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ERRATA SHEET 

Page 1 ,  P a r .  3 ,  Sentences 4 & 5 

Sampling was conducted on the  No. 1 s a t u r a t o r  l i ne  emissions only 

Change t o  read: 

while 235-240 pound a s p h a l t  shingles  were being processed. I t  i s  estimated 

t h a t  the processing of t h i s  product, a popular 3 tab  self-seal  shingle ,  

produces the highest concentrations of atmospheric emissions of  any comon 

roofing l i n e  product. 

Page 44, Par. 2 Change t o  read: 

Emissions from the three  sources c i t e d  above and the coa ter  hood, which 

i s  ducted t o  the sa tu ra to r  enclosure,  a r e  control led by 2 modular e l e c t r o s t a t i c  

prec ip i ta tors  (MESP). 

the  sampling points a r e  shown i n  Figure 3. 

Page 44,  Par. 3 Change t o  read: 

The MESP ducting arrangement and the locat ions o f  

The operation of a Smog HogTM MESP i s  s imi la r  t o  t h a t  of a conventional 

two-stage, low voltage ESP, except t h a t  t h e  ion izers  and  co l l ec to r s  are 

contained i n  removable modules and can be arranged in 1 ,  2 ,  or 3 pass 

configurations.  

contains a n  ou t l i ne  drawing of a 2-pass un i t  such as  i s  used a t  this loca t ion .  

Page 47, Par. 3, Sentence 2 Change a s  follows: 

Figure 4 shows the operation of a s ing le  pass uni t .  I t  a l s o  

An automatic . . . obtained from weighing 3 bundles a t  random each 

half hour  d u r i n g  the t e s t .  

Page 48, Par. 1 ,  Sentences 4-6 Chanoe a s  follows: 

Data on s torage temperatures and tank l eve l s ,  asphal t  de l iver ies  and 

t r ans fe r s  and asphal t  usage . . . o f f i c e r .  These . . . Section 1-2. 

Since no flowmeters were ava i lab le  and manual outage measurements are  

inherent ly  inaccurate  fo r  small chanqes i n  l i qu id  l eve l ,  usaqe was calculated 
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Over per iods rangins  from 6 t o  14 hours. 

p l an t  production records were used. 

Appendix 1-3 Add: Enclosed Tables 

4 s  i t  could not  . . , .  
Usage r a t e s  . . . cau t ion .  

t i m e s ,  
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PREFACE 

The work repor.ted herein was conducted by personnel from S a t t e l l e  Columbus 

Laboratories, M.idwest Research I n s t i t u t e ,  Monsanto Research Corporation and  the 

Environmental Protection Agency. 

Ba t t e l l e  Lab's personnel were responsible f o r  cleanup of the f i e ld -co l l ec t ed  

samples, nionitoring of the gaseous hydrocarbon concentrations and performing the 

sampling analyses a t  the Ba t t e l l e  Labs located in Columbus, Ohio, f o r  which a report 

was subnii t t e d  t o  E P A  sunirnarizing these d a t a .  

Midwest Research personnel were responsible for monitoring the process opera- 

t ions  during the t e s t ing  prograin and writing the ,Process  Cescription and  Operations 

Section along with Appendix I of t h i s  report .  

Monsanto Research personnel were responsible for co l lec t ing  and analyzing 

p a r t i c l e  s i z e  sarnples. 

located in Dayton, Ohio, and a repor t  was submitted t o  EPA summarizing the testing 

a n d  ana ly t ica l  data .  

These samples were weighed a t  the E-lonsanto Research Lab 

Mr. Clyde E. Riley, Office of Air Quality Planning and Standards, Emission 

Measurement Branch, served as  Test Project  Gfficer and  was responsible  f o r  coordi-  

nati  ng the performance t e s t i n g  program. 

Mr. Eric A. Noble, Office of Air Quality Planning and Standards,  Indus t r ia l  

Studies Branch, served a s  Test Process Project  Engineer and \.!as responsible for 

coordinating the  process operations.  
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I .  INTRODUCTION 

Section 111 o f t h e  Clean Air Act of 1970 charges the Administrator of the 

Environmental Protection Agency ( E P A )  with the r e spons ib i l i t y  of es tab l i sh ing  

Federal standards of performance f o r  new s t a t iona ry  sources which may s i g n i f i c a n t l y  

contr ibute  t o  a i r  pol lut ion.  

s ta t ionary  sources (SPtiSS) will  r e f l e c t  the degree o f  emission l imi ta t ion  achievable 

through appl icat ion of the best demonstrated control technology, taking in to  account 

cos t  considerat ions.  To assemble this background information, EPA u t i l i z e s  emission 

data obtained from pol lu tan t  sources involved  i n  the p a r t i c u l a r  i ndus t r i e s  being 

s tudied.  

These promulgated standards of  performance f o r  nevi 

In the asphal t  roofiny industry,  emission con-trol systems a t  the Celotex, 

Fa i r f i e ld ,  Alabama, Pkpha1.t Roofing Manufacturing P lan t ,  was se l ec t ed  by EPA for an 

emission monitoring t e s t  program. 

portion of the einissioti data base used for determining "best control technology" 

and  .For developing new source atmospheric emission standards for the processes i n -  

volved i n  the manufacturing of asphal t  roofing products. This repor t  presents the 

r e s u l t s  of t h i s  t e s t  program performed during the week o f  October 6 ,  1975. 

This tes t  program was designed t o  provide a 

The Celo-tex asphal t  roofing manufacturing p lan t  produces sa tura ted  f e l t ,  

shingles ,  and r o l l  goods. 

a day, f i v e  days a week. Line K O .  2 produces only sa tu ra t ed  f e l t .  Sampling was 

conducted on the No. 1 s a t u r a t o r  l i n e  emissions only while 57-pound f e l t  asphal t  

shingles  were being processed. 

duct produced the highest  concentration of atmospheric emissions. 

emissions from the No. 1 l i n e  a r e  removed v i a  a manifold duct t o  two modular e lec-  

t r o s t a t i c  p rec ip i t a to r s  (MESP) and then discharged i n t o  the atmosphere t h r o u g h  two 

e x i t  s tacks (See Figure 1 ) .  

Two separate  product manufacturing l i n e s  operate 24 hours 

I t  had  been predetermined t h a t  processing t h i s  pro- 

The combined fume 

1 
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EPA j o i n t l y  engaged with Eattelle-Columbus Labs and Monsan.to Research 

Corporation t o  measure the process emissions a t  the  i n l e t  and o u t l e t  loca t ions  t o  

and  from the FIESP emission control systems. Battelle-Columbus was responsible f o r  

the cleanup and analysis  o f  the  EPA-20 pa r t i cu la t e  samples, the polycyclic organic 

matter (POM) samples, the monitoring of gaseous emissions by two flame-ionization 

detectors  (F I I ) ) ,  and  the acquis i t ion  and analysis  of process samples. 

Research was responsible f o r  co l lec t ing  and analyzing p a r t i c l e  s i z e  samples. 

taneously, Ididwest Research was responsible f o r  monitoring and recording necessary 

process parameters. 

Monsanto 

Simul- 

E P A  personnel condtcted a t o t a l  of  twelve EPA-20 pa r t i cu la t e  t e s t  runs a t  

three (3 )  t e s t  locat ions.  

NESP (TP-l) ,  four  t e s t  runs a t  the No. 1 MESP o u t l e t  (TP-2), and f o u r  t e s t  runs a t  

the No. 2 MESP o u t l e t  (TP-3). (See Figure 1 . )  Simultaneous sampling was conducted 

a t  each o f  the  three  t e s t  locat ions d u r i n g  the  four  test runs f o r  .veloci ty ,  moisture, 

and pa r t i cu la t e  using EPA Method 20. 

Section.)  

col lected a t  TP-3 and analyzed fo r  gas composition using EPA Method 3 f o r  the o r s a t  

analysis  and gas  chromatography f o r  a s ing le  evacuated f l a sk  ana lys i s .  

measurements were made a t  the i n l e t  and o u t l e t  locat ions f o r  gaseous hydrocarbons 

by FID detectors .  

three a t  TP-2. 

modified fo r  t h i s  pa r t i cu la r  type of sample co l lec t ion .  

These consisted o f  four t e s t  runs a t  the  i n l e t  t o  the 

(See Sampling and Analytical Procedures 

Three inlegrated o r s a t  samples and three evacuated f lask  samples were 

Additional 

Three p a r t i c l e  s i z e  determinations were performed a t  TP-1 and 

All t e s t s  were conducted using a Brinks* Cascade Impactor 

Two simultaneous pa r t i cu la t e  polycyclic organic matter runs were conducted 

during the t e s t  program. 

on the o u t l e t  locat ion TP-3. 

*/4entioti of a s p e c i f i c  conipany o r  product does not c o n s t i t u t e  endorsement by EPA.  

One run was performed a t  the i n l e t ,  TP-1 and the o ther  



Visible  emission rmdings were recorded a t  the exhaust of each of the two MESP 

In addi t ion ,  v i s i b l e  fug i t ive  fume emission observations were conducted a t  s t ~ c k s .  

the  dipping and spraying sect ions of the sa tu ra to r  l i n e ,  a t  the  s t r i k e - i n  drum 

s e c t i o n ,  and a t  the coating area sec t ion  in accordance with procedures de t a i l ed  i n  

EPA Method 9 opaci ty  guidel ines  (see Appendix C ) .  

Two test  runs using an experimental high-volume pa r t i cu la t e  sampliny i n s t r u -  

The operational and emission data gathered mect were conducted a t  t es t  point TP-3. 

during these runs were t o  determine the comparability of the instrument t o  EPA 

I4ethod 20 sampling equipment. The experimental data a r e  t r ea t ed  a s  research and 

development efforts and a r e  n o t  t o  be used as background support f o r  nevi source 

standards o f  performance. 

Process samples co l lec ted  during the  sampling program included: bulk or unblown 

a s p h a l t ,  recovery o i l  from the MESP u n i t s ,  s a tu ran t ,  coating (without f i l l e r ) ,  coat- 

ing w i t h  .F i l l e r ,  sand, f e l t  (57 gauge), s e a l a n t ,  z inc powder, and granules used on 

the shingles  produced on October 8 ,  1975. In addi t ion a toluene-detergent-water 

wash so lu t ion  used f o r  cleaning the IdESP screens was col lec ted  from a l a rge  va t .  

blank o r  unused sample of the same cleaning so lu t ion  was a l s o  co l lec ted  f o r  back- 

g round  ana lys i s .  

A 

The EPA and cont rac tor  personnel a r r ived  a t  the p lan t  on October 6 ,  1975. Pre- 

l iminary tests and measurements along w i t h  preparations f o r  t e s t i n g  t h 2  following 

day were completed by the October G d a t e .  

October 7 ,  8, 9 ,  and 10. 

Formal t e s t  runs \$ere conducted on 

Kost of  the  runs were discontinuous due t o  process i n t e r r u p t s  and slowdowns 

encountered t h r o u g h o t i t  the t e s t  program. 

Logs f o r  Process and Sampling Times), a four  or f i v e  hour sampling period was 

usually required t o  c o l l e c t  a two and one-half h o u r  sample. 

As indicated in Tables 1 through 4 (Summary 
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Volume I o f  t h i s  report contains the following sec t ions :  I 
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The Summary o f  Results 

Process Description and  Operation 
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Sanipl ing and Analytical Test  Procedures 
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TABLE 1. SUI'YAX'l LCG FOR bXO<ESS k:Ll SI..!VLIf:C; TINES FCP. CiTCDER 7. 1975 

- 
Particulate G;lreous Hvdmcnr~@onr Vir!bl+ E7.lsrlanr Pdrtfcle  S i z e  

Hean :seed I n l e t  0d:lct C u t l e t  I n l e t  Cutlet b t l e t  0u:le: Outlet k @ d  inle: C;:let 
L f " C  

Tic:? ( f t / m l n )  T P - 1  TP-2 TP-3 TP-1 TP-2 TP-3 TF-2 T?-3 Fum; TP-1 TP-2 

1 
Integrated 

Orsat  

Cont'd. 

S t o i p d  

1 2 3 3  t u r l n g  
12:45 these 
12:03 t l r e r .  

Sto.  

14:07 
14:15 
14:16 
14:17 
14:18 
14:30 
14::2. 
14:33 
14:34 
14:40 

S t a r t e d  

ped 

350 
330 

350 

Started 

14:44 
14:45 350 
14% 
15:47 
15:OO 350 
15:O; ( F e l t  

15:07 
15:CB 
15:09 

15:06 break) 

1 
15:15 Stopped 
15:27 L in? on ' 

Gmtfnued 
I 

15:41 
15:55 310 
15:57 
16:OO 350 
16:05 
1K:OB 
16:lO 
16:15 360 
16:21 
16:27 
16:29 
16:30 360 
16:33 
16:34 

Cont'd. 

Port change 

Port change 

6 

" 
Started 

I 

. . 

1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
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T A K E  1. SUIjVIRY LOG FOR PROCLSS All0 S W I P L l I i t  T l l : l S  FOR OCTCBER 7. 1975 (Continued) 8 
Caworis l l vdrocar -bow 'Vi I 1 b l  e Emissions Par t i c le  Si l e  Hig'. 

v01rr-  

16:35 310 
16:43 ( s p e e d  1 16:45 down) 

- -- 

16:58 253 
17:35 250 
17:SO 320 
17:52 Con t ' d . I 

- 

17:53 363 
17:55 360 I 17:56 

C m  

17:57 
Cont 'd .  

l e t e d  

17:58 I 18:lO 360 
18:22 
18:25 360 
l8:4U 360 1 18:50 
18.53 
18:54 320 1 19:lO 210 
19:30 
19:31 340 
19:32 I 19:34 
19:35 
19:42 I 19:44 
19:CS 360 
19:46 350 I 19:47 

I 
I 
I 
I 
I 
I 
1 

Port change 

Cont'd. 
I 

Cont 'd .  
C o n t ' d .  

1 
Comp?ctod 

Cont'd. 

Sto I ped 
C o n t ' d .  

Run I 1 
Cmoleted 

Run 2 



09:24 
09:2S 
w:28 
w:30 
10:15 
10:18 

10:21 
10:24 
10:25 
10:34 
10:35 
1o:w 
l0:59 
11:05 
11:19 
1l:M 
11:21 
11:29 
11:n 
11:33 
11:35 
ll:42 
11:43 

11:44 
11:49 
11:so 

1 2 0 6  
1 2 0 7  
12:OS 
12:10 
12:11 
12:13 
12:11 
12:15 

. 1 2 : s  
12:- 
12:33 
12:45 
12:48 
1 2 3 9  
12:51 
12:s2 

. .  12:s) 
13:11 
11:12 
13:13 
13:15 
13:17 
13:21 
13:25 

10:20 

i2:ns 

YO 
2SO 

YO 

360 

360 
m 

360 

3M) 

360 

f e l t  
B e a k  

33) 

280 

330 
330 

3 3  

270 
310 

360 
JW 

3-. 

f t  

SI 

:d 

Sta-ted 

Run 2 S t  
mi 

Stowed 
SI 

ed 

1 h t ' d .  

ca 

si  

. Can 

su 
!d 

h 'd 
co 

6 
stoJpe6 Sl 

d. 

?' so ped 1 
1 
I 
1 
I 

ed 

8 



5:34 
j:35 

15:50 

G:18 
: 16:35 

G:46 
~ 16:54 

1:oo 
1:07 
7:lO 

11:15 
7:19 
7:25 

17:M 
7 : 4 5  
1:SO 
7 5 5  

17:56 
1:51 t 8:OO 

ie : io  
8:11 
8:12 

18:14 
a:i5 
e:19 
a:20 
1&21 
e:43 I 8:49 

ie:so 

'I 

€251 
0:53 
19:ll 

9:13 
9:22 
19:24 

9 2 5  
9:48 

19:50 
9:51 
9:54 
9:5s 

20:DO 

0:05 
0:08 

20:09 
0:13 

E 
P 
I 

t 

Coni '  d. 

Stobp'd 5 
S t o h d  

323 
360 
360 

320 
370 
370 

370 

370 

370 
370 

370 

370 

370 
370 

350 

360 

4w 

260 
3 0  
350 

360 

tont 'd .  

'0 

SI 

Sto  ped 

Cm,t'd 
'd .  

;led 

si 

5 '  

CON 

S t  

S I  

red 

d. 

tont 'd .  

Str, I ped 
ed 

Con t ' d. 

Led 

ved 

ton,t 'd.  Conr'd. 

9 

Cont'd. Cont'd. 

tont 'd .  

Cen !- l e t c d  
Cont'd. t o t  

t 

Sto ped S t  

'T Sto ped 

S t a r t e d  

S t o  ped 

Flask I1 
Flask 12 
Flask t 3  

. ... .. 

. tont 'd .  



o a : , ~  
oa:15 
08:s 

W:05 
m:ol  
C9:15 
09:lS 
09:s 
0 9 : M  
10:05 
10:zs 
10:40 
10:46 
11:w 
ll:15 
11:m 
11:il  
1 1 : w  
11:53 
12:oo 

.12:01 
12:15 
12:40 
12:% 

12:56 
1 1 : m  

13:M 
13:lO 
11:11 
13:12 
1 3 2 5  
13:27 
13:40 
1 3 : s  
1 3 5 5  
13:59 
14:W 
14:02 
14:15 
14:28 
11:34 
14:3S 
14:38 
14:11 
14:42 

14:43 
1 4 : P S  
14:s1 
14:52 
11:54 
?S:cb 
1 5 0 7  
1s:m 
15:22 
15:3S 
1s:w 

16:CS 
:6:20 

: & I 3  
i 6 : I s  
:6:40 

15:U 

o , : m  

300 

340 

290 

310 
310 
340 
340 
3 0  
350 

350 
310 
3sD 

WD 
3% 

350 
350 

350 
300 

JM 

3m 

350 

M 

320 

240 

110 

320 
170 
310 ' 
320 ' 

X O  

320 

320 

Cont'd. 

5tar)ed 
Coont'd 

S t O S P d  

. .  

Co"t 'd.  

610 P c d  

Cont'd. 

Sb;pcd 
(o"t'd. 

Sto?pcd 

Ce"t!d. 

CM l c ted  

. .. 

Con '6. i 

.o 

I 
I 
1 
1 
1 
1 
I 
I 
I 
I 
I 
I 
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Sto 

08:53 

I ::;:; 
1 09:oo 

1 ::;;: 
08 : 58 

09:07 

09 : 30 1 09:45 
1c:oo 
1o:oz 1 10:06 
10:08 

I ;:I:: 

1 ;z 
I 
1 11:oo 

1 ::i:: 

I ;K 
I 1 1 : B  

I 11:<0 

1 

10:15 I 10:16 
10:19 

1o:zz 

10:44 

11:Ol 

11 :05 

11:30 

11:39 

ped 

320 

(Bloirer 
turned 
o f f )  

320 
300 

300 
300 
360 
360 

360 

320 

350 

320 

350 
350 
350 

COl 

coil 

COl 

d .  

eted Coli 

d .  

f t e d  

Cor 

cor; 

' d .  

l e t e d  

Con t ' d .  

Cont ' d .  

F e l t ,  
sea lan t ,  
samples 
col lected 

Ted Sto ped 



- 11. SUf,!II!ARY OF RESULTS 

A summary o f  the p a r t i c u l a t e  and  gaseous hydrocarbon concentration and 

emission data for  the t e s t  program is presented in  Table 5 .  

the front ha1.f portion o f  the  sairipling t r a i n  r e su l t s  from which the blank values 

have been subs t rac ted .  

gaseous hydrocarbon runs conducted a t  the  i n l e t  (TP-1)  a r e  presented in Table 6 .  

Tables 7 and 8 suiiirnarize the p a r t i c u l a t e  and gaseous hydrocarbon runs conducted a t  

t h e  two o u t l e t  loca t ions ,  TP-2 and TP-3. 

These data  represent  

Individual summary r e s u l t s  f o r  the fou r  particti la. te and 

Einissiorvi !.:ere samplec! simultaneously a t  the i n l e t  and o u t l e t  o f  the IKSP used 

f o r  control o f  the asptial t sa.turator po l lu t an t  concentrat ions.  

tiim covered a period of 2 hours and 20 minutes and  i n  a l l  ins tances  sampling times 

were conducted during s p e c i f i c  process conditions which were considered t o  be simi- 

1s.r t o  those used during normal plant operat ion.  Process parameters were ca re fu l ly  

observed and the m i s s i o n  . tes t s  performed only when the process appeared t o  be 

operat ing normally. 

Average sanpl i n g  

PARTICULATES _. 

Results of the p a r t i c u l a t e  emission t e s t s  a t  'the MESP i n l e t  and o u t l e t s  have 

been averaged as sho:w i n  Table 5 .  

o f  a fork.ed " Y "  t h a t  branched o f f  t o  two separate  !(ESP units (see Figure 5 ) .  

in le t  loca t ion  vias only 188 inches downstream of a 90' r i g h t  angle bend. 

t i ons  between the i n l e t  and o u t l e t  volumetric flows can be a t t r i b u t e d  t o  the 

inaccuracies t h a t  accompany the  measurement o f  the residual  angular flow profiles.  

The temperature o f  the gas  streams were consis tent ly  hig!ier a t  the o u t l e t ,  due t o  

the kinetic energy created by the cent r i fuga l  f a n s .  For each tes t  the ca lcu la ted  

i s o k i n e t i c  sampling r a t e  was well within the define l i m i t s  of 90 t o  110 percent.  

I n l e t  sampling 'was conducted 46 inches upstream 

The 

The var ia-  

1 2  
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Table 6 .  Par t icu la . te  and Gaseous Hydrocarbon 
Resul ts  f o r  I n l e t  TP-1 

Run Number 
Date 
~ o l u m e  of Gas Sampled--DSCFa 
percent  Moisture by Volume 
Average Stack Temperature--OF 
Stack  Volumetric Flow Rate--DSCFM 
Stack Volumetric Flow Rate--dCFMC 
Percent  Isoki  n e t i c  
Feed Rate--Ton/ hr 

b 

P a r t i  cul ates--probe,  cyclone,  
and f i l t e r  ca t ch  

mg 
g r /  DSCF 
gr/ACF 
l b f h r  
l b / t o n  feed 
Gaseous Hydrocarbon 
Averaqe Resul ts  

d 
d 

Minimum va lue ,  ppmv 
Maximum value ,  ppmv 
Weighted average va lue ,  ppmv 
g r /  DSCF 
l b / h r  

d 

1 
10/7/75 

100.92 
2.6 
125. 
253a9. 
29248. 
s7 .2  

-- 

2 
10/8/75 

102.54 
2.4 
124. 
26555.  

30070. 
i O l . 2  

-- 

3 
l0/8/ 75 

110.76 
2.2 
135. 
26438. 
3G683. 
102.5 

-- 

I 

4 
lo/  10/75 

111.83 
2.2 
119. 
26422. 
29840. 
103.5 

- 

-- 

Average 

1Q6.51 
2.4 
126. 
261 31. 
29959. 
101.1 

-- 

k530.30 423.30 489.60 352.70 449.00 
0.08992 0.06358 0.06807 0.04857 0.06529 
0.07021 0.05548 0.058€2 0.04295 0.05662 
17.61 14.31 15.43 11.00 14.59 

-- -- -_ -- -- 

41.5 42.8 37.2 38.6 40.0 
44.0 44.6 38.9 40.1 41.9 
42.8 43.7 38.1 39.3 41 .O 
0.0127 0.0130 0.0113 0.0116 0.0122 
2.77 2.93 ._ 2.56 2.63 2.73 

Dry s tandard  cubic  f e e t  a t  70°F, 29.92 i n .  Hg. 
Dry s tandard  cub ic  f e e t  per  minute a t  70"F, 29.92 in. Hg. 
Actual cubic  feet  per minute 
Pa r t s  per  m i l l i o n ,  by volume measured a s  CH, 

a 
b 
C 

d 

14  
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I 
I 
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T a b l e  7 .  I ' a t . t i cu la te  and Gaseous Hydrocarbon 
Kesti'I.Ls !'or Outlet  TP-2 

R u n  Hu!i:kr 
Date 
Volume o f  Gas Sampled--CSCF 
Perccn.i: bhis1:ui.e by Vol time 

Average Stack Temperature--OF 
S t a c i :  Voluriietric Flow Rate--DSCFM 
Stack Vol ume.tric Flow Ra.te--ACFbI 
Percent I s ~ l t i t ~ e t i c  
Percen.t Opacity Average 

_. - . .. 

a 

h 
C 

d 

1 
10171 75 
107.04 
3.1 
132. 
1 3 ,  ql 2 .  
15,604. 
97.8 
3 .3  

2 
10/8/75 
99.93 
2 . 3  
134. 
12,698. 
14,769. 
99.3 
0 

__ 3 
10/8/75 
101 . 4 2  
2.7 
145. 
12,769. 
15,095. 
97.4 
0 

4 
1011 0175 
103.48 
2.7 
130. 
13,022. 
15,012. 
97.4 
0 

-_ ---i Averace 

102.97 
2.9 
136. 
12,975. 
15,120. 
98.0 
1 . o  

_ _  _ -  -- -- -- Feed Rate--tan/hr 
Part icirl d tes--.probe,. cyclone, 

and f i l t e r  catch 
ili'j 73.00 15.60 38.80 10.30 34.43 
g r /nm 0.01050 0.00240 0.00589 0.00153 ' 0.00508 
gr/ACF O.OOSO2 0.00207 0.00490 0.00133 0.00435 
1 b / h r  1.21 0.26 0.64 0.17 0.57 
lb/ton f e e d  

Gaseous -+--- I-l~~ilrocarbon 
Averaqe Iksul t s  
Mininiuni valiie, ppiiiv 

Maximum value, ppmv 
!.!eighted average value, ppmv 
gr/DSCF 0.0157 0.0147 0.0119 0.0108 0.0133 
1 b / h r  1.80 1.60 1 .30 1.21 1.48 

-- _- -- - -  -- 

51 . 5  48.6 39.0 35.5 43.7 
53.8 49.9 40.8 37.2 45.4 
52.5 49.3 39.3 36.3 44.5 

e 
e 

e 

Dry standard cubic f e e t  a t  70"F, 29.92 i n .  Hg. a 

'CJry standard cub.ic f e c t  per minute a t  70"F, 29.92 i n .  Iig. 
CActual cub.ic f e e t  per minute 
dAverage of 6-minute in t e rva l  averages per da t e ;  opaci tg  reading times 

e 
do not coincide w i t h  p a r t i c u l a t e  t e s t  t i w s  
Parts per mil l ion,  by volume measured as CHq 

15 



Tal:)l e 8 .  p?.rti c;ll a i c  anti Gas:ot.is i.iydrocarbon 
Results For Ouiltlt ;-P-3 

Date 
101 uine of Gas Sarnpl ed--DSCF 
percent Moisture by Volume 
Average Stack lemperature--OF 
Stack 1/01 unie t r i  c F1 ow Rate- - DSCFM 

Stack Volumetric Flow Rate--ACFblc 
Percent I s o k i net i c 
Percent Opacity Average 
Feed Rate-- ton/hr 

a 

b 

d 

Particulates--probe, cyclone, 
and  f i l t e r  catch 

mg 
yr/DSCF 
gr/ACF 
1 b / h r  
lb / ton feed 

10/7/75 
103.99 
3.0 
127. 
12,203. 
14,040. 
102.8 
5.0 
-- 

10/8/75 
99.81 
2.5 
132. 
12,292. 
14,190. 
101.5 
0 
-- 

1 o/u/75 
101.87 
2.7 
150. 
11,910. 
14,195. 
103.1 
0 

_ _  

1011 0175 
101.91 
2.7 
129. 
12,051. 
13,669. 
102.0 
0 

_ _  

54.80 13.80 .. 23.00 11.80 
0.00812 0.00213 0.00348 0.00178 

0.00705 0.00184 0.00292 0.00155 
0.85 0.22 0.35 0.18 

_ _  - -  _ _  --  

47.5 49.7 45.5 48.5 I4 in imum value,  ppmv 
50.4 52.4 47.2 49.7 Maximum value, ppmv 
48.7 51.2 46.4 49.0 Weighted average value, ppmv 

gr/DSCF 0.0145 0.0152 0.0138 0.0146 

lb /h r  1.52 1.60 1.41 1.51 

e 
e 

e 

Dry standard cubic fee.t  a t  7OoF,  29.92 i n .  Hg. a 

'Dry standard cubic f e e t  per niinute a t  70"F, 29.92 i n .  Hg. 
'Actual cubic f e e t  per minute 

Fiveraye of &-minute in te rva l  averages per  da t e ;  opacity reading times d 

do n o t  coincide with p a r t i c u l a t e  t e s t  times 
@Parts per ini l l ion,  by volunie measured as  CH4 

16 

I 

I 

102.4 I 
I 

25.85 I 

I 
47.8 I 

I 

101.90 
2.7 

12,114. 
14,074. 

