a t e  d i r e c t l y  with emission 

poten t ia l s .  For t h i s  reason, no values have been included i n  the par- 

t i c u l a t e  summary t a b l e s  f o r  e i t h e r  production r a t e s  or emission fac tors .  

The headings have been included on the t a b l e s  so t h a t  t hese  da t a  may be 

added a t  a later da te  i f  desired.  

Tables 11-6 and 11-7 summarize the  th ree  p a r t i c u l a t e  test r e s u l t s  

f o r  the HEAF in le t  and o u t l e t  respect ively.  

Examination of Table 11-6 revea ls  t h a t  f o r  i n l e t  Run CEL-3P a ex - 
tremely excessive amount of p a r t i c u l a t e  was  co l lec ted  from the  f ront  

half TCE wash. 

t ioning of the probe f o r  the  vertical t r ave r se ,  the  probe w a s  inser ted  

too deep, thus s t r ik ing  the  s tack  w a l l  opposite the sample por t .  

a r e s u l t  p a r t i c u l a t e  matter entered the  probe nozzle and w a s  subsequently 

recovered during the  sample t r a i n  clean-up. 

inadvertent ly  scraped the  s tack  w a l l ,  the col lected p a r t i c u l a t e  w a s  not 

considered t o  be representa t ive  of a c t u a l  i n l e t  conditions.  Therefore, 

Run  CEL-3P has been excluded from the average of test r e s u l t s  presented 

i n  Table 11-5. 

This occurrence w a s  due t o  the  f a c t  that during the  posi- 

As 

Because the  probe t i p  

The actual quant i ty  of material co l lec ted  i n  the f r o n t  half  t o  the EPA 

Method 20 sampling t r a i n  f o r  each p a r t i c u l a t e  test i s  shown i n  Table 11-8. 

-13- 
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TABLE 11-6 

PARTICULATE EMISSION TESTS SUMMARY 

CELOTM (LA) 
HEAP INLET 

~~ 

Run Number CEL-1P CEL-3P CEL-7P 

Date 10121175 10/22/75 10124175 

Volume of Gas Sampled - DSCF (a)  100.571 99 .878 100.543 

Percent Moisture by Volume 2.60 2.48 1.40 

Average Stack Temperature - OF 141 134 142 

Stack Volumetric Flow Rate - DSCFM (b ) 18,300 18,100 18,600 
Stack Volumetric Flow Rate - ACFM (C) 21,600 21,100 21,700 

Percent I sok ine t i c  97.7 98.3 96.1 

Production Rate - ton lhr  

Pa r t i cu la t e s  - probe, cyclone, and f i l t e r  catch 

mg 
grlDSCF 0.443 2.071 0.392 

2a94.2 13,429 2562.2 

gr/ACF 0.376 1.773 0.337 

l b  Ihr 69.5 321 62.6 

l b / ton  product 

-~ 
Dry standard cubic f e e t  a t  68"F, 29.92 in .  Hg. 

Dry standard cubic f e e t  per minute a t  6a°F, 29.92 in. Hg. 

(a) 

(b 1 

("Actual cubic f e e t  per minute 

I -14: 

.1  



TABLE 11-7 

PARTICULATE EMISSION TESTS SUMMARY 

CELOTEX (LA) 
HEAF OUTLET 

CEL-2P CEL-4P CEL-8P Run Number 

Date 10121/75 10122/15 10/24/75 

(a) 126.216 131.724 133.219 Volume of Gas Sampled - DSCF 

Percent Moisture by Volume 

Average Stack Temperature - 'F 

Stack Volumetric Flow Rate - D S C M  

Stack Volumetric Flow Rate - AcFM 

Percent I sok ine t i c  

Production Rate - ton/hr 

3.13 2.82 1.58 

1 2 1  128 123 
(b ) 19,400 19,700 19,900 

(C) 22,500 22,800 22,500 

91.6 100.5 100.4 

P a r t i c u l a t e s  - probe, cyclone, and f i l t e r  catch 

mg 
gr/DSCF 0.012 0.003 0.006 

gr/ACF 0.010 0.002 0.005 

lb  f h r  1.94 0.430 0.974 

lb / ton  product 

95.5 21.8 49.3 

(a)Dry standard cubic f e e t  at  68'F, 29.92 in.  Hg. 
(b ) 

("Actual cubic  f e e t  per minute 

Dry standard cubic f e e t  per  minute a t  68"F, 29.92 in .  Bg. 

-15- 
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This t ab le  includes both r a w  laboratory d a t a  and da ta  corrected for  

reagent blank weights. 

Each p a r t i c u l a t e  emission tes t  w a s  conducted f o r  a t o t a l  period of 

144 minutes. 

line was not operat ing normally. 

k ine t i c  sampling rate w a s  w e l l  within the defined limits f o r  acceptable 

test r e s u l t s  (90-110 percent). 

streams showed them t o  contain e s s e n t i a l l y  the  same degree of components 

as air. 

Sampling w a s  terminated in t e rmi t t en t ly  when t h e  production 

For each test the calculated iso- 

Orsat analyses of t he  in le t  and o u t l e t  gas 

Computer pr int-outs  of t h e  test r e s u l t s  i re  contained in Section I 

of Appendix A together  with example ca lcu la t ions  of p a r t i c u l a t e  test  re- 

s u l t s .  

Appendix B. 
Appendix F. 

A l l  p a r t i c u l a t e  f i e l d  t e s t  da t a  are contained i n  Section I of 

A descr ip t ion  of EPA Method 20 i s  located i n  Section I of 

TOTAL HYDROCARBONS 

HFAF inlet and o u t l e t  streams w e r e  simultaneously sampled f o r  t o t a l  

gaseous hydrocarbon content using flame ioniza t ion  detect ion (FID) analy- 

zers. 
conjunction with the p a r t i c u l a t e  runs a t  t h e  same two s tack  locations.  

In addi t ion,  THC t e s t i n g  w a s  conducted f o r  one sample run a t  the HEAF 

inlet  with the vent  lines from t h e  asphal t  s torage  tanks closed. 

The t o t a l  hydrocarbon (THC) sampling systems were operated i n  

Each p a r t i c u l a t e  sampling t r a i n  incorporated a tee i n  the  g lass  

tubing which connected the  p a r t i c u l a t e  f i l t e r  t o  t he  f i r s t  impinger. 

Small port ions of t he  gases sampled by the p a r t i c u l a t e  t r a i n s  were con- 

t inuously drawn off  through the tees and fed t o  t h e  FID analyzers. 

These flow rates were 0.4 l i ters per  minute ( l lmin)  f o r  the inlet  FID 

analyzer and 2 . 4  t o  2.8  l / m i n  f o r  the  o u t l e t  FID uni t .  For each par- 

t i c u l a t e  test, the volume of gas diver ted  t o  the  FID units was  added t o  

the  volume measured by the  dry gas meter t o  obtain the t o t a l  volume 

sampled by the p a r t i c u l a t e  train. 

applied t o  the  volume of condensate co l lec ted  by each p a r t i c u l a t e  t ra in .  
A n  example ca lcu la t ion  and addi t iona l  discussion is given i n  Section I 
of Appendix A. 

Appropriate cor rec t ions  were a l s o  . 

-17- 
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Table 11-9 summarizes the average measured hydrocarbon concentra- 
tions and calculated hydrocarbon emission rates for each of the three 
simultaneous HEAF inlet and outlet tests. The three inlet runs averaged 
9l,120 and 131 parts per million by volume (ppmv), reported as methane. 
When converted to grains per dry standard cubic foot, the average inlet 
values for the three runs were 0.0272, 0.0359 and 0.0387 gr/DSCF, again 
based upon methane. 
the inlet tests were 4 . 2 7 ,  5.57, and 6.17 pounds per hour (lb/hd as methane. 

The average measured outlet concentrations for the three tests were 

The corresponding average mass emission rates for 

133, 125, and 134 ppmv, as methane. The equivalent values for units 
of gr/DSCF were 0.0396, 0.0375, and 0.0413 gr/DSCF respectively, and 
the corresponding mass emission rates were 6.58, 6.33, and 7.04 lb/hr. 
In all three tests the average gaseous hydrocarbon concentrations at the 
outlet were higher than the corresponding inlet values. 
difference occurred during the first test (runs CEL-1-THC and CEL-2-THC), 
where the average inlet concentration was 91 ppmv compared with 133 ppmv 
for the outlet. This was the lowest average inlet value recorded for 
the three tests, and it is not known whether there was some process 
related condition which caused the lower value o r  whether there might have 
been some problem such as a small leak in the FID sampling system. 
average concentrations for the first half of the test were 106.7 ppmv 
for the inlet and 117.8 ppmv for the outlet. 
half of the test the inlet value dropped to 73.8 ppmv while the outlet was 
147.0 ppmv. 
was disturbed sufficiently to cause a leak. 
tests (runs CEL-3-THC/CEL-4-THC, and CEL-7-THC/CEL-8-THC respectively) 
exhibited average inlet and outlet concentrations that differed by only 
5 ppmv and 3 ppmv respectively, it seems quite likely that the CEL-1-THC 
run should be considered suspect. 

The largest 

The 

However, for the last 

It is possible that during the port change the FID sample line 
Since the second and third 

There remains the question of why the outlet concentrations were higher 
than the inlet concentrations. The REAF unit, of course, does not remove 
gaseous hydrocarbons. 
stream, some of the gaseous hydrocarbons should condense and be collected 

However, because the water spray cools the gas 

i 
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TABLE 11-9 

TOTAL HYDROCARBON EMISSION 

CELOTFX (LA) 

TESTS 

HEAF CONTROL DEVICE 

SUMMARY 

~~~~~~ ~ 

Average Total  Hydrocarbon Concentration 

PPmv, as a4 ~ K / D S C F  

Date I n l e t  Outlet  I n l e t  Outlet  

10 I 2 1 1  75 91 
10 I 2 2 1  75 120 

10 I 24 I 75 1 3 1  

1 3 3  

125 

1 3 4  

0.0272 0.0396 

0.0359 0.0375 

0.0387 0.0413 

Average Tota l  Hydrocarbon Emission Rate, l b lh r  

Date I n l e t  Outlet  

10121 l75  4.27 6.58 

10 12 2 I 7 5  5.57 6 .33  

10 I 2 4 1  75 6.17 7.04 

-19- 



by the HEAF media. 
concentration would be lower at the outlet than at the inlet. 
the reduced pressure on the fan suction side of the HEAF filter media causes 
some of the collected oil droplets to volatilize, resulting in a very 
slight (< 5 percent) increase i n  gaseous hydrocarbon content for the overall 

Thus it was expected that the gaseous hydrocarbon 
Apparently, 

HJ?,AF system. 

Tables 11-10 through 11-15 present the measured gaseous hydrocarbon 
concentrations and calculated mass anission rates for each particulate 
test traverse point used in each run. 
sion rates are also tabulated. 
countered during the gaseous hydrocarbon sampling, there are a few 
particulate sampling points which have no corresponding gaseous hydro- 
carbon measurements. Therefore, the number of particulate sampling 
points for which gaseous hydrocarbon data was obtained is indicated 
(N 0 - )  at the end of each table. 

Average concentrations and emis- 
Because several minor problems were en- 

These point by point tables readily indicate the rapid changes that 
occurred in gaseous hydrocarbon concentration with respect to time. 
fluctuations were caused by normal transient process conditions such as 
transfering materials from storage tanks to heaters, etc. 

The 

The concentration values, in ppm. reported in Tables 11-10 through 
11-15 are on an as-measured ("wet") basis. At the point where the samples 
were extracted from the particulate train the gas temperatures were 
approximately 100'F. The gases flowed directly from each particulate 
train into a 50 milliliter, round-bottom, knock-out trap which was at 
ambient temperature, and then entered a heated Teflon'') sampling line 
which was thermostatically controlled at approximately 150'F. 
knock-out trap was included as a precautionary measure to collect im- 
pinger water that might have been drawn into the FID sampling line if 
the FID sampling pump had been accidently turned on while the particulate 
train was not operating. The trap was not intended to remove water vapor 
from the FID sample, because any attempt to do so by the usual methods 
of condensation or adsorption would probably have removed some of the 
gaseous hydrocarbons as well. The ambient temperatures were sufficiently 

The 

- 

(l)tlention of a specific company or product does not constitute endorsement 
by the EPA. 
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TABLE 11-10 

n m  IONIZATION DETECTOR (FID) DATA SUMMARY 

CELOTM (LA) 
Sampling Location: REAF Inlet 

Date: OCt. 21, 1975 Run: CEL-1-TRC 

Data averaged during three minute intervals 

GASEOUS HYDROCARBON CONCE5TRATION. . . . ,  . - 

Point Average VOLUMETRIC POLLUTANT 
grIDSC3 FLOW MASS RATE TRAVERSE TIMT (min.) KINIMUM HAXPIUM 

PPm ppm ppm x 10- SCFM lbshr POINTS START EM) 

Port A 
24 
23 
22 
21 
20 
19 
18 

17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 

12:59 
13:02 
13:05 
13:08 
13:ll 
13:14 
13:17 

13:20 
13:23 
13:26 
13:29 
13:32 
13:35 
13:38 
13:41 

13:44 
13~47 
13:50 
14:13 
14:16 
14:19 
14:22 

13:02 
13:05 
13:08 
13:ll 
13:14 
13:17 
13:20 

13:23 
13:26 
13:29 
13:32 
13 : 35 
13: 38 
13:41 
13:44 

13:47 
14:50 
13:53 
14:16 
14:19 
14:22 
14:25 

125 
125 
128 
132 
135 
135 
129 

124 
88 
80 
85 
80 
129 
113 
94 

88 
88 

91 
71 
71 
69 
75 

125 
128 
132 
138 
142 
141 
136 

130 
124 
133 
94 
129 
151 
154 
115 

94 
91 

94 

77 . 
74 
73 
79 

125 
127 
130 
135 
139 

138 
133 

127 
112 
92 
90 
91 
140 
143 
103 
91 
90 
92 
74 
72 
71 
77 

Continued 
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37.3 
37.9 
38.8 
40.3 
41.5 
41.2 
39.7 
37.9 
33.4 
27.5 
26.9 
27.2 
41.8 
42.7 
30.7 
27.2 
26.9 
27.5 
22.1 
21.5 
21.2 

23.0 

389.3 
430.8 
466.4. 
480.9 
501.4 
504.7 
509.6 
498.1 

496.5 
492.7 
486.4 

465.6 
322.8 
303.1 
280.3 

275.5 
263.8 
252.4 
257.4 
279.4 
268.8 
252.4 

.1243 

.1392 

,1549 
.1659 
.1775 
.1780 
,1725 
.1616 
.1421 
.1158 
.1119 
.1082 
.1155 
.1108 
,0738 
,0640 
.0607. 
.0593 
.0487 

,0516. 
.0488 
.0497 
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TABLE 11-10 (continued) 

FlM IONIZATION DETECTOR (FID) DATA SUEIElARY 

1 
GASEOUS RPDROCARBON CONCENTRATION 

VOLUE(ETR1C POLLUTANT 
"FAVERSE TINE b i n . )  EnNIMM MAXIMUM 8r/DsCg FLOW MASS FATE 

POINTS START END ppm PPm ppm x 10- SCFM l b s / h r  

2 

1 
Por t  B 
48 

47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 

33 
32 
31 
30 
29 
28 
27 
26 
25 

N - 46 

14:25 
14:32 
14 : 34 

15: 14 

15:17 
15:20 

15:23 
15:26 
15:29 
15:32 
15:35 
15:38 
15:43 
15:46 
u:49 
15:52 
15:55 
15:58 

16:Ol 
16:04 
16:07 
16:lO 

16:13 
16:16 
16 : 19 
16:22 

16 : 25 

14:26 
14:34 
14:37 

15:17 

15 : 20 
15:23 
15:26 
l5:29 
15 : 32 
15:35 
15:38 
15:41 
15:46 
15:49 
1 5 : 5 2  

15:55 
15:58 
16:Ol 

16:04 
16 i07 
16:lO 
16:13 

16 : 16 
16:19 
16:22 
16 : 25 
16:28 

Ave - 

79 

ND 

86 

66 
67 
67 
70 
73 
7 2  
68 
68 

67 
ND 

ND 

87 
94 
78 
70 

65 
63 
65 
63 
63 
61 
61 
66 
66 - 
85.7 

82 

ND 

91 

75 

76 
70 
73 
75 
75 
73 
70 
69 
ND 

ND 

142 
143 
94 
78 
70 
68 
70 
65 
64 
63 
66 
67 
79 - 
96.8 

ND - No Data 
Standard Conditions: 68'F, 29.92 in. Hg 

81 

ND 
88 

72 

71 
69 
71 
74 
74 
70 
69 
68 
ND 

ND 

119 
112 
86 
74 
68 
66 
68 
64 
64 
62 
64 
66 
72 - 
91.0 

TOTAL - 

24.2 

ND 

26.3 

21.5 

21.2 
20.6 
2 1 . 2  

22.1 

22.1 

20.9 
20.6 

20.3 
ND 

ND 

35.5 
33.4 
25.7 
22.1 
20.3 
19.7 
20.3 
19.1 
19.1 
18.5 
19.1 
19.7 
21.5 

27.2 

- 

248.9 

248.9 
203.5 
. .  

357.2 

360.9 
376.3 
372.8 
368.9 
381.4 
381.7 
392.7 
389.6 

397.4 
389.3 
377.6 
353.7 
365.8 
380.1 
397.0 
404.3 
451.7 
448.1 
441.5 
440.4 
423.3 
406.2 
309.9 

18,300 

.0515 . 
ND 

.0459 

.0657 

.0655 

.0663 

.0676 

.0697 

.0721 

.0683 
,0692 
.0677 

ND 

No 

.1148 

.1012 

.0804 

.0719 

.0690 

.0683 

.0786 

.0734 

,0723 
.0698 
.0693 
.0586 
.a571 

4.266 
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TABLE. 11-11 

FLAMT IONIZATION DETECTOR (FID)  DATA SUMMARY 
C n m M  (LA) 

Sampling Location: HEAF Ouclet 

~ a r a  averaged during three minute intervals 
Date: Oct. 21. 1975 Run: CEL-2-THC 

Port A 
24 
23 
22 

21 
20 
19 
18 

17 
16 
15 
14 

13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 

., 

12:59 
13:02 
13:05 

13:08 
13:ll 
13:14 
13:17 

13:20 
13:23 
13:26 
13:29 
13:32 
13: 35 
13:)s 
13:41 
13:44 
13:47 
13:50 
14:13 
14:16 
14:19 
14:22 

13:02 
13:05 
13:08 

13:ll 
13:14 
13:17 
13:20 

13:23 
13:26 
13: 29 
13: 32 

13:35 
13: 38 
13:41 
13:44 
13~47 
13:50 
13:53 

14:16 
14:19 
14:22 
14:25 

81 
81 
86 
92 
100 
105 

10 7 
110 
111 
112 
114 
ND 
ND 
170 
122 

115 
115 
115 

111 
119 
125 
135 

82 82 24.6 
88 85 25.5 

92 89 26.7 

100 96 28.8 

10 5 103 30.9 

10 8 106 31.8 

1 10 108 32.4 

112 111 33.3 

113 112 33.6 

117 ' 115 34.5 

121 119 35.7 
ND ND 
ND ND 

ND 
ND 
215 200 60.0 
170 146 43.8 

122 118 35.4 

115 115 34.5 

117 116 34.8 

121 117 35.1 

128 123 36.9 

140 130 39.0 
140 137 41.1 

401.6 
401.6 
404.6 
404.9 
415.2 
417.7 
417.7 
422.3 
432.5 
432.9 
440.1 
481.3 

481.3 

449.6 
442.5 

428.0 
418.0 
402.6 

405.3 
405.3 
375.6 
355.4 

.0520 

,0850 

.0597 
,0968 
.1065 
.1102 
,1123 
,1167 
.1206 
,1240 
.1Y)4 
M) 

Nl! 

'.2239 
.1609 

.1258 

.119 7 

.1163 

.1181 

.1241' 

.1216 

.1212 

continued 
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TABLE 11-11 (continued) 

F 1 . W  IONIZATION DETECTOR ( F I D )  DATA SUINARY . .  

GASEOUS HYDROCARBON C O N C E N T T  
m i n t  Average VOLUMETRIC POLLUTANT 

TRAVERSE T M E  (min.) MINIMUM MA.YL\IIM gr/DSCq n o w  MASS RATE 
POINTS START rn ppm ppm ppm x 10- SCFM lbs lhr  

2 

2 

1 
Port B 

48 
47 
46 
45 

44 

43 
42 
41 

40 
39 
38 
37 

36 

35 
34 

33 
32 
31 
30 
29 
28 
27 
26 

25 

14:25 
14:32 
14:34  

15:14 
15:17 
15:20 
15:23 
15:26 

15:29 
1 5 : 3 2  

15 : 35 
15:38 
15:43 
15:46 
15 : 49 
15:52 

15:55 
15:58 
16:Ol 
16:04 

16:07 
16:lO 

16:13 
16:16 
16:19 
16:22 

16:25 

1 4 : 2 6  

14: 34 
14:37 

15:17 
15 : 20 
15:23 
15:26 
15:29 

15:32 
I5 : 3S 

15 : 38 
15:41 
15:46 
15:49 
15:52 

15:55 
15:58 
16:Ol 
16:04 
16:07 
16:lO 
16:13 

16:16 
16:19 
16:22 
16:25 

16:28 

128 

112 
125 

100 
115 
115 
115 
121 
,125 
128 
132 
134 
105 
190 
250 

160 
147 

145 
142 
140 
140 
137 
139 
140 
144 
148 
149 

140 

125 

133 

115 
120 
117 
121 
125 
132 
132 
136 
141 
190 
250 
273 
273 
160 

147 
145 
143 
140 
140 
142 
145 

148 
149 
152 

134 

117 
130 

10 7 
117 
116 
118 
124 
128 
130 
134 
137 
150 
220 

260 
200 

152 

146 
143 
142 
140 
138 
141 
142 
146 
148 
150 

40.2 

35.1 
39.0 

32.1 
35.1 
34.8 

35.4 
37.2 
38.4 

39.0 
40.2 
41.1 
45 .o 
56.0 
78.0 
60 .O 
45.6 

43.8 
42.9 
42.6 
42.0 
41.4 

42.3 
42.6 
43.8 
44.L 
45.0 

343.4 

343.4 
i43.4 

347.0 
340.9 
347.0 
350.1 
353.1 
350.1 
350.1 
384.6 
390 .O 
403.4 
408.2 

418.4 , . 

442.9 
442.9 

430.8 
410.8 
389.7 
420.6 
397.4 
378.4 
361.3 
343.4 
330.9 
330.9 

,1146 , 

,1146 
.1112 

.0925 

.0993 

.1002 ~ 

,1029 
.1090 
.1116 
.1133 
,1283 
,1330 
,1507 
.'2236 
,2709 
.2206 
.1676 

,1566 
.1463 
.1378. 
.1466 
.1366 
.1329 
.1277 
.1248 
.1219 
,1236 

N - 47 Aye = 126.6 139.4 132.7 39.6 
TOTAL - 19,400 6.584 ND - ti0 Data 

Standard Conditlom: 68°F. 29.92 in. Hg 
-24- 



TABLE 11-12 

FLAHE IONIZATION DEECTOR (FID) DATA SUMNARY 

C m m M  (LA) 

Sampling Location: E U P  Inlet 
Date: Oct. 22. 1975 Run: CEL-3-l’KC 

Data avaraged during three minute intervals 

VOLUHETRIC POLLIlTANT 
TRAVERSE T D E  (min.) WINIHVU N A x I ” l  srlDSCg FLOW MASS W E  

POIhTS START END ppm ppm ppm x 10- SCFM lbslhr 

GASiOUS HYDROCARBON CONCEXIRATION 
Poinr A ver- 

Port A 
48 

47 
46 
45 
44 
43 

42 
41 

40 
39 
38 
37 
36 
35 
34 

34 
33 

32 
31 
30 
29 

10:03 

10:32 
I0:35 
10:38 
10:41 
10:44 
10:47 
10:50 

10:53 
10:56 
10:59 
11:02 
11:05 
11:08 
11:11 

11:15 
11:17 
11:20 
11:23 
11:26 
11: 29 

10:06 

10:35 
io:3a 
10:41 
10:44 
10:47 

10:50 
10:53 

10:56 
10:59 
11:02 
11:05 
11:08 
11:u 
11:12 

11:17 
11:20 
11:23 
11:26 
11:29 
11:32 

ND 

138 
165 
167 
122 
103 
96 
96 

97 
105 

105 
100 
108 
108 
113 

96 
98 

101 
105 
94 
94 

ND 

171 
180 
190 
167 
122 
104 
104 

108 
108 
111 
111 
111 
113 
119 

103 
104 

107 
96 
104 
97 

ND 

161 
172 
183 
145 
112 
100 
100 

103 
107 
108 
105 
110 
111 
117 

99 
101 
105 
101 
99 
96 

ND 364.1 

48.0 372.4 
51.3 387.6- 

54.5 391.4 

43.2 391.0 

3 3 . 4  398.8 
29.8 401.5 
2 9 . 8  394.1 
30.7 390.4 
31.4 390.4 
32.2 393.8 
31.3 397.2 
32.8 401.5 
3 1 . 1  374.1 
34.9 389.7 

29.5 389.7 
30.1 422.1 
31.3 425.2 

30.1 435.7 

29.5 450.1 
28.6 436.8 

Continued 
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, cy. 
ND 

.1530 

.1701 

.1a28 
,1447 

,1140 

.1025 
,1006 
.1026 
.1066 
,1085 
,1064 
,1127 
:1060 
.1164 

.0985 
,1088’ 

,1139 

,1123 

,1137 ’ 
.1070 



TABLE 11-12 (continued) 

FLAKE IONIZATION DETECTOR (FID) DATA SUElEMRY 

GASLOUS KYDROCAP&OII CONCENTRATION 
VOLUMETRIC POLLUTANT 

TRAVERSE TIIE (mi".) KINlMiM MAXIXVM gr/DSC$ now MASS RATE 
POINTS START END ppm PPm ppm x 10- SCFM lbbslhr 

28 
27 
26 
25 

P o r t  8 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 

7 
6 
5 

4 

3 
2 
1 

N - 47 

11:32 
11:35 
11:38 
11:41 

12 : 26 

12:29 
12 : 32 
12:35 
12:38 
12:41 
12 : 44 
12:47 
12:50 
12:53 
12:56 
12:59 
13:02 
13:05 
13: 25 
13: 28 
13:31 
13: 34 
13:37 
13: 40 
13:43 
13:46 
13:49 
14:02 

NE - NO D a t a  
S t a n d a r d  C o n d i t i o n s :  68-F. 29.92 in. Hg 

11:35 

11: 38 

11:41 
11:44 

12:29 
12:32 
12:35 
12:38 
12:41 
12:44 
12:47 
12:50 
12:53 
12:56 
12:59 
13:02 
13:05 
13:08 

13:28 
13:31 

13:34 
13:37 
13:40 
13:43 
13:46 
13:49 
13:52 
14:05 
Ave - 

93 
93 
123 
160 

99 
116 
161 
126 
119 
112 
104 
99 
98 
96 
95 
94 
93 
88 
86 

89 
92 
100 
102 
116 
185 
181 
140 

ND 

112.1 
- 

97 
120 
160 
178 

142 
161 
192 
174 
126 
119 
112 
105 
102 
98 
99 
103 
99 
100 
90 
92 
101 
105 
116 
185 
230 
236 
182 
NDr 

128.8 
- 

95 
100 
149 
169 

121 
133 
177 
150 
123 
116 
108 
102 
100 
97 
97 
98 
96 
94 
88 
90 
97 
10 3 

107 
131 
208 
218 
161 

ND 

120 

-26- 

- 

28.3 420.4 
360.3 29.8 

44.4 297.3 
50.4 271.4 

. .  

36.1 343.0 
39 .'6 364.1 
52.7 452.9 
44.7 490.6 
36.7 502.5 
34.6 507.9 
32.2 514.9 
30.4 516 .O 

29.8 516.4 
28.9 499.1 
28.9 519.9 ' 
29.2 466.5 
28.6 327.9 
28.0 301.4 
26.2 276.5 
26.8 281.3 
28.9 266.3 
30.7 255 .O 
31.9 244.2 
39 .O 242.3 
62.0 247.9 
65.0 153.3 
48.0 203.1 

223.8 - - ND 

35.9 
TOTAL = 18,100 

.lo19 , , - 

.0920 v 

,1130 
.1170 

.1059 

.1236 

,2046 
.1878 
,1577 
.1503 
.1419 
,1343 
,1318 
.'1235 
.1287 
.1167 
.0804 
.0723 
,0621 
,0646 
.0659 
.0670 
.0667 
,0810 
.1316 
.0853 
,0834 

ND 

5.570 



TABLE 11-13 

F?A?!B IONIZATION DETECTOR (FID) DATA SUMMARY 

CELUTEX (LA) 

Sampling Location: HEPF Out le t  
Date: Oct. 22. 1975 Run: CEL-4-m~ 

Data averaged dur ing  t h r e e  minute i n t e r v a l s  

Porr A 

24 

23 

22 

2 1  

20 

19 

18 
1 7  

16 

15 

14 

13  
1 2  

11 
10 

10 

9 

8 

7 

6 

5 

4 

3 

2 

10:03 

10:32 

10: 35 

10:38 

10:41 

10:44 

10:47 

10:50 

10:53 

10:56 

10:59 

11:02 

11:05 

11:08 
11:11 

11:15 

'11:17 

11:20 

11:23 

11:26 

11:29 
11 : 32 

11: 35 

11:38 

10:06 

10:35 

10:38 

10:41 
10:44 

10:47 

1o:so 
10:53 

10:56 

10:59 

11:02 

11:05 

11:08 

11:11 
11:12 

11:17 

11:20 

11:23 

11:26 

11:29 

11:32 
11:35 

11:38 

11:41 

ND 

121 
14 8 

114 

114 

108 

101 
106 

108 

111 

113 

111 

1 1 4  

121  
128 

98 

112 

121  

124 

124 

126 
126 

128 

135 

ND 

148 
170 

176 

128  
118 

108 

106 

108 

111 

113 

114 

1 2 1  

1 2 8  

131  

112 

121 

124 

128 

128 
126 

128 

135 

175 

ND 

128 

159 

152 

1 2 1  

113 

105 
106 

108 

111 

113 
113 

117 

125 
130 

105 

117 

123 

126 

126 

126 

127 

132 
163 

ND 381.2 

38.3 395.6 
47.6 404.2 

45.5 619.9 

36.2 419.6 

33.8 429.9 

31.4 434.7 

31.7 439.7 

32 .3  447.1 

33.2 454.4 

33.8 456.5 

33.8 463.2 

35.0 490.7 

37.4 489.9 

38.9 457.7 

31.4 457.7 

35.0 457.7 

36.8 425.6 

37.7 412.2 

37.7 404.2 
37.7 393.3 

38.0 382.0 

39.5 370.8 

48.8 349.6 

ND 

.1297 

.1646 

.1635- 

.1300 

.1244 

.1169 

,1193 

.1237 

.1292 

.1321 

.1340 

.1470 

.1568 

.1524 

,1231 

.1371 

.1340 

.1330 

.1304, 

.1269 

.1243 

.1253 

.1459 

_. . . . . .. 

Cmtinucd  
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TABLE 11-13 (conrinued) 

FLAK€ IONIZATION DETECTOR (FID) DATA SUMElhRY 

GASEOUS HYDROCARBON CONCENTRATION 
Point werase VOLUNETRIC POLLUTANT 

MASS RATE TRAVERSE TINE (min.) HINIMLM WIERTM sr/DSCr; now 
POINTS START END epm ppm ppm x 10- SCFM lbslhr 

1 

Port B 
48 
41 
46 
45 
44 

4 3  

42 
41 
40 

39 
38 
37 
36 
35 
34 
33 
32 
31 

30 
29 
28 
27 
26 
25 

N - 48 

11:41 

12 : 26 
12:29 
12:32 
12:35 

12:38 
12:41 
12:44 
12~41 
12 : 50 

12:53 
12:56 

12:59 
13:02 
13:05 
13:25 
13:28 
13:31 
13:34 

13:37 
13:40 
13:43 
13:46 
13:49 
14 : 11 

11:44 

12:?9 
12: 32 
12:35 
12:38 

12:41 
12 : 44 

12~47 
12:50 
12:53 
1:.56 
12 : 59 
13:02 
13:05 
13:08 
13:28 
13 : 31 
13:34 
13:37 

13:40 
13:43 
13:46 
13:49 
13:52 
14:14 

Aye - 

175 

77 
98 
124 
121 

113 
114 
114 
116 
118 
119 
119 

121 
118 
118 
67 
91 
98 
104 

108 
118 
185 
175 
151 
101 

118.2 

198 

104 
124 
165 
165 
121 
114 
116 
118 
118 
121 
121 
124 
121 
128 
91 
98 
104 
108 

118 
185 
225 
235 
175 
128 

133.0 

- 

M) - No Data 
Standard Conditions: 68OF. 29.92 in. Hg 

186 55.6 343.6 

91 
106 
145 
138 

117 
114 
115 
117 
118 
120 
120 
122 
119 
123 

84 
94 
101 
106 

111 
136 
205 
204 

163 
114 - 

27.2 
31.7 
43.4 
41.3 
35.0 
34.1 
34.4 

. 35.0 
35.3 
35.9 
35.9 
36.5 
35.6 
36.8 
25.1 
28.1 
30.2 
31.7 
33.2 
40.7 
61.3 
61.0 

, 48.8 
34.1 - 

346.1 
346.7 - ' 

346.7 
368.1 
316.9 
379.8 
388.4 

385.5 
388.4 
400.1 
456.8 
464.4 
471.0 
487.1 
455.2 
422.9 
427.8 
422.9 
398.4 
381.5 
354.5 
328.7 
3 4 . 2  

341.8 

125.3 37.5 
TOTAL - 19,700 

.1636 

-. 

.0808 

.0941 

.1288. 

.1301 
,1129 
.1109 
.1148 
.1155 
.1171 
.1230 
.1404 
.P451 
.1435 
.1534 
.0979 
.106'6 , 

.1106 

.1148 

.1132 

.1350 

.1e61 

.1717 

.1454 
.0998 

6.332 

j 
.J 
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TABLE 11-14 

FLAbE IONIZATION DETECTOR (FtD) DATA SUMMARY . .  
CELOTM (U) 

sampling Location: IiW Inlet 

Date: Oct. 24, 1975 Run: CEL-7-THC ' 

Uara averaged during three minute intervals 

GASEOUS HyDROCAilROS CONCENTRATION 