1 .o 
_ _  

0.00334 0.00388 I 
0.40 

_ _  

49.9 
48.8 
0.0145 
1.51 1 

I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
1 
1 

' I  
1 
I 
I 
I 
I 
I 
I 
I 
I 

Average: in1e.t antl  out1e.t par t icu la te  concentrations based on t he  f r o n t  hiilf 

(prohe, p r e f i l t e r ,  ar id  f i l . t e r )  of the  satnyllirig t r a i n  were 0.01553 gra ins  per dry 

standard foot  (gr/DSCF) and 0.00448 gr/DSCF,  respect ively.  The average eiitission 

r a t e s  were 14. 59 pourids per hour ( l b s / h r )  f o r  the  i n l e t  and 0.97 lbs/hr  fo r  the two 

outleCs. 

r!ia't:ter was 93.8 percent.  

Based on t:hese da t a ,  the average co l lec t ion  e f f ic iency  f o r  p a r t i c u l a t e  

Orsat analyses o f  the  o u t l e t  gases showed them t o  contain e s s e n t i a l l y  t h e  same 

h e r a g e  volunieti.ic flow r a t e  f o r  the i n l e t  was 26,131 degree o f  corfiponerrts as a i r .  

dry standard cubic f e e t  per minute (DSCFP!). 

r a t e s  f o r  the  two o u t l e t  stacks vias 25,059 DSCFM. 

Tile combined average volumetric flow 

Additional information concerning the p a r t i c u l a t e  testing i s  contained i n  

Section V ,  "Sanpl i n g  anti Arialyii cal Test Procedures. " Computer pri nt-outs o f  the  

t e s t  resu l t s  a r e  contained i n  Appendix A, Tables A,-I through A-VI together w i t h  

example calculat ions f o r  R u n  1 a t  the  -inlet loca%ion. A l l  pa.rt iculate f i e l d  tes t  

data sheets a r e  contained in  A p p e n d i x  D.  

A?penciix H. 

P a r t i c u l a t e  sampling logs a r e  located i n  

TOTA I. tiY DROCP,RD DNS 

NESP in'Ic:t anti oi.i.tlet, g a s  streams were simultaneously sampled f o r  t o t a l  gaseous 

hydrocarbon concentration. 

jucction w i t h  the p a r t i c u l a t e  runs. However, only one FIE was used on  the  o u t l e t  

stacks and was a1 ternated from one stack t o  the  other (see Appendix 1-1 f o r  location 

a n d  sar:ipl i n g  t imes).  

tra-tiori and  calculated emission r a t e  averages f o r  each of t he  t e s t  runs.  

The hydrocarbon sanpl ing systenis were operated i n  con- 

Tables 5 through 8 suinxarize the  measuved hydrocarbon concen- 

Continuous t o t a l  hydrocarbon monitoring o f  gas  passing through the  glass  f i b e r  

f i l t e r  of t h e ?  p a r t i c u l a t e  sampling t r a i n  by a F I L  instruinent shoved an average 

1 7  



co;:ce,ltrrilion range  of (11.0 pal'ts per iiiillion by volume (PPKV)  f c r  the i n l e t  and  

cuin!jiiir?c iiveraqt: concentration of (16.7 PPt,!V f o r  the two o u t l e t  s t acks .  The 

averagr! t o t a l  hydrocarbon m i s s i n n  rates fo r  the four runs was 2.73 lbs/hr a t  the 

i r i ' i 2 t  and  2.99 l b s / h r  f c r  the tw o u t l e t  s tacks .  Eased on  these d a t a ,  the average 

col'l nction e f f i c i ency  f o r  t o t a l  hydrocarbons was 0 percent.  Eecausc hydrocarbon 

mcasureiients were riot always pvformed a t  the exact same time as the p a r t i c u l a t e  

rim somi? o f  the  pa r t i cu la t e  sampling points  have no corresponding hydrocarbon data.  

'Therefore, the nuiriber o f  va l id  hydrocarbon sampling points a r e  indicated f o r  each 

r u i i  i n  .the sui!ina?y data sheets  presented in  Appendix E .  

Additional information concerning the to t a l  hydrocarbon t e s t ing  i s  container! 

' i n  Section V, "Sampling and Analytical Procedures." 

Special ly  evacuated bulb f lasks  were used t o  wi thd raw gas samples from the  t ee  

connection used t o  exhaust the F I D  sample from the pa r t i cu la t e  sampling t r a i n  lo- 

ca lx !  ?it the TP-3 o u t l e t .  

on 5ci;ober 0, 1975. 

6nalyzed f o r  gaseous components by a gas chroimtogra,ph (E) instrument a t  the 

Ba t t e l l e  Labs .hi Columbus, Ohio. The various cornponen.ts detected i n  the ana lys i s  

a r e  presented in  Tabln 9 of t h i s  sec t ion .  An addi t ional  discussion r e l a t i n g  t o  

t h i s  ana1,ysis i s  presented in  Section V, "Sanipl ing and Analytical Procedures." 

Three 0.f these f l a s k  samples were co l lec ted  d u r i n g  t e s t ing  

However, only one of the three samples obtained was subsequently 

V I S  i 8 L E  E N  I SS I ON S 

The resul ts cf  the EPR Method 9 v ' is ible  emissions evaluations f o r  t he  dual 

MESP o u t l c t  s tacks  and  f o r  the  fug i t ive  v i s i b l e  emissions a t  the No. 1 sa tu ra to r -  

coa ter  hoods cont ro l led  by these control  devices a r e  summarized in  Tables 10 through 

12.  

re la t ic : :  t o  the two exhaust stacks i s  presented as  Figure 2 .  

A sketch diagramming the  plant layout and  ou t l in ing  the  observation s i t e s  i n  

All opac i t i e s  a r e  

18 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 



I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 

Cornponen ts 

02 

co2 
N2 
A 

co 

112 

so2 
I$ s 

NOx 

CH3Oil 

czI15011 

C l i  COC1I3 

Ci$+ 

c3% 

C q H 1 0  

cos 

l1CIIO 

3 

'2"G 

'gHl2 

'tjl'lL6. 

c2H4 
C3FIG 

'4"8 

c51110 

Percent 

21..0 

0.05  

7 7 . 9  

0.99 

/o.oo 15 

0.06 

- PPMV* 

- 3 . 0 2  

0.7  

CO. 5 
0.05 

0.1 

<o. 1 
:0.5 

1.0 

4 

1 

1 

0.2 

0.2 

0.2 

0.2 

<o. 1 
0.1 

/o. 1 

3). 1 
0.0g 

0.02 



I T A B L E  10. V I S I B L E  EEIISSIONS COMPOSITE SUbli,IARIES FOR OCTOBER 7,1975 

40 

a o 

2 0  

ID 

I 2 3 

,I T I M E  - H3URS 
OUTLET STACK TP-2, OBSERVERS 1 and 2 

I) 

40 

ao 

20 

\o 

I 2 3 

I 
I 
I 
I 
I 
I 
I 
I 
I 

TIME - H O U R S  

OUTLET STACK T P - 3 ,  OBSERVERS 1 and  2 

20 
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I 
I 
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I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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40 

ao 

20 

(0 

TABLE 11. V I S I B L E  E M I S S I O N S  CONPOSITE SUIJWIRIES FOR OCTOBER 8, 1975 

I 2 3 

T I W E  -  OURS 

SATURATOR/COATER HOOD, OBSERCERS 1 and 2 

ao 

2 0  

\O 

I 2 3 

T I M E  - M O U R S  

OUTLET STACKS TP-2 AND TP-3, OBSERI!ERS 1, 2, and 3 
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TABLE 12. V I S I B L E  EMISSIONS COMPOSITE SUlUARIES FOR OCTOBER 9. 1975 I 
I. 

4.0 1.. 
I 
I 
I 
I 
1 

SO 

20 

ID 

1 2 3 

40 

20 

20 

\o 

r 

- 

- 

- 

. 

a 

TIME - HOURS 
SATURATOR/COATER HOOD, OBSERVERS 1 and 2 

I 2 3 

TIME - H O U R S  
OUTLET STACKS TP-2 AND TP-3, OBSERVERS 3 and 4 

'I 
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TAULE 12.  V I S I B L E  EMISSIONS COllPOSITE SUMARIES FOR OCTCBER 9, 1975 (CONTINUED) 

40 

ao 

2 0  

\O 

I 2 3 
.) 

T I M E  - novRS . .  

OUTLET STACK TP-3,' OBSERVERS 1 and 3 

40 

ao 

20 

IO 

I 2 3 

T I M E  - HOVRS 

OUTLET STACK TP-2, OBSERVERS 2 and 4 
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presented a!; consecutive s e t  numbers of six-minute averages over the length of the 

observation period. A composite of each observer ' s  recordings f o r  the six-minute 

average opac l t ies  h a s  been plot ted versue hours of time a t  each observation s j t e .  

The o u t l e t  s tacks were observed f o r  emissions opacity l eve l s  f o r  approximately 

twelve hours in te rmi t ten t ly  by two t o  four observers.  Also the No. 1 1ine.hooded areas 

were observecl f o r  escaping fug i t ive  emissions intermi t t c n t l y  f o r  approximately s i x  

hours by two observers. 

readings were recorded only when the process conditions appeared t o  be t h a t  of 

normal operation. Thus, when a process in te r rupt ion  occurred, the six-minute inter- 

val reading would be cu r t a i l ed ,  and the  next set  of six-minute in t e rva l s  would 

begin a t  the f i r s t  reading when normal process operation was resumed. 

1975, 

the opacity rneasuremeti'ts. During October 8 ,  1975, the  M3. 1 process l i n e  hood 

was observed f o r  two hours. The two o u t l e t  s tacks were observed f o r  two and one- 

half h o u r s  during the  afternoon. On Cctober 9 ,  1975, emission readings were con- 

ducted f o r  four  hours a t  the  hooded areas and fo r  about seven hours a t  the two 

s tacks .  \,lhenever two o r  more observers were ava i lab le  and the two s tack emissions 

cons is ten t ly  

maximize the  acquis i t ion  of v i s i b l e  emissions data a t  these loca t ions .  

a t o t a l  o f  approximately nine process in te r rupt ions  during the  v i s i b l e  emissions 

t e s t ing  conducted over the three  day period. 

This i s  explained by the f a c t  t h a t  v i s i b l e  emissions 

On October 7,  

the two MESP s tack plumes were read f o r  about two hours before r a in  stopped 

read zero,  both s tacks  were observed simultaneously in  order t o  

There were 

Except f o r  a br ie f  one hour period o n  October 7 ,  1975, where measurements 

ranged between f i v e  a n d  f i f t e e n  percent opacit.y, the  two o u t l e t  s tacks  emitted no 

v i s i b l e  emissions during the t e s t ing  program. 

observed a t  the No. 1 sa tura tor /coa ter  l i n e  only one was ohserved t o  allow f u g i t i v e  

emissions t o  escape capture.  

Of the f i v e  hood pull-down doors 

These emissions were read a t  a constant  ten percent 
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op:\city by one observer and a t  fiv:: percent by a second during the totiil s ix  hours 

of observations.  

reported by the  observers.  

These emissions were a t t r i bu ted  t o  poor d r a f t  conditions a s  

Additional per t inent  comments f o r  v i s i b l e  emissions a r e  contained .in Section V, 

"Sainpling a n d  Analytical Procedures." 

shee ts  a r e  located i n  Appendix C of t h i s  repor t .  

Summaries and copies of the f i e l - ?  t e s t  data 

- PARTICULATE POLYCYCLIC ORGANIC MATTER 0 
I sokine t ic  PPO14 o r  POM sampling was conducted simult.aneously a t  locat ions TP-1 

and TP-3 of the MESP control device on  October 9 ,  1975. 

using a Ba t t e l l e  POM sampling t r a i n  which e s s e n t i a l l y  is a n  EPA Method 5 sampling 

t r a i n  u t i l i z i n g  a packed adsorbent column inser ted between the g lass  f i b e r  f i l t e r  

holder and the f i r s t  water f i l l e d  impinger ( see  descr ipt ion o f  adsorbent column in 

Section V ) .  

t o  Ba t t e l l e  Labs f o r  ana lys i s  by gas chromatosraphy--mass spectrometry (CC-MS). 

Sampling was performed 

Upon completion of the two runs the recovered samples were forwarded. 

A summary for the POM t e s t in9  i s  presented in  Table 13. A t o t a l  of ten dif: 

f e r en t  organic compound groups  were detected and a r e  reported individual ly  i n  con- 

cent ra t ions  (gr/DSCI- x and mass emission r a t e s  ( l b / h r  x The combiced 

PPOM mass emissions r a t e  o f  1 2 . 9  x l b / h r  found a t  the i n l e t  stream was reduced 

by 54.1 percent t o  measure 5.92 1b /h r  x for the  tot.al FPOR mass emission r a t e  

from the two o u t l e t  streams. 

The concentration and emission r a t e s  fo r  some of the PCM compounds were greater  

a t  the o u t l e t  than a t  the  i n l e t .  

one or more 0.f the following: 

This phenomena could possibly be the r e s u l t s  of 

( 1 )  POiyl's produced from energy o r  react ions from the control device. 
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( 2 )  Inadequcite saiiiplirig methodology. 

( 3 )  1tiadequ;ite cleaning procedures. 

( 4 ) I na d eq ua t c  a nz 1 y s i s met h odo 1 o 9.1' . 

Coixeriiing Item 1 ,  i t  i s  widely known t h a t  some POM compounds a r e  produced in 

coiiibus t ' ion  processes. However, the technology o f  Poi4 formations has no-t been 

developed t o  the point t h a t  i t  can be predicted whether or n o t  POM cornpourids might 

i n x e a s e  or  decrease in  a MESP emissions control device such as used a t  the  Celotex 

'I) 1 <ll'tt. 

The sampling methodology a s  well as the cleanup procedures used fo r  t h i s  'work 

As more data a r e  obtained and a r e  considered t o  be the exis.ting s ta te -of - the-ar t .  

i ndus t r i a l  program s tudies  a re  f ie lded perhaps the va l ida t ion ,  accuracy, and re -  

l i a b i ' l i t y  of t h i s  d a t a  can be determined. The adsorbent column, the crucial  coin- 

ponent o f  the Ba t t e l l e  POM sarnpling t r a i n ,  h a s  been val idated f o r  a l imited number 

of samplirig conditions and 'laboratory sample analyses .* 

T h e  GC-MS analysis  technique i s  f a i r l y  well proven as discussed in  Section V ,  

"Sampling and Arialytical Procedures." 

- + 1 2  percent of the  true value f o r  sample recovery a n d  analysis  procedures r e l a t ing  

t o  1 aboratory sanpl es.  

Bat t e l l e  ana lys t s  claim an accuracy of within 

Therefore, i t  i s  d i f f i c u l t  t o  evaluate  why the PON values fo r  ce r t a in  organic 

compounds .increased in the PES? control device. Possible a t  t h i s  time the best  

acccpted inethod of evaluating the data would be t o  r e f l e c t  i t s  order-of-magnitude 

and estimate i t s  accuracy on t h a t  basis .  

'A 

Information submitted by Ba t t e l l e  Laboratory ana lys t s  who a re  knowledgeable in  PPOM 
sampling and analyses.  
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Additional infoi-mation T I S  well as copies of t he  f i e l d  data shee ts  pertaining 

t o  the PON sanipling car1 be found i n  Pqpenrlix I: of this  r epor t .  

PPWTICLE SIZE __ 
P a r t i c l e  s i z e  d i s t r i b u t i o n  tests were conducted on the i n l e t ,  TP-1 and o u t l e t ,  

TP-2 d u c t s  of the  MESS No. 1 control device. 

Three t e s t s ,  TP 1-1 through TP 1-3, were conducted on the  i n l e t  locat ion and 

three t e s t s ,  'TP 2-1 t h r o u g h  TP  2-3, were a t  the  o u t l e t  location ( s e e  Table 1 4 ) .  

TABLE 14 
SI!NMARY OF PARTICLE SIZE 1ESTS 
CONDUCTEII AT THE CELOTEX PL.Al\il 

Ave. Sampler 
Riun 140. Total Catch Run Time Tt.mper a tu re ___._ -__ 

w i - i  19.12 mg 30 'I 1 5 

TP1- 2 12.21 nlg 30 130 

TP1-3 19. a9 95 130 

TP2-1 19.15 70 135 

TP2- 2 13.42 90 135 

TP2-3 15.30 120 149 

Stack 
T* 

100 

120 

115 

135 

135 

135 

The rout ine t e s t  equipment consisted of an eighteen inch s t a i n l e s s  s t e e l  probe w i t h  

a 1 .5  millimeter nozzle, a Brinks" Iioclel E cascade .impacter using piwreiqhed aluini- 

nuin f o i l  cups to  cover the subs t ra te  pans, arid a backup glass  wool f i b e r  f i l t e r .  A 

summary 0.f the t e s t  data i s  presented in  Tables 15 tllrotigli 20. The suspected t e s t  

r e s u l t s  a r e  presented i n  the fallowing three d i f f e r e n t  forins. 

1 .  Cumulative Mass Percent Less Than o r  Eoual t o  Effect ive P a r t i c l e  Diameter-- ___. 

A ' l  s tages e:tcludinq ->.-.L--- c\/clone andprobe  ___ wash: The data  are presented in th i s  imtiner 

% 
lient.ion of a s p x i f i c  conipany o r  pr0duc.t does not conSii.ttitc? cndorse:nen t b.y E P A .  
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TABLE 15. 
n w  CATCH 

CASCAEE I f i F l A C T O H  P A K T I C L E  S I Z E  DISTRIUUTION FOR RUN T P l - 1  

S T A T E  - - - - -  
CYCLONE 

1 

2 

3 

't 

5 

F ILTER 

S T  r, T t. - - - - -  
L I C L C l ' f  

L 

2 

3 

'; 

i.. i L 1 i .  I, 

G A S  f iOL W T  
G A S  TEKPER4TUHE 
G L S  VISCOSITY 
GAS DENSITY 

Is I N  
I N  tic 
I N  H20 
G / C C  
I N  H G  

DEG F 
POISE 
G / C C  

30.C 
1.00 

-1 .85  
0.90 

29.57 
2 9 . 0  

115.0 
0.00019 
0.00109 

0.91,O 5.02 0.58 14.37 

0. 0 0 0'. 2.99 0.00 0.00 

0.970 2.05 0.60 14.83 

1.990 1.10 1.23 30.93 

2.5qo U.71 1.115 35.78 

0.300 0.19 4.59 

100.50 

100.00 

85.63 

85.63 

70.80 

40.37 

4 59 

INPUT OLTA _--_--_---  
30.0 
1.00 

-1.h5 
0.90 

29.57 
29.0 

115.0 
0.00010 
0.00103 

w T P c r.1 T ------- 
56.1,9 

b.68 

0.10 

5.10 

15.71, 

12 .2Q 

1.57 

I 

I /I 
34.73 

29.55 

' I  
13.01 

1.57 



S T A T E  ---_- 
c Y c L 0 NE 

1 

2 

3 

4 

5 

FILTER 

" 

GAS VISCCSITY 
G A S  Dcr , ! s i iy  

POXSE 
G / C C  

30.0 
1.00 

- 2 . 0 0  
0 . 3 0  

29.57 
23.0 

130.0 
0 .00020 
0.00106 

UT OF MATEIIIAL DPC K G / A C F  WT PCWT cur4 W T  P C N T  - - - _ -  - _ -  - - - - - -  _ - _ _ _ _ _  ____- -_- -__  
0.000 0.00 0.00 100.00 

0 , o f l o  5.12 0.00 0.00 100.00  

0 .000  3.04 0.00 c .00  1 0 0 . 0 0  

0 , 0 0 0  2 .09  0 . 0 0  0 . 0 0  1 0 0 . 0 0  

0 . 3 3 0  1.11 0.2u 13.98 1 0 0 . 0 0  

1.200 U.71 0 . 7 3  43.01 86.02  

1.200 0.73 43.01 43.01 

1 O T A L  CATCH 

C,rSCPGt .  I ? i i : l . C l O K  fLItKTICLE S I Z E  U I S T P i b u T I G i l  FOR RIJll  l P 1 - 2  

3G.0 
1 . u c  

0 . 3 c  
23.17 
23.C 

-2.nri 

130.C: 
C.00G20 

3;; I OF b ' / . l F . . i .  I t .L  OFC :", G P. C F WT PCljT CU;I WT PCPlT - - _ - _ _  - - - - - - -  _..__---..___ - - - - - -  -..- 

i. 7Cil 5 . 3 2  7 1 . 2 5  100.00 

0 . !, i i! 3.12 0 . c c  0 . D U  28.75 

G.&C!C 3 . t q  0.CG 0.GO 29.75 

(1 . 7 ? 5 2 . 0 ?  o.*u 5.20 2 8 . 7 5  

h.55C 1.11 c . 2 u  3.10 22.85 

I . i :UL u.71 u.75  5 . k 3  13.66 

1 . :.' 5 il 0 .7 ' :  9 . 8 3  9 . 0 3  
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STATE 

C Y C L O N E  

1 

2 

3 

4 

5 

FILTER 

S T A T 5  - _ _ _ _  

C Y C LLi .E. 

1 

- 

3 

L( 

'J 

I I L I L , !  

o . n i s ,  5 . 1 2  0 . 0 1  

0,011 5 . 0 4  0 . 0 0  

o . o o i 7  2 . 0 9  0 . 0 0  

0 .704  1.11 0 . 2 9  

3 . 6 6 3  0.71 0 . 6 9  

1 . 0 0 0  0.41 

45.0 
1 . 0 0  

- 2 . 0 0  
0 . 9 0  

2 9 . 5 8  
2 9 . 0  

1 3 0 . 0  
0.00020 
0 . 0 0 1 0 6  

U T  PCNT _ _ _ _ _ - _  
0 .00  

0 . 4 4  

0 . 3 2  

0 . 2 3  

2 0 . 5 8  

4 9 . 2 0  

2 9 . 2 3  

1 0 0 . 0 0  

1 0 0 . 0 0  

99.56 

9 9 . 2 4  

.99.01 

7 6 . 4 3  

2 9 . 2 3  

TOTAL CATCH- 

?I I :,I 
I:I 1:L. 
1i.i txio 
G / C C  
I h l  l!L 

OLG F 
P01Sr  
G / C C  

4 5 . 0  
1.ou 

- 2 . 0 6  
C.?G 

Z ? . S t ,  
. 29 .0  
1 3 0 . 0  

o.oco2o 
C.!lO106 

Y T  PC>IT - - - - - - - 
5 6 . 5 7  

5 . 7 3  

5 . 5 2  

5.53 

0 . 6 5  

1 2 . 5 7  

5.L3 

C U ? !  UT PCMT . - ___ - - - - -__  
1 0 0 . 0 0  

4 1 . 0 3  

3 5 . 2 9  

3 1 . 7 7  

2 6 . 2 4  

1 7 . 6 0  

5 . 0 3  



STATE ----- 
CYCLONE 

1 

2 

3 

4 

5 

FILTER 

S ' l i ; T C  - _ _ _ _  
c ' I  c L i  i . c 

1 

2 

_1 

'I 

5 

F 1 L T k . F  

TAELE 18. 
lJRY CATCII 

CASCAOE IMP)ACTOf( PAt<TICL.E S I Z E  D I S T P I B U T I O N  F O R  RUN TP2-1 

INi 'UT VAft IAiJLt :  U N I T S  I N P U T  OATA - - - - - - - - - - .. .. - - ____-  _- - - -_____ 
SAMI'L I i l G  T I ! IE n I PI  7 0 . 0  
PRESSUI<E D i t O f '  I N  H G  1.00 
S T A l  IC Pi tCSSUi tE  I N  H20 -0.60 
P At< T I C L  t L l l I l d  S I 7  Y G/CC 0 . 9 0  
R ni ioviTTi i  I c pi; t s SURE I N  HG 7 9 . 5 8  -. . . . 
GAS M O L  N T  29.0 
GI\ S TEMP E t <  Kf U R E DEG F 135.0 

G/CC 0.00106 GAS DEE!SITY 

U T  O F  f i r ? T E ! i I A L  U P C  NG/ACF WT P C N T  

G A S  V I S C O S i  T I  P O I S E  0.00020 

-..- - - -___  ------- ---- ~ 

0 .000 0.00 0.00 

0.005 5.11 0.00 0.99 

0.000'- 5.04 0.00 0.00 

0.000 2.09 . 0.00 0.00 

0.001 1.11 0.00 0.20 

o . c o 0  U.71 G.130 0.00 

0.500 0.13 98.81 

T O T A L  CATCH 

CUM WT P C N T  - -__----_-_ 
100.00 

100.00 

99.01 

99.01 

99.01 

98.61 . . .  

'98.81 . ' ,  

.a 

. .. 

. .  

C ; $ S C n C E  1:'I'ItCTOR P P H T I C L E  S I Z E  O I S T F I H U T I O ~ I  F O R  RUl i  T P 2 - 1  

VF-C MG/hCF - - - -_ -  i . :T .-IF iW,?TE.iII;L _ _ _ _ _ _ _ - - - - - - -  - _ -  
5.7'0 2.5Q 

G . 7 C G  5 . 1 1  0.1' 

c . i 7 t i  5 . 0 0  O . ? l  

0 . 0 2 c  %.C9 c . 0 1  

1.3:c 1.11 0 . 3 h  

l.lliU U . 7 1  0.27 

G . 3 !! U 0 . 1 3  

33 

7G.C 
1.00 

O.?O 
29.56 
29.0 
135.0 

C.00026 
0.~0106 

-0. bo 

WT PCi iT ------- 
&a. 76 

4.95 

5.58 

0.14 

9 . 8 2  

7.71 

3.53 

31.2Q 

26.29 

20.71 

20.57 

10.74 



TA8LE 19. 
DRY CATCH 

C A S C A D E  IFIIJACTDH f 'AHTICLE S I Z E  O I S T R I B U T I G i 4  FOR RUN TP2-2 

S T A T E  - - - - -  
CYCLONE 

1 

2 

3 

4 

s 

F I L T E R  

STATE - - _ _ _  
cYc1.r:: L 

I 

2 

3 

q 

5 

I ILTLI' 

I N P U T  VAP. IA3LE U F I I T S  I N P U T  DATA ..____-....------ - -_ - -  _------_-_ 
SAMPLlElG 1 I P I E  il I N 9U.O 
PRESSURE DROP I l l  HG 1.00 
S T C T I C  f 'AESS1IRE I N  ti20 -0.80 
P A R T I C L E  DENSITY G / C C  0.90 
8 A ti O Y L  T H I C PRESSURE I N  t lG 29.58 
GAS X O L  WT 29.0 
GAS TE!KPEH&TURE O E G  F 138.0 
G A S  VISCOSITY P O I S E  0.0u020 
G A S  o E r i s I i 7  G / C C  0.00105 

UT O F  P?ATERIAL OPC M G / A C F  WT PCNT -_____- - - - - - - -  --- _ - _ - _ _  - -_- - - -  
0 .000  0.00 0.00 

0.0 0.0 5.11 0.00 0.00 

0 . o o u .  3.03 0 . 0 0  0.00 

0.000 2.00 0.00 O.@O 

0 . 0 0 0  1.11 0.00 0.00 

0 . 0 0 0  0.71 0.00 0.00 

0 .000 0 .00  0 .00  

CUM WT PCllT ____- -_ -___  
100.00 

100.00 

100.00 

100.00  

100.00 

100.00 

100.00 

TOTAL CATCil 

C D S C P L E  IE I ' I~CTOE I - A H T I C L E  S I Z E  f i I S T R I S L J T I O I ~ !  FOK RUi.1 TP2-2 . 

ULLG F 
P O I S k  
G / C L  

IUPC ?6 / 6 C F -__  - -_ - -_  
2.u1  

3.11 0 .2e  

5.03 0 . 0 6  

z , n c  O.C? 