Point Averaqe VO'OtUMETRIC POLLUTANT 

MASS RATE 'IRAVERSE T I M  b i n . )  MrNIMLm MAxImQ! grlDSCg nnr 
POINTS START END ppm PPm ppm x 10- S C M  lhslhr 

Port A 
24 
23 
22 
21 
20 

19 
18 
17 
16 

15 
14 

13 
12 
11 
10 
9 

8 
7 

6 

5 
4 

3 
2 

1 

9:55 
9:58 
10:01 
10:04 
10:07 
1O:lO 
10:13 
10:16 
10:19 

10:22 
10:25 
10:28 
10:31 
10: 34 
10: 37 
10:40 

10:43 
10:46 
10:49 
ll:O8 
11 : 11 
11:14 
11:17 

11:20 

9:58 
10:01 
10:04 
10:07 
10:10 
10:13 
10:16 
10:19 
10:22 

10:25 
10:28 

10:31 
10 : 34 

10:37 
10:40 
10:43 

10:46 
10:49 
10:52 
11:ll 
11:14 
11:17 
11:23 

11:23 

27 52 42 
52 63 59 

63 110 81 
110 176 143 
150 174 162 
144 150 147 
123 150 133 
116 123 120 
114 117 116 

115 116 116 
114 116 115 
105 11 6 110 
109 111 110 
109 113 112 
109 112 111 

112 118 115 

118 182 150 
178 19 1 183 
NE NE ND 
NE NE ND 
70 75 72 
70 80 75 
78 85 81 

84 86 85 

Continued 
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12.4 

17.4 
23.9 
42 .2  

47.8 
4 3 . 3  
39 .2 
3 5 . 4  

34.2 
34.2 
33.9 
32.4 

32.4 

33.0 
32.7 
33.9 
44.2 

53.9 
m 
ND 
21.2 
22.1 
23.9 
25.1 

364.5 
347.9 
474.1- 
499.7 
503.1 
506.9 
508.9 
530.1 
522.9 
518.1 
501.4 

456.1 
323.1 
323.1 
282 .4  

276.2 
266.0 

248.4 
250.0 

245.3 
255.9 
212.9 
205.5 
173.3 

.0387 

.0519 

.09 70 

.1N4 

.2058 

.1e81 

.1709 

.1606 

.1532 

.1518 

.1430 

.1267 

.D898 

.0914 

.0791 

.0802 

.1007. 
,1168 
ND 

MI. 
,0411 
,0403 
.0420 
.0372 



TABLE 11-14 ( c o n t i n u e d )  

FLAME IONIZATION DETECTOR (FID) DATA SUEIXARY . .  

GASEOUS HYDROCARBON COPICENTPATION 
Point AveraRe VOLUMETRIC POLLUTANT 

TRAVERSE T M E  (min.) EIINIMUM HAyIMuM gr/DSCg now MASS RATE 
POINTS START END ppm PPm ppm x 10- SCFM l b s l h r  

Port 8 

48 

4 7  

46 

45 

44 

4 3  

42 

41 
40 

39 
3a 
37 

36 

35 
34 

33 

32 
31 
31 

30 

29 

28 
27 

26 

25 

12: 30 

12:33 

12:36 

12:39 
1 2 : 4 2  

12:45 

12:48 

12:51 
13:06 

13:09 

13:.12 
13:15 

13:18 
13:?1. 

13:24 

13:27 

13:30 
13:33 
13:45 

13:47 

13:50 

13:53 
13:56 

13:59 

14:02 

N - 47 

ND - NO Data 

12:33 

12:36 

12:39 
12:42 

1 2 : 4 5  

12:48 

12:51 

12:54 

13:09 

13:12 
13:15 

13:18 

13:21 

13: 24 

13:27 

13:30 

13:33 
13 : 34 
1 3 : 4 7  

13:50 

13:53 
13:56 
13:59 

14:02 

14:05 

Ave - 

137 

141 

157 

205 
161 

149 

150 

145 

1 2 3  

130 
137 
137 

132 

126 

126 

126 

140 

198 
120 

116 

116 

123 

123 

130 

16 1 - 
123.0 

141  

183 

218 

243 
205 

161  

150 

150 
130 

140 
140 
14 0 

137 

132 

126 

140 

198 

229 
239 

118 
123 
123 

130 

161 

164 

141.2 

- 

138 

162 

181 

229 
194 

155 

150 

147 

126 

135 
139 

139 

134 

129 

126 

128 

157 

214 

167 

117 

120 

123 
127 

137 

163 - 
131.4 

TOTAL - 

40.7 

47.8 

53.4 

67.5 

57.2 
45.7 

44.2 

43.3 

37.1 

39.8 
41.0 

41 .O 
39.5 

38.0 
37.1 

37.7 

46.3 

63.1 

49.2 

34.5 

35.4 

36.3 

37.4 

60.4 

48.1 - 
38.7 

311.6 

. ,377 .1  

391.2- 

394.0 

419.9 
413.1 

418.8 

418.4 

422.3 

426.9 

419.5 

397.6 
369.1 

376.8 
376.8 

394.6 

402.0 

405.6 

405.6 

450 .3  

457.1 

453.9 

456.7 

447.0 

437.7 - 

ia,fioo 

.1086 

.1543 
,1788 

,2278 

.2057 

.1617 

.1586 

.1553 

.1344 

.1455 

.1472 

.1395 
,1249 

,1227 

.1199 

.1275 

,1594 

,2192 

,1710 

.1330 
,1385' 

.14 10 

.1465 

.1546 

.1802 

6.170 

. .  

S t a n d a r d  C o n d i t i o n s :  68'F. 29.92 in. Hg 
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TABLE 11-15 

FLAME IONIZATION DETECTOR (FID) DATA SUNMARY 
CELOTEX (LA) 

Sampling Location: HWIF Outlet 
Date: O c t .  2 4 .  1975 Run: CEL-8-THC 

Data averaged during three minute intervals 

GASEOUS HYDROCARBON CONCENTRATION 
Point Average VOLUMETRIC POLLUTANT 

MASS RATE TRAVERSE TIME (min.) M I N I m  MAXDNM sr1DSCg now 
POImS START END PPm PPU ppm x 10- SCFM lbs lhr  

Part A 
24 
23 
22 
21 

20 

19 
18 
17 
16 
15 
14 

13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 

9:55 
9:58 
1O:Ol 
10:04 
10:07 
1O:lO 
10:13 
10:16 
10:19 
10:22 
10:25 

10:28 

10:31 
10: 34 
10: 37 
10:40 
10:43 
10:46 
10:49 
ll:08 
11:11 
11:14 
11:17 

9:58 
10:01 
10:04 
10:07 
1O:lO 
10:13 
10:16 
10:19 
10:22 

10:25 
10:28 

10:31 
10 : 34 
10:37 
10:40 
10:43 
10:46 
10:49 

10:52 
11:11 
11:14 
11:17 

1l:ZO 

138 

126 
137 
138 

143 
138 
139 
141 
145 
148 
148 

149 
150 
152 
149 
148 
158 
237 
185 

ND 

ND 
87 

108 

252 
138 
145 
145 

143 
141 
14 1 
148 
150 
151 
155 

155 
155 
152 
15 3 
156 
232 
245 
242 
ND 
ND 

108 

114 

17 3 
132 
141 
14 1 

143 
140 
140 
145 
157 
149 
152 
152 
152 
152 
151 
152 
200 
241 

223 
ND 

ND 

97 

111 

51.1 
39.0 
41.6 
41.6 
42.2 
41.3 
61.3 
42.8 
46.4 
44.0 

44.9 
44.9 
44.9 
44.9 
44.6 
44.9 

59.1 
71.2 
65.9 

ND 
ND 

28.6 
32.8 

410.0 .1794 
404.5 .1351 
407.0 ,1451 
412.4 .1471, 
417.8 .1511 
422.8 .1491 
422.8 ,1491 
458.3 .0014 
461.1 .1450 
463.5 .1741 
468.7 .1802 
463.5 .1781 
464.3 .1785 
459.4 .1767 
447.4 .1709 
434.7 .1709 
418.9 . 2ii9 
408.0 .2487 
408.0 .2301 
386.3 h% 
374.7 ND' 
383.4 .0941 
361.8 .lo16 

Continued 
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TABLE 11-13 (continued) 

FLNLE IONIZATIOW DETECTOR (FID) DATA SUIINARY 

GASEOUS H Y D R O W O N  CONCGNTMTION 
yeraw VOLUMETRIC POLLUTANT 

TRAVERSE TIElE (mi".) MNIMUN ELN(INlJM SeinE A grlDSC5 now MASS RATE 
POINTS START END ppm PPm ppm x 10- SCM lbs lhr  

1 11:20 
Port B 

48 
47 
46 
45 
44 
43 
42 

41 
40 
39 
38 
37 
36 
35 

34 
33 
32 
31 

31 
30 
29 
28 
27 

26 
25 

N - 47 

12:30 

1 2 : 3 3  

12 : 36 
12:39 
12:42 
12:43 
1 2 : 4 8  

12:51 
13:06 
13:09 
13:12 
13: 15 
13:18 
13 : 21 

13: 24 
13:27 
13: 30 
13:33 
13:45 
1 3 : 4 7  

13:50 

13:53 
13:56 
13:59 
14:02 

11:23 

12:33 

12: 36 
12:39 
12:42 
12 : 45 
12:48 
12:51 
12 : 54 
13:09 
13:12 

13:15 
13:18 
13: 21 
13:24 
13:27 
13: 30 
13:33 
13:34 
13:47 
13:50 
13:53 
13:56 
13:59 
1 4 : 0 2  

14:05 

Ave - 

114 

17 

91 
111 
165 
131 
121 
121 

121 

101 
111 
121 

121 
121 

121 
124 
131 
144 
195 
101 
104 
114 
114 
123 

131 
141 

132.6 

- 

121 

93 
128 
168 
19 2 

192 
131 
121 

121 
111 
121 

121 
121 
128 
124 
131 
144 
19 5 

205 

104 
111 
114 
123 
131 
141 
145 

148.0 

- 

ND - No Data 
Standard Condfciana: 68OF. 29.92 in. Hg 

117 

85 
114 
126 
183 
141 
126 
121 

121 
106 
116 
121 
121 
124 
123 

127 
140 
165 
200 

103 
107 
114 
119 
128 

136 
143 

134.1 

- 
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34.6 

25.1 
33.7 
37.2 
54.0 
41.6 
37.2 
35.1 
35.7 
31.3 
34.3 
35.7 
35.7 
36.6 
36.3 
37.5 
41.3 
48.7 
59.1 
30.4 
31.6 
33.7 
35.1 
37.8 
40.2 
42.2 - 
41.3 

TOTAL 

352.3  

383.5 
370.9- 
367.1 
376.3 
405.5 
408.4 
416.7 
421.8 
428.6 
425.5 
428.6 
441.8 
454.2 

441.0 
253.5 

419.8 
419.8 
403.1 
433.2 
425.2 
414.3 
403.4 
383.0 
358.6 

364.9 

19.900 

_. 
.1043 

. .  
.0524 
.1069 

.1170 

.1742 

.1446 

.1302 

.12?5 

.1291 

.1149 

.1249 
,1312 
.1352 
.1425 
.1372 
.1417 
.1487 
.1752 
.2039 
.1129 
.1151 
.1199 
.1214 
.1240 
.1234 
.1320 - 

7.04 



high SO that no condensation of either oil or water was noted in the 
knock-out traps during any of the runs. 
FID analyzers both stated that the 2 to 3 percent water vapor contained 
in the sampled gas would not interfere with the hydrocarbon detection. 

The manufacturers of the two 

To provide a more direct comparison of the inlet and outlet concentra- 
tions and for calculations of mass emission rates, it is customary to 

work on a "dry" basis rather than the wet as-measured basis. 
the moisture content determined during each corresponding particulate 
run, the wet ppmv values were converted to grains per dry standard cubic 
feet (gr/DSCF) using the following equation: 

By using 

'gr/ DSCF = (e) (:) (7000) 

'gr/DSCF = concentration of hydrocarbons (as CH4) where 

at dry standard conditions (68'F, 29.92 

in. Hg), gr/DSCF 

C - measured concentration of hydrocarbons 
PPmv 

at stack conditions, cubic feet of hydro- 
carbons (as CH4) per 1,000,000 cubic feet 
of stack gas. 

= mole fraction of dry gas determined 
from corresponding particulate run, 
dimensionless 

M = molecular weight of CE4, 16 lb/lb-mole 

.- V = molar volume of ideal gas at standard 
conditions, 385.5 SCFllb-mole 

7000 = conversion factor, gdlb 

= conversion factor fo r  ppmv to volume fraction 
dimensionless 

The mass emission rate for each traverse point was determined by multi- 
plication of the point concentration thes the dry gas flow rate measured 
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at t h a t  point.  

calculated point ve loc i ty  and the a rea  of t h e  s t ack  represented by t h a t  

t raverse  point.  Because for ty-eight  t r ave r se  poin ts  were used, each 

point represented 1/48 of the  t o t a l  s tack  a rea . .  The exact  equations 

used f o r  t h e  point  by point  mass emission rate c a l c u k t i c n s  a r e  shown 

below: 

The "point" dry gas flow r a t e  w a s  the  product of the  

where: 

Q1 = volumetric dry s t ack  gas  flow r a t e  f o r  a r ea  with cen- 

t r o i d  a t  point  i, qSCFM 

= volume f r a c t i o n  of water vapor i n  the  s t ack ,  dimensionless 

= s t ack  gas ve loc i ty  a t  po in t  i, f e e t  per second (FPS) 

Bwo 

vsi 
a t  s t ack  condi t ions 

L A = cross-sect ional  area of t h e  s tack,  f t  

abso lu te  temperature a t  standard conditons,  528'F T s t d  

'std = absolu te  pressure a t  s tandard condi t ions,  29.92 i n .  Hg. 

0 T = absolu te  s t ack  gas temperature of point  i, R 

P = absolu te  s t ack  gas pressure a t  po in t  i, in .  Hg 

60 = conversion f a c t o r ,  sec/min 

48 = number of t ranverse  p o i n t s ,  dimensionless 

S 

S 

and 

where: 

Ei = gaseous hydrocarbon mass flow r a t e  from area  with 

cent ro id  a t  point  i, l b / h r  

Ci = gaseous hydrocarbon concentrat ion measured a t  point  i, 

gr/DSCF 
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60 = conversion factor, minlhr 

7000 = conversion factor, gr/lb 

Total stack gas volumetric flow rate was determined by summation of 
the Qi's. 
as the sum of the E I s .  

were unavailable, summation of the existing E 
total mass flow rate. 
carbon concentration, 
metric flow to determine the total gaseous hydrocarbon mass flow. 

Likewise, total gaseous hydrocarbon mass flow rate was calculated 

i In the cases where hydrocarbon point measurements 
values would not equal the i 

Under such.circumstances the average gaseous hydro- 
was multiplied times the total stack gas volu- cave' 

Copies of the recorder strip chart data obtained during the actual 
times of sampling are included in Section V, Sampling and Analytical 
Procedures. 
Section I of Appendix C. 

Copies of the unabridged strip chart data are contained in 

During the final day of testing, the hydrocarbon contribution of the 
asphalt storage tank vents to the total hydrocarbon HEAF inlet loading was 
determined. 
concentrations with the dampers on the tank vent lines first closed and then 
opened. 

was not conducted, but rather sampling from one point (Point 36) was 
employed. 
parameters were recorded manually at three minute intervals and the FID 
analyzer output was recorded continuously on a strip chart. Average 
gaseous hydrocarbon concentrations and mass flow rates were calculated 
for each three minute interval utilizing the same equations used for the 
other gaseous hydrocarbon tests. 
A copy of the strip chart data recorded during this test is presented in 
Figure V-8, Section V, Sampling and Analytical Procedures. 

This was accomplished by measuring HEAF inlet hydrocarbon 

During this special test (Run No. CEL-9-THC) a sample traverse 

As with the other gaseous hydrocarbon runs, stack gas flow 

These results are presented in Table 11-16. 

During the test, the two vent lines were first closed and data was 
collected for approximately 15 minutes. 
another 15 minutes of data was obtained. 
normal speed during the testing period. 
concentration surge when the dampers were reopened, t h e  measured concentra- 
tions were relatively steady during the testing period. 
trations with the dampers closed ranged from 111 to 119 ppm. 

The dampers were then opened and 
The process line was operated at 
With the exception of a transient 

Measured concen- 
With the 
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TABLE 11-16 

FLAK?. IONIZATION DETECTOR (FID) DATA SUMMARY 

CELOTFX (LA) 

Sampling Lacacion: HEAF Inlet 
Date: Occ. 24,  1975 Run: CEL-9-THC 

Uata averaged durfng chree minute fnCema+s 

EVALUATION OF STORAGE TANK NISSIONS 

GASEOUS HYDROCARBON CONCENTRATION 
m t  Averape VOLUMETRIC POLLUTANT 

srlDSCg now MASS RATE TRAVERSE TIME (rain.) MINIMTM NAxIERlM 
ppm ppm ppm x 10- SCFM lbslhr POINTS START END 

15:21 

15:23 
15:26 
15:29 
15: 32 
15:35 
15 : 38 
15:41 

15:44 
15:47 
15 : 50 
15:53 
15 : 56 
15:59 
16:02 

16:05 
16:08 
16:11 
16:14 
16 : 17 
16 : 20 
16:23 

15:23 

15:26 
15:29 
15:32 
15 : 35 
15:38 
15:41 
15:44 

15:47 
15:50 
15:53 
15:56 
15:59 
16:02 
16:05 

16:08 
16 : 11 
16:14 
16:17 
16:20 
16:23 
16 : 26 

34 
54 
64 
77 
94 

104 
104 
108 

114 
124 
129 
129 
134 
118 
114 

114 
111 
111 
111 
134 
131 
129 

54 

77 
77 

94 
111 
106 
108 
114 

124 
129 
129 
134 
134 
134 
119 

119 

114 
114 
173 
141 
138 
138 

44 

66 
71 
86 
103 
105 
106 
111 

120 
126 
129 
132 
134 
126 
117 

117 
112 
112 
140 
138 
135 
134 

13.1 
19.6 
21.1 
25.5 
,30.6 
31.2 
31.5 
33.0 
35.6 
37.4 
38.3 
39.2 
39.8 
37.4 
34.8 
3 4 . 8  

33.3 

33.3 
41.6 
41.0 

40.1 
39.8 

392.9 

396.2 
395.5 
395.2- 
394.8 
394.1 
397.1 
397.1 
396.4 
395.7 
395.4 
390.8 
390.1 
389.8 
389.8 
389.8 
390.1 

390.1 
394.4 
394.4 

394.7 
394.7 

,0799 

.a665 
,0714 
.a865 
,1035 
.1053 

.1071 

.1121 

.1210 

.1268 
,1298 
.1313 
.1330 
,1250 
.1160 
,1160 
.1&12 

.1112 
,1405 
.1385 

.1356. 

.1345 
Continued 
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TABLE 11-16 (continued) 

FI- IONIZATION DETECTOR (FID) DATA SW?IARY . .  
EVALUATION OF STORAGE TANK CnSSIONS 

16: 35 
16:38 
16 : 41 
16:44 

GASEOUS RmROCARCON CONCENTRATION 
mint Averaxe VOLUMETRIC POLLUTANT 

TRAVERSE TIEIE (min.) M N P "  HAxIENM grlDSC3 now UASS RATE 
POINTS START END ppm ppm p p  x 10- scm lbefhr 

16:29 
16:32 
16:35 
16:38 
16:41 
16:44 
16:47 

16:50 

129 
129 
131 
186 
215 
192 
148 
la8 - 

131 
131 
186 
215 
225 

235 
192 

148 - 

130 
130 
156 
200 
220 
210 
166 

125 - 

38.6 
38.6 

46.3 
59.4 
65.3 
62.4 
49.3 
37.1 - 

394.7 

394.7 
395.0 
395.0 
395.0 
395.4 

395.4 
395.4 

. .  

- 

.1M5 , 

.I305 

.1568 

.20 10, 

.2211 

.2112 
,1670 
.I257 - 

N - 30 Ave - 119.3 134.9 126.7 ' 36.9 

Standard Conditions: 68'F, 29.92 in. Hg 

Note: Dampers closed at 16:OO 
Dampers reopened at 16:15 
Circulation Initiated et 16:29 
Materiale Transfer initiated 'at 16:33 
Materials Transfer completed at 16:44 
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dampers open the  range w a s  129 t o  138 ppmv. 

calculated da ta  y i e l d s  t h e  following comparisons. 

Averaging t h e  measured and 

Pos i t ion  Average THC Average "Point" Calculated Point 
of Concentration, Stack Flow Rate, THC Mass Flow Fate  Time 

Dampers PP- SCFM l b / h r  

1602-1614 Closed 114.5 400.0 0.117 
1617-1629 Open 134.2 394.6 0.135 

Thus t h e  concentrat ions measured a t  Point  36 ind ica t e  t h a t  t h e  'storage 

tanks added about 20 ppmv t o  t h e  base l ine  114  ppmv observed during t h i s  

test. The 

concentration increase  w a s  accompanied by a s l i g h t  decrease i n  s t a c k  gas 

flow r a t e ,  however, so the ca lcu la ted  mass flow r a t e  of gaseous hydrocarbons 

showed only a 15 percent increase from the  base l ine  0.117 l b / h r  wi th  the  

dampers closed t o  0.135 lb /h r  with t h e  dampers open. 

flow r e s u l t s  obtained a t  Point 36 are rep resen ta t ive  of the  e n t i r e  i n l e t  

stream, then during Run No. CEL-9-THC t h e  s to rage  tank vent l i n e s  increase 

the  t o t a l  gaseous hydrocarbon loading t o  t h e  REAF unit by 15 percent.  

should not  be considered as a blanket statement applying under a l l  conditions,  

but r a t h e r  as an ind ica to r  of t h e  r e l a t i v e  cont r ibu t ion  of gaseous hydrocar- 

bons from the  s torage  tanks. 

not  allow f o r  a rigorous evaluat ion of t h e  vent  tank emission rate. 

sampling in the  two vent l i n e s  had been considered, but  was abandoned be- 

cause it was f e l t  t h a t  t h e  value of the  d a t a  would not  j u s t i f y  t h e  physical  

d i f f i c u l t i e s  of reaching t h e  vent  l i n e s  and t h e  r e s u l t a n t  cos t s .  

This is a 17  percent increase i n  t h e  measured concentration. 

Therefore,  i f  the mass 

This 

Time cons t r a in t s  and t e s t i n g  p r i o r i t i e s  d id  

Actual 

During Runs CEL-1-THC through CEL-6-THC hydrocarbon concentrations 

were observed t o  gradually increase and then gradually decrease over per iods 

of 5 t o  10 minutes. 

t r a t i o n s  were r e l a t i v e l y  s t ab le .  

c o r r e l a t e  with the  batch t r a n s f e r  of process mater ia ls .  For f u r t h e r  veri- 
f i c a t i o n ,  t h e  l a s t  p a r t  of Run No. CEL-9-THC included a mate r i a l s  t r a n s f e r  

operation. The t r ans fe r  required 11 minutes during which time t h e  gaseous 

hydrocarbon concentration increased from 130 t o  235 ppmv.. The average 

concentration during the  peak w a s  approximately 196 ppmv. 

With the exception'of these  peaks, hydrocarbon concen- 

It was noted t h a t  the  peaks seemed t o  

P r i o r  t o  the  
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transfer operation, the hydrocarbon mass flow rate was 0.130 lb/hr. 
the transfer the gaseous hydrocarbon flow rate averaged 0,198 lb/hr. 
difference, 0.068 lb/hr, amounts to a 52 percent increase over the 0.130 
lb/hr stady state mass flow rate for Point 36.  Again, this value should 
not be considered as absolute, applying at all times. It does, however, 

confirm that there is a considerable increase i n  gaseous hydrocarbon con- 
centration associated with the materials transfer operation. 

During 
The 

POLYCYCLIC ORGANIC MATTER (POM) 

Isokinetic sampling was conducted simultaneously at the HEAF inlet and 
outlet streams to determine POM concentrations and mass flow rates. 

sampling was performed using Battelle POM trains which are essentially 
standard EPA Method 5 equipment modified by adding a packed adsorbent c o h m  
between the heated filter and the first water-filled impinger. 
forty-eight point sampling tanverses, as used during the particulate tests, 
were employed for each of the two POM tests. 
runs, the recovered samples were forwarded to the Battelle facilities in 
Columbus, Ohio, for analysis by gas chromatography - mass spectrometry 
(GC-MS). 

i n  greater detail in Section V, Sampling and Analytical Procedures. 

The 

Identical 

Upon completion of the test 

The sampling equipment and analytical procedures are discussed 

Results of the two POM tests are shown in Table 11-17. A total of 
thirteen organic compound groups were detected in the inlet sample while 
only nine groups were present in sufficient quantity to be detected in the 
outlet sample. The concentrations (gr/DSCF x 10 ) and corresponding mass 
flow rates (lb/hr x 

compound group. To obtain the total POM mass flow rate, the calculated 
flow rates of each individual group were added together. 
value of 0.0883 lb/hr for the inlet stream and 0.0079 lb/hr for the outlet 
stream. 
from the exhaust gas stream, 

-6 

have been reported individually for each detected 

This yielded a 

Thus, during the test the HEAF unit removed 0.0804 lb/hr of POM 
This represents a 91 percent removal efficiency. 

Upon completion of the POM sampling runs, the silica gel in the outlet 
sampling train was observed to be saturated. Therefore, the calculated 
moisture content for that run Fs probably lower than the actual stack gas 
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TABLE 11-17 

POLYCYCLIC ORGANIC MATTER (POM) EMISSION TESTS S W Y  

CELOTEX (LA) 
R W  CONTROL DEVICE 

Inlet Outlet 
Run Number CEL-5P CEL-6P 

Date 10123175 10123175 

Volume of Gas Sampled - DSCF' 59.167 125.605 

Percent Moisture by Volume 1.26 0 .go* 

scack Volumetric Flow Rate - D S C d  19,200 20.500 

Average Stack Temperature - 'F 129 125 

Stack volumetric Flaw Rate - ACFM' 21,900 23,100 

Percent lsokinetic 95.8 92.1 

POlYCYCliC oreanic Hat .- 

Concentration Emission Rate 
nrlDSCF x Iblhr x 10-3 Component 

Outlet - Inlet Inlet - - 
AnrhracenelPhenanthrene 111 15.2 18.3 2.67 

kchyl Anthracenes 29 2 21.0 48.1 3.69 

Fluoranthene 6.00 0.307 0.987 0.0539 . . . . . . .  

Fyrene 21.3 0.786 3.51 0.138 . . -~ .. 

Methyl PyrenelFluoranthene 56.6 6.95 8.9R .. 1.22 ........ .-. 

Benro(c)phenanthrene 5.22 . not dececred 0'859 mot iiectsd . 
CyryaenelBenz(a)anthracene ll.1 ,. , 0.203 1.82 .. -0.0357 

Methyl Cyrysenes 31.6 0.227 . . , 5:20 0.0399. . . . . .  

Benro Fluoranthenes 0.274 0.09?1 ~~ 0.0451 ... 0.9562 . . .  

Ben.( a) pyrene 0.0183 0.00301 . .  

0.0313 . 0.00515 . -. - ... 
(0.02iG a (0.123)d 

Benr(4pyrene . 

Perylene 1.19 not detected 0.196 not detected 

3-nerhylcholanthrene 1.57 not detected 0.258 not detected 

TOTAL 536 44.9 88.3 7.89 

X POM Reduction = 91.1 

. . . . . . . . .  . ~ . . .- - .  . ,  

-. ... ._ . . .  

%ry standard cubic feet at 68'F. 29.92 i n .  Hg. 

CACtUsl cubic feet per minute 
tBenzo (a)pyrene and Benzo(e) pyrene combined and reported e8 one value 
Silica gel observed to be saturated during clean-up at end of run. 

standard cubic feet per minute at 68°F. 29.92 in. Hg. 
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moisture leve l .  The o u t l e t  moisture content f o r  t h e  th ree  p a i r s  of par- 

t i c u l a t e  runs ranged from 13 t o  20 percent higher than the  corresponding 

i n l e t  content.  

the  actual s t ack  gas  moisture content f o r  the o u t l e t  POM run was probably 

between 1.4 and 1.5 percent.  

e f f e c t  the  measured values. 

box it passes through t h e  gas meter and is recorded a s  "dry" gas. 

results i n  an i n f l a t e d  "dry" gas volume. 

obtained by dividing t h e  mass of po l lu t an t  co l l ec t ed  by t h e  volume of dry 

gas sampled. 

equal but opposi te  e r r o r  i n  the  ca lcu la ted  concentration. 
assuming t h e  a c t u a l  moisture content was 1.5 percent ,  then t h e  dry gas con- 

tained an estimated 0.6 percent moisture (1.5 - 0.9 = 0.6).  

"dry" gas volume then is about 0 . 6  percent too l a r g e  and t h e  calculated 

pol lu tan t  concentrat ion is about 0.6 percent smaller than the  ac tua l  concen- 

t r a t i o n .  

Assuming t h e  same re l a t ionsh ip  held f o r  t h e  POM runs,  then 

Fortunately,  t h i s  error does not  s i g n i f i c a n t l y  

When water vapor is  not  co l l ec t ed  i n  t h e  sample 

This 

The po l lu t an t  concentrat ion i s  

Thus an e r r o r  i n  t h e  dry gas volume measurement r e s u l t s  i n  an 

In  t h i s  case,  

The measured 

The moisture content a l s o  a f f e c t s  the  ca lcu la ted  s t a c k  gas flow r a t e  

both a t  s tack  condi t ions and a t  d r y ,  standard condi t ions.  

again assuming t h a t  the  a c t u a l  moisture content w a s  1.5 percent ,  the calcu- 

l a t ed  dry  s tack  gas flow r a t e  a t  s tandard conditions i s  approximately 0.5 

percent higher than t h e  a c t u a l  dry flow r a t e .  

concentration (0.6 percent too low) i s  mul t ip l ied  by t h e  ca lcu la ted  dry 

s tack  gas flow rate (0.5 percent t o o  high) the  r e s u l t a n t  po l lu t an t  mass flow 

r a t e  i s  within 0.1 percent of the  t r u e  value.  

the moisture determination e r r o r  i s  i n s i g n i f i c a n t .  

For t h i s  run, 

When the  ca lcu la ted  po l lu t an t  

Therefore, t h e  net  e f f e c t  of 

The sampling methodology as w e l l  as the  cleanup procedures used f o r  

this  work are considered t o  be t h e  ex i s t ing  state-of-the-art .  

are obtained and i n d u s t r i a l  program s tud ie s  are f i e lded ,  perhaps the v a l i -  

dat ion,  accuracy, and r e l i a b i l i t y  of t h i s  d a t a  can be  determined. 

adsorbent column, the  c r u c i a l  component of t h e  B a t t e l l e  POM sampling train,  
has been va l ida ted  f o r  a l imi ted  number of sampling condi t ions and labora- 

to ry  sample analyses  . 

As more data  

The 

(1) 

Information submitted by B a t t e l l e  Laboratory ana lys t s  who a r e  know- 
ledgeable i n  POM sampling and analyses.  
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The GC-MS analysis technique is fairly well proven and is discussed 
in Section V, Sampling and Analytical Procedures. 
an accuracy of within: 12 percent of the true value for sample recovery 
and analysis procedures relating to laboratory samples. 

Battelle analysts claim 

Copies of the POM field data sheets are contained in Section I1 of 
Appendix B. 
D. 
is contained i n  Section I1 of Appendix F. 

POM analytical results are contained i n  Section I1 of Appendix 
Additional general information pertaining to POM sampling and analysis 

OUTLET GAS COMPOSITION 

Integrated bag samples were collected of the HEAF outlet gases during 
each particulate run. 
analyzer within 30 minutes after collection. 
were not detected. Measured 0 content was 20 .9  percent by volume. The 
N2 content was obtained by difference. 
showed them to contain essentially the same degree of components as air. 

The samples were subsequently analyzed with an Orsat 
In all cases, CO and C02 

2 
These analyses of the outlet gases 

During the particulate run CEL-a-P, conducted on October 24 ,  five 
specially evacuated gas sampling flasks were filled with gases from the 
BEAF outlet stream. 
train through a tee installed at the entrance of the heated sample line 
feeding the FID analyzer. 
so that the flask filled slowly and did not disturb sample gas flow to the 
FID unit. 

The samples were withdrawn from the,particulate sampling 

The flask stopcocks were only partially opened 

It took approximately 3 minutes to fill a flask. 

The flasks had been evacuated by Battelle using special high vacuum 

pumps. 
analyses by gas chromatography (GC). Of the five samples submitted, one 
was selected for analysis and the results are presented in Table 11-18. 
The oxygen and CO 
tained on site. 
Of the 27 gases reported, 17 were hydrocarbons. 
carbon was methane at 17 ppmv, followed by ethane, propane, and an un- 
saturated compound, C4H8, each at 2 ppmv. 
these results with the FID analyzer results. 

After sample collection, the flasks were returned to Battelle for 

analysis confirmed the Orsat results that had been ob- 2 
As expected, a number of hydrocarbon species were detected. 

The most abundant hydro- 

No attempt was made to correlate 
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TABLE 11-18 

ANALYSIS OF FLASK SAMPLE 

CELOTEX (LA) 

Sampling L o c a t i o n :  HEAF Outlet 

D a t e :  O c t o b e r  24, 1975 Sample No: S75-007-091 

COMPONENT VOLUME PERCENT 

20.9 O2 

co2 

N2 

0.05 

78.0 
A 1.00 
co 0.0015 

0.04 H2 

COMPONENT PPmv 

so2 

H2S 
Nox 
cos 
CH30H 

C2H50H 
HCHO 

CH3COCH3 

cH4 

c3H8 
C2H6 

‘4%0 
‘5% 

c0.02 
0.6 

c0.5 
0.06 
0.09 

c0.1 

c0.5 
1.0 

17 
2 

2 
0.4 
0.5 
0.7 
0.4 

c0.1 

2 
<0.1 
c0.1 

0.06 
0.06 



SULFUR DIOXIDE (SO2) 

Concurrent with the final day of particulate and hydrocarbon sampli,ng, 
SO 
tions of SO2 were determined by a continuous automatic monitoring instrument. 
Minimum, maximum and average SO 

emission testing was conducted on the ITEAT outlet stream. Concentra- 
2 

concentrations (ppmv) were determined for 2 ! 
10 minute test intervals. In addition, the average minimum, average maxi-. i 

-._ mum and the overall average SO2 concentrations were calculated. 
are presented in Table 11-19. 
low of 2.6 ppmv and a high of 12.6 ppmv during the test. 
emission rate of SO2 from the HEAF outlet was 1.07 lb/hr. 

These data 

SO2 concentrations averaged 5 . 4  ppmv with a 
The average 

VISIBLE EMISSIONS 

The visible emission observation summary data are presented graphically 
in Figures 11-1 through 11-4. 
opacity has been plotted vs. the time of the observation period. 
readings were intermittent in order to coincide with normal production 
operation, actual clock time is indicated on the graphs as well. 
be noted that the range on each graph opacity scale is 0 to 5 percent. 

For each observer the six-minute average 
Since 

It should 

The summary sheets present opacities as consecutive set numbers of 
six-minute averages over the length of the observation period. 
of these summaries reveals that some set number averages are for less than 
six minutes and also that successive set numbers are sometimes separated 
by an interval of several minutes. 
visible emissions readings were recorded only while the production process 
was in its normal operation. Thus, when a process interruption occurred, 
the particular six-minute interval of observation would be curtailed, and 
the next set number would begin at the time that normal operation was 
attained. 

Examination 

This is explained by the fact that 

The remainder of this sub-section describes the visible emission 
results for each source individually. 
are contained in Section VI and VII.of Appendix B. 

Copies of the field test data sheets 

i 
- i 

I 
A 
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TABLE 11-19 

SO2 EMISSION TEST SUMMARY 
CELOTEX (LA) 

HEAF OUTLET 
DATE: October 24, 1975 
Data averaged during 10 minute intervals 

Int e m a l  SO Concentration StartingIEnding 2 

(Duration Min) PPm" PPmv P P W  
Time Minimum Maximum (N) Average 

1022/1032 
(10) 

1032 I1042 
(10) 

10 42 I10 5 2 

111411124 
(10) 

123411244 
(10) 

124411254 
(10) 

130 6 / 13 16 
(10) 

1326 I1334 
( 8 ) b  

13451 1355 
(10) 

1355/1405 
(10) 

3.7 4.6 4.3 

4.5 5.8 5.2 

5 .O 5.4 5.3 

5.4 12.6 11.8 

2.6 6.7 4.2 

3.0 9 .o 5.9 

4.2 4.6 4.3 

3.3 4.3 4.0 

3.9 5.1 4.7 

4.7 10 .o 7.2 

3.3 4.8 3.8 

4.2 6 .O 4.9 

Average 4.0 6.5 5.4 
._ 

Average SO2 Concentration 

Average SO2 Emission Rate of HEAF = 0.488 kg/hr = 1.07 lb/hr 

'One minute of test lost - recorder off scale 
b'ho minutes of test lost - felt break 

at KEAF Outlet = 14.4 mg/Nm3 = 8.97 x IbIDSCF = 6.28 x gr/DSCF 
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EEAF Stack Exi t  

Vis ib le  emissions determinations were conducted simultaneously by two 

observers f o r  a cumulative observation period of six hours. 

against  a blue sky background, - there  was no de tec tab le  plume emitted from the 

stack. 

exhausting from t h e  s t ack  was observed t o  have an opaci ty  which f luc tua ted  

between 0 percent and 5 percent.  

locat ions,  readings were taken using a less cont ras t ing  background of 

green h i l l s  where no v i s i b l e  plume was detected.  

determinations were made when t h e  asphal t  roofing p lan t  w a s  operating a t  

its continuous normal rate, a s  described i n  Section 111. 

observations were terminated during any production upse ts ,  slowdowns, or 

in te r rupt ions .  

On October 22, 

On October 24, aga ins t  a blue sky background, a f a i n t  white plume 

O n  that same day a f t e r  moving observer 

A l l  v i s i b l e  emissions 

Vis ib le  emissions 

HEAF System and Connecting Ductwork 

Over a cumulative period of six hours on October 21, two observers 

simultaneously evaluated the  extent of f u g i t i v e  v i s i b l e  emissions from t h e  

HEAF u n i t  and i t s  connecting ductwork. 

noted a t  t h e  point  where t h e  f i l t e r  moves through t h e  HFAF housing but  these  

emissions were quickly returned t o  t h e  gas  stream due t o  t h e  negative pres- 

sure  a t  t h a t  point .  

was within a few f e e t  of t h e  HEAJ? u n i t .  

v i s i b l e  emissions were quickly and e f f e c t i v e l y  recovered, any opaci ty  con- 

t r i bu t ion  due t o  these  p o t e n t i a l  emissions w a s  no t  considered in the re- 

corded readings. 

S l i g h t  pu f f s  of white  smoke were 

These emissions were only v i s i b l e  when the  observer 

Since these  p o t e n t i a l  f u g i t i v e  

Only a few small wisps of smoke of 5 percent opaci ty ,  l a s t i n g  less than 

The opaci ty  15 seconds, were noted during t h e  entire observation period. 

evaluations were performed aga ins t  a dark metal background t h a t  was indoors. 

Saturator  Operational Line 

The series of process s t eps  f o r  the  s a t u r a t o r  and coa ter  is arranged 

in a s t r a i g h t  continuous l i n e  approximately 100 f e e t  long. 

spraying and dipping s t eps  followed by t h e  s t r ike - in  operat ion a r e  enclosed 

on a l l  s ides  and hooded t o  a common exhaust manifold. Along t h e  e n t i r e  

length of one w a l l  of t h e  s a t u r a t o r  enclosure,  t he re  is a series of nine 

The asphal t  

- 
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vertical-sliding doors. Located at the end of the saturator enclosure is 
The coater operation which is vented to the process exhaust system via a 

w 

canopy hood. 

Due to the overall length of the saturator/coater line, this opera- 
tion is housed in two adjacent rooms. 
physically separates the spraying/dipping portion of the saturator enclosure 
(designated as access doors #1 through #61 from the striking-in section of 
the saturator line (access doors- 

The wall between these two rooms 

The saturator enclosure access doors must be opened frequently to allow 
correction of process upsets. 
fully enclosed. Consequently, the saturator-coater operating line is a 
potential source of fugitive visible emissions. 