1.11 n.ii, 

U . 7 1  C.50 

0 . 0 0  

34 

29.0 
13M.C 

0.0002Ll 
u. 130105 

WT PCilT ------- 
73.99 

10.36 

2.91 

3.13 

9.61 

. O.GO 

0 . 0 0  

curl U T  PC~IT ____- - - -___  
100.00 

26.01 

15.65 

12.74 

9.61 

-0.OO 

- 0 . 0 0  
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FILTER 

S1i.TE ----- 
c Y c L r.! I 'L 
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TAlILt 20. 
DRY CATCH 

CASCADE IMPACTOR P A H T I C L E  S I Z E  O I S T P I B U T I O N  FOH RUtC TP2-3 

I N P U T  VARIAULE urixTs I N P U T  D A T A  - -_--_--------  - -__-  _------_-- 
SE,~YPLI t IG T I N E  M I N  120.0 
PlcESSUKE O f i O P  I N  HG 1.00 
S T A T I C  PRESSURE I N  H20 -0.70 
P A R T I C L E  O E N S I T Y  G / C C  0.90 
BAf lO?$ETJf IC  PRESSUHE IN HG 
GAS V O L  X T  

29.70 
2 Y . O  

G A S  T E?lP E R A T il R E OEG F 1YO.O 
GAS V I S C O S I T Y  P O I S E  0.00020 
GAS D E N S I T Y  G / C C  0.00105 

W T  OF P I A T E R I A L .  DPC MG/ACF WT PCNT 
c - _ _ - _ I - - - - - _ -  -_-  ------ _--__--  

0.000 0.00 0.00 

0.000 5.11 0.00 0.00 

c .000 5.03 0.00 0.00 

0.000 2.08 0.00 0.00 

0.000 1.11 0.00 0.00 

0.007 U . 7 1  0.00 loo.* 

0.000 0.00 0.00 

100.00 1 

100.00 j 
.> 

100.00 

100.00 

100.00 

100.00 

' 0.00 

JO.rAL CATCH 

C?tSLbCIE 1:'IPACTOH P 4 H T I C L E  S I Z E  D I S T P I U U T I O V  FOK RUl l  TP2-3 

I i ir-ur VPNIAULE Ut! ITS  I N P U T  DPTA . .  
-__I__________ - -__-  _- - - - -____ 

120.0 
1.oc 

-0.70 
0.90 

29.70 
2Y.O 

IY0.0 
0 . 0 0 0 2 u  
0 .00105  

UPC !?G/AC F UT PCNT C U M  LtT P t h T  .I 1 .; F .? A 1 F. k I i t  L -_.. ------  - - -____ -_----..--__ - .. - - - - - - - - - - - - 
l C . , " C C  1.64 70.22 100.33  

u . 5 3 0  5.11 0.1q 6.u5 29.78 

0.!.70 5 . 0 5  0.09 3.71 23.73 

1 . 0 7 0  2 . l I U  0 . l f i  6.9fi 20.03 

1.27C 1.11 0.1's b . 2 6  13.07 

O . ? ' + U  0.71 0.11 . 4.61 4.81 

G.GOU 0 . 0 0  0.00 0 .00  
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b,.lcause the! weigii.t percen.tagr: co'! 1e;ted in the cyclone of ten var ies  widely from t e s t  

t o  t,c?:;t. T k i s  i s  espec ia l ly  t.rcrc. of data co'llected a t  a control device i n l e t .  !,Jhen 

k,orking b:ith sinal1 aniounts of: mass col lected by the cascade impactor, a few extreme- 

!y lar!je pavt ic les  cii l lccted in  the cyclone inay make a large difference in  weight 

percentage. 

percentage in  the cyclone i s  propagated t o  the 1ov:er s tages .  

the  cyclorie from the data reduction el irninates any bias introduced during data re- 

d:ic;t:ion due .to the  f a c t  t ha t  some extremely large and heavy p a r t i c l e s  may have col-  

l ec ted  i n  the cyclone. 

s tages  would tend t o  inc1ica.t.e t h a t  some of the variance indicated when a l l  f i v e  

s tages  and the cyclone a re  p lo t ted  i s  due t o  the bias introduced by abnormally large 

p a r t i c l e s  impacting ir; the cyclone. Therefore, the data i s  presented in t h i s  manner 

only to indi;ate whether or n o t  a l a rge  m o u n t  of bias has been introducGd due t o  

abnormally larg: p a r t i c l e s  co l lec t ing  in  the cyclone. 

Using a cumulative basis o f  d a t a  presentat ion,  t h i s  variance i n  weight 

Therefore, eliminating 

A be t t e r  cor re la t ion  of the weight pepxntages on the 

1 2. ____.__ Cu!!iul3tive Inass Percent Less Than m u a l  t o  Effect ive Pa r t i c l e  Diameter-- - 

A11 s tages  w i t h z c l o n c :  This i s  the most widely used method f o r  presenting p a r t i c l e  

s i z e  

each 

s i z e  

data .  They are  based on the mass percentage of  t o t a l  pa r t i cu la t e  co l lec ted  on 

s tage.  

3 .  Although p a r t i c l e  

d i s t r i b u t i o n  d a t a  a re  usually presented in a cumulative percent form, in  some 

__ I4ass Loadinq as a Function of Effective P a r t i c l e  Size:  

c a w s  t h i s  Iwesents a biased view. 

during saiiipli!iz or  ana ly t ica l  procedures on a n y  s ing le  co l lec t ion  s tage i s  propa- 

ga.:-ed t o  the other  s tages  by the nature of t h e  data reduction. 

f a c t  t h a t  each d a t a  point  i s  based on the to t a l  mass and consequently introduces 

e r r o r  t o  every o ther  data point .  

as a f u w t i o n  o f  p a r t i c l e  s i z e  permits the r e su l t s  o f  each s i z e  range t o  be computed 

This i s  because any e r ro r  introduced e i t h e r  

This i s  due t o  the 

Presenting the data in the form of mass loading 
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indeymdently of the other  s i z e  ranges 

Runs TP1-'I antl TP1-2 were conducted f o r  30 niinutns each ; i t  the i n l e t  o.[: .the 

control device on October 7 ,  1975, and R u n  TP1-3 f o r  45 iminutes, on October I!, 1975. 

On the  f i r s t  tVio runs, the  upper pans appeared t o  have very small amounts of col-  

lected rriaterial. The t h i r d  s tage had inore material and the  deposi t  ir? the center  

of the  pan had s t a r t e d  t o  spread t o  the sides in  t i n y  arop1et.s. The f o u r t h  s t age  

had a large puddle o f  c l e a r  o i l  i n  the center  of the  pan and the  l a s t  s tage had the  

e n t i r e  bottom covered with o i l .  

0.f the pans indicat ing some buildup had occurred ii? the  90" corner.  Run TP1-3 was 

extended t o  45 minutes in an attempt t o  c o l l e c t  lilore materia? on -the upper stagiis;  

but. during the  clean-up, no o b v i o m  gain was observed. I t  is  no!+ believed t h a t  the 

or iginal  sampling time vias s u f f i c i e n t  and  t h a t  .the mass loading of  tlie four.th s tage 

was a f u n c t i o r i  of e f f e c t i v e  par . t i c le  s ize  and/or excessive sanlpling time. 

A yellcw-green t i n t  was detected a t  the  bot.tom edges 

Run TP2-1 on tlie o u t l e t  was conductei! on Cctober 8 ,  1975, f o r  70 minutes. )!one 

o f  the p a n s  appeared t o  be loaded t o  any extent  a n d  'it was estimated t h a t  there was 

only a niarginally weighable amount it1 a y  p a n .  

October 8, 1975, was extended t o  90 miitutes. 

clean-up, there appeared t o  be  l e s s  i ra ter ia l  co l lec ted  on th i s  run t h a n  t he  previous 

run regardless of t h e  f a c t  t h a t  the  f l o : ~  r a t e  remained the same antl t he  time W ~ S  ex- 

tended. The third run, TP2-3, vias conducted October 9 ,  1975, and extended t o  120 

minutes i n  a n  at tempt t o  obtain suff ic ient  sample so t h a t  an accurate  analysis  could 

be done. 

Kuri TP2-2, a l s o  conducted on 

Upon observation of the pans during 

El0 appreciable increase i n  sample s i z e  was no.ticed. 

I t  vas  conc1ur:etl a t  this poi t i - t ,  . that  further rout ine sampling us inc j  the Srink 

s a r p l e r  or1 the  o u t l e t  would not produce any more useful da t a .  

The routine operation of  the Erjnks p a r t i c l e  s i z e  u n i t  at.i:einpts t o  r.iaititiiin ail 

Thus, with ot.her f a c t o r s  beitig equal,  the 0.05 cic! flow ra-Le t h r o u g h  t h e  iinpac-tor. 
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longer sanipl.in!; times should deposit  more material i n  the impactor. 

aijove, tends to intl.ici!.te t h a t  the  m o u n t  of material collec.ted i s  independent of 

saii:pliny tiine, part , iculi ir ly f o r  the l P 2  o u t l e t  runs, whew the  sampling time var ies  

from 70 t o  1 2 0  minutes. This would b? possible i f  some material  was deposited on 

each s tage  of the  sampler, and then from t h z t  point on an equilibrium condition 

e x i s t s  where ;lie amount condensing and  the amount v o l a t i l i z i n g  is  approximately the 

same. ihr amount of nwterial  co l lec ted ,  therefore ,  i s  not a funct ion o f  time b u t  

r a t h e r  of the composition a n d  v o l a t i l i t y  of t he  mater ia l .  

LE in-Fltiericcd by the i n i t i a l  droplet  s i z e ,  b u t  as  soon as  some material  i s  co l l ec t ed ,  

i t  wou ld  coalesce and  may then be evaporated t ~ y  the e f f e c t  o f  the impactor j e t  and  

thus leave the system as  a v a p o r .  

s i z e  a .na lys i s , i t  i s  not possible  t o  draw any d e f i n i t e  conclusions about the r e l i a -  

bi1.it.y arid accuracy of the d a t a .  

The data shoiiin 

- 

The i n i t i a l  dcposit  would 

Therefore,  based upon the  r e s u l t s  of the p a r t i c l e  

After cleanup tile exposed pans w r e  hand car r ied  back t o  the laboratory and 

rw2ighed.  

val between .the co l l ec t ion  of the sample f rac t ions  and the  reweighing of the desic- 

canted sample pans in  the laboratory.  

mater ia ls  were l o s t  due t o  evaporation. 

c l e  s i z e  d i s t r i b u t i o n  d a t a  presented in  Tables 1 4  t h r o u g h  20 may be questionable.  

I t  i s  possible  t h a t  a loss  of organic material  occurred d u r i n g  the in t e r -  

I t  i s  possible  t h a t  some of the v o l a t i l e  

Because of possible weight losses  the pa r t i -  

Additional information pertaining t o  the p a r t i c l e  s i z e  t e s t i n g  i s  presented i n  

Section V, "Simpling and  Analytical Test  Procedures," and i n  Appendix B o f  t h i s  

renort. 

H I G H -  VOLUME SANPLI IK 
* 

The  Radcr autoniati c- i soki ne t ic  hi gh-vol  ume pa r t i cu la t e  sampl i ng t r a i n  used in 

these t e s t s  pias only operated a t  the o u t l e t  t e s t  point TP-3. The main object ives  

"Mention of a s p e c i f i c  company or product does n o t  c o n s t i t u t e  endorsement by EPA.  
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of these t e s t s  wre :  

of the high-volu:i!e sainp:er; ( 2 )  t o  provide Comparison emissions data bet\/?:Ci.i the 

EI'A i4ethod 20 par.tictila.te t ra in  and the  experinien-!:al high-volume sampler; arid 

( 3 )  to es t ab l i sh  the ~irc.cision and  accuracy i n .  r e l a t ion  t o  t i l ?  iiianufacturer's 

s ~ e c i f i c a t i o n s  and current  ins t ruc t iona l  manual. 

( 1 )  .to evaluate the perforniance o f  t h e  elec.tronic components 

A d a t a  suiiiniary of the pa r t i cu la t e  t e s t s  f o r  the  two sampling t r a i n s  i s  jive- 

seiited in Table 21. 

I t  i s  evident from these r e su l t s  t h a t  t h 2  volumetric f1o.x values basec! on the  

outpu-t of the high-volume flow t o t a l i z e r  w r e  cons is ten t ly  about 13 percent lower 

t h a n  the values obtained manually with EPP. 20. 

t1ia.t possible reasons f o r  t h i s  discrepancy a re :  ( 1 )  t ha t .  the ca l ib ra t ion  of the  

high-volurnc uni t  was n o t  checked immediately p r io r  to sainpliiig; and  ( 2 )  ttia-1; tile 

transducers may n o t  have becn properly warmed u p  before t e s t i n g .  

noted t h a t  while bo th  of these f ac to r s  can a f f e c t  t h e  perforziarice of the sarfiplcr.; 

nieti ier i s  s t r e s sed  in tile current  ins t ruc t iona l  inanual. 

Tile manufacturer has suggested 

I t  should be 

Therefore, based upon the r e su l t s  o f . t h e  Fa i r f i e ld  t e s t ,  i t  i s  n o t  possible  

t o  draw any d e f i n i t e  conclusions about the r e l i a b i l i t y  of t he  high-voliirlie s m p l e r ' s  

e lec t ronic  components. Further f i e l d  t e s t ing  (with proper ca l ib ra t ion  and warm-up 

time pr ior  t o  sainpling, o f  course) i s  s t i l l  needed t o  properly evaluate the t r a i n .  

Additional informa%ioii concerning the high-volur!ie t r a i n  can be found i n  Lpnendix G .  

RECCVERY O I L  

Recovery o i l  (KPA Sample No. 9 5 - O O 6 - 4 5 8 ) .  was analyzeci by ASTM procedures f o r  

Tab'le 2% stiinrnarizes the d a t a  derived from the  proxiiwte a n d  ul t.iriia.te analyses.  

recovery o i l  analyses coiiduc.ted by Hr. Darwin Nevey 0:' the l!alin Laboratories for 

Ba t t e l l e  L.abs. 

i n  Appendix ti. 

Copies of the 1abora;ory repor t s  f o r  these analVses a re  included 
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'r i 

Dates 

1 0 2 . 8  0/7/75 

0/8/75 

100.0 

21. Suiiiiiiary o f  Comparison Cata B e t o e w  High Volum? 
And bietilod 20 Sampling Test 

Run KG 
___ 
i i-vol - 

1 

2 

I 

Par t i cu la t e  
iGncentration* 

EPA 20 

3.00812 

1.0021 3 

-- 
i -vel 

'.00055 

.OCO59 

*'Cor,parSson between f ron t  ha1 i o f  EPA Metiiod20 and high-vol t k  
sa;;;>ler r e s u l t s  ; t ini  t s  a re  g r a i n s / d s c f .  
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____ __ 
Sample Recovery O i l  

Sample No. 575-006-458  

V o l a t i l e  P la t te r ,  percent  

Fixed Carbon, percent  

Ash, percent  

N o i s t u r e ,  percent  

Carbon, percent  

l iydmgen,  percent  

S u l f u i - ,  percent  

Nitrogen,  percent  

Oxygen, percent  

1ieati.ng Value, Utu / lb ,  
a s  received 

9 8 . 0 2  

0.10 

0.20 

1.66 

75.99 

5.2s  

3.84 

0 . 2 2  

.l2.79 

18 ,729  

ASrN Procedures Used F o r  Above Analyses : 

A. Prox imate  A n a l y s i s  D3172-73 
V o l a t i l e  Mzt te t -  (VM) D3175 
b l o i s t u r e  (i.1) D3173 
Ash  ( A )  D3174 
F i  xeti Carbon By D i f f e r e n c e  

( 1  OO-.Vl,i-r.i.-A) 

13. U l t i i i i a t e  Analvsis D3176-74 " 
Carbon ( C )  tiydrogeti ( H )  D3178 
S u l f u r  ( S )  D3177 
iii t r o g a n  ( i r )  031 79 
oxyye!i ( 0 )  By D i f f e r e n c e  

(1  O O - C - t i - S - i ~ ~ - i ~ l - A )  



' h e  c1uant.if.y o f  Fixed Carbon was calculateti  as ti;e d i f fe rence  bet:rmn 100 p e r -  

cent  arid the  sum 0.F .the pcrcen.tage valiies f o r  Fioisture, ash ,  and v o l a t i l e  matter.  

Oxygen con1:ent was calculated by the d i f fe rence  txt:.reeri 100 perceiit and the 

suir o f  the  ash, moisture, carbon, hydrogen, s u l f u r ,  and ni t rosen perc-:;it values.  

Gue t o  the v o l a t i l i t y  of the process samples, some uncertainty ex5s ted  con- 

cerning the  e f f e c t  of evaporative l o s s  during sample ana lys i s .  As par-? of a re- 

search program designed t o  a i d  i n  determining t h i s  evaporative l o s s ,  a sample of 

recovery o i l  wss exposed i n  a laboratory environment unde- atmospheric room con- 

d i t i o n s  (approxiinately 7 5 O F )  f o r  67 hours. 

percent as indicated in  Appendix K, Table K-2. 

Table K-4 a re  data presenting long-terii! weight losses  f o r  the g lass  f i L w  T?l- ter  

catches.  

iiot beer, analyzed a t  t h i s  time, however, they h a w  been placed in storal!e f o r  

f l j ture  use, i f  the  riecd occurs.  Rdditional information r e l a t ing  t o  the groccjs 

samples i s  contained in  ,4ppendix J ,  i n  tlie sec t ion  1ab.l-d "Process Samples Itier!ti- 

f i c a t i o n  Log." 

The w i g h t  l o s s  by evaporation was '2.2 

Also included on the  swi'i page  in 

The remaining process samples col lected d u r i n g  the t e s t i n g  p!-o;jram have 
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This  n!;phalt roofi.n$: innnufacturing p l a n t  is 23 y e a r s  o l d  and has two 
roofi.ng iiin,iuC;ictliri.ii~ lincs. Onc of the l i n c s  i s  used f o r  l inking saturated 
fc1.t and tllc otlior For produci.ng sli.iii:;le:; and r o l l s .  Thc l i n e  producing 
s t i i ng lc s / ro I . l s ,  desi[;:intc<: as Linc I ,  i s  t h e  one that was t c s t e d .  Even 
though tlic p1.ant i s  7.3 ycn rs  o l d ,  thc  main emiss ion  c o n t r o l  systems (F.c., 
~ u ~ o g - ~ ~ o g s ' " )  u s c c ~  a t  t.hc p l a n t  a r e  le r ,s  than 1 y e a r  o ld .  

PROCESS DESCI~IZPTJ.ON 

:'lie sl,.i.nglc l.i.nc, d e s i g n a t e d  as Line 1, c o n s i s t  o f  a n  a s p h a l t  s a t u r a -  
t o r ,  a s t r ike - i . n  drum scct:ion, a h o t  l o o p e r ,  c o a t i n g  s e c t i o n ,  and a s u r f a c e  
npp ' I . i cn t im s e c t i o n .  Eeyoiid t h i s  p o i n t  t h e  u s u a l  o p e r a t i o n s  of  c o o l i n g ,  
cu!:ti.ng, anti paclcng,i.ug a r c  under taken .  The combined emiss ions  s o u r c e s  mon- 
l t o r c d  on Line 1 duri.ni; t h c  emiss ions  t e s t s  i n c l u d e  t h e  s a t u r a t o r ,  s t r i k e - i n  
drum s e c t i o n ,  h o t  l o o p e r ,  and t h c  c o a t e r .  A l l  o f  t h e s e  s o u r c e s  a r e  d u c t e d  
v i a  a manifold t o  two modular e l e c t r o s t a t i c  p r e c i p i t a t o r s  (Smog-Hogs"") which 
are d i s c u s s o d  i n  the  n e x t  s e c t i o n .  

l l ie f i r s t  s t e p  i n  the  s h i n g l e  manufactur ing p r o c e s s  i s  s a t u r a t i o n  of 
f e l t  w i t h  asp11nI.t. The f e l t  used on the shiug1.e l i n e  is o r g a n i c  f e l t  and is 
3 f t  widc. The s a t u r e t i o u  o f  f e l t  can  b e  accomplished e i t h e r  by s p r a y i n g  t h e  
f e l t  w i t h  hot a s p h a l t  fol lowed by d ipping  o r  by d ipping  a l o n e .  
p l a n t  u ses  d i p p i n g  al.one and h a s  13  d i p s  and one dzncer" i n  i t s  s a t u r a t o r .  
1Tie snt . i i rntor  i t s e l f  i s  14 f t  deep and c o n t a i n s  10 f t  o f  h o t  a s p h a l t  a t  about  
450°F. The l o v e r  ro l l . e r s  a r c  G t o  8 ft above t h e  tank  bottom. A f t e r  s a t u r a -  
t i o n ,  t h e  f c l t  goes through t h e  s t r i k e - i n  drum s e c t i o n  where excess a s p h a l t  
j.s reaioved. The f e l t  t h e n  passes  through t h e  h o t  looper  b e f o r e  i t  e n t e r s  
t h e  c o a t i n g  sect i .on.  I n  t h e  c o a t i n g  s e c t i o n ,  c o a t i n g  a s p h a l t  is a p p l i e d  
o n t o  t h e  saturat:ed fe1.t .  The c o a t i n g  a s p h a l t  d i f f e r s  from s a t u r a t i n g  as- . 
p h a l t  i n  that: i t  has 2 s o f t e n i n g  p o i n t  range of about  225 t o  235°F compared 
t o  120 t o  1.45"F f o r  s a t u r a n t .  Anothcr m j o r  d i f f e r e n c e  i s  that  c o a t i n g  as- 
p h a l t  c o n t a i n s  about  5OX f i l l e r  ( l imes tone)  by weight .  The purpose of t h e  
c o a t i n g  a s p h a l t  i s  t o  s t r e n g t h e n  the  f i n a l  p r o d u c t  ( i . e . ,  s h i n g l e s )  t o  w i t h -  
s t a n d  t h e  e lements .  A f t e r  t h e  a p p l i c a t i o n  of  c o a t i n g  a s p h a l t ,  g r a n u l e s  and 
backing a g c n t  (sand) a r e  a p p l i e d  o n t o  the f e l t .  Granules  a r e  imbedded on 
t h e  top  sr i r facc and sand on the o t h c r .  The product  i s  t h e n  cooled ,  c u t ,  and 
packaged. 

Tne C e l o t e x  

EMISSION C:ONTKOL SYSTEM 

?lie s a t u r a t o r ,  s t r i k i n g - i n  drum,. and h o t  l o o p e r  a r e  encl.osed i n  a box- 
t y p e  e n c l o s u r e  w i t h  rcmoval doors  from 2 t o  7 f t  above ground I c v e l .  The 
s a t u r a t o r  doors  wcrc k c p t  cl.oscd dur ing  t h c  cmiss ions  t e s t s  b u t  t he  doors  

'k A dancer  i s  a s h n l l o v  d i p  vhich s c r v c s  as  a f l o a t i n g  l o o p c r .  
'Wl--Trade t~lark--l4enl:ion of t rade names, nroducts, o r  spec i f ic  conipanies does n o t  

c o n s t i t u t e  endorsement by EPA. 

43 



i n  f ron t  of t.lw strilct:-in s e c t i o n  and the hot  looper  Gjere k e p t  open .  Ap- 
p n r c n t l p ,  tliis i!: t l i c  u s u a l  p r a c t i c e  of tllc plant. t luravcr ,  tliere was n i l e -  
quat(: s u c t i o n  prcvcnt i i ig  the cscapc o f  fuiiics from the e n c l o s u r c  i n t o  the 
room. 

Uniss ions  froin thc t l i rcc  s o u r c e s  c i t e d  above and the c o a t c r ,  vli ich i s  
duc ted  t o  the s a t u r a t o r  hood, a r c  a l l  c o n t r o l l e d  by two Smog-Ilogs"'. The 
d u c t i n g  arrangcincnt and the Smog-Ilogs'" i n c l u d i n g  the sampling p o i n t s  a r e  
Ghown i n  F i g u r e  3 .  

The o p e r a t i o n  of a Smog-llogTH is  similar t o  t h a t  of a c o n v e n t i o n a l  e lec-  
t r o s t a t i c  p r e c i p i t a t o r .  F i g u r e  4 shows t h e  opera t i -ou  o f  a Smog-lIogT'!. The 
i m i n  d i f f c r c n c e  betweel1 a c o n v e n t i o n a l  u n i t  and a Smog-IIog'" i s  t h e  f a c t  t h a t  
t h e  l a t t e r  i s  a modular u n i t .  
i n  modular form and can  be a r ranged  in tandem. 

I n  a Siog-IIog'y t h e  i o n i z e r  and c o l l e c t o r  are 

'The two Smog-rIogsTM used f o r  c o n t r o l l i n g  emiss ion  from t h e  s h i n g l e  l i n e  
s a t u r a t o r  each have a c a p a c i t y  of 16,000 c f n  and are 2-pass  sys tems.  &ch 
u n i t  h a s  16 i o n i z e r s  and 16  c o l l e c t o r  modul.es, e i g h t  on each s i d e .  The to -  
t a l  i o n i z a t i o n  and c o l l . e c t i o n  v o l t a g e s  f o r  each u n i t  arc ll and 6 W ,  re- 
s p e c t i v e l y .  Nodel n u d x r s ,  s e r i a l  numbers, and o t h e r  d e t a i l s  f o r  t h e  tvo 
u n i t s  are shown b e l o x .  

No. 1. Smo~-Ho[~ ' '  ( i . e . ,  u n i t  on n o r t h  s i d e  of p l a n t )  

Manufacturer :  United A i r  Systems, C i n c i n n a t i ,  Ohio 
Nodel and S e r i a l  No. : MS-IG-AT, 9701. 
I n p u t  pob:er s u p p l y :  115/1/GO 
AI' Across p r e f i l t e r :  0.85 t o  0 . 9  i n .  ii20 
Blower: S e r i a l  No.: 613-11'74-1 

S i z e :  330-UUl4 Vent l'ak, 15 HI' 
Manufacturer :  Chmpion Blower and F o r g e , .  Inc .  

R o s e l l e ,  I l l i n o i s  

No. 2 S m o p , - l i o c  I ( i . c . ,  u n i t  on s o u t h  s i d e  of p l a n t )  

Hanufac turer :  United Air Sys tems,  C i n c i n n a t i ,  Ohio 
Model and. Ser ia l  No.: >L5-16-AT, 9702 
I n p u t  power supply:  115/1/60 
AI? Across p r e f i l t e r :  0.88 to 0.9  i n .  X20 
Blower: S e r i a l  Xo.: 613-F74-2 

S i z e :  330-BBM Vent l ' d c ,  15 HI' 
M m u f a c t u r c r :  Champioil R l o w r  and Forge ,  IIIC 

R o s e l l e ,  1 l . l i n o i s  

Th-Trade i ?a rk - -M~nt ion  of t r ade  names, products, or spec i f ic  coinpanies does n o t  
cons t i t u t e  endorsergen% by EPA. 
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M O D U L A R  ELECTROS' rATlC  PRECIP ITATOR 

M E C H A N I C  AI. H I G H  COLLECTING AFTER 
P R E F I L T E R  E F F I C I E N C Y  CELL F ILTER E X H A U S T  

I O N I Z E R  D I F F U S E R  

C L E A N  E X H A U S T  

ELECTROSTATIC 
PRECIP ITATOR 

(OPTIONAL)  

L L  

PROCESS E X H A U S T ,  

F i w e  4 .  Diagrams o f  elec[rostatic precipitator and of installation of device i n  process 
duct-work. 
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1;mission t c s t s  wcre conduc?cd t o  dctcini inc p ; i r t i c u l a t c  aiid hydrocnrbon 
lcvcl.:: includiiij; POM, cas c o n p o s i t i o n ,  cnd tlic c f f j - c i c n c y  of t h c  two S:i!q;- 
I IO~ ' '  u i i i  t 5; . 
t h c  i n l c t  aiid o i ~ t l . c t  of  t h c  Smog-fbp'! ' ;  vi.si.hle c r i s s i o n  r c a d j . n ~ s  wcre ~ l s o  
talccn a t  the  SIIIOJI-IIO~:'~~ s t a c k s  and a t  the s a t u r a t o r  c n c l o s u r c .  A l l  of  t h c  
abovc t c s t s  were i indcrtakcn d u r i n g  nornml p l a n t  o p c r a t i o n .  

111 ad t\:i t :  i.on , 17 n r  t ic 1 e s i. i :  i.iir, meas ur cinil ii t s wc r c  c ondr ic t cd .I. t 

I 

l?l.ant o p e r a t i o n  w2.s c o n s i d e r e d  t o  bc normal whcn t h e  manufac tur ing  l i n e  
was opcrnt i i ig  and t3ic l i n e  speed was 2 300 f t / m i n  o r  a t  least  80'L o f  t h e  
maximum o p c r a t i n g  spced f o r  t h e  day t c s t s  wcre conducted.  
t h a n  t h i s  v a l u c ,  sampling was u s u a l l y  s topped u n l e s s  i t  w a s  o n l y  f o r  a n  ex-  
t remcly s h o r t  time. 
t o  s t o p  and resume sampling s i n c e  e r r o r s  i n t r o d u c e d  by doing so would prob-  
a b l y  b e  inare s c r i o u s  than  those  in t roduced  by c o n t i n u i n g  t h e  sampling a t  
rcduced line speed.  Sampling was a l s o  conducted only  when s h i n g l e s  were 
be ing  manufactured. 