In addition, the coating operation is not 

On October 21, two observers simultaneously monitored the visible 
emissions from the saturator-coater operations. Fugitive emissions in the 
room surrounding the spraying/dipping steps of the saturator were observed 
for a cumulative period of three hours. 
from the strike-in and coater sections located in the adjacent room were 
also evaluated for a total period of three hours. 
vations ceased whenever any production upsets, slowdowns, or interruptions 
occurred. 

Subsequently, fugitive emissions 

Vis ible  emissions obser- 

Fugitive visible emissions noted in each of the two rooms were found to 
predominantly occur near the top of the saturator enclosure. 
observations, these emissions appeared as white smoke. Opacity measurements 
were read against the dark background provided by the room ceiling that was 
ilhminated by flood lights. 

During all 

There were brief intermittent "puffs" of smoke with opacities approach- 
ing 10-15 percent above the spraying/dipping section of the saturator. 
occurrence of these fugitive visible emissions was directly attributable 
to one of the access doors (#l through #6) being opened to service the 
production line. 
this process section during continuous normal operation with all access 
doors closed. 

The 

There was a complete absence of visible emissions from 

During the entire test program, if more than one of the 
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access doors were ra i sed ,  t e s t i n g  was interrupted.  Visible emissions in 

the other  room housing t h e  s t r ik ing- in  po r t ion  of t he  sa tu ra to r  enclosure 

and the  coater  were more pronounced and pe r s i s t en t .  

white v i s i b l e  emissions ranging in opaci ty  from 5-15 percent were observed 

in the  area above access door (#9) which w a s  adjacent  t o  the  coa ter  hood. 

The v i s i b l e  emissions observed in t h i s  area d id  not appear t o  be r e l a t e d  

t o  the  use of the  access doors. This is probably t h e  resul t  of the fact  

t h a t  the coater  emissions were pr imari ly  removed via a single small diame- 

ter duct (8 inches diameter) t o  the  main exhaust manifold. This l i n e  w a s  

apparently not l a rge  enough t o  handle the  emissions. 

During t h e  observations 

PARTICLE SIZING 

EPA personnel conducted particle size t e s t i n g  a t  the  HEAF inlet  and 

ou t l e t  using an out-of-stack Brink' ') impactor. 

in the  f i e l d  and hand ca r r i ed  t o  t h e  EPA labora tory  f a c i l i t i e s  in Durham, 

North Carolina, f o r  the  s i z i n g  determinations. Extreme d i f f i c u l t y  w a s  
encountered with the  laboratory analyses. 

turned over i n s i d e  the  shipping b o t t l e s ,  thereby r e su l t i ng  in a loss of 

sample. 

even though the  pans were upright.  

had vaporized and then recondensed on the  in s ide  surfaces  of the  b o t t l e s .  

The samples were col lected 

Some of the  impactor pans had 

Some b o t t l e s  had v i s i b l e  organic material on the  b o t t l e  w a l l s  

Apparently, port ions of the samples 

One set of samples from each of the  two sampling s i tes  w a s  weighed. 

However, because of the  problems with sample losses, the  da ta  were considered 

suspect and no ca lcu la t ions  were performed. 

PROCESS SAMPLES 

Samples of unblown asphal t ,  sa turan t  asphal t ,  coating asphal t  and 

recovered oil were col lec ted  by the Pro jec t  Off icer  and Process Engineer 

a t  the  times indicated in the  Sample I d e n t i f i c a t i o n  Log. 

a sample of spent €EAF f i l t e r  media and two samples of unused f i l t e r  media 

( fo r  blanks) were obtained. 

the  spent f i l t e r  material were col lected.  

forwarded t o  the  Battelle f a c i l i t i e s  i n  Columbus, Ohio, f o r  the prescribed 

analyses of each sample. 

On October 22 

Similar ly ,  on October 23 two more samples of 

All samples were subsequently 

~~ ~~~~- 

Mention of a s p e c i f i c  company o r  product does not  c o n s t i t u t e  endorse- 
ment by the EPA. 
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Table 11-20 presents the results of proximate and ultimate analyses 
of each of the four oil/asphalt process samples. 
the proximate analysis were determined by the following ASRI standards: 

D3173 - Moisture 

Particular components of 

D3174 - Ash 
D3175 - Volatile Matter 

The quantity of Fixed Carbon was calculated as the difference between 100 
percent and the sum of the percentage amounts of the three above constitu- 
ents. 
other components of the ultimate analysis were conducted in accordance with 
ASTM standards listed below: 

Along with the contents of ash and moisture, determinations of the 

D3177 - Sulfur 
D3178 - Carbon and Hydrogen 
D3179 - Nitrogen 

Oxygen content was calculated by the difference between 100 percent and 
the sum of the other six fractions present. 

A sample of the unused ELEAF filter medium and a sample of spent filter 
material were subjected to both proximate and ultimate analyses by the same 
ASTM standards. The results of those determinations have been tabulated 
in Table 11-21. 
sists of both the filter medium itself and also any material removed from 
the exhaust stream and entrapped on the filter. 
material collected on the filter has been calculated by employing an ash 
balance on the filter medium before and after use. This balance permits 
a rough determination of the mass of individual fractions from which proxi- 
mate and ultimate analyses can be generated. 
calculated contents of the material collected on the filter. The ash 
balance employed in this determination is presented in Appendix D, Section 
111. 

It should be noted that the spent filter material con- 

The composition of the 

Table 11-22 illustrates the 

A portion of the unblown asphalt sample was analyzed for trace metals 
content using an optical emission spectrograph. 
sis are presented in Table 11-23. 

The results of that analy- 
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Froxinate Analysis, wt.% 

o Volatile Matter 
o Fixed Carbon 
o Ash 
o 14~isture 

Ultimate Analysis. wt.% 
o Ash 
o Moisture 
o Carbon 
o Hydrogen 
o Sulfur  

o Nitrogen 
o Oxygen 

Heat Content 
o BTU per lb, as received 

TABLE 11-21 

HFAF FILTER ANALYSES 

SAMPLE DESCRIPTION AND NUMBER 
Unused HEAF Filter Spent HEAF 

Filter Material a Mater ial-Blank 
S75-007-063 S75-007-072 

9.80 
1.12 
88.47 
0.61 

88.47 
0.61 
8.57 
0.60 
0.24 
0.05 
1.46 

1,265 

46.40 
4.42 
40.96 
8.22 

40.96 
8.22 

39.78 
2.76 
0.50 
1.64 
6.14 

7,491 

Includes filter material and material collected by the HEAF. a 

. .  
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W L E  11 - 22 

COMPUTED ANALYSIS 

OF COLLECTED MATERIAL 

'%ass", l b . / l b .  of F i l t e r  Medium 

- Blank 

Proximate 
. .-. 

o Vola t i le  matter 0.0980 
o Fixed Carbon 0.0112 
o Ash 0.8847 
o Moisture 0.0061 

TOTAL 1.0000 

.. _ _  

Ultimate 

o Ash 

o Moisture 

o Carbon 

o Hydrogen 

o Sulfur 

o Nitrogen 

o Oxygen 

TOTAL 

0.8847 
0.0061 
0.0857 
0.0060 
0.0024 
0.0005 
0.0146 

1.0000 

Spent 
F i l t e r  

1.0025 
0.0955 
0.8849 
0.1776 

2.1605 

0.8849 
0.1776 
0.8595 
0.0596 
0.0108 
0.0354 
0.1327 

2.1605 

Calculated 
Collected Analysis of 
Mater ia la  Collected Mater ia l ,  wt.% 

- 1  

0.9045 
0.0843 
0.0002 
0.1715 

1.1605 

0.0002 

0.1715 
0.7738 
0.0536 
0.0084 
0.0349 
0.1181 

1.1605 

77.94 

7.26 
0.02 
14.78 

100.0 

0.02 
14.78 
66.68 
4.62 
0.72 
3.01 
10.18 

100.0 

a Collected Mater ia l  = "Mass"spent - "Mass"bla* 
f i l t e r  
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TABLE 11-23 

TRACE METALS ANALXUS 

Unblown Asphal t  (S75-007-068) 

Ag 

As 
B 
Ba 
Be 

C a  

Cd 
Cr 
c u  

Fe 

K 
Li 

M g  

Efn 

Na 
N i  

Pb 

Sb 
si 

Sn 

Sr 
V 
Zn 

ppm by weight 

< 0.005 
< 0.06 

< 0.02 

10 

< 0.002 

60 
< 0.06 
0.6 
0.6 

20 

10 
< 0.2 

4 
0.2 

EO 

20 

40 

< 0.06 
6 
0 . 4  

0.6 
60 

6 

Note: Not analyzed for F, Hg and Se 
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Due t o  the  v o l a t i l i t y  of the  process samples, some uncertainty 

exis ted concerning the e f f e c t  of evaporative loss upon a n a l y t i c a l  r e s u l t s .  

A s  p a r t  of a broad-based exploratory program designed t o  a id  t h i s  and o ther  

similar tasks, one sample of recovery o i l  was exposed t o  atmospheric room 

conditions within the  laboratory (approximately 75'F). 
weight of the  sample w a s  per iodica l ly  monitored f o r  several days. 

weight loss by evaporation is indicated below. 

The change i n  

The 

A I R  DRYING OF OIL SAMPLES 

T i m e  (Hours) 

0 
16 
42 

64 

87 

Recovery O i l  
Weight (Grams) 

1003.2 
998.0 
991.7 
987.5 
985.9 
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SECTION I11 

PROCESS DESCRIPTION AND OPERATIONS 

The asphal t  roofing manufacturing p l a n t  has two manufacturing l i n e s ,  

The one f o r  sa tura ted  f e l t  and another f o r  producing shingles  and r o l l s .  

l i ne  producing s h i n g l e s / r o l l s  i s  designated as Line 1 and the o the r  as 

Line 2. Emission t e s t s  were conducted only on Line 1, and hence, t h i s  

discussion i s  l imi ted  t o  t h a t  l i n e .  

PROCESS DESCRIPTION 
-- . 

The f i r s t  s t e p  i n  the  sh ing le  manufacturing process i s  sa tu ra t ion  

of f e l t  with asphal t .  A t  t h i s  Celotex p l a n t ,  the  s a t u r a t i n g  operat ion is 

car r ied  out  by spraying the  f e l t  on one s i d e  with hot  asphal t  and then dlp- 

p i n g  the  f e l t  i n  hot asphal t  a t  about 450OF. 

only one s i d e  so  t h a t  moisture present  i n  the  f e l t  can e a s i l y  escape and 

prevent subsequent b l i s t e r i n g  of t h e  sh ingles .  After  s a tu ra t ion ,  t h e  f e l t  

passes through a "s t r ike- in"  drum sec t ion  cons is t ing  of two  r o l l e r s  which 

squeeze i n  the  sur face  asphal t  and enhance asphal t  permeation through t h e  

f e l t .  

w i t h  coating asphal t .  

in t h a t  i t  has a sof ten ing  point  range of about 210 t o  220°F compared t o  130 

t o  140'F f o r  sa turan t .  Another major d i f f e rence  is t h a t  coating asphal t  

has about 50 percent f i l l e r  (rock dus t )  by weight. The addi t ion  of coat ing 

asphal t  onto the  f e l t  gives  the  product ( i . e . ,  shingle)  the s t r eng th  t o  

withstand the elements and serves  a s  an adhesive bed f o r  t h e  granules.  

After the appl ica t ion  of coating a spha l t ,  granules a r e  imbedded on one 

s ide  of the  f e l t  and a backing agent ( t a l c )  on the  o ther .  The product i s  

then cooled, cu t ,  and packaged. 

Hot asphal t  i s  sprayed onto 

The f e l t  then goes through a hot looper  sec t ion  p r i o r  t o  being coated 

The coat ing a spha l t  d i f f e r s  from sa tu ra t ing  asphal t  

Emission sources t h a t  were monitored during the tests include the  

sa tu ra to r ,  s t r i ke - in  section, hot looper,  and the coater .  A l l  of these  

sources were cont ro l led  by a HEAF (high energy a i r  f i l t r a t i o n )  un i t .  The 

same u n i t  a l s o  control led emissions from the  main asphal t  s torage  tank and 

seven in-process s torage  tanks.  

the HEAF u n i t ,  including t e s t i n g  poin ts ,  i s  shown i n  Figure 111-1. 

A schematic of the sources control led by 
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The s a t u r a t o r  hood encloses  the  s a t u r a t o r ,  the  s t r ike - in  sec t ion  and 

the hot  looper.  The hood extends a l l  the  way t o  the  f l o o r  and contains  doors 

w i t h  3 f t  x 2 f t  metal  p o r t s  which can be  opened f o r  inspect ion.  The coating 

a rea  i s  enclosed with canvas from a height  of about 6 f t  above f l o o r  l eve l .  

This a c t s  as i ts  hooding and i s  enveloped by the s a t u r a t o r  enclosure.  

HEAF u n i t  con t ro l l i ng  a l l  of these  sources including the s torage  tanks,  

a s  s t a t e d  above, has  a capaci ty  of.22,000 acfm. 

HP and 200 HP) which t r anspor t  t h e  fumes t o  the  HEAF u n i t ;  the  15-HP blower 

precedes the  HFAF and the 200-HP blower i s  a f t e r  the  REAF u n i t .  

there  a r e  two o ther  blowers one near the main asphal t  s torage  tank and 

another a t  an "in-process'' s to rage  tank. 

blower a r e  shown below: 

The 

There a r e  two blowers (15 

In addi t ion ,  

Manufacturer's d e t a i l s  on the HEAF 

Manufacturer: U.S. E l e c t r i c  Motors 
Divis ion of Emerson E l e c t r i c  
Milford,  Connecticut 

HP: 200 
Type: R 
Design B Code G 

Motor RPM: 1,775 
460V, 237 amps 

I D  NO. C 2941-00-173 83-02101 

There a r e  several types of,HEAF un i t s .  The Celotex (LA) p l an t  has a 

Rotary D r u m  (DF) HEAF u n i t .  It i s  a f u l l y  automatic system. Figure 111-2 

i s  an arrangement sketch of a t y p i c a l  Rotary D r u m  HEAF u n i t .  

(LA) u n i t  d i f f e r e d  from t h i s  sketch i n  t h a t  the  f i l t e r  media entered and 

exi ted the  cabinet  from t h e  opposi te  s ide .  The Rotary D r u m  HEAF u n i t  u t i l -  

ized a c y l i n d r i c a l  per fora ted  drum around which a s t a i n l e s s  s t e e l  screen i s  

wrapped. 

bottom of t h e  cabinet ,  passes around an ad jus tab le  tens ion  i d l e r  r o l l ,  and 

re-enters  t h e  f i l t e r  cabinet  on an upward s lope a t  about mid-point i n  t h e  

f ron t  of the cabinet .  Movement of the  screen  i s  provided by movement of the 

ro t a ry  drum which is driven by a small horsepower gear  motor mounted a t  the  

end of t h e  drum opposi te  t h e  f a n  suct ion.  

screen and i s  drawn around the  f i l t e r  drum by t h e  screen. 

The Celotex 

The stainless steel screen exits the  f i l t r a t i o n  cabinet a t  the  

The f i l t e r  media r i d e s  on t h i s  

A t  the  point  where 
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the  screen and the  f i l t e r  media en te r  t h e  cabine t ,  a curved s t a i n l e s s  s t e e l  

p l a t e  compresses the  f i l t e r  media and a c t s  a s  a seal t o  prevent air  from 

leaking i n t o  t h e  cabinet .  

the e x i t  point  f o r  t h e  screen and the  f i l t e r  media. 

drum and screen mechanism used i n  the  Rotary D r u m  u n i t .  

degrees of the  drum i s  used a s  an a c t i v e  f i l t r a t i o n  surface.  

110' does not provide a f i l t r a t i o n  su r face  because i t  i s  contained i n  the  

space btween the  two s e a l s  and because i t  has no f i l t e r  media on i t .  

The same type of seal mechanism i s  provided a t  

Figure 111-3 shows the 

Two hundred f i f t y  

The remaining 

The Rotary D r u m  HEAF u n i t  i s  t y p i c a l l y  operated a t  a d i f f e r e n t i a l  

pressure across  t h e  f i l t e r  media of about 28 inches H20. 

ties a t  the f ace  of the  f i l t e r  m a t  p re ferab ly  range between 1,500 and 1,700 

ft /min. 

work leading i n t o  t h e  Rotary Drum HEAF u n i t  i s  low enough to  prevent negative 

pressures  i n  excess of about 1 inch H20 from developing a t  the  inlet  t o  the  

HEAF u n i t .  The Celotex (LA) p l a n t  uses a vane-axial fan mounted d i r e c t l y  

i n  the  ductwork leading t o  the  HEAF u n i t  t o  achieve such an i n l e t  condition. 

The vane-axial fan i s  provided with a v a r i a b l e  p i t c h  d r ive  pul ley so t h a t  

i t s  speed can be increased o r  decreased s u f f i c i e n t l y  t o  provide approximately 

-0.2 inches H20 a t  t h e  i n l e t  t o  the  HEAF un i t .  

necessary because i f  the  pressure a t  the  i n l e t  t o  the  HEAF u n i t  becomes 

pos i t i ve ,  contaminated gas  w i l l  l eak  from the  seals i n t o  the immediate. 

surroundings. 

F i l t r a t i o n  veloci-  

It i s  necessary t o  in su re  t h a t  t h e  d i f f e r e n t i a l  pressure i n  the  duct- 

The va r i ab le  speed d r ive  is 

Fumes are cooled upstream of the  HEAF u n i t  with a s ing le  manually- 

control led atomized-water spray. According to  p lan t  personnel, the  cooling 

apparently reduces o r  e l imina tes  the opac i ty  of the  s t ack  emissions. A l l  

emission t e s t s  were conducted w i t h  t h e  cooling system "on"; therefore ,  

the e f f e c t  of cooling on t h e  performance of the HEAF u n i t  could not be 

determined. 

promoted mixing and cooling of t h e  gaseous stream. 

enter ing t h e  HEAF, a f t e r  cooling, var ied  from 94'F t o  125'F. 

s tack  was equipped with a demister which operated a t  about 0.3 inches H20 
pressure drop. The pressure drop across  the  HEAF media averaged about 29 

inches H20. 

The fumes passed through a cyclonic expansion chamber t h a t  

The temperature of fumes 

The HEAF 
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PROCESS OPERATION 

Plan t  operation w a s  considered t o  be noma1 when the manufacturing 

l i n e  speed w a s  - > 200 f e e t  per minute o r  a t  least 80 percent of the  normal 

m a x i m u m  operating speed f o r  the  product being produced. 

than t h i s  value,  sampling w a s  usually stopped unless  it w a s  only f o r  an 

extremely shor t  time. For durat ions of 2 t o  3 minutes it w a s  presumed 

inadvisable t o  s top and resume sampling s i n c e  errors introduced by doing 

so  would be quan t i t a t ive ly  in s ign i f i can t .  

when shingles  were being manufactured. The type of shingles  made ( s t r i p  

or hex s t r i p )  a f f ec t ed  the l i n e  speed since hex s t r i p  shingles had t o  be 

manually packaged. Also, d i f f e r e n t  types of shingles  requi re  d i f f e r e n t  types 

of granules. For instance,  t he  240 l b  seal down shingles  used No. 8 granules 

which are coarser  than the  No. 11 granules t h a t  are used i n  producing a 

shingle  called "Regency 25 l b  Desert dust". 

a l so  altered the weight of t he  product. However, s ince  product weights were 

obtained on an hourly b a s i s  during sampl ing ,  t h i s  did not a f f e c t  production 

rate ca lcu la t ions .  

A t  speeds lower 

Sampling w a s  a l s o  conducted only 

This va r i a t ion  i n  granule type 

The production ra te  of the  l i n e  w a s  determined from the  number of 

p a l l e t s  made, the  weight of t he  p a l l e t ,  and the  downtime. The number of 

pa l l e t s  made and t h e i r  weights were obtained from the fork  l i f t  d r iver  who 

recorded them f o r  each hour and sometimes during each ha l f  hour. 

were no counters ava i lab le  t o  check the production rates o r  t o  determine 

f e l t  usage rates. Also, scrap discraded could not be estimated. Operating 

parameters such as l i n e  speed, sa turan t  temperature, un f i l l ed  coating temp- 

e ra ture ,  f i l l e r  temperature, pressure drop across  HEAF, e t c . ,  were recorded 

from plan t  cha r t s  and gauges. A l l  of the  process conditions,  including pro- 

duction rates t h a t  w e r e  recorded during the  emissions tests,  are presented 

i n  Section I V  of Appendix B. 
r a t e s ,  and l i n e  speeds observed during the  tests are summarized i n  Table 

111-1. A summary of the HEAF operating conditions i s  presented i n  T a b l e  111-2 

There 

The sh ingle  production rates, asphal t  usage  
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Quant i t ies  of a spha l t  used during the t e s t i n g  were estimated from tank 

l e v e l  and temperature readings monitored by the  EPA pro jec t  o f f i c e r  a s  shown 

i n  Section V of Appendix B. 

o r  actual  sampling times. 

approximating a spha l t  consumption rates on an hourly b a s i s  during sampling. 

Table 111-2 summarizes t h e  ca lcu la ted  a spha l t  usage rates. 

These d a t a  do not correspond with production 

However, the clock times a re  c lose  enough f o r  

Charac t e r i s t i c s  of r a w  materials, pr imar i ly  f e l t  and a spha l t ,  used i n  

producing sh ingles  during t h e  tests were obtained from plan t  personnel. 

These are included i n  Section I V  of Appendix B. 

f e l t  width, moisture content ,  kerosene va lue ,  etc. 

clude sof ten ing  po in t ,  pene t ra t ion ,  f l a s h  poin t ,  etc.  

f e l t  (with a spha l t )  i s  a l s o  shown. According t o  p l an t  personnel, va r i a t ions  

observed i n  the  c h a r a c t e r i s t i c s  during t e s t i n g  were normal and within t h e i r  

spec i f i ca t ions .  

materials and product t h a t  were co l lec ted  and recorded during sampling 

periods.  

F e l t  c h a r a c t e r i s t i c s  include 

Asphalt c h a r a c t e r i s t i c s  in- 

The percent s a t u r a t i o n  of 

Table 111-3 i s  a summary of key spec i f i ca t ions  f o r  r a w  
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SECTION I V  

LOCATION OF SAMPLING SITES 

PARTICULATE, GASEOUS HYDROCARBON, POM SAMPLES, AND PARTICLE S I Z I N G  

HEAF I n l e t  

The HEAF i n l e t  sampling si te w a s  located i n  a hor izonta l  s ec t ion  Of 

round duct on the  roof above the f i l t e r  un i t .  

s i t e  i s  shown i n  Figure IV-1. 

i n s t a l l e d ;  one on the  s i d e  of the duct and t h e  other on the  top. 

were located near t h e  downstream end of a long-radius, approximately 45' ,  

horizontal  bend. The duct w a s  40 inches I D  and the  bend radius  was approxi- 

mately 130 inches. 

gradually decreased from 40 t o  36 inches I D  over a 40 inch length of s t r a i g h t  

duct. Attached t o  the  entrance of this t r a n s i t i o n  sec t ion  w a s  a tube- 

axial  fan. 

sect ions which were connected t o  the  sa tura tor /coa ter  l i n e  hoods. A 4 inch 

vent l i n e  from the  asphal t  heating k e t t l e  and a 6 inch vent l i n e  from the  

asphal t  s torage  tanks both joined the  main exhaust duct upstream of the axial 
fan. 

mately 3 duct diameters).  Excluding the  t r a n s i t i o n  s e c t i o n  reduced t h i s  

length t o  82  inches, o r  about 2 duct diameters. 

A sketch of the  sampling 

Two 3-inch pipe-nipple sampling po r t s  were 

The por t s  

A t  t he  upstream entrance t o  the  bend the  duct diameter 

Upstream of the  fan,  t h e  duct branched i n t o  seve ra l  manifold 

The d is tance  from the  fan t o  the  sampling por t s  was 122 inches (approxi- 

A s ing le  water spray nozzle was located in s ide  the  duct  approximately 

6 inches downstream of t h e  sample por t s .  

and occupied negl ig ib le  area within the  duct .  

nozzle would not i n t e r f e r e  with sampling o r  create an appreciable flow 

disturbance. Approximately 38 inches downstream of the  sampling por t s  the  

duct entered a v e r t i c a l  downcomer expansion chamber which ca r r i ed  the exhaust 

gases t o  the  HEAF u n i t .  The downcomer w a s  about 75 inches i n  diameter, and 

the  duct entered the  downcomer tangent ia l ly .  The 38 inch average dimension. 

fo r  the downstream duct length equaled 0.95 undisturbed duct diameters. 

The nozzle w a s  pointed downstream 

Thus, i t  w a s  assumed tha t  t he  
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Because the  i n l e t  sampling po r t s  were loca ted  i n  a curving duct r a the r  

than a s t r a i g h t  duct,  the  i n l e t  s i te  did not  s t r i c t l y  conform t o  the  spec i f i -  

cat ions of EPA Method 1. 

avai lab le  i n l e t  locat ion.  

mining desired emission t e s t  da ta  as wel l  a s  providing e f f i c i ency  information 

f o r  the  emissions cont ro l  device. 

t h a t  t h e  duct curvature  was gradual,  the  s i t e  w a s  considered t o  be acceptable  

f o r  performing emission tests t h a t  would y i e l d  representa t ive  t e s t  data .  

However, the  s i te  chosen represented the  b e s t  

The i n l e t  sampling da ta  w a s  t o  be used f o r  deter-  

Considering these  objec t ives  and the f a c t  

Forty t raverse  poin ts  were o r i g i n a l l y  se l ec t ed  f o r  t h e  i n l e t  s i te.  
This was based on t h e  f a c t  t h a t  the  fan w a s  t h e  neares t  upstream disturbance. 

However, because of t h e  nonideal duct configruat ion,  i t  w a s  decided t o  sample 

4 8  poin ts ,  24 along a hor izonta l  diameter traverse and 24 along a v e r t i c a l  

diameter t raverse .  These poin ts  were located a s  spec i f ied  by Table 1-1 of 

EPA Method 1. 

sampling loca t ion  and lists t h e  exact d i s t ance  from t h e  ou t s ide  of the 

sampling por t  t o  each t r ave r se  point .  

2 4 ,  2 5 ,  and 48 was ca lcu la ted  t o  be less than 1 inch from t h e  duct wal l .  
Sampling within 1 inch of the  duct w a l l  i s  n o t  recommended, thus sampling 

a t  these four  points  was conducted a t  1 inch from the  w a l l .  

numbering sequence and point  loca t ions  were used f o r  a l l  t e s t i n g  conducted 

a t  t h e  HEAF i n l e t .  

HEAF O u t l e t  

Figure IV-2 shows the  cross-sect ional  view of the  duct a t  the  

The l o c a t i o n  of t r ave r se  poin ts ,  1, 

The same point  

The cleaned gases ex i t i ng  the HEAF u n i t  were ducted t o  a l a r g e  induced 

d r a f t  fan which w a s  adjacent  to t h e  HEAP. Normally at  the  Celotex (LA) 

p l a n t  the  gases a r e  discharged from the  primary f a n  through a demister and 

a sound reducing muff ler  p r i o r  t o  being discharged t o  the  atmosphere. 

was no s t ack  on the muff ler  ver tex.  

bui lding roof .  

e f f l u e n t  gas being discharged about 25 f e e t  above the  roof l e v e l .  

s e l f  was near ly  25 feet  above ground l e v e l .  

SPNSS t e s t  spec i f i ca t ions  i t  was required t h a t  a s tack  extension be  i n s t a l l e d  

a t  the  e x i s t i n g  si te.  To i n s t a l l  a s t ack  on the muffler,  discharge would have 

There 

The demister  was located j u s t  above t h e  

The combined height  of the  demister and muff ler  r e su l t ed  i n  the  

The roof it- 

In order  t o  meet t h e  necessary EPA 
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3 
3 114 
4 114 
5 118 
6 114 
7 114 
8 1 1 2  
9 314 

11 114 
12 718  
1 4  118 
1 7  118 
26 118 
29 118 
31  118 
32 314 
34 114 
35 112 
36 314 
31 314 
38 118 
39 314 
40 314 
4 1  

TRAVERSE 
POINT NO. 

1. 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
1 3  
1 4  
15 
16 
17 
18 
19 
20 
21  
22 
23 
24 

/ I  3" PIPE NIPPLE, 2" LONG 

'RAVERSE POINT LOCATION 
FROM OUTSIDE NIPPLE(IN.1 

3 
3 1.14 
4 114. 
5 118 
6 114 
.7 114  
8 1 1 2  ~ 

9 314 
11 114 
1 2  118 
1 4  118 
17 718 
26 118 
29 118 
3 1  118 
32 314 
34 114 
35 112 
36 3 / 4  
3 1  314 
38  118 
39 314 
40 314 
4 1  

TRAVERSE TRAVERSE POINT LOCATION 
POINT NO. I FROM OUTSIDE NIPPLE(IN.1 
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been extremely d i f f i c u l t  and impract ical  because of the  addi t iona l  weight, 

height and lack  of ava i lab le  supportive members. Instead, t he  EPA Pro jec t  

Off icer  requested t h a t  the  muffler b e  removed and a temporary light-weight 

s tack extension be attached t o  the demister o u t l e t .  Construction staging 

w a s  erected which surrounded the s tack,  providing access t o  the  sampling 

por t s .  A sketch of the  o u t l e t  s i te,  as t e s t ed ,  i s  provided i n  Figure IV-3. 

The temporary o u t l e t  s tack  extension w a s  36.75 inches I D  and w a s  15 
f e e t  long. 

the s tack circumference. 

3 f e e t  below t h e  s tack exit. Thus, t h e  nearest  upstream disturbance ( the  

demister o u t l e t )  w a s  near ly  4 duct diameters below the  sampling po r t s ,  and the  

downstream disturbance ( the  s tack  o u t l e t )  was e s s e n t i a l l y  1 duct diameter 

above t h e  ports .  

minimum of 36 sampling points.  

tests t o  correspond d i r e c t l y ,  the  EPA Pro jec t  Off icer  d i rec ted  t h a t  48 

sampling points  be se lec ted  fo r  the  o u t l e t  t e s t ing .  

as spec i f ied  by Table 1-1, EPA Method 1; 24 poin ts  along each of two s tack 

diameters or iented a t  90" t o  each other .  A s  with the i n l e t  points ,  the  four 

poin ts  nearest  the s tack  w a l l  were calculated t o  be within 1 inch of t he  

w a l l  and these points  were reposit ioned t o  be 1 inch away from the  w a l l .  

Figure IV-4 shows the  s tack  cross  sec t ion  through t h e  plane of t h e  sampling 

po r t s  and a l so  gives the  exact sampling poin t  loca t ions  referenced t o  the  

outs ide edge of the sampling ports .  

system were the same fo r  a l l  o u t l e t  tests. 

Two 3-inch pipe-nipple por t s  were i n s t a l l e d  a t  90 degrees  along 

The por t s  were 12 f e e t  above the  s tack  i n l e t  and 

\ 

For t h i s  s tack  configuration, EPA Method 1 s p e c i f i e s  a 

However, i n  order  f o r  the i n l e t  and o u t l e t  

These poin ts  were located 

The point  loca t ions  and numbering 

SULFUR DIOXIDE SAMPLES 
.. 

During the th i rd  set of simultaneous i n l e t  and o u t l e t  p a r t i c u l a t e  

2 tests a continuous sample w a s  extracted from the HEAF o u t l e t  s tack f o r  SO 

analyses. This continuous gaseous sample w a s  extracted through an ex is t ing  

por t  located i n  the  demister o u t l e t  j u s t  below t h e  base of t he  temporary 

stack. The I D  of t h i s  sec t ion  w a s  approximately 36.5 inches. A s t a i n l e s s  

steel probe w a s  inser ted  i n t o  the  s tack  t o  a depth of 26 inches.  

ing w a s  conducted a t  t h i s  s ing le  point using an electrochemical monitoring 

ana lyzer .  

A l l  sampl- 
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FIGURE IV- 
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FIGURE IV-4 

SCHEMATIC OF SAMPLING LOCATIOI 
HEAF U N I T  OUTLET 

TRAVERSE 
POINT NO. 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
1 3  
1 4  
15  

a 

16 
17 
1 8  
19 
20 
21 
22 
23 
24 

'RAVERSE POINT LOCATION 
FROM OUTSIDE N I P P L E ( I N . 1  

2 1 1 2  

3 112 
2 518 

4 318 
5 318 

7 318 
a 5 t a  

1 3  318 
16 i l a  
23 518 
26 318 
2a 114 

3 1  i l a  
3 2  318 
33 3 t a  
34 318 
35 318 

37 i l a  

6 318 

10 
11 112  

29 314 

36 114 

37 114 . .. 

TRAVERSE 
POINT NO. 

25 
26 
27 

29 
30 
3 1  
32 
33 
34 
35 
36 
37 

39 
40 
4 1  
42 
43  
44 
45 
46 
47 

2a 

3a 

4 a  

. 3 "  P I P E  N I P P L E ,  1 1/2" LONG 

RAVERSE P O I N T  LOCATION 
FROM OUTSIDE N I P P L E ( I N . )  

2 112 

3 112 
2 518 

4 318 
5 318 
6 318 
7 318 
a 518 

1 3  318 
16 i i a  
23 518 
26 318 
2a 114 

3 1  i i a  
32 318 
33 318 
34 318 

.35 318 

37 i l a  

10 
11 112 

29 314 

36 114 

37 114 
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VISIBLE EMISSIONS OBSERVATIONS 

Figure IV-5 ind ica t e s  the r e l a t i v e  pos i t i on  of the  four  d i f f e ren t  

observation sites employed t o  evaluate  the HEAF s tack e f f luen t .  

t ions  were chosen i n  order t o  conform t o  EPA Method 9 spec i f i ca t ions .  

s tack discharge w a s  approximately 50 feet above ground l eve l .  

were posit ioned a t  d is tances  of 80-120 f e e t  from the  s tack.  

observation poin ts  ranged from ground level t o  about 60 f e e t  above grade. 

HEAF Fugitive Emissions 

These loca- 

The 

Observers 

Heights of the  

When observing the  f u t i i v e  v i s i b l e  emissions from the !BAF u n i t  and i t s  

associated ductwork, the  two observers were or iented i n  the  room housing 

t h i s  equipment as depicted i n  Figure IV-6. In te rmi t ten t  emissions were noted 

from the f i l t e r  approximately 6 f e e t  above f l o o r  level. 

posit ioned approximately 15 f e e t  from t h e  emission sources. 

Saturator/Coater Fugi t ive Emissions 

The observers were 

The observation sites used i n  evaluat ing the  saturator-coater  f u g i t i v e  

v i s i b l e  emissions are shown i n  Figure IV-7. Observations of emissions 

emitted from the  spraying/dipping sec t ion  of the  sa tu ra to r  were recorded 

from poin ts  1 and 2 i n  one room. 

portable  flood l i g h t s  were i n s t a l l e d  and d i rec ted  toward the ce i l i ng  i n  

order t o  assist i n  i l luminat ing the  observation area. Sparcely occurring 

fug i t ive  emissions were detected approximately 15 f e e t  above the  f l o o r  a t  

dis tances  of 10-50 f e e t  from the  observer.  Points 3 and 4 i n  the  adjacent 

room designate the  observer loca t ions  r e l a t i v e  t o  the  s t r ike- in  sec t ion  of 

the  sa tu ra to r  and t o  the  coa ter  area near the  No. 9 access door. Consistent 

fug i t ive  emissions from t h i s  process s e c t i o n  were a l s o  detected at  15 f e e t  

above the  f l o o r  a t  d is tances  of 10-30 f e e t  from t h e  observer. 

Because t h i s  room was  p a r t i c u l a r l y  dark,  

PROCESS SAMPLES 

Throughout t he  tes t ing period var ious process samples were co l lec ted .  

Included were samples of unblown asphal t ,  sa turan t  asphal t ,  coating asphal t ,  

recovered o i l / a s p h a l t ,  and both unused acd spent HEAF f i l t e r  media. 

samples were obtained d i r e c t l y  from the appl icable  process uni ts /operat ions.  

A l i s t  of a l l  co l lec ted  process samples is included i n  the  Sample Ident i f ica-  

t i o n  Log continaed i n  Section I of Appendix D. 

These 
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SECTION V 

SAMPLING AND ANALYTICAL PROCEDURES 

Total hydrocarbon' (THC) and SO2 measurements were performed at the 
test site with continuous monitoring instruments. 
methods are provided in detail below. 

Descriptions of these 

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

PARTICULATES 