A t  speeds  lower 

For d u r a t i o n s  of 2 t o  3 min i f z  was presumed i n a d v i s a b l e  

Tho product ion  r a t e  of  the  manufactur ing l i n e  was de termined  from t h e  
number of  shi.nglc bundlcs  produced dur ing  t h e  t e s t ,  t h e  a v c r a g c  weight  of 
the b u n d l e  and t h c  t o t a l  t e s t  t i n e .  An  au tomat ic  c o u n t c r  recorded t h e  nuin- 
belt of bund:les .pas!;i.ng a c e r t a i n  p o i n t  on t h e  conveyor and t h e  average weight  
of ttic bundle  was obta ined  from t h r e e  random h a l f - h o u r l y  w e i g h t s  measured 
dur ing  the  t e s t .  Tile l e n g t h  of f e l t  used during, t h e  t e s t  ~ 7 a s  a l s o  monitored 
w i t h  the heZp of a c o u n t e r .  From t h e  weight  and l e n g t h  of f i v e  randomly s e -  
l e c t e d  f e l t  r o l l s  used d u r i n g  t h e  t e s t  t h e  w i g h t  p e r  ui1i.t l c n g t h  was con- 
puted .  
j u n c t i o n  ,with t h e  t o t a l  l e n g t h  of  f e l t  used d u r i n g  t h e  t e s t  t o  determine the 
tonnagc of f e l t  u t i l i z e d .  Other  parameters  such  as 1i.w speed ,  s a t u r a n t  
tcmperaturc ,  f i1: led coatin:  t empera ture ,  p r c s s u r e  drop a c r o s s  t h e  p r e f i l t e r  
of each Smog-Hog'", e t c . ,  were o b t a i n e d  from c h a r t s  and gauges t h a t  were a l -  
ready  i n s t a l l e d .  The l i n e  speed was a l s o  v e r i f i e d  a t  random w i t h  t h e  h e l p  
of a tachometcr .  A11 of  t h e  p r o c e s s  c o n d i t i o n s  i n c l u d i n g  product ion  rates 
t h a t  w r c  recorded d u r i n g  t h c  emiss ions  t e s t s  a r e  p r e s e n t e d  i n  Appendix I .  

Eiis v a l u c  which ran&ed from 0 . 3 2  t o  0.35 l b / f t  was t h e n  used i n  con- 

C h a r a c t c r i s t i c s  of  raw m a t e r i a l s ,  p r i i r a r i l y  f e l t  and a s p h a l t  used i n  
producing sh i i ig lcs  duri.ng t h e  t e s t s ,  were o b t a i n e d  from p l a n t  personnel  
and a r c  a l s o  incl.udecl i n  Appendix I i n  Tables I-'/ th rough 1-9. F e l t  c h a r -  
a c t c r i s t i c s  inc lude  f e l t  wid th ,  moisture  c o n t e n t ,  kerosene  v a l u e ,  e t c . ,  and 
a s p h a l t  c h a r a c t e r i s t i c s  i n c l u d e  s o f t e n i n g  p o i n t ,  p c n e t r n t i o n ,  f l a s h  p o i n t ,  
c t c .  The p e r c e n t  s a t u r a t i o n  of f e l t  (with asphal t )  and a brcakdown of t h e  
product  components by wcight  a r c  a l s o  shown i n  Table 
p l a u t  p e r s o n n e l ,  v a r i a t i o n s  observcd i l l  t h c  c h a r a c t e r i s t i c s  are normal and 
w i t h i n  t h e i r  s p e c i f i c a t i o n s .  

1-9. According t o  
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TI-;? l i i ie speed,, s h i i q l c  product'iori r a t e s ,  f e l t  usage r a t e s ,  aspiisl t  u : ;a~:  

r',.:r?s, e t c . ,  ave su:onarize(i f r O ! i :  data contained i n  Appendix I ,  Sections I ,  1-1 a n d  

1-2. The simmarized d a t a  a r e  presented in T a b l e  23. 

suniiiiary o f  raw !ii:itcr.ial and  prodiict cha rac t e r i s t i c s .  

Ar:pc!n';ix I )  iywe collectotl b y  the  EPA pro jec t  o f f i c e r .  

Similar ly ,  Tab12 24 is J. 

Data on asphal t  usage ( i  .e . ,  . 
These a r e  presented 

s e p a r ~ t c l y  i n  Seci;iori 1-2 s ince  they were obt.ained f o r  periods ranging-froc: 6 t o  

1 4  ! iot irs atid coulil not bc. t i e d  in with production data obtained during actual  

sai:ipl i;q t.ii:im. 

d a t a  and  therefare  sliould iie used with caution. 

I-io!wver, usage r a t e s  r2ported in  Table 23 were estimated from these 
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;XSP INLET (TP-j. j- _. _I__-.-. 

The i,lE.Si' i n l e t  samplins 8 i . h  was located i n  a 45-1/2 inch I.D. ver t ica l  

section of a 16 gauge s tecl  duct.  The s teel  sampling p la t forn  was placed above 

a roof thiit covered the t1;ro i 4 S P  emission coriti.01 systems. A schematic of  the 

sampling s i t e  iricluding the  -traverse p o i n t  sampling locat ions and in-duct dirnen- 

siofis i s  pu.est.nted in  F i p r e  5.  T\.io 3-inch I.D. pipe-riipple sampling ports were 

positioned 4 G  .iriches (1 stack diameter) upstreani o f  a forked " Y "  t h a t  hrarrcRed of-F 

t o  the two separate  IZSP un i t s .  These two ports wei-e only 188 inches (4.1 s tack 

diameters) tfo:.ms%ream of  a shor t - rad ius ,  90' bend. The i n l e t  sampling locat ion 

did n0.t I11ei!'i: the "eigiit diameters" c r i t e r i a  a s  out1inl.d .in EPA Nethod 1 ;  conse- 

que:?.kly, 1:: saiiipiiiiy pcints  'were chosen for  each ax is  .traverse f o r  a t o t a l  o f  36 

sampling points ( i . e . ,  EPA Nethod 1 j .  These points were located as spec i f ied  i n  

Figure 5 .  This figilre shows ttie cross sectional vie:!! o f  the  duct a t  the  sarnplino 

loca-tion a n d  ' 1 i s . t~  .the exact  dis tance each t raverse  point i s  located from outs ide 

the nipple. 

laLed t o  be less t h a n  1 inch from ttie duct x a l l .  

oa l l  i s  considered t o  produce a hiased "bP" o r  veloci ty  head, therefore ,  each of 

.these four points were sairipled a t  a dis.tance of 1 inch froiii the ins ide  wal l .  

Sam? p0irt.t numbering sequence and point  locat ions were used f o r  a l l  psi-ticulate 

t e s t ing  conducted a t  the i n l s t  loca t ion .  

- lhe location c f  t raverse  rloints 1 and  10 a t  por ts  X and  Y were calcu- 

Sampling within 1 inch o f  the duct 

The 

hiESP OUTLETS 

The cleaned gases ex i t i ng  each !.IESP un i t  were ducted to an induced d r a f t  fan 

which was adjaceiit t o  the control device. The Gases dischargec! f ro i i i  the T a n ,  

traveled ve r t i ca l ly  t h r o u g h  a 1G gauge s t ee l  s tack ,  and wwe exiiausted t o  the  

atn:osp!iere. Goth o u t l e t  stacks :./ere sorwdhzt elipt.ica1 i n  shape, therefore ,  the 
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T ~ ~ A V E R S E  POINT LOCATION 
CELOTEX C O R P O R A T I O N  

I N L E T T E S T P O I N T  1 

T R A V E R S E  
P O I N T  

N U M B  E R 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

1 5  
14 

SCHEMATIC OF S A M P L I N G  L O C A T I O N  

SAMPLING 
OISTANCE, 

inc lm 

5 114 
6 llil 
7 518 
9 114 

10 716 
12 710 
15 
17 314 

- 

21 518 
32 318 
36 114 
37 
41 114 

44 314 
43 118 

188 in. 

. __ 

r 

---0 -J T E S T  P O I N T  1 

1 
1 
1 
1 
li' 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Figur2 5 .  Travcrse point sampling location and in-duct distances from 
Celutex Corporation, Fairfield, AI., test (Test point 1). 
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TP- '2 

Testing 1x1s conducted on the 31-3/4 inch I.D. :io. 1 FiESP out'lel: S t a c k .  TWO 

3-inch 1.D. sampling ports  were located 189 inches (6  stack diameters) dov!nstream 

froai the f a n  outlet ,  and 64 inches ( 2  s tack tliametirs) upstream o f  the ver tex .  

The pC1r.t locat ions d i d  n o t  w e - t  the "eight. diameters" c r i t e r i a  as out l ined i n  

EPA &t:hod 1 .  Conscqucnt'ly, 1 4  sampling points were chosen f o r  each traverse a x i s  

accordins to niethod inst.ructions which indicated a t o t a l  o f  28 sampling poin ts  f o r  

t he  6 dti\.!Il:;trcai> diaiiieters. 

)terse dirnensions f o r  t.he TP-2 oii.tlet s tack .  The locat ion of t raverse  points 1 and 

1 4  a t  ports X and Y were nioved ,to t h e  1 inch posi t ion f o r  the same reason as reported 

in  the T P 4  sainpliriy locat ion sect ion.  

Figut-2 6 s/iob!s the sanpl i n s  p o r t  locat ions and  t r a -  

TF- 3 -_ 
The 1.j:). 2 l;lESI:J 32.5 irich I.D. o u t l e t  duct was fit-Led with two 3-inch I.D. 

sampling ports  in a manner s imi l a r  t o  the TP-2 s i t e .  

the ports was 19C inches arid -the upstreain dis tance t o  the vertex was E4 inch2s.  

Again these dimensions did nc t  rnee.t -the Method 'I c r i t e r i a ,  therefore ,  based on the 

5.8 downstream diameters a t o t a l  of 28 sampling points  vias se lec ted  t o  s a t i s f y  the 

minimuin niii:ibctr of t raverse  p r i n t s .  A g a i n  the tm outer  t raverse  points a t  each 

p a r t  were inoved t o  the  1-inch posit ion as reported in the TI'-2. 

The dobinstreani d i s tance  -to 

Two high-voltme sanipling por t  holes were cut  i n to  the steel duct and were 

located 40 -inches downstream of the above re-i.'ercnced t e s t  po r t s .  

the saliipl i ng p o r t  locat ions and  t raverse  diineiisions f o r  the TP-3 ctutlet s tack .  

Figure 7 shows 
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SCHEMATIC O F S A M P L I N G  1 

T R A V E R S E  POINT LOCATIONS 
CELO.lEX C O R P O R A T I O N  

O U T L E T T E S T P O I N T 2  ' 

\I- - - \  ? L n  

. O C A T l O N  

I TEST 
P0lN.T 

1 2 - 1  

-=f- 
I 

I 
i ._ 
r.7 
PI 

---I-. 
64 in. 

1 l G  in. 

T R A V E R S E  
P O I N T  

N U M B E R  

P O R T  X 

x 1  
x 2  
x 3  
x 4  
x 5  
X G  
X l  
X 8  
X 9  
x 10 
x 11 
x 12 
X 13 
X 14 

PORT Y 

Y 1  
Y 2  
Y 3  
Y 4  
Y 5  
Y 6  
Y l  
Y 8  
Y 9  
Y1D 
Y 11 
Y 12 
Y 13 
Y 14 

SAMPLING 
DISTANCE, 

inclier 

5 314 
6 518 
8 
9 112 

11 114 
13 112 
16 SI8 
25 318 
28 112 
30 314 
32 112 
34 
35 318 
36 114 

5 118 
6 318 
7 518 
9118 

10 118 
13 
16 
24 114 
2 1  114 
29 318 
31 
32 112 

34 518 
33 iia 

SCHEMATIC O F  ELECTROSTATIC PRECIP ITATOR 
0 U T L  ETS 

Figut-c 6. Traverse point sampling locations a n d  in-stack distariccs 
frcrn Celorex Corporation, Fairfield, AI., t e s t  (Test point 2). 
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T R A V E R S E  P O I N T  LOCATIONS 
C E L O T E X  C O R P O R A T I O N  

O U T L E T  TEST P O I N T  3 .. 

-4 t- 37 118 ill. 

T R A V E R S E  
P O I N T  

314 in. 

SCHEMATIC OF SAMPLING L O C A T I O N  

1 

N U M B E R  

P O R T  X 
x 1  
x 2  
x 3  
x 4  
x 5  
X G  
x 7  
X 8  
x 9  
x 10 
x 11 
x 12 
X 13 
X 14 

P O R T Y  

Y1 
Y 2  
Y 3  
Y 4  
Y 5  
Y 6  
Y 7  
Y 8  
Y 9  
x 10 
Y 11 
Y 12 
Y 13 
Y 14 

SAMPLING 
DISTANCE.  

inches 

5 518 
6 112 
7 718 
9 318 

11 118 
13 318 
16 112 
25 114 
28 318 
30 112 
32 318 
34 
35 114 
36 114 

5 314 
6 112 
7 314 
9 114 

10 718 
13 
16 
24 
27 
29 118 
30 718 
32 114 
33 112 
34 114 

PRECIP ITATOR OUTLETS 

Figure 7. 'Traverse point  sampling locations and in-stack clistanccs 
f rom Celotex Cot-poration. Fairfield, AI., test  (Test point 3 ) .  
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Outle-I: s - t;lci:s 

Ficgurc 2 -ii?tlici3.tf!S the  r e l a t i v e  posi.tions of the four  d i f f e r e n t  obs?rvation 

s i  t,es finploycd t o  ubservc the t~km o u t l e t  stacks e f f luen t .  

cI:nseii t o  conform t o  EPA ?lethod 9 guidel ines  a n d  spec i f i ca t ions .  

was located approx.iiliately 22  f e e t  above ground l eve l .  

a t  dis tances  o-F 60-120 fe2 . t  f r o m  the s t a c k s .  

rar1c;c.d froin gro i ind  level  t o  35 f e e t  above ground l eve l .  

These loca t icns  were 

The s tacks vertex 

Observers were posit ioned 

Feiqhts o f  the observaticn points  

5 a tu ra tor/ Co il --- ter  Nj t i  v e Emi s s i on s - 

The observation s i t e s  used in evaluating the sa tu ra to r / coa te r  hood einissions 

 re shwn in  Fi9urc. 2. Examina.tions o f  eipissions emi.ttecl from t!ie sprayiny/dipping 

sec t ion ,  froii the  s t r i k i n g - i n  sec t ion ,  and froii -the coa te r  ?rea were perfomled fro:n 

poiilt,s 'located a t  each erd  o f  . t i le Nc!. 1 sa tura tor /coa ter  process l ine.  The sparcely 

ocr :ui~ing f u g i t i v e  emissions !;ere detectec! approximately 2-10 f e e t  above the  f l o o r  

a t  dis tances  o f  10-50 -feet  from the observer.  

detected escaping capture a t  the 110. 5 door  which was located near the coa te r  area.  

ihesc emiss.ions !were observed a t  approximately 5-10 f e e t  above f l o o r  level and a t  

d is tances  0.F 5-20 f e e t  from the  No. 1 a n d  Ilo. 2 observers.  

Consistent f t igi-t ive emissions were 

- 

._I___ PROCESS SAPIIPLI~S COI..L.~CTION Lmi-Iotis 

1-hrouyhout the 'tes'tirig period various process sawples were co l lec ted  d i r e c t l y  

froin t h e i r  appl icable  loca t ions  in t h 2  process operat ions.  A l i s t  of a l l  co l lec ted  

process saniples -is included in t h e  Sampl? Iden t i f i ca t ion  Log contained in  Section 

t!-VII o f  Appendix t;. 
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Stack  gas sa i i ip l ing  equipment des igned by  EPA's O f f i c e  o f  A i r  Programs and 

G a t t e l l e  L a b o r i i t o r i e s  was used d u r i n g  t h i s  tes t . i ng  program. 

k t l i o d  20 p a r t i c u l a t e  and gaseous hydrocarbon samp l ing  equipinEnt i s  p resen ted  i n  

Appendix L, 

Labs i s  p resen ted  i n  Appendix F.  

Sampl ing wcis per fo rmed a c c o r d i n g  t o  the  f o l l o w i n g :  

R schemat ic  o f  t h e  

and a s c h e i w t i c  o f  .the PO;! samp l ing  equipnient  des igned  by  G a t t e l l e  

Sampl ing p o r t  l o c a t i o n s  

were se lec . ted  and t h e  number o f  sampl ing  p o i n t s  were deter i i i ined by  c a l c u l a t i n g  t h e  

number o f  d u c t  d i  aiwters between o b s t r u c t i o n s  i n  t h e  upst ream and downstreaii i 

d i s tances  o f  t h e  sa i i ip l ing p o r t s .  S tack  p ressu re ,  te i i ipera ture ,  imois ture c o n t e n t  

and v e l o c i t y  head read ings  were nieasirred. 

us ing  the  above da ta  and t h e  c o r r e c t  n o z z l e  d iamete r  was s e l n c t e d .  

EPA des igned noinographs were s e t  u p  

Many of  t h e  runs  were d i scon t inuous  due t o  p rocess  upse ts  and/or  shutdocns.  

Tile d i s c o n . t i n u - i t i e s  a r e  d e t a i l e d  i n  Append.ix H and i n  t h e  process  d a t a  sheets .  The 

sample t imes !.ere q u i t e  l o n g  because o f  p rocess  de lays ,  l i n e  speed r s d u c t i o n s ,  and 

process equipt:i:nt i n a l f u n c t i o n s  which o f t e n  a f f e c t e d  t!te c o n t i n u i t y  o f  sample c o l -  

l e c t i o n .  When a process upse t  occur red ,  the s a p l i n g  t r a i n  was s topped and t h o  

probe removed froin t h e  sampl ing  duc t .  

Pub l i shed  average Cp fac . to rs  o f  0.857 t o  0.847 \!ere used f o r  c a l c u l a t i o n s  o f  

a i r  f l o w  and p e r c e n t  i s o k i n e t i c  f o r  t h i s  t e s t i n g  prograin.  

b r a t e d  w i t h  and w i t h o u t  t h e i r .  nozz les  i n  a 12 i n c h  d iamete r  w i n d  t u n n e l .  C a l i b r a -  

t i o n  o f  p i t o b e s  w i t h o u t  nozz les  i n  t h e  12 i n c h  d iamete r  conforms t o  ? u b l i s h e d  EPA 

Method 2 procedures .  

EPA's p i t o b e s  were c a l i -  

A February  1974 EPA Q u a l i t y  Assurance document on v e l o c i t y  

measuremenis' s t a t e s  t l l a t  ii w i n d  t u n n e l  o f  12"  d ia t i ie te r  o r  g r e a t e r  shou ld  be used 

f o r  t h e  c a l i b r a t i o n  o f  p i t o t  tubes.  

c a l i b r a t e d  t w i t t i  t he  nozz les  i n  p l a c e  and o p e r a t i n g  a t  i s o k i n e t i c  v e l o c i t i e s  d u r i n g  

EPA d a t a  shows t h a t  t h e  p i t o b e s  shou ld  be 

'U .S .  Env i ronmenta l  P r o t e c t i o n  Agency, O f f i c e  o f  i lesearch and Development, 
iPA-650/4-74-005a, 
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ca l ibra t ion .  Iltte t o  the above considerations,  tnieasured Cp fac tors  of 0.86 t o  0.84 

have !>eel1 used fo r  calculat ions and reporting o f ' d a t a .  

A leak t e s t  was perforiiind on the  assembled sampling t r a i n s .  The leak r a t e  d i d  

n o t  exceed 0.025 c.fni a t  a vacuuin of 22.5 inches Hg. 

ori'ly sl ight. ly as t h i s  was an ambient a i r  sourie with very low humidity. 

w3.s placed around the inipingers a t  the beginning of the - tes t  with new ice  being added 

as  required t o  keep the gases leaving the sampling t r a i n  as much as possible below 

70')F. 

The probe and  f i l t e r  were heated 

Crushed ice  

The t r a i n  was operated as follows: The probe was inser ted  i n t o  the stack t o  

the f i r s t  t raverse  point with t h e  nozzle t i p  pointing d i r ec t ly  in to  the gas stream. 

The puinp was s t a r t e d  and irtiniediately adjusted t o  sample a t  i sok ine t i c  conditions.  

Equal time was spent itt se lected points of each of the equal elemental areas of the 

duci: with the pe i t i nen t  data being recorded fo r  each time i n t e r v a l .  

were med  to  maintain isok-inetic stiapling conditions throughout  the  t e s t ing  periods.  

At the concliisiwi of the t e s t  run, the pump was turned o f f ,  the  probe removed, and  

t h ?  f ina l  reatl.ings were recorded. For de ta i led  pa r t i cu la t e  clean-up procedures, 

Please r e fe r  t o  Appendix L ,  "EPA Pkthocl 20 ."  

Please r e fe r  t o  Appendix F ,  "POM Sampling and Analysis Using the Bat-telle POM 

Sampling Train." 

Nomographs 

For detai led POM clean-up procedures, 

T o t a l  Ilydrocarbon (TIIC) measurements were perforined during t h a t  t e s t ing  program 

using continuous monitoring FID instruments. 

-_ El41 S S I ON MEASUREMENT METHODS 

Organic I1011 utants generated in the nianufactur2 of asplial t roofing products 

were divided in to  2 ca tegor ies - -par t icu la tes  ( o i l  d rople t s )  and gaseous hydrocarbons 

(organics in the vapor  s t a t e  a t  f i l t r a t i o n  temperature).  

Iilnt,liad development tests were conducted a t  two asphal t  roofing plants  t o  

evaluate the proposed sampling t r a ins  t o  co l l ec t  these po l lu t an t s .  These p r io r  
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studies  resul ted i n  t h e  use of a modified EPA Method 5 system t o  isokinet icLl ly  

saiuple the gas streani. The modifications to lkthod 5 include the folloiwing: 

1 .  Change of f i l t r a t i o n  temperature froin 120°i t o  5 O o C :  The physical s t a t e  

O f  the organic tmatter i s  a .Function of temperature. 

, s e l e c t  a f i l t r a t i o n  temperature to  provide a basis  f o r  evaluatiny the d i f f e r e n t  

control systems and the  emissions .from the d i f f e r e n t  p lan ts .  

V J a S  selected t o  be consis tent  w i t h  t he  optimum operating temperature O f  4OoC f o r  the 

col lect ion systems, i . e . ,  f i l t r a t i o n  and e l e c t r o s t a t i c  p rec ip i t a t ion .  

Thereifore, i t  m s  riecessary t o  

The 5OoC upper limit 

2. - Use 0.f a precol lcctor  - f i l t e r  t o  reduce the  o i l  d 9 l e t  loading on the 

primary -___ f i l t e r :  

g l a s s  f i b e r  f i l t e r  mat during periods o f  higli o i l  droplet  concentrations.  
procedure t o  avoid having t o  quant i ta t ive ly  remove the  o i l  from the  precol lector  was 

added t o  the method. 

a f t e r  sanipliny t o  obtain the mass collec.ted by difference.  

T i i i s  change was necessary t o  prevent o i l  from seeping t h r o u g h  the 

A 

This involves weighing the precol lector  system before and 

3 .  - Extraction of __ a sinal1 gas sample portion ( 1 - l p m )  a f t e r  the :as had passed - 

through the g l a s s  ______I__ .fiber f i l t e r :  This g a s  sample \.{as then fed ,to a continuous flame 

ionization de tec tor  ( F I D )  analyzer t o  iiicilsure the  gaseous hydrocarbon ( H C )  conient. 

The saiaple g a s  t o  the FID analyzer i s  transported through heated l i n e s  t o  pre- 

vent condensation. The FID analyzer tnoni tors t h e  level  o f  t o t a l  gaseous hydrocarbons 

(THC) 

current produced. 

mei.hod f o r  o ther  emission sources and i s  reasonably accurate over a wide range of 

the concentrations. 

by ionizing the hydrocarbons i n  a hydrogen r i c h  flanie and i i leasuril ig the 

Tliis type measurement system has been used by E P A  as a reference 

To develop background information on the chemical composition of the emitted 

o r g  a ii i cs , s pe c i f i c hy d roca r b  oil s we re i dent i f i e d us i n g tech t i  i q ue s w h  i c h i n c l  u decl 

infrared ana lys i s ,  gas chroiiiatography ( G C ) ,  and G C  inass spectroscopy ( G C M S ) .  

o i l  droplet  f r ac t ions  were seiiii-quanti t a t i v e l y  analyzed a n d  found t o  contain allnost 

l h e  
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____ I 

CVC.I.Y ca.tegory O F  hytlrocarborls, e.<]. , r inged ,  s t r a i g h t  chained, pa r t i ca l ly  oxidized, 

e t c .  

atialyses showed t h a t  the hydrocarbons were primarily 1- through 3-carbon chains 

f o r  noncointuls tion control devices ,  and inethane f o r  af ter-burners .  Therefore, the 

F I D  iiieasurenients of the low concentration gaseous hydrocarbons were detennined t o  

be s a t i s f a c t o r y .  

tkjwever, the gaseous portion which was defined u s i n g  quant i ta t ive  GCMS 

'These dxta are described in Appendix E. 

4. -- Chi;nge i n  cleanup reagent from acetone t o  1 ,1  ,1- t r ichloroethan&: 

cleanup and recovery procedures were a l s o  developed and t e s t ed  during the method 

development program. 

hexane, 1 , l  ,1- t r ichloroethane,  diethyl ether, methylene chlor ide,  and  t r i ch lo ro -  

e thylene.  

Chloroform and me'thylene ch'loride were re jec ted  

cal exposure c r . i t e r i a  es tab l i shed  b y  OSHA. 

was decided upon because i t  was most e f f ec t ive  i n  dissol.iring the  baked 011 o i l  a n d  

t a r s  and  was l e s s  tox ic  due t o  i t s  1oI;ier vapor pressure.  

5 .  

Sample 

Various solvents were used, e . g . ,  acetone, chloroform, 

The chlor inated hydrocarbons proved t o  be the  most e f f ec t ive  so lvents .  

as  unsafe due t o  the tox ic  chemi- 

The so lvent ,  1 , l , l - t r i ch lo roe thane  ( T C E )  

Change i n  ana lys i s  procedure t o  minimize satiiple l o s s  t h r o u g h  evaporation: 

I n  the laboratory the cleanup reagent presented some problems. 

pressure of TCE caused an increase in the  time necessary t o  evaporate the samples 

a t  ambient temperature t o  a f i na l  weight. Experinients were conducted t o  quantify 

the  'loss of l i g h t  hydrocarbons by condensing the vapors from the evaporation pro- 

cess and analyzing thein by gas chromatography. 

l o s s  fo r  o u t l e t  sample f rac t ions  was minimal. 

The low vapor 

Results showed t h a t  the hydrocarbon 

A continuous weight l o s s  was recorded f o r  the samples over a period o f  several  

\.leeks a f t e r  reinoval of the  condenser. 

i n l e t  sairiples. 

deqree. Consequently, the cr i . ter ion of  "constant vrt!.igh.t" t i a s  defined as " a  l e s s  

than 10 percent weight change between tkqo sequential  weighings twenty-four hours 

The weight loss  was most s i g n i f i c a n t  f o r  

The  o u t l e t  saiiiples a l so  continued t o  lose weigh-t, b u t  ' to a l e s s e r  
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apa t~ . i : . "  .These 'two s e q u e n t i a l  we igh ings  were t o  be  added t o g e t h e r  and then  d i v i d e d  

by 2 t o  deter i i i ine ail average r i n a l  w e i g h t .  

t'eaclied a co1istan.t w i g h t  b@tween t h e  24 t o  48 h o u r  we igh ings .  

Most sainples weighed i n  t h i s  inariner 

Prev ious  i n v e s t i g a t o r s  used t e s t  tnetiiods wh ich  d i f f e r e d  f r o m  t h e  EPA approach. 

These methods, e . g . ,  LAAPCD and conven t iona l  Method 5 i n c l u d i n g  i n ip inge r  a n a l y s i s ,  

measured Iwtli fi.1 t e r a b l e  and co i i dens ib le  hydrocarbons as p a r t i c u l a t e .  . The gaseous 

hydrocarbons were measured by f l ame i o n i z a t i o n  ana!ysis;  t h e  sample gas, however, 

was c o l l e c t e d  d i r e c t l y  f r o m  t h e  s t a c k .  

t o  50°C. 

l a r g e  t l i f l 'e re i ices occu r red .  

n o t  be det::i-inined i f  these d i f f e r e n c e s  were dile t o  process o p e r a t i n g  c o n d i t i o n s  o r  

t o  d i f f e r e n c e s  i n  tiit! ,::est tiietkods. 