Particulate sampling was conducted simultaneously at the inlet and 
outlet of the HEAF unit using similar sampling trains. 
(Figure V-1) consisted of EPA Method 20 equipment, designed to accommodate 
concurrent total hydrocarbon monitoring. 
HEAF inlet included a cyclone prefilter between the probe and glass-fibber 
filter. Following the first inlet run (CEL-L-P)it was discovered that 
condensation droplets were passing through the cyclone and filter. 
two subsequent tests conducted at the inlet (CEL-3-P and EL-7-P) were 
performed with a glass wool plug inserted into the cyclone inlet. 
sion of the glass wool plug was necessary to eliminate mist carryover through 
the filter. No cyclone prefilter was necessary for the train used to sam- 
ple the HEAF outlet because no problems were encountered with condensation 
accumulation before the filter. 
for all inlet and outlet runs. 

The trains 

The sampling train used at the 

The 

Inclu- 

Preweighed glass-fiber filters were used 

The Method 20 sampling train included a tee at the exit of the filter 
that allowed simultaneous THC sampling. 
through a fourth opening in this tee into the back half of the filter 
holder for monitoring of gas temperature at this point. 
filter were heated to 100°F 

A dial thermometer was inserted 

The prefilter and 
10°F in order to control sampling conditions 

-81- 



W 
PI 
2 

ENG I NEERING-SCI ENCE, IN1 



pertaining to water and/or hydrocarbon condensation in the front half of 
the sampling train. 
employed for Method 5 sampling was selected to provide a consistent basis 
for evaluating different control systems used in the asphalt roofing indus- 

try. 
found to be consistent with the optimum operating temperature of the col- 
lection systems to be evaluated. 

This change in the filtration temperature normally 

Selection of the 100°F filtration temperature had been previously 

Another modification to EPA Method 5 sampling procedures involved 
extraction of a small portion (1 lpm) of the sample gas after filtration and 
use of a continuous flame ionization detector (FID) analyzer to measure 
total gaseous hydrocarbon content. 
EPA Method 20 is described further in the succeeding sub-section. 

The use of this sampling procedure in 

Pretest preparation and all sampling procedures described in EPA 
Method 20 were used. 
in Section I of Appendix F.  

obtained from 
in the asphalt roofing industry. 
sampling and analytical procedures used at a single SPNSS test often exceeded 
those specified in the reference method. For example, on this test during 
sample cleanup and recovery, additional sample aliquots were recovered 
beyond the required number as was requested by the EPA Project Officer. 

A complete description of EPA Method 20 is located 
This method was developed from information 

R&D testing which uas performed prior to the SPNSS testing 
To obtain maximum test data, the specific 

Sampling was conducted isokinetically. A single run consisted of 
forty-eight traverse points which were sampled for three minutes each. 
S i x  particulate runs were conducted (three each at the inlet and outlet of 
the HEAF unit). Odd test numbers correspond to inlet runs and even numbers 
to outlet runs. 

SAMPLE NUMBER 

CEL-1-P 
CEL-2-P 
CEL-3-P 
CEL-4-P 
CEL-7-P 
CEL-8-P 

DATE 

10-21-75 
10-21-75 
10-22-75 
10-22-75 
10-24-75 
10-24-75 

- LOCATION 

HEAF inlet 
HEAF outlet 
HEAF inlet 
HEAF outlet 
HEM inlet 
HEAF outlet 
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An air-conditioned conference room was provided by the plant for sample 

recovery and clean-up. 
the test site. Following sampling and post-test leak check, the sampling 
trains were disassembled, all parts sealed, and then transported by auto- 
mobile to the clean-up area. 

The room was located approximately 1/4 m i l e  from 

EPA Method 20 requires that the acetone wash of the probe and glass- 
ware be preceded by a 1,1,l-Trichloroethane (TCE) wash. Thus, samples 
were recovered as follows: 

Container 1 TCE wash-front half (except prefilter) 
Container 2 Acetone wash-front half (except prefilter) 
Container 3 Cyclone prefilter with glass wool plug-not 

recovered-sealed in field 
Container 4 Filter (glass-fiber) 
Container 5 

Container 6 TCE wash-back half 
Container 7 Acetone wash-back half 

H20 from 1st and 2nd impingers 

As mentioned previously, CEL-1-P test did not include the glass wool plug 
in the cyclone. Therefore, for this run the cyclone washes were combined 
with the front half TCE and acetone washes. 
the outlet sampling runs. 

No prefilter was used with 

After the sampling train wash, the equipment was reassembled, charged 
with the specified Method 20 contents, and sealed prior to the next test. 
Portions of each stock bottle of TCE and acetone used for sample recovery 
and/or clean-up were transferred via clean-up wash bottles to clean sample 
bottles for blank determinations. Similar blank samples were taken of the 
distilled-deionized water used in the impingers. 

A l l  samples were shipped to Battelle for gravimetric determination of 
particulate mass by Method 20 analysis. 
were transmitted to ES from Battelle via EPA. 
are presented in Section I of Appendix F. 
analyzed. 

Results of those determinations 
Analytical procedures used 

The back-half catch was not 

The means for determining the volume of gas withdrawn for the THC 
monitors is described in Section I of Appendix A ,  along with example calcu- 
lations and results for each run. 
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TOTAL EYDROCARBONS (THC) 

Total hydrocarbon concentrations were monitored concurrently with all 
particulate test runs, and an additional THC test was conducted after comple- 
tion of all particulate testing. 
sented in Figure V-I .  

A diagram of the sampling train is pre- 

The THC Method 20 samples were collected by withdrawing a portion of 
the gas stream immediately after it passed through the temperature control- 
led glass fiber filter. 
knockout trap, and then through (60 foot inlet and 30 foot outlet) heated 
(150'F) Teflon'') lines. 

steel bellows pump and to a four-way gas manifold ( sample, 
3 

Samples were drawn from the tee, through a moisture 

Each sample then passed through a stainless 
1 2 zero gas, 

span gas 4~~ analyzer inlet). 

From this point the inlet and outlet THC sampling systems varied 
The inlet gases passed from the manifold into a rotameter, nllow- slightly. 

ing direct measurement of the flow rate of gases withdrawn from the par- 
ticdate train. 

THc analyzer at a constant rate. 
ionization detector and the excess was exhausted to the atmosphere. 

From the rotameter the inlet gases entered a Beckman 1 0 8 ~  (1) 
Thence, a portion passed through the flame 

The outlet sampling system transmitted the gas sample directly from 
the four-way manifold into a Scott Model 116'l) analyzer. 
the Scott analyzer is similar to that of the Beckman analyzer. A constant 
gas flow to the detector is computed from the pressure of the detector gas 
stream sample. 
rotameter. 
the detector flow to the sample bypass flow. 

Gas flow through 

The exhausted excess sample flow rate is monitored by a 
Total gas flow to the Scott analyzer is calculated by adding 

Both the Beckman and Scott THC analyzers operate on the flame ioni- 
(1) zation detection principal. 

strip chart recorder that provided a continuous record of the THC measure- 
ments. 

Each was equipped with an Esterline Angus 

("Mention of a specific company or product does not constitute endorse- 
ment by the EPA. 
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The Beckman 108A used f o r  monitoring t h e  HEAF i n l e t  THC was  operated 

Instru-  
. .  . .  . 

i n  the  following ranges: 

ment spec i f ica t ions  are fl percent f o r  reproducib i l i ty  and 5 seconds f o r '  

response t i m e .  

0-100 ppmv, 0-200 ppmv, o r  0-500 ppmv. 

The Scot t  analyzer used f o r  t he  HEdF o u t l e t  monitoring w a s  operated 

in the  following ranges: 0-100 PPmv, 0-200 PPmV. o r  0-500 P P V .  The re- 
producib i l i ty  spec i f i ca t ion  of that instrument i s  ra ted  a t  -fi percent,  and 

response time is spec i f ied  a t  1 second f o r  90 percent of f i n a l  reading. 

Cal ibrat ion of both instruments was conducted with gases of c e r t i f i e d  

concentrations of 0 and 84 ppmv of methane i n  a i r .  Both instruments were 

ca l ibra ted  v i a  a manifold from the same gas cylinders.  Cal ibra t ion  gases 

were prepared and analyzed by Airco'l).  

are provided in Appendix E, Section I. 

C e r t i f i c a t e s  of those analyses 

Reduced port ions of t h e  recorder s t r i p  char t  displaying instrument 

response during sample monitoring are presented i n  Figures V-2 through V-8. 

Zero basel ine was adjusted t o  10 percent of char t  before each tes t  and 

checked f o r  d r i f t .  

changes. 

ing THC concentrations.  

estimated from Figures V-2 through V-8 by the  following equations: 

This w a s  readjusted i f  necessary during the  time of por t  

Corrections f o r  zero base l ine  and d r i f t  were made when comput- 

The concentration of t o t a l  hydrocarbons can be 

(1) f o r  10 mv range: ppm THC = 4 sample - 4 zero base l ine  

(2) f o r  20 mv range: ppm THC = (2)(% sample - 4 zero basel ine)  

(3) f o r  50 mv range: ppm THC = ( 5 ) ( %  sample - 1: zero basel ine)  

M i n i m u m ,  maximum and average THC concentrations were calculated f o r  

each 3 minute t raverse  point .  

and the  corresponding traverse point are marked on the  recorder s t r i p  

charts. Field da ta  f o r  t he  special  THC run  (CEL-9-THC) were recorded a t  

varying t i m e  i n t e r v a l s  from 5 t o  25 minutes. 

emission rates were in te rpola ted  a t  3 minute in t e rva l s .  

cen t ra t ions  f o r  each test  run were a l s o  computed. 

The s t a r t i n g  t i m e  f o r  each 3-minute period 

The d a t a  f o r  those THC 

Average THC con- 

Three minute average 

(l)Mention of a s 'pecific company o r  product does not cons t i t u t e  endorse- 
ment by the  EPA. 
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FIGURE V-6 - RUN CEL-7-THC HEAF INLET 
October 24,  1975 
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FIGURE V-7 - RUN CEL-8-THC HEAT OUTLET 

October 2 4 ,  1975 
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concentrations and the total average concentration were used with corres- 
ponding gas flow rates for each test. 
the emission rates in lbs/hr. as shown in Tables 10 through 16 of Section 11. 

These data were used to calculate 

Unabridged reproductions of the recorder strip charts, which include 
zero and span gas readings, are displayed in Section I of Appendix C. 

POLYCYCLIC ORGANIC MATTER (POM) 

The POM sampling train (Figure V-9) was modified Method 5 equipment 
with an adsorbent column inserted between the heated (125'F) glass fiber 
filter and the first water-filled impinger. 
V-10) consisted of a glass cooling coil (120 cm x 0.8 cm) and a cylindrical 
column (7 cm x 3 cm diameter) packed with Tenax. 
maintained between 125 to 130'F with a thermostatically controlled, recircu- 
lating water bath. 
was : 

The adsorbent column (Figure 

This. Tenax.column was (1) 

For POM testing the gas flow through the sampling train 

STACK GAS 
.I0 

\L 
PROBE 

CYCLONE 
with glass wool plug 

(plug not used on outlet) 
& 

FILTER 
(Heated) 125'F 

\L 
ADSORBENT (p) 

\I/ 
(Heated) 125 -130°F 

REMAINING METHOD 5 TRAIN 
(i.e., impingers, pump and gas meter) 

In  order to minimize photooxidation of POM compounds during sample collec- 
tion, all exposed glassware up to and including the adsorbent column was 
wrapped with aluminum foil to prevent exposure to ultra-violet radiation. 

POM samples were collected at the HFAF inlet and outlet simultaneously. 
Sampling was performed isokinetically throughout the runs in accordance 
with modified Method 5 specifications. Excessive pressure drop, resulting 

'"Mention of a specific company or product does not constitute endorse- 
ment by the EPA. 
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from the flow of gases through the adsorbent material, necessitated changing 
a probe tip for the inlet train. 
%nute traverse point of the run. 
when calculating the isokinetic sampling rate by determining an average 
probe nozzle area weighted upon a volume sampled basis. 

That change was made after the first 
Correction for this change was made 

Immediately following sample collection the adsorbent column, filter 
holder, and prefilter (inlet only) were sealed and stored in an opaque 
container. 
to the clean-up area previously described. 
during the POM sample recovery in order to minimize photooxidation of those 
samples. 
followed by an acetone rinse. 
sealed amber bottles and stored in the dark in order to minimize POM de- 
gradation. 
blank analysis. 

The probe and connecting glassware were capped and transported 
Incandescent lighting was used 

Washing consisted of an initial l,l,l-Trichloroethane (TCE) wash 
TCE and acetone washes were collected in 

Samples of the solvents and adsorbent column were retained for 

The TCE/acetone probe washes, the filters, and the adsorbent columns 
were then transported to Battelle where the organic contents of the three 
separate portions of each sampling train were extracted to recover the sample. 

The three extracts from the probe, filter and adsorbent column were 
combined and a single POM analysis was performed on each total sample. 
First, the overall volume of the combined extract was reduced by evaporation, 
and then the POM fraction of the extract was isolated by liquid chroma- 
tography separation. 

The POM portion of the sample obtained was then separated into various 
compounds by gas chromatographic separation using a D e x i l  300") temperature 
programmed column. 
column of N' - Bix(p-methoxy-benzylidene)-u,u'-bi-p-toluidine. 

The benzpyrene isomers were separated on an isothermal 

Once the POM compounds were separated, detection of the constituents 
was conducted with a Finnigan 1015(1) quadrupole mass spectrometer using a 
chemical ionization source. Data acquisition and subsequent quantification 
were performed by a Systems Industries 150'') data acqusition system system 
coupled to a Digital PDPS") computer respectively. 

("Mention of a specific company or product does not constitute endorse- 
ment by the EPA. 
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Results of t h e  POM analyses were t ransmit ted to  ES by EPA and a r e  

presented i n  Appendix D, Section 11. 

POM sampling and a n a l y t i c a l  procedures i s  contained in Section I1 of Appen- 

d ix  F. 

A more de ta i l ed  descr ip t ion  of the  

OUTLET GAS COMPOSITION 

The HEAF o u t l e t  gases were analyzed by two procedures t o  determine 

the composition. 

co l lec ted  i n  a p l a s t i c  bag and subjected t o  a f i e l d  Orsat analysis .  The 

second ana ly t i ca l  procedure involved c o l l e c t i o n  of o u t l e t  gas samples in 

evacuated g l a s s  flasks followed by GC and MS ana lys i s  i n  the laboratory.  

During each p a r t i c u l a t e  t e s t  a sample of o u t l e t  gas was 

The Orsat sample co l l ec t ion  t r a i n  cons is ted  of a s t a i n l e s s  s t e e l  

probe, f l e x i b l e  connecting tubing, water knock-out t r ap ,  g l a s s  f i b e r  f i l t e r ,  

diaphragm pump, and an aluminized Mylar 

obtained using EPA Method 3 procedures. 

ORSAT analyzer wi th in  a matter of minutes a f t e r  completion of the  sample 

col lect ion.  

(1) bag. An in tegra ted  sample was 

The samples were analyzed with an 

The evacuated f l a s k s  were provided preevacuated by Ba t t e l l e .  They 

were 2 l i ter ,  round-bottom, g l a s s  f l a s k s  with a stopcock at tached t o  the  

f l a s k  neck. The f l a s k s  were f i l l e d  through a g l a s s  tubing t e e  i n s t a l l e d  

i n  the FID sampling system between t h e  knock-out t r ap  and t h e  heated sample 

line. 

gas analyzed by t h e  FID hydrocarbon analyzer.  

p les  were obtained between 1O:OO a.m. and 10:15 a.m. on October 24, during 

Run No. 8 The f l a s k s  were f i l l e d  one a t  a time. A one-inch length of 

su rg ica l  rubber tubing was used t o  connect t h e  f l a s k  i n l e t  t o  t h e  g lass  

tee .  A pinch clamp on the  rubber tubing was used t o  c lose  off the  tee dur- 

ing periods when f l a s k  samples'were not  being taken. During f i l l i n g  the  

f l a s k  stopcock was opened only p a r t  way so t h a t  t h e  f l a s k  f i l l e d  slowly. 

This minimized any p o t e n t i a l  i n t e r f e rence  t o  t h e  p a r t i c u l a t e  and FID systems. 

Thus the  gas samples co l lec ted  i n  t h e  f l a s k s  were t h e  same a s  the  

A t o t a l  of f i v e  f l a s k  sam- 

After co l l ec t ion ,  the f l a s k s  were returned t o  Battelle fo r  analyses.  

(') Mention of a s p e c i f i c  company or product does not c o n s t i t u t e  endorse- 
ment by the  EPA. 
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The sample was analyzed on an as-received basis using MS and GC instru- 
ments. The gas mass spectra was run from mass 2 through mass 100. 
hydrocarbons are analyzed by the GC using a flame ionization detector (FID) 
and Porpak Q 
and a thermal conductivity detector was made to detect carbon monoxide content 
(N2 and CO both have nominal mass of 28 on the MS and the GC provide a speci- 
fic CO content which can be subtracted from the total N2 plus CO value 
obtained from the MS.) 

The light 

(1) column. A second GC analysis using a molecular sieve column 

After the analysis on the as-received sample, .the samples were concen- 
trated by cooling to liquid nitrogen temperature and pumping off the non- 
condensable gases (CO, N 2 ,  Ar, 02, CH4 and a,) the condensable material 
was warmed to room temperature and analyzed using the MS. 
with the MS to determine the concentration of components with the same mass 
value. 

The GC was used 

("Mention of a specific company or product does not constitute endorse- 
ment by the EPA. 
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SULPHUR DIOXIDE (SO& 

SO monitoring was  conducted a t  the  HEAF o u t l e t  on October 24, 1975, 
2 

concurrent with p a r t i c u l a t e  run CEL-8-P. 

1/4-inch O.D. stainless steel probe. 

used t o  t r ans fe r  the  sample through a 20 foo t  unheated Teflon") l i n e ,  

through a moisture t r a p ,  and i n t o  a Dynasciences Model SS-330") SO2 analy- 

zer. 

The sampling system employed a 
A s t a i n l e s s  steel bellows pump w a s  

A sample rate of 0.5 t o  2.0 SCFM was  used throughout t he  test. 

The Dynasciences Model SS-330 SO monitor i s  ra ted  with a linear 2 
response of 2 1 percent of f u l l  scale and operates on an electrometr ic  prin- 

c iple .  This instrument was operated i n  the  0-10 (L-scale) and 0-25 (M-scale) 

ppm SO ranges during the test. 2 

Cal ibrat ion of t he  SO2 monitor w a s  conducted with c e r t i f i e d  gas  m i x -  

tures  containing 0 and 7.6 ppm SO2. Airco'l) c e r t i f i c a t e s  of ana lys i s  are 
presented i n  Appendix E, Section I. 

enced during the  tests, but response and reproducib i l i ty  were cons is ten t  

as ve r i f i ed  by ca l ibra t ions .  

Excessive e l ec t ron ic  noise  was experi- 

Portions of t he  recorder s t r i p  chart displaying SO2 sampling measure- 

Concentrations of SO2 

ments are reproduced i n  Figure V-11. 

intervals, which are i d e n t i f i e d  on t h e  s t r i p  char t .  

were calculated from the  recorder s t r i p  char t  da ta  by subt rac t ing  the ex- 
t rapolated zero baseline (ranging from 9 t o  20 percent of scale) from the  

average 10-minute recorder percent of scale and then multiplying t h a t  d i f -  

ference by a response f ac to r  (ppm/%). 

from span gas analysis .  

F ie ld  da ta  w e r e  averaged over 10-minute 

The response f a c t o r  is determined 

The equation used is: 

ppm SO2 = (% sample - X zero basel ine)  x Response f ac to r  

Minimum, maximum and average SO 

have been previously presented i n  Sect ion 11, Summary and Discussion of 

Results. 

concentrations f o r  each 10-minute period 2 

VISIBLE EMISSIONS 

The evaluation of the  v i s i b l e  emissions from the  HEAF s tack  were con- 

ducted as prescribed by Method 9 t e s t  procedures without modification. 

("Mention of a s p e c i f i c  company o r  product does not cons t i t u t e  endorsement 
by the EPA. 
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Observations a t  less than optimal background and luminescence cont ras t  con- 

d i t i ons  resu l ted  i n  no detect ion of a plume. 

Observations of t he  HEAF un i t  and of t he  sa tu ra to r  enclosure and coater  

d id  not conform t o  Method 9 inspect ion requirements f o r  two major reasons. 

F i r s t ,  both of these s t a t iona ry  source emissions were completely fug i t ive  

i n  nature, i .e. ,  there  were no s tack  or duct exhausts f o r  which a w e l l  

defined point  source plume exis ted.  

indoors precluding the  presence of d i r e c t  sunl ight  as the  means of lumine- 
scence. I n  a l l  cases the  p lan t  l i g h t i n g  w a s  used during the  observations. 

During evaluation of t h e  s a t u r a t o r  enclosure spraying/dipping section, t he  

l i g h t  source was supplemented by por tab le  flood l i g h t s  d i rec ted  from the  

s i d e w a l l  t o  the  ce i l i ng .  

d i r e c t l y  i n t o  any l i g h t  source. 

Secondly, both sources were located 

I n  no instance were observations made by looking 

There is no prescribed method f o r  s e l ec t ion  of observer loca t ions  when 

evaluating f u g i t i v e  v i s i b l e  emissions indoors. 

i l l u s t r a t e d  i n  Section IV were d ic ta ted  by t h e  EPA Project  Off icer  a t  the  

time of the  test program. 

The observation s i tes  as 
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Reviewer: Sh-r Review Date: 14 I42 
I 

&AF) 

A. Background Information 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

0 .  

Facility name : 

Location: 

Source category: A s m A L r  iwftdcr 

~ P ~ n 0 t - l  A5Ql4flU- RXF~AL 6mm 
Lns Anae 16s I rd;fnrnl .a 

Test date: &hk 21-24,/975 

Test sponsor: @A/EMB (7-5-fk?~-t3) .. 
Testing contractor: & l a i e t x q  5c ience GIC . 
Purpose of test: ~ve&w~,r t  A stahrd5 B t  oer~?o rpMMtLe 

Others (list) : m c  , f i - l o l n  P 3 a d  

o r  n m  5t d;orrarc/ 9 u r  h mu& a;r o D / / A n  + emi5570m. 

on(y wfl Ub Pollutants measured 

Pb @ / @ PM-10 NO, VOC 

PO/YC+. Orqm2c &&z r - I rvn f e r n  imQn+d sawp I,,, +a:.) " 
Process overview: On an attached page provide a block 
diagram of the unit operations and associated air 
pollution control systems at the facility. Identify 
process tested with letters from the beginning of the 
alphabet (A, 8 ,  C, etc.) and APC systems with letters 
from end of alphabet (V, W, X, etc.) . Also identify test 
locations with Arabic numerals (1,2,3, ... ) .  Using the 
ID symbols from that sketch complete the table below that 
identifies processes or unit operations tested. 
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B. process Information 

1. provide a brief narrative description of the process. 
with as much detail as possible, (e.g., if a furnace or 
conveyor system is used. identify the type of unit) 
describe the equipment used for those operations tested. 
(Note: 
adequate, attach copy or reproduce here.) 

If process description provided in test report is 

. 



SECTION I11 

PROCESS DESCRIPTION AND OPERATIONS 

The asphal t  roofing manufacturing p l a n t  has two manufacturing l i n e s ,  

The one f o r  sa tura ted  f e l t  and another f o r  producing shingles  and r o l l s .  

l i n e  producing s h i n g l e s l r o l l s  is designated as Line 1 and the  other  as 

Line 2. Emission tests were conducted only on Line 1, and hence, t h i s  

discussion i s  l imi ted  t o  t h a t  line. 

PROCESS DESCRIPTION 

The f i r s t  s t e p  i n  the sh ingle  manufacturing process i s  sa tura t ion  

of f e l t  with asphal t .  

ca r r ied  out by spraying the  f e l t  on one s i d e  with hot  asphal t  and then dip- 

ping the  f e l t  i n  hot asphal t  at  about 450°F. 
only one s i d e  so t h a t  moisture present  i n  the  f e l t  can e a s i l y  escape and 

prevent subsequent b l i s t e r i n g  of t he  shingles .  After  sa tura t ion ,  the  f e l t  

passes through a "strike-in' '  drum sec t ion  cons is t ing  of two ro l l e r s  which 

squeeze i n  the  sur face  asphal t  and enhance asphal t  permeation through the  

f e l t .  T h e  f e l t  then goes through a hot  looper  sec t ion  p r i o r  t o  being coated 

w i t h  coating asphal t .  

i n  that i t  has a sof ten ing  point range of about 210 t o  220°F compared t o  130 

to  140'F f o r  sa turan t .  Another major d i f fe rence  i s  t h a t  coating asphal t  

has about 50 percent f i l l e r  (rock dust)  by weight. The addi t ion of coating 

a s p h a l t  onto the  f e l t  gives the product ( i . e . ,  shingle)  the  s t rength  t o  

withstand the  elements and serves as an adhesive bed f o r  t he  granules. 

After the appl ica t ion  of coating asphal t ,  granules are imbedded on one 

s ide  of the  f e l t  and a backing agent ( t a l c )  on the  other .  The product is 

then cooled, c u t ,  and packaged. 

A t  t h i s  Celotex plant ;  the  sa tu ra t ing  operation is 

Hot asphal t  i s  sprayed onto 

The coating asphal t  d i f f e r s  from sa tu ra t ing  asphal t  

Emission sources t h a t  were monitored during t h e  tests Fnclude the  

sa tu ra to r ,  s t r i ke - in  sec t ion ,  hot looper,  and the  coater .  A l l  of these 

sources were cont ro l led  by a HEAF (high energy a i r  f i l t r a t i o n )  un i t .  The 

same u n i t  also control led emissions from the  main asphal t  s torage tank and 

seven in-process s torage  tanks. A schematic of the  sources controlled by 

the KEAF u n i t ,  including t e s t i n g  poin ts ,  is shown i n  Figure 111-1. 
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The s a t u r a t o r  hood encloses  t h e  s a t u r a t o r ,  t h e  s t r ike - in  sec t ion  and 

the hot  looper.  

w i t h  3 f t  x 2 f t  m e t a l  p o r t s  which can b e  opened f o r  inspect ion.  

a rea  i s  enclosed with canvas from a he ight  of about 6 f t  above f l o o r  l e v e l .  

This a c t s  as its hooding and i s  enveloped by the s a t u r a t o r  enclosure.  The 
HEAF u n i t  con t ro l l i ng  a l l  of these  sources including the s torage  tanks,  

a s  s t a t e d  above, has a capac i ty  of.22,000 acfm. There a r e  two blowers (15 

Hp and 200 W) which t r anspor t  t h e  fumes t o  the  HFAF u n i t ;  the  15-HP blower 

precedes the  HEAF and the 200-Kp blower is after t h e  HEAF u n i t .  I n  addi t ion ,  

there  a r e  two o ther  blowers one near  the  main asphal t  s torage  tank and 

another a t  an "in-process'' s t o rage  tank. 

blower are shown below: 

The hood extends a l l  t h e  way t o  t h e  f l o o r  and contains  doors 

The coat ing 

Manufacturer's d e t a i l s  on the  HEAF 

Manufacturer: U.S. E l e c t r i c  Motors 
Divis ion of Emerson E l e c t r i c  
Milford,  Connecticut 

HP: 200 
Tme: R 

., DLsign B Code G 
I D  NO. C 2941-00-173 83-02101 
Motor RPM: 1.775 
460V, 237 amps 

There are seve ra l  types of HEAF u n i t s .  The Celotex (LA) p l an t  has a 
Rotary D r u m  (DF) HFAF un i t .  It i s  a f u l l y  automatic system. 

is an arrangement sketch of a t y p i c a l  Rotary Drum HEAF un i t .  

(LA) u n i t  d i f f e r e d  from t h i s  ske tch  in t h a t  t h e  f i l t e r  media entered and 

ex i ted  the  cabinet  from t h e  oppos i te  s ide .  The Rotary Drum HEAF u n i t  u t i l -  

ized a c y l i n d r i c a l  perforated drum around which a s t a i n l e s s  s t e e l  screen is 

wrapped. 

bottom of t h e  cabine t ,  passes  around an ad jus t ab le  tens ion  i d l e r  r o l l ,  and 

re-enters  the  f i l t e r  cabinet  on an upward s lope  a t  about mid-point i n  t h e  

f r o n t  of t h e  cabine t .  

r o t a r y  drum which is driven by a small horsepower gear motor mounted a t  the  

end of t h e  drum opposi te  t h e  f a n  suc t ion .  

screen and is drawn around the  f i l t e r  drum by the  screen. 

Figure 111-2 

The Celotex 

The s t a i n l e s s  steel screen  exits the  f i l t r a t i o n  cabinet  a t  the  

Movement of t h e  screen  i s  provided by movement of the  

The f i l t e r  media r i d e s  on t h i s  

A t  t h e  point  where 

-61- 



the  screen and the  f i l t e r  media en te r  the  cabine t ,  a curved s t a i n l e s s  s t e e l  

p l a t e  compresses the  f i l t e r  media and a c t s  as a s e a l  t o  prevent air from 

leaking i n t o  the cabinet .  

t h e  e x i t  point  f o r  the screen  and the f i l t e r  media. 

drum and screen mechanism used i n  the Rotary D r u m  u n i t .  

degrees of the drum i s  used as an a c t i v e  f i l t r a t i o n  sur face .  

110' does not  provide a f i l t r a t i o n  sur face  because i t  is contained i n  the 

space btween t h e  two seals and because i t  has no f i l t e r  m e d i a  on it. 

The same type of seal mechanism i s  provided a t  

Figure 111-3 shows the 

Two hundred f i f t y  

The remaining 

The Rotary D r u m  HEAF u n i t  i s  typ ica l ly  operated a t  a d i f f e r e n t i a l  

pressure across  the  f i l t e r  media of about 28 inches H20. 

ties at t h e  f ace  of t h e  f i l t e r  m a t  p re ferab ly  range between 1,500 and 1,700 

ft/min. 

work leading i n t o  t h e  Rotary D r u m  HEAF u n i t  i s  l o w  enough to  prevent negative 

pressures  i n  excess of about 1 inch  H20 from developing a t  the  inlet  t o  t h e  

HFAF u n i t .  The Celotex (LA) p l a n t  uses a vane-axial f an  mounted d i r e c t l y  

i n  the  ductwork leading t o  t h e  HIL4.F u n i t  t o  achieve such an i n l e t  condition. 

The vane-axial f an  i s  provided wi th  a v a r i a b l e  p i t c h  d r i v e  pul ley so t h a t  

i t s  speed can be increased o r  decreased s u f f i c i e n t l y  t o  provide approximately 

-0 .2  inches H20 a t  the  i n l e t  t o  t h e  HEAF u n i t .  

necessary because i f  the  pressure  a t  the  i n l e t  t o  the  HEAF u n i t  becomes 

pos i t i ve ,  contaminated gas  w i l l  l e ak  from the  seals i n t o  the immediate. 

surroundings. 

F i l t r a t i o n  veloci-  

It i s  necessary t o  in su re  t h a t  t h e  d i f f e r e n t i a l  pressure i n  the  duct- 

The va r i ab le  speed dr ive  i s  

Fumes a r e  cooled upstream of the  HEA€ unit with a s i n g l e  manually- 
control led atomized-water spray. According t o  p l an t  personnel,  the  cooling 

apparently reduces o r  e l imina tes  the  opac i ty  of t h e  s t ack  emissions. A l l  

emission tests were conducted with t h e  cooling system "on"; therefore ,  

the e f f e c t  of cooling on t h e  performance of the  HEAF u n i t  could not be 

determined. The fumes passed through a cyclonic expansion chamber t h a t  

promoted mixing and cooling of t h e  gaseous stream. 

enter ing the  HEAF, a f t e r  cooling, var ied  from 94OF t o  125'F. 
s tack  was equipped wi th  a demister which operated a t  about 0.3 inches H 0 
pressure drop. The pressure  drop across  the  EEAF media averaged about 29 

inches H20. 

The temperature of fumes 

The HEAF 

2 
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2. For each process tested list feedstock materials and 
products. Indicate if activity factors are for feed (F) 
rate or product (PI rate. 

Basie for data: z 5 4 .  ?. d G  
(Indicate page/table NOS. in test report) 

For each process or operation teated and each test run 
note procees capacity and operating rate during test. 

3 ,  

Basis for data: %, d 6  
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c. fir Pollution control Systems Tested 

For each air pollution control system pollution control 
system identified in A.O, note the following 

1. 

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

2. For each system identified above, provide a narrative 
description. For fugitive systems describe capture 
techniques as well as the removal techniques (use a 
separate page if necessary) 
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m D I D  

3 .  Using the attached parameter list for guidance complete 
the table below. (Uee additional pages as needed.) 

Run 1 Run 2 Run 3 Run 4 Puuxwer Unio 

Y 1 1 U 
Y 

1 I Y 
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I YM 
Y N  
Y N  
Y N  
Y N  

D. sampling and Analysis Methods 

Y N  
Y N  
Y N  
Y N  
Y/N 

1. Complete the following table 

. .. 

Y N  
Y N  
Y N  

I t I I Y N  I . Y N  .. 
I Y N  I . Y N  

.. 

Y N  
YN 
Y N  

~~ 

I I I Y N  I Y N  
I Y 

I I I Y N  I Y N  II 
I I I Y N  I Y N  II 
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2. If a method used was not a reference or conditional 
method, provide a narrative discuseion including any data 
manipulation needed to make reeulte correepond to 
reference or conditional method results. 

3 .  Describe any deviations identified above. 
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E. Emission- Data Documentation 

I. Tabulate the following stack gas data from the test 
report. (Use additional pages as needed.) 

I I I 
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2. Tabulate pollutant maaa flux rates 

P I I I I I I U 
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3 .  Present example Mission factor Calculations below. 
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4 .  ,Tabulate emieeion factore 

I I I I II 



Fabric filter 

ESP 