The gases were nei.i.her f i l t e r e d  n o r  c o o l e d  

In SOIi ie cases t h e  d a t a  gave s i m i l a r  e in iss ion  r a t e s .  , I n  o t h e r  cases, 

S i n c e  EPA d i d  n o t  conduct  coniparat ive t e s t s ,  i t  can- 

PERFORMANCE TEST I.IE':tIGDS - __ 
Perfor i i ia i ice T e s t  Method 20, wh ich  i s  recommended f o r  t h e  measurement o f  

asphal - t  r o o f i n g  e i i i iss ions,  was based on t h e  EPA d e f i n i t i o n s  o f  p a r t i c u l a t e  and 

gaseous hydrocarbons .  

Pie.thod 5 sampl ing  equipment .  

t u r e  and i n  t h e  c leanup and a r i a y l s i s .  

t o  Method 5 and t e s t  personnel  exper ienced  w i t h  Method 5 s h o u l d  have no d i f f i c u l t y  

witli I-lethod 20. 

us ing  a f lan ie  i o n i z a t i o n  d e t e c t o r  a n a l y z e r .  

The sample t r a i n  i s  e s s e n t i a l l y  a m o d i f i c a t i o n  o f  t h e  

Changes were m d e  i n  t h e  sample f i l t r a t i o n  tempera- 

The t e s t  p rocedure  i s  s u f f i c i e n t l y  s i m i l a r  

Gaseous hydrocarbons a r e  inieasured a f t e r  t h e  saii iple t r a i n  f i l t e r  

T h i s  i n s t r u m e n t  i s  r e l a t i v e l y  s i m p l e  

( to  c a l i b r a t e  and o p e r a t e .  I t  r e q u i r e s  soiiie s p e c i a l  p r o t e c t i o n  f o r  f i e l d  use as 

i t  i s  b a s i c a l l y  a l a b o r a t o r y  dev i ce .  

The a s p h a l t  r o o f i n g  i n d u s t r y  has tvio major processes,  each w i t h  p e c u l i a r  

problems wh ich  lidiiiper t h e  per formance o f  t he  emiss ion  t e s t .  The a s p h a l t  s a t u r a t o r  
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]irlc i s  a continuous proccss. I.low?ver, i t  i s  subject  t o  numerous l i n e  speed 

f luc tua t ions  and stoppages, making coordination of t e s t i n g  with the proc.ess 

e s s e n t i a l .  

e\;er the process i s  n o t  a t  steady s t a t e .  

saiiiple i n t e g r i t y  dur . i i ig  t!ie:e tiities. 

The  saiiipling equipment must be s.topped and remowd from the stack when- 

Ex-tra care iiust be used t o  maintain the 

uuanti t a t i v e  analyses f o r  pa r t i cu la t e  matter and  for polycyclic organic 

mater ia ls  (POFI) col lccted froni tlie f l u e  gases were subsequently performed by 

Rattelle-Colurnbus Laboratories under a separate  cont rac t  with E P A .  I n  general ,  the 

ana ly t ica l  procedures employed were those prescribed by EPA Reference Methods f o r  

the spec i f i c  einission o r  were techniques previously recommended by Rattel l e  and 

authorized by E P A .  

Total par t icula . te  ca.tche; in milligrams (tiis;) were calculated by adding the 

tr ich;oroethane ( T C E )  and  acetone r inse residues of the probe a n 2  p r e f i l t e r  portions 

OF  the sampling t r a i n  t o  the f-iber g lass  f . i l t e r  catch.  

Minimum, maxirnuni, and average THC concentrations were tabulated f o r  each 

t raverse  point by using the Sam2 time in te rva l  as was used fo r  the par t icu la te  

sampling. 3nly data recorded during the actual pa r t i cu la t e  rut1 times were reported 

i n  t h i s  manner. 

Visible emissions were ineasured by E P A  Method 9 and  observations were scheduled 

t o  coincide with the pa r t i cu la t e  sanipling t e s t  runs,  however, due t o  scheduling 

some of the v i s i b l e  eniiss-ion times do n o t  coincide with the pa r t i cu la t e  sampling. 

Opaci t Y  readings were recorded siinultaneously by two c e r t i f i e d  observers. Opacity 

observations wore made a l  the  two ou t l e t s  from the MESP control systems and a t  the 

sa tura tor /coa ter  hood. The procedures adhered t o  EPA Kethod 9 .  Data sheets  are  

presented in  Appendix C .  
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- PRELII*IIi4AI(Y VEILOCITY TRAVERSE 

A s e r i e s  o f  v e l o c i L y  t r a v e r s e s  were conducted on October  6, 1975, i n  accord-  

1 ance w t h  proc :~ t lu res  d e t a i l e d  i n  EPA Ihlethod 1 . Two t e s t i n g  teaii is, u s i n g  " S "  

t y p e  p i  t o t  t u i k s  and i n c l  i r e d  riianoiiieters, per fo r ined v e l o c i t y  measurements a t  t h e  

i n l e - t  (TP-1) and two o u t l e t  (TIJ-2 and TP-3) s t a c k s .  

s t a c k  was obl:ained, and s t a c k  gas tempera ture  c o n f i r m e d  by  u t i l i z i n g  a tht:rnio- 

coup le  and pot:ent. io i i i i ieter.  S.tack gas rn0.istut.e c o n t e n t  was measured by  w e t  and d r y  

b u l  I: ti ierrnoineters. 

A s t a t i c  p r e s s u r e  f o r  each 

PARTICULATES 

P a r t i c u l a t e  sarripling was conduc.ted s i m u l t a n e o u s l y  a t  t h e  i n l e t  and two o u t l e t  

s tacks  o f  t h e  MESP u n i t s  u s i n g  s i m i l a r  sa inp l ing t r a i n s .  

Refere i lce Method 20 equipinen.t, m o d i f i e d  t o  acconimodate c o n c u r r e n t  T o t a l  Hydrocarbon 

m o n i t o r i n g  (see Appendix I.). 

p r e f i l t e r s  c o n s t r u c t e d  O F  a g l a s s  wool p l u g  i n s e r t e d  i n  t h e  c y c l o n e  between t h e  

probe and y l a s s  f i b e r  f i l t e r  h o l d e r .  I n  p r e v i o u s  i n l e t  t e s t s ,  i t  was d i s c o v e r e d  

tha.l: o i l  d r o p l e t s  were pass ing  th roug l l  t h e  cyc lone  and f i l t e r  and on i n t o  t h e  first 

in ip inger .  

wool p l u g  i n s e r t e d  i n t o  t h e  c y c l o n e  e x i t .  I n c l u s i o n  of t h e  g l a s s  wool  p l u g  was 

i n t e n d e d  t o  e ' l i i i i i n a t e  i i i is . t  c a r r y o v e r  t h r o u g h  t h e  f i l t e r .  

used w i t h  t h e  t r a i n  sanip l ing t h e  MESP o u t l e t .  

The t r a i n s  c o n s i s t e d  o f  

The sampl ing  t r a i n  used a t  t h e  MESP i n l e t  i n c l u d e d  

Subsequerrt t e s t s  conducted a t  t h e  i n l e - t  were per formed w i t h  a g l a s s  

No c y c l o n e  p r e f i l t e r  was 

A i nod i f i ca -c ion  t o  t h e  normal Method 2 arrangement  c o n s i s t e d  o f  a "T" i n s e r t e d  

a t  t h e  e x i - t  o f  t h e  f i l t e r  i n  o r d e r  t o  a l l o w  THC sampl ing.  

i n s z r t e d  t l i r ough  t h i s  

A d i a l ' t h e r n i o m e t e r  was 

"T" i n t o  t h e  back h a l f  o f  t h e  f i l t e r  h o l d e r  f o r m o n i t o r i n g  

o f  gas tempera ture  a t  t h f s  p o i n t .  

above s t a c k  te tnperature i n  o r d e r  t o  p r e v e n t  w a t e r  and/or  hydrocarbon condensat ion  

The p r e f i l t e r  and f i l t e r  were s l i g h t l y  hea ted  

'Standards 0.f Perfori i iarice f o r  Flew Sta. t . io i iary Sources,  f e d e r a l  m i s t e r ,  .~ 

Volulne 36, No. 247,  Oeceiriber 23, 1971. 
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i n  the f ron t  h a l f  of the sail?pling t r a i t ) .  

were used For a l l  runs. 

MSA y l ~ i s s  f i b e r  f i l t e r s  (Cat. #CT-75428) 

Pre tes t  preparation and  a l l  sariiplin(l procedures described in Referf!!ce Mcthod 5 

were used w i t h  minor modifications.  

o r  o the r  s ea l an t  was used on any ground glass  j o i n t s  upstream o f  the s i l i c a  gel 

!dhen asseinbling t h e  sampling t r a i n ,  no s i l i cone  

i inp i nge I- .  Leak 

EPA procedures. 

Addi-tional 

i s  contained in  

I checks were perfornied before and a f t e r  each t e s t  using s tmdard  

informa%ion concerning the  pa r t i cu la t e  t e s t i n g  and  sample analyses 

Appendices A, D ,  H, J ,  and I-. 1 
1 
I 
'I 
I 
il 
1 
1 
;I 
I 
I 

TOTAL I I Y D R O C A R R O N S  (w) 

Total hydrocarbon concentrations were inoni tored concurrently with a l l  par t icu-  

l a t e  t e s t  runs. A descr ipt ion o f  the saiiipling t r a i n  i s  described in Appendix F. 

The TIiC $alilples were col lected by witlidrawing a portion o f  the gas stream being 

sampled under normal Ne.ti iod 2 conditions iiiimedia%ely a f t e r  i t  passed tlirougl! the 

g lass  f i b e r  f i l t e r .  

l i n e s .  

( 'sample, zero gas ,  span gas 4Tt.lC ainalyzer i n l e t ) .  The FID instruments used were 

a Beckman Model 109 a n d  a iiiodel 402. Analyses r e s u l t s  were ca l ibra ted  using methane. 

The heated sampling l i n e s  o f  the model $02 analyzer were maintained a t  205OF t o  

Samples were drawn f rom the "T" t h r o u g h  heated (=210°F) Teflon 

Each sample then passed t i i rough a pump and t o  a four-way g a s  inanifold 
2 3 

21OoF (96OC t o  09'C) during sampling. 

Table 5 contains r e s u l t s  o f  the gaseous hydrocarbon measurements. Complete 

gaseous hydrocarbon resul t s  and  calculated eiriissiotis a t  each sampling point  are 

g i v m  in Appendix E .  

gaseous hydrocarbon d a t a  froiii voluiiie t o  tiiass. I t  i s  believed t h a t  the increase of 

the  THC between the i n l e t  a n d  o u t l e t  sariipling locat ions was due t o  the higher 

Ti12 riiolecular weight o f  methane (16 )  was used when converting 
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teiiiiJeraturcs a t  the outlet. This was caused by the  k ine t ic  energy created by the 

centri  fu3al fans located a f t e r  the MESP o u t l e t s .  

Three evacuated - f lasks  were obtained froin the FID satiiple l i n e  a t  t e s t  s i t e  

TP-3 wiiile saliipl.ing out1e.t emissions. 

analyzed a t  Ik . t t e l l e  using gas chromatography techniques. 

an i lys i s  o f  t h i s  f l a s k .  

One o f  . the f l a s k  sam!iles, S75-006-464, was 

Table 9 reports the  

POtI SAI4PLING PVID -- ANALYSIS 

PObl saliip1.ing was conducted a t  locat ions TP-1 and TP-3 ( i n l e t  and o u t l e t )  on 

October 9 ,  1975.  

e s sen t i a l ly  i s  an E P A  P.lethod 5 sampling t ra in  with an adsorbent column located 

between the f i l t e r  and  the iiiipingers. Analysis was. by gas chromatography-mass 

spectrometry (GC-PIS).  Details  o f  the sampling t r a i n ,  i ts  o p e r a t i o n ,  sample recovery, 

atid analysis are  included in Appendicies F and  L .  

resul t s .  

Saiiipling was conducted using a B a t t e l l e  POM sampling t r a i n  which 

T z h l e  1 3  stinimarizes POM emissions 

For some POI4 coiiipounds, the concentration a t  the IKSP o u t l e t s  was g rea t e r  

t h a n  a t  the i n l e t .  This phenomena might be the r e s u l t  o f :  

1 .  Pol4 produced in the MESP control device. 

2 .  Inddequate sampling methodology. 

3. Inadequate analysis  mehtodology. 

Concerning Item 1 ,  i t  i s  known t h a t  POM i s  produced in combustion processes. 

ilowever, the s t a t e  o f  the a r t  in the mechanism o f  POM forniation i s  n o t  such t h a t  

i t  can be predicted whether o r  n o t  POM i i i i g h t  form in an eniission control device such 

as used a t  the Celotex p l m t .  

6 5  



1 
The S ~ I I I ~ ~ ~ I I C J  methodology used for  t h i s  work i s  s t a t e  of the a r t .  tlowever, i t  

i s  s t i l l  undergo-ing val idat ion studies and  i t s  accuracy and  r e l i ab . i l i t y  .for a l l  

sampling conditions i s  n o t  proven a t  t h i s  time. 

PARTICLE S I Z E  - 

I t  i s  apparent from the in te rpre ta t ion  of the p a r t i c l e  s i z e  r e su l t s  Lhat  the  

cascade impactor was n o t  coinpletely a-t s tack  temperature when the sampling was 

s t a r t e d .  Consistent wi tk th is  conclusion are  the indicat ions t h a t  some vapor  con- 

densation may have formed on the impactor w a l l s  a.iid/or subs t ra te  pans  inin;e:Iiately 

z f t e r  sampling had comnienced. 

was quickly absorbed by the pans and eventually was absorbed hy the  impactor wal ls .  

The pan  and wall f o r  each s tage progressively reached stack gas temperature as a 

function of time. Any .material  which condensed on the substrate  pans was probably 

revaporated as the pan  reached stack gas temperature and probably recondensed on 

the  cooler wal 1 s . 

As .time progressed, the heat froin the stack gases 

I n  conclusion, i t  seeins s u f f i c i e n t  t o  say t h a t  the data are probably in e r r o r  

and vapor condensation in  the probe, cyclone and impactor i s  a possible reason 

a l t h o u g h  n o t  conclusive a t  t h i s  time. 

have b u t  i f  they a re  suspec.t, i t  i s  suggested t h a t  they n o t  be included in any 

repor t .  

was t r i e d .  

I t  i s  d i f f i c u l t  t o  say what value the d a t a  

Perhaps mention could be iiiade t h a t  an attempt t o  measure s ize  d i s t r ibu t ion  

Additional par.t.icle s'ize information and  in te rpre ta t ion  i s  presented i n  Appendix 

B.  
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APPENDIX A 

COMPLETE PARTICULATE RESULTS 
WITH 

SAMPLE EQUATIONS A N D  EXAMPLE CALCULATIONS 

Includes English and Metric Data 
F o r  

I n l e t  t o  Elec t ros ta t ic  P r e c i p i t a t o r  (TP-1) 
Outlet  from E l e c t r o s t a t i c  Prec ip i ta tor  (TP-2) 
Outlet  from E l e c t r o s t a t i c  Prec ip i ta tor  (TP-3) 
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PARTICULATE CALCUUTION TERMINOLOGY A N D  NOMENCLATURE 
I '  
I 

. Sampling Time, 24 hour clock 

Sampling f l ozz le  Diameter, i n .  

Met Time of Test ,  Min .  

Barometric Pressure, i n .  tlg 

Dn 

Tt . .  . .  . .. . . .  .. . . ,  :.: .. , , . . .  : 

Absolute 'b 

Average Or i f i ce  Pressure 
'm Drop, i n .  H20 

Volume of Dry Gas Sampled a t  
$1' Eleter Conditions, DCF 

Average Gas I4eter Tesperature, 
Tm 'F 

Volume of Dry Gas Sampled a t  

Total H20 Collected i n  Impin- 

Volume of Uater Vapor Collected 
vw gas a t  Standard Conditionsb, 

% PI % Hcisture in Stack Gas, by 

vmS:d Standard Conditionsa, OSCF 

gers end Si1 ica Tuel, ml vw 

SCF 

Volume 

Mole Fraction of Dry Gas Md 
% C02 Volume Z Dry 

x o2 V0lm-C lhy 

X CO Volume % Dry 

9! N 2  Volume Z Dry 

% EA Percent Excess Air 

MIId Molecular !!eight of Stack Gas, 
Dry Basis 

I,IW Molecular Veight of Stack 
Gas, Vet Basis 

. .  ... . c  P i t o t  Tube . .  Coefficient 
. .  . P  ,:. 

Average Stack Temperature 
Ts O F  

"P 

P*t 

ps 

vS 

AS 

0, 

Qa 

% I  

% O  

TC 

m f  

m t  

I C  

'an 

'ao 

Cat 

C," 

'aw 

'ax 

P t f  

P t t  

a Dry standard cubic f e e t  a t  70°F, 29.92 in. Hg. 

Standard conditions a t  70°F, 29.92 i n .  Hg. 

Dry. standard cubic f e e t  per  minute a t  70°F', 29.02 f n  

A7 

Net Sampling Points 

S t a t i c  Pressure of Stack 

Stack Gas Pressure, i n .  Hg 

Stack Gas Velocity 2 t  Stack 

Gas, i n .  Hg. 

Absolute 

Conditions , f pot 

Stack Area, i n .  2 . ,  

Dry Stack Gas Voluretric Flow ! I  
Rate a t  Standard Condi- 
tions.c DSCFll 

Stack'Gas Volumetric Flow Rate 
a t  Stack Conditions, ACFM 

Percent I sokine t ic  1 1  1 

1: I 

8 Percent Opacity ! '  

j !  1 
!' 
8 ,  

U n i t  Feed Rate-ton/hr 

Pa r t i cu la t e  - Probe, Cyclone, 
and F i l t e r ,  mg 

Pa r t i cu la t e  - Tota l ,  mg 

% Impinger C a t c h  

Pa r t i cu la t e  - Probe, Cyclone, 
and F i l t e r .  gr/SCi 

Pa r t i cu la t e  - Tota l ,  gr/SCF 

Pa r t i cu la t e  - P r h .  cycione, 
and F i l t e r ,  gr/ACF 

Pa r t i cu la t e  - Total. gr/ACF 

Pa r t i cu la t e  - Probe, Cyclone. 
and Fi l  t e r , l  b /hr .  

Pa r t i cu la t e  - Tota l ,  lb /hr .  

Pa r t i cu la t e  - Probe, Cyclone, 

P a r t i c u l a t e  - Tota l ,  l b / ton  

5 

and F i l t e r ,  lb / ton  feed 

feed 

I 
I 
I 
I 
I 
I1 
I 
'I' 
I 
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1 S a 9 1 2  E e o n s  and Example Calcu la t ions  

Exaiiiple: I n l e t  ( -w) h i i  1 

a 2 
1 .  Voluiiie of  d r y  gas sampled a t  s tandard  condi t ions  , 3SCF 

2 .  Volime o f  xater  vapor  a t  s tandard  c o n d i t i o n s b ,  SCF 

= 0.0474 x Vb, = 0.0474 x 62.4 = 2.95  SCF 
l’i 

V 
gas 

4.  Mole f r a c t i o n  o f  dry gas 

- 100 - % 1.1 - 100 - 2.8- = o.973 Md - ~ _ _ -  100 - 100 

5 .  Moleculir  ‘ w i g h t  o f  dry s t a c k  gas 

100 ‘“1 
28 
100 

c 44 32 M;id = (YiCO, x --) t (%02 x ,  m) + (%C0 + % ; . 1 2 )  x - 

( 0 . 0 3  x m ~ )  t- (20.9 x im) + (79 .1  x --) = 28.0 

L 100 
44 32 

Sample I-esul t s  may nc: correspond to colilput$i- cal  c u l a t x l  d a t a  i n  every 

2 ~ t n c ~ u i ; e s  voluirie o i  gzs passc.d t1irotig;i F I D  atr8.lyz-i- ( O . ; O C  c ? r b i c  f t / i n i : i )  

I 

case becaus? o f  interniediate  computer routidoff. 

F.8 



6.  M o l e c u l a r  w e i g h t  o f  w e t  s t a c k  gas 

MW = F1Wd X Md + 18  ( 1  - Md) = 28.9 X .973 i. 18 1 - .973)  = 28.6 

7 .  Stack  gas v e l o c i t y  a t  s t a c k  c o n d i t i o n s ,  fpmC 

r 

5128.8 x 0 .848  x 17.3 [ J = 2590 fpm 29.5 x 28.6 

8. 

Qs = (T, + 460)------- = (125. f 460) 

S tack  gas v o l u m e t r i c  f l o w  r a t e  a t  s t a n d a r d  c o n d i t i o n s d ,  DSCFEl 

- 0.123 x V, x As x lVid x P, 0 .123 x 2590 x 1626 x 0.973 x 29.5 
- 

25,389 DSCFM 

9. S tack  gas v o l u m e t r i c  flow r a t e  a t  s t a c k  c o n d i t i o n s ,  ACFM 

- .05645 x 25,389. (125. f 460) - 
7 2 9 . 5  f 0 . 9 7 3 F -  - 

.05645 x Qs (T f 460) 

S 

- _ _ _  S 
Qa = P x PIT 

29,242. ACFM 

10. P e r c e n t  i s o k i n e t i c  

1,032 x (Ts  f 460) x Vm 

2 Vs x Tt x PsxMd x (Dn) 

s t d  - - 1 ,  032 x (125. f 460) x ! C i l . %  
2590. x 144. x 29.5 x .973 x ( .242 ) *  % I  = __ 

= 97.2 
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11.  lJarLicula.te - probe, cyclone, and f i l t e r ,  gr/CSCF 

530.30 
an V 1 00.92 C = 0.0154 x __ I"' - - 0.0154 x - -- = 0.08'39 gr/DSCF 

ll's t d  

3 12. I'art.iculate - t o t a l ,  gr/DSCF 

530.30 - in 
:: 0.0154 x = 0.0154 x - 0.0809 gr/DSCF 

'so V 100.92 
nls t d  

13.  Pa r t i cu la t e  - probe, cyclone, and f i l t e r  a t  s tack condi t ions,  g r  

.. 17.7 x . O W !  x 29.5 x .973 = o.3702 gr/ACF - 
a r  (125. + 460) 

1 4 .  Pa r t i cu la t e  - t o t a l  a t  stack conditions,  g r /ACF 

15. Pa r t i cu la t e  - probe, cyclone, and f i l t e r ,  l b / h r  

r: 0.00857 x C a n  x Q, = 0.00857 x.0809.  x25,389=17.61 lb /hr  'aw 

16. Pa r t i cu la t e  - t o t a l ,  lb /hr  

= 0.00857 x Cao x Q, = 0.00857 x .0i!09 x 25,309=17.61 l b / h r  'ax 

31i~ipinyer catch not analyzed for  mass par t icu la te .  

A1 0 



17. ParticrAlate -. probe, cyclone, and f i l t e r ,  lb / ton feed 

18. P a r t i c u l a t e  - t o t a l ,  l b / t o n  feed 

lb/ ton feed 

a Dry standard cubic f e e t  a t  7OoF, 29.92 i n .  Hg. 

Standard conditions a t  700F, 29.92 i n .  Hg .  

J AP,  x (T, + 4 6 0 1  i s  determined by averaging the  square roo t  of the ., product o f  the veloci ty  head ( A P s )  and the absolute  
stack temperature from- each sainpl i n g  point.  

Dry standard cubic f e e t  per minute a t  7OoF,  29.92 i n .  Hg. 
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APPENDIX B 

PARTICLE S I Z E  RESULTS 

Incl udes : 

Discussion o f  P a r t i c l e  Size Testing 
Figure O F  Model B Cascade Inipactor 

P a r t i c l e  Size Equations and Sample Calculations 
P a r t i c l e  Size Field Data Sheets 



APPENDIX B 
PARTICLE SIZE DATA 

sa91 incj and Anatlyical Procedures - 

A t  bo.tI1 t e s t i n g  loca t ions  the t e s t s  were conducted by sallipling f o r  a 

given period of time under i sok ine t i c  conditions a t  a s i n g l e  p o i n t  in the  

duct. 

0-F the duct from ve loc i ty  t raverse  data and se lec t ing  a p o i n t  in the duc t  

t1ia.t represented average veloci ty  condi t ions.  

"probe immersion depth" on the f i e l d  da ta  sheets  in the f i e l d  d a t a  sect ion 

of t h i s  appendix. 

the in s t ruc t ions  provided with the sampling device. 

s e l ec t ing  a nozzle s i z e  t h a t  maintained the flow rate through the sampler a t  

approximately .05 cubic f e e t  per minute while the veloci ty  t h r o u g h  the  nczzle 

was maintained a t  the veloci ty  o f  the stream being sampled. The impactor i t -  

s e l f  was a calibraLed o r i f i c e ,  a n d  a f t e r  appropriate  conversions f o r  the 

d i f fe rence  in  temperature and  pressure between the s tack gases and  the  impactor 

gases,  the  AP (pressure drop across the impactor) was se lec ted  froin the c a l i -  

bration curve.  (See Equation and Sample Calculations Section presented in  

t h i s  Appendix.) 

The sampling point  was selected by determining the average veloci ty  

This i s  re fer red  t o  as 

I sokine t ic  sampling r a t e s  were es tab l i shed  as  spec i f ied  i n  

This bas ica l ly  i s  done by 

Prior  t o  the s t a r t  o f  each sampling t e s t ,  the  sampler was cleaned and 

assembled. 

l e n g t h  and  the probe connected t o  the i n l e t  of the g lass  cyclone. The o u t l e t  

of the cyclone was connected d i r ec t ly  t o  the f i r s t  s tage  o f  the  impactor, and 

The proper  s i z e  nozzle  was assembled on an appropriate  probe 
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downstream of the l a s t  impactor s t age ,  an absolute f i l t e r  of  pyrex V I O O ~  was 

in s t a l l ed .  The assembly was then connected t o  the  vacuum pump. 

was posi tiotied a t  the sampling location and heated t o  prevent condensation 

of moisture i n  t he  t r a i n .  The nozzle was positioned a t  the sampling point  

and sampling was s t a r t e d  by adjusting the  control valve t o  maintain the  proper 

A P  on a nieriitry tmarionieter. 

t imz, t he  flow was stopped, and the  probe removed from the  s t ack .  

sampler was then removed t o  the clean-up area.  

The sanlpler 

After sampling f o r  the predetermined length of 

The 

The sampl.ing time i s  determined by experience and t r i a l  and e r r o r .  The 

sampling time on the  f i r s t  run was estiiiiated and when the r u n  was f inished 

tile pans were observed f o r  col lected mater ia l .  The sampling time f o r  subsequent 

runs was then adjusted depending on the  amount o f  material col lected on the f i r s t  

run. I f  too l i t t l e  material was col lected on the  impactor pans the sampling t.iriie 

was increased, o r  conversely i f  t o o  much material was c o l l e c t e d ,  the time was 

decreased. 

Clean-up and sample col lect ion was achieved by cooling and disassembling 

the impactor, removing the co l lec t ion  p l a t e s  o r  s u b s t r a t e s ,  and placing them 

in p l a s t i c  containers f o r  shipinent back to  the 1a.boratoi.y. 

-then cleaned thoroughly v i i t h  inethylene chlor ide so lvent .  

removed and placed in i t s  or ig ina l  container  f o r  shipment. 

cyclone, and cyclone catch b o t t l e  was washed w i t h  methylene chlor ide and a l l  

of the washings were saved f o r  subsequent analysis .  

The impactor was 

The -Final f i l . t e r  \vas 

'The nozzle, probe, 

Upon a r r i v a l  a t  the  laboratory the  aluminum col lect ion pans were reweighed 

t o  determine the amount o f  material col lected.  The f ina l  f i l t e r  was a l so  



\.reighed and i t s  w e i g l i t  g a i n  de termined.  The methy lene c h l o r i d e  washes f rom 

t he  probe and c y c l o n e  and subsequent s tages  were evapora ted  i n  a t a r e d  con-  

t a i n e r  and t h ?  w e i g h t  0.f r e s i d u e  \%/as de termined.  

F o l l o w i n g  i s  a f i g u r e  o f  t h e  Model B cascade i m p a c t o r  and equa t ions  

from wh ich  t h e  c h a r a c t e r i s t i c  p a r t i c l e  s i z e  d iamete r  can be deve loped.  

a d d i t i o n ,  c o p i e s  o f  t h e  f i e l d  d a t a  shee ts  a r e  p resen ted  i n  t h e  l a t t e r  s e c t i o n  

o f  t h i s  Append ix .  

I n  

A t e s t  l o g  d i s p l a y i n g  t h e  a c t u a l  p a r t i c l e  s i z e  samp l ing  t imes  can be 

found  i n  Appendix  tI under  t h e  P a r t i c l e  S i z e  T e s t i n g  Log S e c t i o n .  

83 
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pp,[!i~ L_ CL.T. S I  ZE n I S l R ?  N I T  I ON 

1 )  C h a r a c t e r i s t i c  P a r t i c l e  Dix:eter,  DP50 

Calcula t ioc  o f  the  c h a r a c t e r i s t i c  p a r t i c l e  dianietzr was based on 
1 
I t he  genera l ized  cal iSraEion curve d.tc-rxin=.d by Ranz and  !!on9 . Ranz 

2nd \,!ong used diciensional ana lys i s  techniques t o  develo? a dimension- 

less  i n e r t i a l  icipactor parameter,  W :  

p a r t i c l e  diameter can be developed: 

From t h i s  work, t he  c h a r a c t e r i s t i c  

\.;here C ,  C u n n i n g h x  C o r r x t i o i i  Factor ,  i s  a fu:lction of DpS0: 

A computer pragraiii VIAS used t o  o b t a i n  Dp by s o l v i n g  e q m t i o n s  

(1 )  and ( 2 )  siriiultaneously by i t e r a t i o n .  

Dp = c h a r a c t e r i s t i c  p a r t i c l e  dia!ceter ,  microns 
= v i s c o z i t y  of g a s ,  pgise 

D = d i m e t e r  of ir!ipactor j e t ,  cln 
Y~~ = i n e r t i a l  paraitie'ier fo r  50:; stzqe e f f i c i e n c y  

C = Cu!ininghar!t Correction Factor 
p = p a r t i c l e  d e n s i t y ,  g/cc P 

V = j e t  v c l c c i t y ,  ciii/sec 
L = 9as w a n  f r e e  p a t h ,  cm 



-. . 

exanpl e 

.003430 

. 2 2 ~  789 weight :i s t a g e  1 = --.7--.-- x 100 

= 1.53% 

3)  Cuinulative % 5 D p s 0  

... 

example 

-L S t a w  
Cyclone 

1 
2 
3 
4 
.5 

Fi 1 t e r  

. .  

ts:a s s 7; 
G.8 97.69 
3.4 1.53 
2 .0  0.41 

1.4 0.14 
0.7 0.07 
0.4 0.00 

0 . 3  0.10 

.!&O - 

= mass % s t age  4 + mass 2 s t age  5 + mass % f i l t e r  
= 0.10 + 0.00 + 0.07 
+ 0.17% 

cum % Dp50, s t a ~ i e  3 



Table B 1 .  Concluded 

Log [), gr/;cf 

example: 

g r l s c f  

35.81 

1 3.4 0.56 

2 2.0 0.17 
3 1.4 0.05 
4 0.7 0.03 

5 0.4 0.00 
F i  1 t e r  0.3 0.04 

__- _ _  Stage %0 
Cyclonb 6.8 

- .05 

= 0.32 

- ______-- d”’d ‘-Og %age 3 Log 2.0 - Log 1.4 

1 

I 

E 7  
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APPENDIX C 

VISIBLE EbIISSION RESULTS 

INCLUDES : 

Visi bi 1 e Eini ssions Summary Tables 

For 
Outlet  Stack Location TP-2  
Outlet  Stack Location TP-3 

Visible Emissions Field Data Sheets 
Fugitive Emissions Areas (Saturator  Hood, e t c . )  



. .  
I .  ._ Pa,.pasn ..- 

. .  

To e.:taI.ilisii b a s i c .  procedures f o r  visua!ly de te rn in ing ' the  

opac i ty  o f  eiriissions f o r  the  purpose o f  a t t a i n i n g  basel ine opaci ty  

data for IISI'S. These general guidel ines  a r e  t o  a id  the observer i n  

e n s ~ ~ r i n g  i-epresent;tive data i s  co l l ec t ed .  

I I .  Obscrvcr Qual i i i  ca t i  on 

P r io r  t o  performing work f o r  Emission Standards and Engineer- 

i n g  Divis ion,  the  observer i w s t  nee: the fol louiny q u a l i f i c a t i o n s :  

1 .  He must have a current c e r t i f i c a t i o n  froin a smoke school 

conducted h y  e i  thei- the Environinental Protection Agency, S t a t e  a . i r  

po l lu t ion  agency or local a i r  po l lu t ion  agency. 

2. He nrust h5ve httentied, a t  o ! ~ ?  t i n : ? ,  the classroom pcrt<on 

of th i '  smoke school . 

C e r t i f i c a t e s  indicat ing the above requirements have been 

met, w i l l  be subiiiitted t o  the Emission lieasurement Branch and f i l e d .  

1 I I .General 

1.  

2 .  The da ta  should be recorded on the at tached forms. Note t h a t  

I t  is sug-  

Use. of a stopv:atch i s  

The procedures se t  f o r t h  i n  Method 9. s h a l l  be followed. 

observa t ions  are  made and  recorded a t  15 second i n t e r v a l s .  

gested a d i g i t a l  clock be used for t isekeepiny.  

help!'ul f o r  exac t ly  tii:iing s h w t  periods o f  pzak eniissions such as dur -  

i n g  rapping,  Soot-blokiiilg, bag  c leaning,  e t c .  

3.  Each observer  should inonitor orily one emission source a t  a time; 

DRAFT COPY 
C1 

f 
0 

1 
I 
1 
1 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
1 
1 
I 
-I I 



I 
I t  

I 
I 
1 
I 
t 
t 
1 
rp 
I 
I 
I 
1 
I 
I 
1 
1 

ttiat t h e  .rccti:;.ocl: 0 1 '  tucl  i s  rcprescnta ' t~i  ',e of t t i a t  v!hich k:oulci I-(!- 

s u l t  . i n  t h e  .hig!ic:st IcGel' of v i s i b l e  ?:n!issibns. .Tlic f a c i l i t y  skoirld 

be operating a i  o r  c lose t o  design capaci ty  and the  control syste i i i  

should 11c opei.al:ing p rope r ly .  

5. Ecforc bcciinniiiy crbservations, t h e  observer, should niake arran(j2 

nients v:itli t h e  aim-ator t o  obtain the  necessary process da ta .  

observer should  arrange f o r  the  process t o  be n ion i to red  and f o r  the d a t a  

t o  be recorded f o r  the e n t i r e  p e r i o d  of observations.  

taken  t o  insure t l i a t  the clocks vsed by t h e  smoke obsei-vers a re  pre- 

The 

Care shoirld be 

. .  

c i s e l y  syncIii-onizt-d with the clock ( o r  char t  recorder)  used t o  record 

process da t a .  Process d a t a  obtained sliould include: 

5. D > - n r l , , r t  , , ..,,,,,in:: r a t e s  

'(1 ) maximum rated capac i ty  

( 2 )  actual operat ing r a t e  

b. Production schedule 

( 1 )  s t a r t -ups  

( 2 )  s h u t d o w i s  

( 3 )  charging, soot-blowing, tapping, e t c .  

c .  Control device data 

( 1 )  recent  niaintenance h is tory  

( 2  ) cl eani ng mec t i a n i  sin and  cycl e i nfot-ma t i  on 

6. .Two  qua l i f i ed  observers - a re  _- rcciuired t o  itionitor any source 

when the d a t a  i s  co l lec ted  f o r  s t a n d a r d  developaient. During the t e s t ,  

t I I" two 05 5 c' t-\/e 1.5 s It0 u 1 d : 

c 2  



i; 
t 

a .  n o t  t a k e  breaI:s a t  t h e  sc!:iie tiiite. 

b .  use e i t h e r  t.lic s m e  tiiiiepiece o r  synchronized t i w -  

piece's f u r  rccord.irig observa'iions t o  avoid cbnfusion 

d u r i n g  data reri!rction. 

c .  no t  coii!parc readings unt i l  __ a l l  observations a t  the source 

hrlVC? ~1eCIl"CO;:i~Jleted. 

7 .  Ttie observer stioultl request the appropriate  plant personnel t C J  

b r i e f l y  r'eviec.! and  conimcnt on the opaci ty  nieasurements and process d z t a .  

8. The observer s h o u l d  comment on: 

a .  t he  basis  for  choosing the observation. periods used. 

b. r:hy i t  i s  believed the periods chosen cons t i t u tn  periods of 

g r e a t e s t  opacity.  

c .  t!hy t h e  observations s p a n  a tiiiie period s u f f i c i e n t  t o  char- 

a c t e r i z e  t h e  opaci ty .  

I V .  - L c a t i i  - __ of Observation - Period 

1. \.!tien o the r  emission ' . tes ts  ( i . e . ,  EPA Iktliods 5 - 8) a r e  a l so  

being conducted, t h e  opacity observations should  be made siinul taneously. 

However, i . t  may not he s u f f i c i e n t  t o  niake observations only during t h e  

actual  emission t e s t s  (tdethods 5 - 8) .  I t  i s  suggested tha t  extended 

observation periods be used. I f  properly arranged these extended obser- 

vation periods wi l l  encoinpass the planned emission t e s t  runs. For 

exainple: Three t e s t s  by EPA I4ethod 5 arc? required,  two ninety-minute 

t e s t s  to  I)e conducted one day ,  one t e s t  conducted the following day. On 

I 
I 
1 
P 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 

t h e  f i r s t  day, r a the r  than ju s t  observing the ea i s s ions  during the actual ' I  
I 

c3 



I 
If 
I 

I 
1 
I 
1 

I 
1, 
I 

Ik 
Observat ion dui-ing s i x  cont inuous hours o f  noriiial 

o p e r a t i o n s  u n l e s s  a d d i t i o n a l  time i s  necessary  t o  ericopijmss: 

( 1 )  ~t 1cz:t ,--..>.)let- -~--,d,.-+<-- - s e - l ~  < -  h-.+,-h +.,..- 
"8lL LYiiii i 1 , t " \ . . < L L , L ~ , ,  L,L,L 1 1 1  Y U C L , ,  ,,,I,= 

~. 

o p e r a t i o n s .  

a t  l e a s t  t h r e e  pe r iods  o f  peak emiss ions  obvious ly  due 

t o  baghouse c l e a n i n g  ( i f  such peak pe r iods  e x i s t ) .  

( 2 )  

b. Scrubber  

Observat ion d u r i n g  s i x  cont inuous hours  o f  normal opera-  

t i o n  unless a d d i t i o n a l  tirne i s  necessa ry  t o  encompass: 

( 1 )  

( 2 )  a t  l e a s t  t h r e e  pe r iods  o f  normal p rocess  v a r i a t i o n s  

a t  l e a s t  t h r e e  complete c y c l e s  i n  ba tch  type o p e r a t i o n s .  

( s t a r t - u p ,  s h u t d o w  , soot -b loxing  , e t c .  ) where oljaci t y  

i s  suspec ted  o f  being y r e a t c r . t t i a n  noriiial. 

I, \ 

. .  

"- ._._ 
c; 

- ,_ . . -  I 



- 1  Ohservat ion durii:g s i x  continuous hours of  normal 

operat ion .uiiler;s a d d i t i o m l  time i s  .necessary t o  encoiii- . .  . 

pJss: I 
I ( 1 )  a t  l e a s t  three co'i!i>lete process cycles in batch type 

operatioris. 

1 
I 

(?) a t  l e a s t  three periods o f  not-lilal process va r i a t ions  

( s t a r t -up ,  shutdu:::n, suot-blokAng, e t c . )  vilere opacity 

i s  suspected o f  being g rea t e r  t h a n  nori!ial. 
. .  

( 3 )  a t  l e a s t  t h r e e  periods of peak emissions clue t o  pre- 

c i p i t a t o r  rapping ( i f  such peak periods ex i s t ) .  

V . I.leii t her Res t r i c t. i on s 
_I___ __ 

Emiss jo r :  s3urce t e s t s  (EPA !+ti!ods 5 - 8 )  are  gewr61ly i?ot  

s e n s i t i v e  t o  w a t h e r  and wil l  not be cancelled due t o  the i n a b i l i t y  

t o  perforin concurrent v i s i b l e  emission evaluat ions.  Planned visaal 

observat ions should normally be attempted during source t e s t s  

(Methods 5 - 8)  conducted i n  adverse'weather. 

emission readings should l a t e r  be repeated u n d e r  more favorable 

weather condi t ions according t o  the guidel ines  below. 

However, the v i s i b l e  

1 .  Black smoke 

a .  Night 

b .  Fog, p rec ip i t a t ion  

..2. ' \,:!lite o r  colored smoke 

a .  Night 

b .  Fog, p rec ip i t a t ion  

c5 
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I 
I( 
I 
il 
1 
I 
I 
1 
1 

I 
I! 
I 
I 
I 
1 
1 
I 
I 

I 

c .  0vt l rc; lst  sky 

d .  GI-eatvr tii;in 501: c l o u d  covci-i!i'J 

. .  3. St(:;liii i)lui:ics . . 
. .  

i ~ .  Repeat  o b s e r v a t . i o n j  a t  a t ime  then ati i iosp!ici- ic con- 

d i t i o n s  a l l o w  Ii101'C r a p i d  evapora t ion  o f  t h e  s team. 

V I .  F i e l d  Kit 
. .  

1 .  Iliggital c l o c k ,  b a t t c r y  operated 

2. Stopi;.atch ( 2 )  

3 .  Coiiipass 

4. \kt bulb  - d r y  bu lb  tliermometer 

5. Cl-ipboard 

6 .  I l a t a  sheets 

,. Stin viscr 

8. E x t r a  b a t t e r i e s ,  lig type 

9. Anemometer 

. .  

7 

. .  
. .  
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G U I D E L I N E S  FOR PREPARII!G SUMEiARY 

01: VISIBLE El;lSSIONS 

1 .  

data obtained f o r  the Eniission I-leasurement Branch f o r  the purpose 

of developing S t a n d a r d s  of Performance for  New Sources. 

The  attachcd form i s  t o  be used f o r  summarizing v i s i b l e  emissions 

2. 

separate  stcnimaries shal l  be prepared f o r  each observer, and the t a b l e  

should include below "Summary of Visible Emissions", "Observer ill'' o r  

"Obscwer W ' ,  e t c .  

Llherl more than one observer takes readings sia:ultaneously, 

3 .  

period, the variat,:ons should be noted on the  t ab le  as space permits, 

a n d ,  in  a discussion of the r e su l t s  accompanying the t ab le / s ,  the time 

of changes should be documented and w h a t  e f f e c t ,  i f  any, the changes 

have'on tlie v a l i d i t y  of the data .  

\,/lien any changes in  reading conditions occur during a summary time 

for  example: 

Cescription of Sky: 

I,!ind Direction: N t o  N E  

Clear t o  Overcast 

4. 

specif ied i n  Idel-hod 9 .  The 6-minute average opac i t ies  sha l l  be 

rou:itled off t o  t he  nearest  0.1%. 

Each se t  cons is t s  of 24 readings taken a t  15-second in te rva ls  as 

5 .  

versus tinic. 

opacity sca l e  sha l l  be 0-50%. 

t o  8 1 / % "  x 11" i s  n o t  ava i lab le ,  t h i s  p l o t  should bc included on a 

sepaixte  sheet refcrencing and folloiqing the tab le .  

The p l o t  a t  the bottom of the t ab le  i s  6-niinute opacity averages 

Unless otherwise specif ied by an EPA Project  Off icer ,  the  

If  tlie capabi l i ty  o f  reducing the forni 

c7 
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,,; 7;- (;" 
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27 I 

. . ... ... .. . , 
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Clear Overcast Partly Cloudy Other Color I 
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Distance t o  Discharg? Point 

Height of Observation Point 

Direct;on from Discharge P o i n t  

,20 '- LO 
5' g "  

6 3  f- 
Background Description flhd,'&L?. , q k A  

mi'hr - I Wind Direction Wi nd Vel oci ty  

P1 ure Description: 

Detached: Yes NO 

Color: Black Other 

Plume Dispersion k h a v i o r :  Looping Coning Fanning 

. .  . .  
L 

Lofting r2 rnigatin Other 217 d W l L L  <f 
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r 3'- Ccj - Estimated Distance Flux2 Visible 

Sumnary o f  Observaticns: 
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Dischargo Location r3- 
Height o f  Point  of Discharge 

Observer 's  Location: 

I ..3S- 
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Distance t o  Dischargs Point .5-0 

Height of Observation Point  0 
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Color I 
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1 

Direct ion from Discharge Point -[.&?-, f 
Background Dsscription c /@j+,:. 5k-y  
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D i s c h a r p  Location 6 P f L . y - 4  B T r  3 ,  7-13 3 
Heigh t  o f  P o i n t  o f  Discharge 

Observer 's  Locat ion : 

5. 0 

Distance t o  Discharge P o i n t  35- 
Heigh t  of Observation Poin t  q6 

Direct ion from Discharge Point ';F 
-3 Background Description \ L' 

Color 
_..-.-.. 

C!eather.: Overcast Pa r t ly  Cloudy Other 

Wind Direct ion &E Wind Velocity 0 -.5'- m i / h r  

Plure Description: . .  

1 
Plume Dispersion E5havior: Looping Coning F a n n i n g  i 

I 
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Detached: Yes @ 
Color: Black ' (llhite 1 Othcr 
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Loft ing Funigating Other !d. A\ 

Estimated Distance F l u x  Vis ib le  

Sumary  o f  Observaticns:  
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I 1 

CELOTEX CCRPOPSTION--Fai r f i  e l  d ,  Alabama 

The EFB in-house t e s t ing  scliedujed f o r  the Celotex asphal t  roofing 
p l an t  involves s o ~ e  procedures wiiicii a r e  not rou t ine  EPA t e s t i n g  b u t  a r e  
necess i ta ted  by the p a r t i c u l a r  natur2 c f  emissions pecul ia r  to  the 
industry.  

each w i t h  i t s  w n  d i f f e r e n t  operating teniper2ture range i t  was necessary 
t o  spec i fy  a sampling te3perature  of 100" i- 20'~F. A t  Fa i r f i e ld  the 
effluent,  tezperatures  a r e  .~100-liO"F so the  water cooled probes wi l l  
not be needed. The FID l i n ?  adaptor connection wil l  be needed so e x t r a  
care  must be exercised to  avoid g l s s s  breakage and t r a i n  leaks a t  t h a t  
point.  There i s  an o i l  residue s i x i l a r  t o  heavy d i s t i l l a t e  i n  s a t u r a t o r  . 

e f f l u e n t  strearcs wi;icn has been an t i c ipa t ed  in  the g l a s s  wsol pre- 
c o l l e c t o r  prescribzd f g r  the s m ? l e  t r a i n .  Spares wil l  be supplied Tor 
replacement i f  nseded kiliile sa!iipling. She method used f o r  Poi4 sanlpling 
i s  s i m i l a r  to  EPA-5 except t h a t  a s p e c i f i c  co l lec t ion  device i s  used in  
place of  a f i l t e r  and a l l  sam?les a r e  co i l ec t ed  i n  amber b o t t l e s  t o  
prevent sun l igh t  induced react ions.  All -special  PGI4 t r a i n  companents 
and the  anher b o t t l e s  w i l l  be supplied .by E a t t e l l c ,  t h s  cont rsc tor  s e l ec t ed  
t o  perfon- a l l  laboratcry an i ly s i s  of f i e l d  saniples secijred a t  the Fa i r f i e ld  
test .  For s p e c i f i c  saii:p1ing r e q t i i r e ~ e n t s  c o r s u l t  the at tached sampling 
and ana lys i s  sctreclule and the t e s t  method ins t ruc t ions .  

Asphalt sh ing le  production i s  e s s e n t i a l l y  a continuous process, 
however, t he re  a r e  occasional stoppages u;ually due t o  f e l t  brezks. 
Should any breaks occur during the t e s t ing  i t  wil l  be necessary t o  s top  
a l l  sampling t r a i n s  as s m n  as  possible .  Coamunication via wa lk ie - t i l k i e  
w i l l  b: maintained with personnel a t  the process line t o  provide rapid 
information on l i n e  breaks. 

As t h ree  popular types of  control devices are  qsed by ARM p l an t s ,  

A t rave l  and t e s t ing  schedule for 76-PGi-13 i s  s e t  u p  and attached. 
In order .  t o  allo!./ s u f f i c i e n t  time f o r  contingency t e s t i n g  in  f i v e  working 
days ( t h e  p l an t  i s  down on weekends) i t  i s  requested t h a t  dssignated t e s t  
personnel t r ave l  on SundLy, Septexber 28, afternoon o r  evening. There is  
one d i r e c t  f l i g h t  from Raleigh-Durtiam t o  Girmingham a t  3:OO p.n. An 
informa: mee.ting f o r  diccussion of t a c t i c a l  problems w i l l  be convened 
sometime a s  convenient t o  the group. 

._ Testing poin t  loca t ions  and diagrams of t h 2  s i t e  physical f a c i l i t i e s  
a r e  a t tached along w i t h  t e s t  personnel assignments on a d a i l y  schedule. 
member o f  t he  crew i s  responsible  t o  see  t h a t  du t i e s  a s  assigned a re  
completed properly and  in  a timely manner. Alternate  assignments could 
be made i n  the f i e l d  as conditions necess i t a t e .  Ir! order  t o  a r r i v e  a t  
t h e  bes t  so lu t ions  t o  any prab:ens t h a t  a r i s e  i n  t h e  f i e l d ,  da i ly  inforrxal 
meetings (prob2bl:r a t  b reakfas t )  wi l l  be held t o  d iscuss  them and to  
obta in  input  from a l l  members of t he  crew. 

Each 
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Monday *.+ill be used exclusively f o r  equipment setup and preparation 
by the  s e t u p  crew. 
be making r o l l  roofing and not the requested 3 tab standard shinqles. 

On Tuesday, t e s t ing  prel i m i n x i e s  wi 11 be conducted and any 
necessary adjustments wi l l  be made, then  the  f i r s t  s e t  of par t icu la te /  
hydrocarbon t e s t s  a r e  scheduled. In addi t ion Kethod 5 cleanup evalua- 
t ion  t e s t ( s )  wil l  be r u n .  A t o t a l  of s i x  of these ( t w o  a t  each s t ack )  
a re  requested a t  Fa i r f i e ld  and wi l l  be conducted as  f i e ld  conditions 
permit. 

No sampling can he done on Monday a s  the  p l an t  wi l l  

- . __ . .. 

Visjble  emissions t e s t ing  a t  one o u t l e t  will be conducted. 

On Wednesday the second and 1 a s t  particulatelhydrocarbon runs a r e  
planned along w i t h  v i s i b l e  emissions t e s t i n g  a t  the indoor sa tu ra to r  
enclosure. 

On Thursday two Poll runs wil l  be conducted, one a t  the i n l e t  and 
one a t  one of the o u t l e t s .  
the  o u t l e t s  a l so .  

Opacity readings a r e  scheduled a t  one o f  

P a r t i c l e  s i z e  t e s t ing  is t o  be coliducted a t  any convenient time 
. 

during t h e  week t h a t  wi l l  n o t  i n t e r f e r e  with the particulate/hydrocarbon 
and POH t e s t i n g .  

Friday i s  s e t  a s ide  f o r  contingency t e s t ing  and/or equipment and 
sample packing. I f  there  a r e  no long t e s t i c g  o r  process delays several  
of the crew nay use Friday as  a re turn t rave l  day. 
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TRAVERSE PRODUCT OF TRAVERSE POINT LOCATION 
POINT FRACTION COLUMNS 2 AND 3 FROM OUTSIDE OF NIPPLE I NUMBER OF STACK 1.0. STACK 1.0. (TO NEAREST 1/8 INCH) OISTANCE B (SUM OF COLUMNS 4 8 5) 

EPA (DUO 232 

j 

0-1-2 
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r 'LIE;lINARY VELOCITY TRAVERSE 

I 

1 -  ... ., 
- 

I ! 

I 

................ ..___ ....... 
i ....... ....................... ,- 

J 

;;,$ .j: i; , . I  , .. L.: .', : 
i--.L L 
E P i .  (;!::f) 233 

J , l ?  

STACK 
TEXPERATURE 

ll',), "F - 
, ,> ,. 
! *; 

............ ...__ .-_ - 
- 

D-1-3 

I i 

I -Ir' ,---I- 
I 

. .  ... ............ 



I 
P r '- L I !:I ! N A RY V EL0 CITY T R A Y  E RS E 

SCHEMATIC OF TRAVERSE POlllT LAYOUT 

TEblPERATURE 

I t -  7 

TRRVERSE I VELOCKY I STACK 1 
POINT HEAO TEWPERATURE 

---+- -I 

I 

1 

..I- 
! 

- 1------i- i i 
. -3. I 1- 

€PA C i i )  233 
4.11 E-1-4 

- ._ . .,.. . 



-p?3 4-07 

’Tr i  5-05 

D-1-5 

-4 



CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in..H20 A HE 

T,avg. AVERAGE METER TEMPERATURE (AMBIENT+ 20°F!.oF 

BWO 

P, 

PERCENT MOISTURE IN GAS STREAM BY VOLUME 

BAROMETRIC PRESSURE AT METER. in. Hg 

STATIC PRESSURE IN STACK, in. Hg, 

(Pm+0.073 x STACK GAUGE PRESSURE in in. H20) 

, a  

I 

1 P I  

7 c> 
"7 

2 (7, 6 / 
.,. jL>iV 

~ 

. .  

RATIO OF STATIC PRESSURE TO METER PRESSURE 

AVERAGE STACK TEMPERATURE, O F  

AVERAGE VELOCITY HEAD, in. H20 

MAXIMUM VELOCITY HEAD, in. H20 

C FACTOR 

CALCULATED NOZZLE DIAMETER. in. 

ACTUAL NOZZLE DIAMETER, in. 

REFERENCE A p ,  in. H20 

D-1-6 

ps!?, 

Savg. I 2 5  
Apavg. , 6 0 

A P  max. 702 

o;.Rq3-. 
0 *.24 3 

T 

/ 

0, = j J  

Li, LQ 



W 
L 
c- m 

. . . . .. -. . 



T 

1 
1 I 

ri I 

i 
I 

i I 

I 
I t i 

I 
1 

i 
_L- 

I 
I 

T 
1 

! I: 

I 

. 

. .  

-?---( 
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4 
1 
8 
8 
8 
T 
1 

T 
1 
P 
1 
il 
T 
1 
E 
I 
1 
I 

i 

I 

CELOT'X ROOFItiC P R O D U ~  

c ANALYTICAL DATA . 

a. L ' 
CLEAM-UP IJAN- 

FRONT HALF LABORATORY RESULTS 

ACETOiiE !;ASH OF 
95-7: P 

BACK FlAiF 
IIilPIRGER CO3TEIITS A1;O KATER \':ASH OF COHTAINER rS 

IidPIIiGERS, CO:;:(ECTCRS, A:;O Bb.CK ETHER-CHLOROFORbl 
H A L F  OF FILTER EGLDER EXTRACTION rF 

CONTAINER "! ACETOHE WISH OF I,';,PI:lSERS, COI:!ECTORS, . 
AND BACK HALF OF FILTER HOLDER BACK HALF SUBTOTAL cz 

\ 

Rinse 

~~ 

r: TOTAL UEIGtIT 

volcnes rnl m l  . m l  m l  m l  
MOlSTU RE 





NOMOGRAPH DATA 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 AH@ 

AVERAGE METER TEMPERATURE (AMBIENT +2O0F)."F Tmavg. 

B,, PERCENT MOISTURE IN GAS STREAM BY VOLUME 

1, $9 

I d 2  
-3 A 7 I, 

BAROMETRIC PRESSURE AT METER, in. Hg Pm 

STATIC PRESSURE IN STACK,'in. Hg 

(Pm+0.073 x STACK GAUGE PRESSURE in in. H20) P S  . / /  

EPA (Our) 234 
4/12 

RATIO OF STATIC PRESSURE TO METER PRESSURE 

D-1-12 

P 

/, 2 S/P, 

j 
i 

I ~ 

I I 
I 
! 

i ~ 

I 

i 

I 
j 

I 

I 

i 
I 

~~ ~ 

AVERAGE STACK TEMPERATURE, O F  

AVERAGE VELOCITY HEAD, in. H20 

MAXIMUM VELOCITY HEAD, in. H20 

C FACTOR 

CALCULATED NOZZLE DIAMETER, in. 

ACTUAL NOZZLE DIAMETER, in. 

REFERENCE Ap. in. HzO 

Tsavg. /a-c 
Apavg.  ($, (g 

Apmax. I72,  
c ,  7.3 

& y 4 - ,  4 

L ;  24 2, 
C!. L zi 

I 

, .  



h 

VI 

c, 
c 
v 

m .- 
Q) x 
W 
L 
I- 
m 

L 
0 + 
V 
W - 
0 
V 

! 

- .  

1 

D-1 -1 3 i 



I 
1 
I 
0 
I' 
1 

i' 

.. . . . .  . .  

D-1-14 

1 
1 r 

1 



F 

. -  I 
D-1 

I 
3 
0 
8 
I' 
1 
9 
8 
I 
I 
I 

0 
I 
I 
I 
a 
I 
1 

i 



f ANALYTICAL DATA Q , 

ACETOHE YiASH OF I:OZZLE. PROBE. CYCLOPIE (BYPASS). 
FLASK, FR0;IT HALF OF FILTER ;{OLDER e& 5 

FILTER NULlBER 

tare 0.  3 q413Tq 
net 

UIBORATORY RESULTS 

CONTAINER 4 0 / , 7  rt 

FRONT H A L F  SUBTOTAL q2-2 I3 r g  

BACK H A L F  

I!JIPIIIGER COIITEI4TS A I i O  I,’ATER \‘:ASH OF 
IMPIIIGERS, CO:l;IECTCXS, A:i0 BkCX 
HALF OF FILTER HOLDER 

ACETONE VASH OF IJ‘IL’GERS, CO:!!<ECTORS, 
ANDBACKHALFOF FILTERHOLDER 

C0NTAlr;ER r: 

EXTRACTIOII ‘5 

CONTAINER r: 

BACK H A L F  SUGTOTAL r; 

ETHER-CHLOEOFORbl 

EPA (UUI) 231 
4112 D-1-16 





,- 3 

D-1-18 

. . . . .. . . 







d 
ANALYTICAL DATA I 

SAhlPLlNG LOCATlOf l  m 
SAMPLE T Y P E  
'RUN NUi33ER k f 7 P -  r p - 1 - 3  
SAMPLE BOX f lU33ER , *.&+/ . 
CLEAII -UP I(1A:i B 4  

LABORATORY 
FILM- swc.4 
T w  F.ClT GLfiSJ ,L 13CdZF TRL1' & p,u*2' *u.-L/ - *ja- e, o~~~ ,-,Ot 

22/25 /3.. 7 I?: 

CONTAINER 4'1: 3 ,. l: "g 
a / 

'FRONT I t  ALF 

cACETOHE PlASH OF (SYPASS), C0IITAI::ER 

F I L T E R  NUXBER 

tare 6.39621 g 

BACK HALF 

IhlPll iGER C0I:TENTS PsI:9 KATER Y/ASH OF COl iTA l l IER 
If,!PItIGERS, COI:;:ECTCRS, AGO DkCK ETHER-CHLOEOFORitl 

H A L F  OF F ILTER HOLDER 'E EXTRACTION rc 
d 

'I 

A C E T O E  \';ASH OF I:,:Pi:IGERS. COf?!ECTORS, CONTAINER 

BACK HALF SL;BTOTP\L 
AN0 EACK t1ALF OF F ILTER I iOLOER 

r: TOTAL WEIGHT 
Rinse 

volumes ml m l  . d l  ml -ml 

1 ( -Z%L.  4 I' 
M 0 I STU R E 

6 - 5 
J C  

34,01r - m l  m l  .. 
-- 0 

7 d ~  ml 
ItfiPINGERS 

F INAL  V O L U X  /2r ml 
IN IT IAL  \'OLU:,iE 2 m l  
NET VOLUXE 2$- mt 2 ml ml ml ~ m l  . --d 

lo a 

1 
----.I 

I .  

SILICA GEL 
S 8 

23- = 8 
TOTAL LI9ISTURE 

8 -  
FINAL KEICIIT a? 
INITIAI. YXICIIT a E 
NET W l X I I T  2 E  8 8. .2 7 

2 v - z  
5 - 3 8  2 

E P A  (Dur) 231 
4/72 D-1-21 



D-1-22 



NOMOGRAPH CATA 

AVERAGE METER TEMPERATURE (AMBIENT+20°F).oF 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. HzO 

Tm avg. 

C FACTOR 

CALCULATED NOZLLE < -. DIAMETER, in. 

ACTUAL NOZZLE DIAMETER, in. 

PERCENT MOISTURE IN GAS STREAM BY VOLUME 

r .  i: -7 / -..> 

I'. ? + . 2  
i . 27 9 ..id 

,. ' ,. 

I Bwo 

BAROMETRIC PRESSURE AT METER, in. Hg I pm 

STATIC PRESSURE IN STACK, in. Hg 

(P,+0.073 x STACK GAUGE PRESSURE in in. H20) 

RATIO O F  STATIC PRESSURE TO METER PRESSURE I ps/Pm 

I TSa",. 
AVERAGE STACK TEMPERATURE, O F  

AVERAGE VELOCITY HEAD, i n .  H20 I Apavg. 

I Apmax. MAXIMUM VELOCITY HEAD, in. H20 

-- ? c  . 

, l i  

I , I., I: REFERENCE A p ,  in. H20 

EPA (ou r )  234 

' *  ' 4/12 9-1-23 
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4 ANALYTICAL DATA 
4 

CELOT3( ROOFING PROWCTS 

COliAIENTS: 
?iirfield, A1abm.a 

GCT 1 0 1975 
'PLANT 

DATE 

SAIilPLlliG LOCATIOi1 

SAMPLE TYPE 

RUN NULIBER 

SAMPLE BOX NUiXER 9 
CLEAN-UP tilAi1,- 

e k f  - p / -  Y 
& a & '  

't 
t 

LABORkTORY RESULT FRONT HALF 
ACETOiIE \';ASH OF KOZZLE, PROBE. CYCL0:IE (SYPASS), C0XTAl;lER ) , I  2,L, r: 

FLASK, FR0:IT HALF OF FILTEZ HOLDER 

BhL l 4  COIITAI3ER 3-32, r[i FILTER IIULlBER 

-7 -- 7 
2 3 -- FRONT HALF SUDTOTAL 

J 

BACK HALF 

IIAPlNGER CO!ITE!;TS AI:O VlATER KASH OF 
II;IPIi:GERS, CO:i;;ECTORS, AiiD GACK 
HALF OF FILTER HOLDER 

ACETONE !/ASH OF I:;.PIIIGERS. CO!!!iECTORS, 
AN0 BACK HALF OF FILTER HOLDER 

3 CONTAINER 
ETHER.CHLOROFORIt1 

!-E EXTRACT1011 

CONTAIXER 

BACK HALF SUBTOTAL 

TOTAL WEIGHT 
I 

1 
U$PIItCERS 1 2 3 4 5 6 .  I 

Rinse 
volumes ml Ill .-I. ml m l  

Mol STU R E  

/ZP 'ml /d 7'"l +Dl - m l  --ml .. 
.-- -- D 

FINAL VOLUXE 

Q m l  - INITIAL VOLUCE 
NET V0LUL:E 

EPA [bur) 231 
4/12 0-1-27 





. .  
c n. 
N E  

- r u  
L C I )  

E > 

9 a 

E a 

a z 

W +-' 
m 
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c 
3 
.E 



1 
I 
I 
1; 
1 
I 
I 
t 
1 

' 1  
I 
I 
I 
1 
I 
1 
I 
I 
I 

A P P E N D I X  D-2  

O U T L E T  L O C A T I O N  TP-2  
F I E L D  DATA S H E E T S  



Tr' - 3 'T?-2 

D-2-1 



1 -  TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS P r cF2  

OUTSIDE OF NIPPLE, (DISTANCE A) ‘3 7 
-, INSIDE OF NEAR WALL TO 

t---i 

SCHEMATIC OF SAMPLING LOCATION 

TRAVERSE POINT LOCATION 

! 

4/12 D-2-2 

I 



TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

_- INSIDE OF FAR WALL TO 
OUTSIDE OF NIPPLE, (DISTANCE A) 

INSIDE OF NEAR WALL TO 
OUTSIDE OF NIPPLE, (DISTANCE B) 

STACK I.D., (DISTANCE A - DISTANCE B) 
NEAREST UPSTREAM DISTURBANCE - 
NEAREST DOWNSTREAM P!STURBANCE, 3,. t L ’  &. - & Y ”  

<-I, 

3 I ” 
‘9 9 !7 
I (’ i : A - / yl;  ” 

CALCULATOR Cea .i ~o 

I. t’ 2 4 2 

I 
I 
I 

SCHEMATIC OF SAMPLING LOCATION 1 

EPA (Our) 232 I 
4/72 D-2-3 



1 
I 
i 
1' 
I 
I 
i 
I) 
i I 

i 
i 

1 
I 
1 
1 
I 
1 
t 
- 

TRGVERSE 
POINT 

tIUhiilaER 

P P L I t.! I N i! RY V E LO C: 1 TY T2AV E RS E 

I VELOCITY 1 STACK 
TEiLPERATURE 

HEAD I (TJ, "F bpc), in.H70 

?LANT Lv\(As C' x / 
i 
i 

.. 

DATE -..&k 
LOCATION. T ?  2. 
STACK I.D. 
BARGUETRIC PRESSURE, in. Hg 

.. 

2 "\ c, v, 
-1 

STACK GAUGE PRESSURE. in. H ~ O  c, 4 z> 
OPERATORS h \ . t -  C,G A - 

I 
i 

I I 
j _  --! 

.... 

I I 

! 
__^ i  

I I 

! ! ._ ...... ..: ........ -~ L .......... ! 
7 

I /------I 
___- 

I 
I- } -; r-- 

.. - _ . 

- . .  . . . . . . . . . . . . .  - ... 



-4 

4-07 

- 5-oj 

5-05 

8-57 

D-2-5 

0 -853 

I 
I 
I 
1 
1 
I 
(1 
I 
I 
I 
I 
1 
1 
1 
I 
1 
I 
(I 



-1 
I 
t 
1) 
I 
I 
11 
I 
I 
3 
X I  

I 
I 
1 
I 
1 
I 
I 
I 

NOMOGRAPH DATA 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE METER TEMPERATURE (APIIBIENT+ZO~F).~F 

~ 

PERCENT MOISTURE IN G A S  STREAM BY VOLUME 

BAROMETRIC PRESSURE AT FUIETER, in.  Hg 

STATIC PRESSURE IN STACK, in. Hg 

(P,+0.073 x STACK GAUGE PRESSURE in in. H2D) 

RATIO OF STATIC PRESSURE TO METER PRESSURE 

AVERAGE STACK TEMPERATURE, O F  

AVERAGE VELOCITY HEAD, in. H20 

MAXlhlUM VELOCITY HEAD, in. H20 

C FACTOR 

CALCULATED NOZZLE DIAMETER. in. 

ACTUAL NOZZLE DIAMETER, in. 

REFERENCE A p ,  in. H20 
_ _ _  

EPA (Our) 234 
4!12 D-2-6 

A H @  

Tmavg. 

Pm 

. 

P"Pm 

A P max 

2 
29.6% 

I 



I 
I 
I 
'1 
1 
1 
'1 

1 
1; 
(1 
'I 
(I 
I 
1 
1 

'[ $ 
1~ 2 I 
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: n  
, -  

I 'I 



I 
I 
I 
9 
1, 
I 
11 
1; 
I 
11 
:I 

I 
I 
1 
I 
I 
I 
I 
1 E - 2 4  



D-2-9 

I 
I 
1 

1 
I 
d 
I 
1 
I '  
I1 
(1 
4 
I 
I 
1 
I 
1 
'I 



I 
I 
I 
b 
I 
I 
1) 
II 
1 

II 
1 
- 1  
1 
1 
I 
I 
I 

i ,  'I 

d ANALYTICAL DATA Q - . 

\ +% I '  SAIilPLIIIG LOCATlOfl 

ACETONE \'/ASH OF I iOZZLE. PROBE, CYCL0:IE (SYPASS), C0IlTAI:CER Z y : / L , J  r: 

FILTER flUI!BER CONTAINER P d ,  7 rg 

FLASK, FRONT HALF OF FILTER HOLDER 
0d-2/ 

tare a - 3 n - d  g 
net 

L 

FRONT HALF SU5TOTAL 73. .3 r: 

IfilPIIiGER COIITECTS A!:D KATER Y:ASH OF 
IIAPINGERS, CO:;i;ECTCZS, A i i O  BACK 
HALF OF FILTER HOLDER 

COtiTAll iER re 
ETHER-CHLOEOFORJ 

EXTRACTION 'S 

CONTAINER r: ACETOHE KASH OF KPIKGERS. COKiECTORS, 
~ ~ 

AND BACK HALF OF FILTER HOLDER 

r 

Rinse 

tf BACK HALF SUBTOTAL 

[ T O T A L  C'EIGtIT r i  

2 

D-2-10 





I 
I 
1 
1' 
I 
I 
1) 
1: 
I 
'I 
1) 
I 
I 
I 
I 
1 

NOMOGRAPH DATA 

SAMPLING LOCATION -T-P --z 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE. in. H20 

AVERAGE METER TEMPERATURE (AMBIENT +2D0F)."F 

PERCENT MOISTURE IN GAS STREAM BY VOLUME 

BAROMETRIC PRESSURE AT METER, in. Hg 
~~ ~ 

STATIC PRESSURE IN STACK, in. Hg 

:P,+0.073 x STACK GAUGE PRESSURE in in. H20) 

RATIO OF STATIC PRESSURE TO METER PRESSURE 
~ 

AVERAGE STACK TEMPERATURE, OF 

AVERAGE VELOCITY HEAD, in. H20 

MAXIMUM VELOCITY HEAD. in. H20 

C FACTOR 

CALCULATED NOZZLE DIAMETER. in 

ACTUAL NOZZLE DIAMETER. in 

REFERENCE Ap, in H20 

EPA (Dur) 234 
4,'12 

D-2-12 

Trnavg. 

Prn 

PS 

T 
Savg. 

Apavg. 

9 5' 
2- 

1.0 



i. 

L') 

D-2-13 

1 



. .. . 

1 t 

1 
4 .- 

4 

t 
1 

i 

i 
I 

T 
I 

I 
I 

T 

I 
f 

I 

i - i 

0-2-1 4 



u -- 
Q J E  

w -- T I- 

0-2-1 5 



I 
- 

B ANALYTICAL DATA 
f - . 

CLEAN-UP IdAN d 

FRONT H A L F  LABORfiTORY RESULTS 

L . i i . 3  G '2 

CONTAIIIER d .  (? '5. 

/ ACETOflE WASH OF I:CZZLE. PROGE.  CYCL0:IE (SYPGSS), COIITAIXER 
FLASK, FR0;IT HALF OF FILTER IIOLOER 

B6e 6 
FILTER IiUPBER 

tare 0 - 3  951 3 5  9 

net 

FRONT H A L F  SUBTOTAL /-% 6 r: 

BACK H A L F  
COIITAIIIER r: 

EXTRACTION r5 

IhlPINGER C0IITEI:TS N i O  VlATER CASH OF 
IIIPIIIGERS, C0I;;;ECTCRS. AI iD BACK ETHER~CI~LGEOFOR~J 
HALF OF FILTER HCLOER 

ACETONE \':ASH OF I:LPIXERS, CO:!tIECTORS, 
AN0 BACK HALF OF FILTER tIOLDES 

SILICA GEL 
FINAL \';EICIIT A6 17 . o  INITIAL YXICIIT d - & , e  
NET YiCICI1T 2 ( ,  g 

.. ~. 

r: I TOTAL WEIGHT 
Rinse 

volumes ml 
MOISTURE 

COIITAIII ER "j 

-: BACK H A L F  SUBTOTAL ... 

K K 

D-2-16 



I 



I' 
I 
1 
(1' 
\ I 

I 

NOMOGRAPH DATA 

DATE IC'- 6-75.-  

SAMPLING LOCATION I F - '  -1) ~ dL 3 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE METER TEMPERATURE (Ahl5IENT + 2O0F),"F 

PERCENT MOISTURE IN GAS STREAM BY VOLUME 

BAROMETRIC PRESSURE AT METER, in. Hg 

STATIC PRESSURE IN STACK, in. Hg 

(Pm+0.073 x STACK GAUGE PRESSURE in in. H20) 

RATIO OF STATIC PRESSURE TO METER PRESSURE 

AVERAGE STACK TEMPERATURE, "F 

I C FACTOR 

 CALCULATED NOZZLE DIAMETER. in 

I REFERENCE ~ p ,  in. H ~ O  

€PA (Our) 234 
4!12 0-2-18 

Tmavg. 

Pm 

PS 

I 
Savg. 

1 
I 



i 

D-2-19 ‘i 

. -  

I 
I 
I 
It 
1, 
1 
t 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
8 5 

m - 



-1' 
I 
:I 
I I 
I 1 
I I 
I 
'11 
'I 

' I  
/ I  1 
I 

(24 

14 
'I i- 

?- 

\ D-2-20 
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I 
I 
:I 
I I( 
.1 
I I 
I 
'I 
I 
I 

I I 
I 
I 

' I  
I 
.I 
I 

. 'I' 
'I 

-" B 
ANALYTICAL DATA 

I X L O T E X  RQOFIX PRODUCTS 
3aa;;f i d d ,  Alabaza 

PLANT 
DATE OCT ti 1y75 

SAfilPLIlIC LOCATIO;( 

SAMPLE TYPE 
RUN IIULIBER c l w -  T P a -  3 

SAMPLE EOX liU.'t:BER 

CLEAN-UP M A t I  '%X ' f i  

FRONT IIALF 

ACETOtIE WASH OF KOZZLE. PROBE, CYCL0:IE (SYPASS), 
FLASK, FROliT HALF OF FILTER IlOLDER 

b a 4  -9 
FILTER I IUIBER 

tare d - 3 8 7 5 ) -  g 

net  

d 

LABOZATORY RESULTS 

CONTAINER Gc-? 'S 

FRONT ttALF SUSTOTAL 3 3, ,? r z  

BACK HALF 

IItlPIIIGER CO3TEI:TS A l i D  KATER Y:ASH OF 
IMPlilCERS, CO:::;ECTCRj, A:iO GkC% 
H A L F  OF FILTER HOLDER 

ACETOIIE \'/ASH OF I:,:P!::GERS, CO:!IIECTORS, 
AND BACK HALF OF FILTER HOLDER 

Rinse 

COliTAfIIER 
ETHER.CHLOEOFORI,l 

EXTRACTIOI: 

. '5 

c j  

BACK HALF SUBTOTAL r; 

r: 

CONT&IitER 

TOTAL \'/EIGHT 

volvrces ml ml L 1  m l  m l  
MOISTURL 

IRlPlRCERS 1 2 4 5 6 
" FINAL Y O L U X  / 2 8 m l  ml 3s Dl - 2 1  n l  .. 





11 
'I 
I I 
1 
I I 
I 
'I 
I 
I 

I I 
1 
I 
I 
I 
\I 
I 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE METER TEMPERATURE (AMBIENT+20°F)."F 

NOMOGRAPH DATA 

H@ 

Tmavg. 

- 
OATE i o  - I C !  -.'i j 

I__ . -  
SAMPI-ING LOCATION 

AVERAGE STACK TEMPERATURE, O F  

AVERAGE VELOCITY HEAD, in. H20 

MAXIMUM VELOCITY HEAD, in. H20 

Tsavg. 

Apavg. 

A P max. 

PERCENT MOISTURE IN GAS STREAM BY VOLUME I Bwo 

I pm 
BAROlilETRlC PRESSURE AT METER, in. Hg 

STATIC PRESSURE IN STACK, in. Hg 

(P,H.073 x STACK GAUGE PRESSURE in in. H20) P S  

RATIO OF STATIC PRESSURE TO METER PRESSURE I ps/?m 

.' . ? ,- 
:': r: 

J.0 

, G '-f 

I- I I 

. lq-L 

C FACTOR 

CALCULATED NOZZLE DIAMETER, in. 

ACTUAL NOZZLE DIAMETER, in. 

REFERENCE A p ,  in. H20 

. -1 

'. ' (" 9 

EPA (Dur) 234 
4'1 2 D-2-24 
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4 
ANALYTICAL DATA , 

ACETOXE NASH GF KOZZ E, PR03E, CYCLGYE (BYPASS), C0NTAI:iER 
FLASK, FR0:IT HALF FILTER I13LDER 

CONTAliiER 
Bal- 4 5 

FILTER HU.'oIBER 
tare 6 - 3 q O b l . f  g 

net  

BACK H A L F  

II\lPIfiGER CG:ITEliTS A I iO  KATE8 L'ASH OF 
IMPINGERS, CD:;;;ECTCRS, A:iD BACK 
HALF OF FILTER HOLDER 

ACETOllE \:ASH OF I,'~PI:iGERS, COIIff E C T O X  
AN0 BACK HALF OF FILTER HOLDER 

LABORATORY RESULTS 

4'. 7/3 3 cg 

s . 2 . /  rg 

FRONT H A L F  SUBTOTAL c9\3 r: 

COIiTAlNER 
ETHER-CHLOPOFOR~~I 

EXTRACTION 

r: COIdTAIRER 

r: BACK HALF SUBTOTAL 

31. 7 
D-2-28 
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T R A V E R S E  POINT L O C A T I O N  F O R  CIRCULAR D U C T S  u 
8 PLANT u 

/r-'Lif j F~.. :3 DATE ..--Id- 6, - >:5- 
SAMPLING LOCATION / ~ . c ~ t ~ ~ , , f  -7- 
INSIDE OF FAR WALL TO 

OUTSIDE OF NIPPLE, (DISTANCE A) 
INSIDE OF NEAR WALL TO 

STACK I.D., (DISTANCE A - DISTANCE B) I; $5- rl'tk -- IC/>'' 
NEAREST DOWNSTRpJJ DISTURBANCE J't.fi - L , ' r "  
CALCULATOR i' ? ",. i &/'< 

3 7f' 
,&"V 

b 
8 OUTSIDE OF NIPPLE, (DISTANCE B) 4 3 I .  r ,  

3.3 2 
" < ,,! 

NEAREST UPSTREAM DISTURBANCE 

SCHEMATIC OF SAMPLING LOCATION 

COLUMNS 2 AND 3 
(TO NEAREST 1/8 INCH) 

FROM OUTSIDE OF NIPPLE 

i 

4/12 D-3-2 

I 



TRAVERSE P O I N T  LOCATION FOR CIRCULAR DUCTS 
9 z c i L 

PLANT ’ &&,&,< . .  i - 
‘DATE ,- / -- L -  7~2 
INSIDE OF FAR WALL TO 

OUTSIDE OF NIPPLE, (DISTANCE A) 
INSIDE OF NEAR WALL TO 

OUTSIDE OF NIPPLE, (DISTANCE B) 
‘STACK I.D., (DISTANCE A . DISTANCE B) 
NEAREST UPSTREAM DISTURBANCE 

CALCULATOR 

i/ - 
SAMPLING LOCATION f l  . . L d L , 4  7 73- :3 b’PX L3 

/ .  i l  
?> c- e 35 % 

I // p 
c’ 

L . . 2 3  cL;& .- j y Z r ‘  
NEAREST 2 , l  rd, .- L L/ ‘ f  

SCHEMATIC OF SAMPLING LOCATION 

4/72 
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SCHEKATIC OF T R A V E R S E  FOlNT LAYOUT . .  
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1ELIF.IINARY V E L O C I T Y  TRAVERSL 

I 
I 

STACK 1.0. 
EAROMETRIC PRESSURE, in. Hg 2 J4 k'p 
STACK GAUGE PRESSURE. in. t120 r e  VU 

1 '  ( L . f - t - ,  so*\ . .  OPERATORS I 

I 

I 

I I 

i 
I I 

I 

€?A (Dur) 233 
4.72 

( y  \ 

3 
i 

i, a 
SCHElrlATlC OF TRAVERSE POINT LAYOUT 

. 
I 

\ 

! 
I 

I 

i 
i 

i 

I I I 
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NOMOGRAPH CATA 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H2D 

AVERAGE METER TEMPERATURE (AMBIENT+2O0F)."F 

AH@ 

Tmavg. 
~~ 

PERCENT MOISTURE IN GAS STREAM BY VOLUME 

STATIC PRESSURE IN STACK, in. Hg 

(Pmt0.073 x STACK GAUGE PRESSURE in in. H2D) 

RATIO OF STATIC PRESSURE TO METER f'RESSURE 

AVERAGE STACK TEMPERATURE, "F 

BAROMETRIC PRESSURE AT METER, in. Hg 

p s  

ps 
/Pm 

T 

C FACTOR 

~ A L C U L A ~ E D  NOZZLE DIAMETER, i n .  

ACTUAL NOZZLE DIAMETER, in. 

REFERENCE A p ,  in .  H20 

AVERAGE VELOCITY HEAD, in. HZO 

I # IC, 
, 2 3 y 
C A 4 - 5 -  t , ' I  z 
& 2 . Y . l  

MAXIMUM VELOCITY HEAD, in .  H20 

€PA (Our) 234 
4.0 2 D-3-7 
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Q 
~ A N A L Y T I C A L  DATA ( . 

B A C K  HALF 

IhtlPIIiCER CO!iTEfiTS PJIO Y!ATER CAS11 OF 
IMPINGERS, COI&'ECTORS, A:;D BACK 
HALF OF FILTER HOLDER 

COllTAlNER r z  
ETHER.CIILOEDFORir1 

'E EXTRACTIOIl 

ACETONE \';ASH OF l,'YPI::GERS, COI:.':ECTORS, CDNTAWER r: 
AND BACK HALF OF FILTER HOLDER 

. .  

Rinse 

B A C K  HALF SUBTOTAL !-I 
I I TOTAL WEIGHT r: 

ml m l  L l  ml m l  volumes 

&( e k L -  
I mavrrllcinz'&- 

MOISTURE 

4 112 0-3-12 

..-.._--- . .. . I - 1 
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NOMOGRAPH DATA 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

DATE / .  - .  , i n7<  

SAMPLING LOCATION 3 ; .L&-.l L- 

I 
f> 47 

AH@ f,Y5 

Bwo PERCENT MOISTURE IN G A S  STREAM BY VOLUME $Ji c, 
I la9.c.s I BAROMETRIC PRESSURE AT METER. in. Hg 

AVERAGE STACK TEMPERATURE, O F  

AVERAGE VELOCITY HEAD, in. H20 

MAXIMUM VELOCITY HEAD, in .  H20 

C FACTOR 

STATIC PRESSURE IN STACK, in. Hg 

(Pm+0.073 x STACK GAUGE PRESSURE in in. H2O) 39 ' 6. S' ps 

Savg. I 2 

4 P a v g .  , 5' 

A P m a x .  .&4 

T 

i .  iG  

RATIO OF STATIC PRESSURE TO METER PRESSURE I 1 Id C.' 1 

ACTUAL NOZZLE DIAMETER, in. 

REFERENCE A p ,  in. H20 

(? ,g i iL 
0, d l 9  

I 

I I 
- -  CALCULATED NOZZLE DIAMETER, in. ! 

EPA (Our) 234 
4.02 D-3-14 
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( 
ANALYTICAL DATA 

( 

= O M  aooFx% R r n  
irairfiaLd. B1- 

iPL'AfIT COMblENTS: 

DATE' 0:- ]T-yC 

SAhlPLlliC LOCATIOII 

SAfhPLE TYPE 

RUN I lUXBER * 
-SAMPLE BOX IIUXDER 

TP-3-3 
&,,J&6 

CLEAN-UP MAX ' 
I 

FRONT H A L F  LABORATORY RESULTQ 

ACETOIIE \';ASH OF KOZZLE, PROSE, CYCLO2E (BYPASS), COtITAI:{ER z. i'/' / 3/23 
FLASK, FROilT tihLF OF FILTER HOLDER 

Bsil 7 

tare 6.7 ~ Y P ~ J - ~  

COI{TAII.IER 3,. 5 FILTER HUIBER 

-- 
BACK HALF 

IhlPlliCER CO!ITEI;TS X i0  KATER KASH @F 
II;IPINGERS, CO:::;ECTGi?S, A;;O BACK 
HALF OF FILTER EOLOER 

kCETOllE KASH OF I.'APII:GERS, CO!:!IECTOX. 
ANDBACKHALFGF FILTERHOLOER 

COfiTAlilER 
ETHER.CIILOEOFOR:~ _. ~ 

EXTRACTlOll 

C0fITAI:IER r: 

BACK HALF SUBTOTAL 

Rinse 
volunes r n l  In1 

MOISTURE 

TOTAL TIEIGHT 
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d - . ANALYTICAL DATA 
( 

SAtilPLIIIC LOCATION 

SAMPLE TYPE - 
RUN IIUiolBER e 
SAldPLE BOX HUiGBER 

p l P -  T P 3 - 3  

I CLEAN-UP lJAN 

FRONT HALF 

A c n o r i E  VASH OF KOZZLE. PROBE, CYCLOX (QYPASS), 
FLASK, FROIIT HALF OF FILTER HOLDER 

0 d  1 0  

tare 0 , 3 9 6 5 3 7  g 

net  

FILTER NUkiBER 

BACK HALF 

IitlPlNCER CO!lTEI:TS KATER KASH OF 
IWPINGERS, CO:;::ECTCRS, X i 0  BkCK 
H A L F  OF FILTER HOLDER 

ACETOIIE \':ASH OF I:,:PI:IGERS. CO!:!!ECTORS, 
AN0 BACI: HALF OF FILTER HOLDER 

Rinse 
volumes ml m l  

MOISTURE 

SILICA GEL 
FINAL KElGIiT 
INITIAI. Y:CICIIT 
NET i m i r  

€ P A  I U u i )  231 
4112 

8 
8 
8 

I 
1 
: 
I 

LABORATORY RESULi 1 

1. 
*I CONTAIXER 

CONTAINER 7, U rg 

t 
r: FRONT HALF SUBTOTAL 2-3 

CONTAINER d 

BACK HALF SUBTOTAL 1- 
i 

ETHER-CHLOEOFORJ 
EXTRACTION 

CONTAINER 

'I TOTAL WEIGHT 

L l  m l  m l  

D-3-25 
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NOMOGRAPH C A T A  

[)& 
PLANT 

.p ,(> - 
I !  

DATE c c A - 3 I. 

SAMPLING LOCATION /A<, Li 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE METER TEMPERATURE [AMBlENT+20°F),oF 

PERCENT MOISTURE IN GAS STREAM BY VOLUME 

BAROMETRIC PRESSURE AT METER, in. Hg 

STATIC PRESSURE IN STACK, in. Hg 

[P,+O.O73 x STACK GAUGE PRESSURE in in. H20) 

RATIO OF STATIC PRESSURE TO METER PRESSURE 

AVERAGE STACK TEMPERATURE, "F 

AVERAGE VELOCITY HEAD, in. H ~ O  

MAXIMUM VELOCITY HEAD, in. H20 

C FACTOR 

CALCULATED NOZZLE DIAMETER. in 

ACTUAL NOZZLE DIAMETER, in 

REFERENCE Ap, in. H20 

EPA (Our) 234 
411 2 . D-3-27 
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ANALYTICAL DATA 

SAMPLING LOCATlOil 

SAMPLE TYPE 
~ 

* 
c n ~ -  7 9 3 - Y  R U N  IlUidEER 

I/e, d f i 2  SAMPLE BOX N U X E R  1 1. 
4 

CLEAN-UP L1A:i fiCU&@. 

FRONT H A L F  

ACET0:IE WASH OF I:CZZLE. PR03E. CYCLO:IE (OYPASS), 
FLASK, FROIiT HALF OF FILTEP, IIOLOER 

f i b L - /  6 

tare d.39/6''d g 

net 

FILTER tlU:;IBER 

BACK HALF 

II~lPINGER CO2TEIiTS AX0 KATER KASH OF 
IMPINGERS, CO:::;ECTCI?S, AiiD 6.4CK 
HALF OF FILTER EOLOER 

C0tITAI:lER 

CONTAINER 

c 

I 
I 
I 
' I  

LABORATORY RESULTS 

4 3 . 9  

FRONT H A L F  SUGTOTAL 8 'I 
-1 

CONTAINER 
ETHER-CHLOP,OFOR~~l 

EXTRACTIOIi 

r: 

5 
ACETONE KASH OF I:,1?I:IGERS. CO:!I!ECTO3S. CONTAINER 

BACK H A L F  SUBTOTAL r j  
AN0 BACK HALF OF FILTER HOLDER 

T O T A L  \'/EIGHT 
Rinse 
volumes I 

I 
I 

ml . m l  L l  ml m l  

3.d- 
MO I STU R E 

INPINCERS 1 2 4 5 ' 6  
FINAL VOLU:;E /~II .-,E? ml 3 J m l  - 2 1  m l  

-- - INITII iL \'OLU:,:E / @ ml / c d  0 

-ml .-__ -1. . ---cl . NET VOLU.',:E 7 m~ .. 2 rnl 2 r n l  

3 6  56.7 
E. 20.' 

TOTAL I.:%STURE -Fi;-& ... E . .  n . 7  

SILICA GEL 
FINAL I;EISIIT 
ItlITlAl. W l C l l T  
NET YXIGtIT E. e. 

EPA (hi) ?31 
4/72 D-3-31 I 
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APPENDIX E 

Gaseous Hydrocarbons Data 

Contains 

1 .  

2. 

P a r t s  Per Mil l ion Values Calcu la ted  a t  Each Sampling Poin t .  

Gaseous Hydrocarbon Fie ld  Data Charts .  



Calculation Procedure for Determining 
Averages, Weighted Averages, and.Tota1 Mass Emissions 

Averages 

I 
I 
t 
d 
1 

Average values for hydrocarbon levels in a duct (in ppm) were 

calculated for minimum, maximum, and average values for each sampling 

point using arithmatic averaging procedures. Arithmetic averages of volume 

flow per sampling point and mass emissions per sampling point were also 

calculated. The calculated values are reported on the attached computer 

printout sheets. 

Weighted Average Hydrocarbon Values (Wet Basis)  

I 
Weighted average hydrocarbon concentrations were calculated for 

See t h e  f o l l o w i n g  pages f o r  con- each run using the following procedur-e. 
v e r s i o n  of wet bas i s  va lues t o  dry bas is .  

n - 
2 (HCavei -Val 1 
i=i weighted average = E  = 

> (Vol.)  
I l = I  

I 
- 1  

. .  

= average hydrocarbon concentration at the j t h  sampling point. E 
,HCave i 

where 

I In the above calculation volume flow data was involved for only those sampling 
points for which hydrocarbon data was available. Using the weighted average 

hydrocarbon value, the total mass of hydrocarbon emissions was calculated as 

I 
3 I 

I 

where Vol = arithmetic average volume flow for all sample points ave 

and 2 . 4 8 3 6  * is derived from 

60 (min/hr) . 2 8 . 3 1 7  (l/ft ) * 16 (81 molecules weight of CHq) . -  293- 
22.4  (l/gram molecular weight at OOC) . 4 5 3 . 5 9  (g/lb)’ lo6 2 9 4 . 1  

E l  
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The following tables  indicating hydrocarbon concentrations and calculated 

emission ra tes  f o r  each run's par t icu la te  t e s t  t raverse  p o i n t  a r e  presented succeed- 

ing the following equation. Average concentrations and emission r a t e s  f o r  each t e s t  

are  a lso included a t  the end of each tab le .  

not always performed a t  the exact time t h a t  par t icu la te  runs were i n  progress, some 

of the par t icu la te  sampling points have no corresponding hydrocarbon measurement. 

Therefore, the number of valid hydrocarbon sampling p o i n t s  used a t  the par t icu la te  

t raverse  points a r e  indicated a t  the end of each table .  

Because hydrocarbon measurements were 

The concentration values i n  ppm as  reported in the following tables  a r e  four 

and five-minute averages of actual recorder str ip chart  data .  

knockout t r ap  was used, the ppm concentrations a r e  on an as-measured ("wet") basis 

Since no moisture 

When converting the ppmv measured concentrations t o  gr /dscf ,  the presence o f  stack 

gas moisture must be taken in to  consideration. 

hydrocarbon concentration was accomplished with the following equation: 

Calculation of the equivalent "dry" 

where: 

= concentration of hydrocarbons (as  CH4) a t  dry standard 'gr/DSCF 
conditions (70°F, 29.92 i n .  Hg), gr/DSCF 

= proportion by volume of dry gas i n  the  gas stream, dimension- Fdg 
l e s s  

M = molecular weight of CH4, 16 lb / lb  mole 

V 
1 Pound = 7000 grains 

1 

= molar volume of CH4 a t  standard conditions, 386.5 SCF CH4/lb mole 

= ppm t o  volume f rac t ion  conversion f ac to r  2 
Mass emission r a t e  per point was determined by multiplication of t h a t  point 

concentration times the dry gas flow ra t e  measured a t  t h a t  point. The "point" dry 

E2 



gas flow r a t e  was determined by the product of the calculated point veloci ty  and 

the area of the s tack represented by t h a t  t raverse  point o f  the X p o i n t  t es t  

( i . e . ,  s tack area/X), 

point  a r e  shown below: 

The exact equations used t o  ca lcu la te  mass emission r a t e  per 

where: 

Qi = volumetric flow r a t e  for area with centroid a t  point i ,  DSCFM 

= proportion by volume of water vapor i n  the gas stream, dimension- Bwo 
less 

Vs = stack gas velocity a t  p o i n t  i ,  FPS 

A = cross-section area of the s t ack ,  f t  

TStd = absolute temperature a t  standard conditions,  528'R 

'std 

Ts 

P, 
60 = conversion f ac to r ,  sec/min 

2 

= absolute pressure a t  standard conditions,  29.92 i n .  Hg 

= absolute s tack gas temperature of point i ,  O R  

= absolute  s tack gas pressure a t  point i ,  i n .  Hg 

and 

where: 

Ei 

Ci 
60 = conversion f ac to r ,  m i n / h r  

7000 = conversion f ac to r ,  g r / lb  

= mass emission r a t e  from area w i t h  centroid a t  point i ,  l b / h r  

= concentration measured a t  point  i ,  gr/DSCF 

Combined volumetric flow ra tes  from the two stacks a r e  determined by summation 

of the Q i ' s .  Likewise, t o t a l  mass flow r a t e  i s  calculated a s  the sum of the Ei's. 

E3 
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11 
1 

In the cases where hydrocarbon point measurements were unavailable, summation Of 

the  exis t ing Ei values will not equal the to ta l  mass f l o w  rate. Under such c i r -  

cumstances the average hydrocarbon concentration, c was mult ipl ied times the 

to ta l  volumetric flow t o  determine the to t a l  mass flow. 

( E  Qi 1 
C=l 

Copies o f  the recorder s t r i p  char t  data along w i t h  copies of 

'1 ' 
s t r ip  char t  data obtained d u r i n g  the actual times o f  sampling a r e  

sect ion.  1 
I, 
I 
'I 
B 
I 
li 
I 
I 
I 
I 
I 
I 

the unabridged 

included i n  this 

E4 



HYDROCARBON TABULATED TABLES 
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Gaseous Emission Data based on Molecualr  Weight of  CHq, 16 

Sample P o i n t  Volume Based on T o t a l  S tack  Area Divided by T o t a l  Number of Sample points 
s t anda rd  Condi t ions  70 F 29 .92  ' I  Hg 

ND = No Data E5 



_ _ - - - ~ - - -  ........ ... - ... ___I_ 

Gaseous Emiss ion  Data b a s e d  on N o l e c u a l r  Weight  of CHq, 16 

I Sample P o i n t  Volume Based on T o t a l  S t a c k  Area Divided  by T o t a l  Number of Sample Points 1 
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APPENDIX F 

FOLYCYCLIC ORGANIC MATTER ( POM) 
DATA SHEETS 



POLYCYCLIC ORGANIC MATTER (POM) 

The POM sampling t r a i n  (F igure  F - 1 )  was mod i f i ed  EPA Method 5 equip-  

ment w i t h  an adsorbent column i n s e r t e d  between the MSA g lass  f i b e r  f i l t e r  

and t h e  f i r s t  water  f i l l e d  impinger.  

cons i s ted  o f  a g lass  c o o l i n g  c o i l  (120 cm x 0.8 cm) and a c y l i n d r i c a l  

column ( 7  cm x 3 cm d iameter)  packed w i t h  tenax adsorbent.  

column was ma in ta ined a t  125OF temperature w i t h  a t h e r m o s t a t i c a l l y  

c o n t r o l l e d ,  r e c i r c u l a t i n g  water  ba th  (125-130OF). 

gas f l o w  through t h e  sampl ing t r a i n  was: 

The adsorbent column (F igure  F-2) 

The adsorbent  

For POM t e s t i n g  t h e  

STACK GAS 
J. 
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CYCLONE 

FILTER 

4 

4 

J. 

ADSORBENT (P0I.l) 
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4 

REblAINII.IG METHOD 5 T R A I N  
( i  .e., pump and gas meter)  
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ANALYTICAL DATA . 

FILTER f IUlBER CONTAIh’ER rt 

tare 0 . 3 X 6 r 7  g Ot 
net 

FRONT HALF SUBTOTAL sg 

BACK H A L F  

IMPIIIGER COiITEIITS AKO Y;ATER KASH CF 
IifiPIfIGERS, C0i;i:ECTCRS. K I D  BACK 
HALF OF FILTER HOLOE2 

ACETOIIE Y:ASH OF IXDI::GERS. CO!:NECTORS. 
ANDBACKHALFOFi lLTERHOiOER 

Rinse 
voluaes ml m l  

FA0 I ST U RL 
IfdPIflGERS 1 2 

FINAL VOLU:,:E & m~ / 0 Q m l  
INITIAL \’@LU’dE 
NET VOLU:,:E ml A- 

CONTAIIIER 
ETHER.CHLOEOFORJ 

EXTRACTIOII 

CONTAlIlER r: 

BACK H A L F  SUBTOTAL r: 
I 

I TOTAL WEIGHT r: 

d l  m l  m l  
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< LABORATORY  RESULT^ FRONT H A L F  

I 
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FLASK, FROAT HALF OF FILJER IIOLOER 

BAL - l z  FILTER IIUXBER CONTAINER 

tare d.3h'%r> 

net 

1 
r: FRONT H A L F  SUBTOTAL 

Rinse 

I BACK H A L F  SUBTOTAL 
T O T A L  PIEIGHT 

-1 ml -1 
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APPENDIX G 

HIGH-VOLUME SAMPLING DATA 

NOTE: Sampling Was Conducted a t  
T P - 3  O u t l e t  Test Loca t ion  



HIGH-VOLUXE SAMPLIXG 

i il t roluc t i on : 

The high-volume t r a i n  used in these t e s t s  was an autoir ,atic-is, ikinetic 

s a p l e r  manufactured by Xader Pneumatics, Portiiind, Oregon. 

1 .  Pr inciple  and Applicabi l i ty  

1 .1  

1.2 

Pr inciple .  Par t icu la te  matter i s  rvithdravn i sokine t ica l ly  from the 1 
I 
1 
3 
1 
I '  

source a t  a h i g h  r a t e  ( u p  t o  60 cfm), and i s  removed from the sam- 

ple stream by means of a glass f i b e r  f i l t e r .  The mass o f  the col-  

lected pa r t i cu la t e  matter i s  determined yav ime t r i ca l ly .  

Applicabi l i ty .  

non-corrosive gas streams of low nois ture  content and lo!.r ( <  500°F) 

temperature. The h i g h  sample r a t e  i s  par t icu lar ly  advantageous f o r  

sampling clean exhaust streams ( e . g . ,  control device o u t l e t s ) ,  i n  

t h a t  a weighable par t icu la te  sarrple can be col lected i n  a r e l a t ive ly  

sho r t  amount of time. 

ThSs method appl ies  generally t o  the sampling o f  

2.  Sampling Train ( S e r  Figure 1 )  

2.1 Nozzle. Thin-walled aluminum, with a sharp, tapered leading edge. 

2.2 Probe. Thin-walled aluminum, sectioned, 1 7/8 inches i n  diameter 

( i  . d . ) .  

2 . 3  P i t o t  tube. 

2.4 Thermocouple. Chromel-alumel, at tached to  p i t o t  tube, t o  moni tor  

Type-p, attached t o  probe, t o  monitor s tack gas veloci ty .  

s tack gas temperature. 

2 .5  F i l t e r  holder. 

f i l t e r s .  

Cast aluminum, designed to  hold'8" x 10" glass  f i b e r  

I 
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2.6 Umbilical cord.. Flexible vacuum hose, approximately 2" i n  diameter. 

2.7 Orif ice  meter. Calibrated o r i f i c e  meter, t o  monitor the sampling 

r a t e .  

t i c a l l y  regulated by the control computer (See 2.10 below), via  a 

servo-controlled bu t t e r f ly  valve. 

During sampling, the flowrate t h r o u g h  the o r i f i c e  i s  automa- 

2.8 Orif ice  thermocouple. Chromel-alumel thermocouple, located imme- 

d i a t e ly  a f t e r  the o r i f i c e  meter, t o  monitor o r i f i c e  temperature. 

2.9 Control box.  The control box receives pressure s igna ls  from the 

p i t o t  tube .and o r i f i c e  meter, as well as temperature s igna ls  from 

the stack and o r i f i c e  thermocouples. Transducers convert a l l  of 

these s igna ls  in to  e l e c t r i c a l  s igna ls ,  which are then fed to  the  

control computer. 

2.10 Control.computer. The control conputer receives the e l ec t r i ca l  

s ignals  from the control box, and sends a correct ing signal t o  the 

servo motor,  which opens the bu t t e r f ly  valve t o  the cor rec t  pos i -  

t ion  t o  maintain i sok ine t i c  conditions.  

2.11 Metering system. During a r u n ,  the control computer provides a 

continuous, d ig i t a l  readout of the to t a l  amount of gas which has 

passed through the orifice meter; the uni ts  of .  the readout a r e  wet, 

s t a n d a r d  cubic f e e t  .(wscf).  

2.12 Moisture determination apparatus. Wet bulb-dry b u l b  thermometer, o r  

equivalent. 

2.13 Barometer. To measure ataospherjc pressure t o  within 0.1" Hg. 

G2 



3. Procedures 

3.1 Preliminaries.  The following things were done pr ior  t o  sampling: 

The uni t  was warmed up ,  and the  a .  Warm-up and synchronization. 

red i sok ine t i c  toggle l i g h t s  were synchronized. 

Selection o f  sampling nozzle. 

plugged, the p i to t  tube was inser ted i n t o  the g a s  stream. The 

"low", "med", and "high" buttons on the control box, which 

correspond, respect ively,  t o  the 1 7/8", 1 3/8", and 15/16" 

nozzles, were then pressed in succession: as each button was 

pressed, the panel display gave the approximate sampling r a t e  

f o r  t h a t  nozzle s i z e .  

1 7/8" nozzle would give the optimum flowrate ( %  40 c f ~ ) ;  there- 

fore ,  the 1 7/8" nozzle was chosen. 

b .  W i t h  the i n l e t  t o  the probe 

The display readings showed t h a t  the 

c. Determination of number and locat ion o f  sample p o i n t s .  The 

sampling ports were located about 5 1/2 bizmeters downstream 

and 2 ( + )  diameters upstream of  the nearest  flow disturbances.  

For a low-volume sarpl ing t r a i n  (e.g. EPA Method 5 ) ,  the cor- 

r ec t  number of sampling points  corresponding t o  these upstream 

and downstream dis tances  would be 28 (See. 12/23/71 Federal 

Register,  Figure 1-1) .  

number o f  salnpling points i s  a function of nozzle size. The 

cross-sectional area of a high-volume sampling nozz:e i s  some- 

t i r e s  s ign i f i can t ly  lz rge  compared t o  the cross-section o f  the 

For the  high-volume t r a i n ,  however, the 

I 
I 
I 
1 
I 
1 
I 
1. 
4 
I '  
1 
3 

t 
I 
1 
I 
1 
I 

a 

~ 
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stack; i n  other words, the high-volume nozzle occupies a 

d e f i n i t e  area in  space, ra ther  than a point .  Therefore, 

there should be few enough sample points t o  ensure a dis tance 

of one nozzle diameter between adjacent points ;  this prevents 

"overlapping"; i . e . ,  sampling the same p a r t  of the duct cross- 

section more than once (See Figure 2 ) .  Additionally,  those 

sample points nearest  the stack walls should be located a t  

l e a s t  one inch o r  one nozzle diameter (whichever i s  g rea t e r )  

from the walls.  Taking these things i n t o  account, the number 

of sample points was determined t o  be 1 2 ;  t h i s  was the maximum 

number of points t h a t  could be sampled without overlapping. 

The sample points were located on 2 perpendicular diameters, 

according t o  Tab!e 1-1 o f  the  12/23/71 Federal Register, except 

f o r  the 4 points nearest  the stack wal l s ;  these were located 

exact ly  one nozzle diameter (1.875") from the walls.  

3.2 Sampli.ng 

A t  the  beginning of each sample r u n ,  the probe was inser ted i n t o  

the stack and positioned z t  the f i r s t  s m p l e  point.  

then turned on and sampling was s ta r ted .  

flow through the nozzle was maintained au tona t ica l ly ;  no manual ad- 

justments were necessary. 

The blower was 

During the run, i sokine t ic  

A: the  end of the  r u n ,  the blower was 

turned o f f  and the  probe removed from the s tack.  

t o t a l i z e r  and o r i f i c e  tenpersture  readings 'were taken. 

The f ina l  display 

The prcbe 
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and f i l t e r  holder were then taken t o  the sample recovery area.  

4.  Sample recovery 

The probe and f i l t e r  holder were ca re fu l ly  moved from the t e s t  s i t e  

t o  the clean-up area.  

covered as fol  1 ows : 

Container $1: 

a p l a s t i c  container.  

hering t o  the rubber gasket. 

Container # Z :  

the f i l t e r  holder were combined in a second container.  

t r ichloroethylene ( T C E )  was used in the clean-up procedure; a blank sam- 

ple o:.TCE was taken. 

5. Analytical procedures 

The sample f rac t ions  from each run were re- 

The f i l t e r  was removed from the holder and placed i n  

Care was taken t o  recover any f i l t e r  f i be r s  ad- 

Probe washings and the rinse from the f ron t  half of 

Reagent grade 

The fol.lowing procedures were used in  analyzing the.samples from each run: 

Contafner #1: The f i l t e r  was t ransfer red  t o  a tared beaker, placed i n  a 

des icca tor ,  and dr ied t o  a f i n a l ,  constant  ( t o  within 0.1 mg) weight. 

f i na l  weight minus the combined t a r e  weights of the beaker and the f i l t e r ,  

gave the  weight of the  f i l t e r  catch. 

Container #2: The TCE wash was t ransfer red  t o  a tared beaker, and was 

evaporated t o  dryness a t  ambient temperature and pressure. 

then placed i n  a desiccator  and dried t o  a f i n a l ,  constant ( t o  within 

0.1 m s )  weight. 

rected fo r  TCE blank value) cave the  !weight o f  the TCE r inse  catch.  

This 

The beaker was 

Ticis f i n a l  weight minus the beaker tare weight (and cor- 

The to t a l  p?r t icu la te  weis'..; f o r  each run (E 1 was obtained by adding t '  
the !wights  of the  catches f rox contzjners # l  and $2. 
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6.  Calcu la t ions  

Tn2 fol lowing c a l c u l a t i o n s  were perforzed f o r  each ran (See Tzble I ) :  

6.1 Total volume o f  s t ack  gas samFled, wet b a s i s ,  s t a c k  condi t ions .  

6.2 Total volume o f  s t a c k  gas sampled, dry  b a s i s ,  s t anda rd  cond i t ions .  

‘mstd = V t  (1  - Bw0) 

6.3 P a r t i c u l a t e  concent ra t ion ,  wet b a s i s ,  s t ack  condi t ions .  

a 

6.4 P a r t i c u l a t e  concent ra t ion ,  dry b a s i s ,  s tandard  cond i t ions .  

C = 0.0154 (-) 
6.5 Average f lowra te  through nozz le  dur ing  sampling, wet b a s i s ,  s t anda rd  

condi t ions .  
I, 

6.6 Average f lowra te  through nozz le  during sampling, wet b a s i s ,  s t a c k  

condi t ions .  

Qan = Q n  

6.7 Average s t a c k  gas v e l o c i t y ,  s t a c k  condi t ions* 

Assumes i s o k i n e t i c  cond i t ions ,  i . e . ,  t h a t  Ts equals  7, * 
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6.8 Total s t ack  gas volumetr ic  f l o w r a t e ,  wet b a s i s ,  s t a c k  cond i t ions  

6.9 Total  s t ack  gas volumetr ic  f l o w r a t e ,  dry b a s i s ,  s tandard  condi t ions .  

6.10 P a r t i c u l a t e  emission r a t e ,  d ry  b a s i s ,  s tandard  condi t ions  

7. ExamFle c a l c u l a t i o n ,  Run  #2 

7.1 

7 . 2  

v m = V t f $ j ( & )  

Vm = 4,620 wacf 

= (4105)(0.975) 

= 4COO dscf  

'mstd 

"mstd 
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7.3 

C, = 0.0154 (2) - 
ca = 0.0154 (&-) 15z.1 

Ca = 0.00051 grains/wacf 

7.4 

7.5 

C = 0.00059 grains/dscf 

Q = -  "t 
n o  

4105 
Qtl =108 

.Qn = 38.O.wscfm 
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7.6 

29.02 
Qan = '  (38.0) (m) (%) 

= 42.8 wacfm Qan 

7.7 
- Qan 

*" . v  = - 

- - 42.8  v - -  s 0.010 

- 
v = 2,250 f f /m in  

S 

\ 

7.8 
- 

9, = vs A, 

Q, = (2,250)(5.41) 

Qs = 12,170 wacfm 
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7.9 

29 70 Qstd = (12,170) (g) (e) (0.975) 

= 10,550 dscfm Qstd 

7.10 

E = (8.58 x 10-3)(0.00059)(10,550) 

E = 0.053 lb/hr 



. .  
rnNTROL BOX 
... 

F.igure G 1 .  High-volume pa r t i cu la t e  t r a i n .  
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Figure 2a Distance between some adjacent points is  
<'Dn; overlapping occurs. 

Figure 62 Distance between adjacent points i s  
2Dn; no overlapping. 
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TABLE G I -  High-Volume Sam1 inc Elomencla,tUre 

Symbol 

AS 

*n 

BWO 

C 

'a 

E 

% I  

Mt 

pS 

'std 
Qan 

N 

Qn 

QS 

Q s t d  

TS 

T~ t d  

Expl ana t i on 

Zross-sectional area o f  stack 
:ross-sectional area of smpl ing  

nozzle 
'roportion by volune of H20 vapor 

i n  the  sample st,rem 
' a r t i cu la t e  concentrLtion, dry 

bas is ,  standard cGnditions 
' a r t i cu la t e  c o n c e n t ~ a t i o r ~ ,  wet 

bas i s ,  s tack conditions 
' a r t i cu la t e  emission r a t e ,  dry 

bas i s ,  standard conditions 
Jercent  i sokine t ic  
Total mass of  pa r t i cu ia t a  sample 
Number of sampl i r,g points 
4bsolute pressure o f  stack gas 
Standard pressure,  29.92 
Average flowrate through nozzle 

during sampling, wet bas i s , .  
s tack conditions 

Average flowra.te t h r o u g h  nozzle 
durfngl  sampling, w e t  bas is ,  
standard conditions 

Total stack gas volunetr ic  flow- 
r a t e ,  wet bas is ,  s tack condi- 
t ions  

Total stack gas volumetric flow- 
r a t e ,  dry bas i s ,  standard con- 
di t ions 

Average s tack gas tenperature 
Standard temperature, 530 
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U n i t s  

2 2  
I L  

f t 2  

Irains/dscf 

; ra i  ns/v/aci 

1 b / h r  

- 
mg 

i n .  I-lg 
in. Hg 
wacfm 

- 

wscfm 

wacfm 

dscfm 

O R  

c R  

I 
I 
I 
1 
1 
I 
I 
I 
1 
1 
I 
I 
1 
I 
1 
1 
I 
1 
I 



I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
I 
1 

Symbol 

vm 

"mstd 

V, 
L 

- 
vS 

"n 
- 

0 

Explanation 

Total  volume of  s t a c k  gas sampled, 
wet b a s i s ,  s t a c k  cond i t ions  

TABLE GI 
(Continued) 

I 
rerage v e l o c i t y  t h r o u g h  nozzle 

dur ing  sampling 

o t a l  volume o f  s t a c k  gas sampled, 
dry b a s i s ,  s t anda rd  condi t ions  

low t o t a l i z e r  reading ,  wet b a s i s ,  
s tandard  cond i t ions  

,verage s t a c k  gas v e l o c i t y ,  s t a c k  
condi t ions  

) t a l  sampling time 

G14 

Units 

wacf 

Gscf 

wscf 

ft/mi n 

f t / m i  n 

minutes 



Q u a n t i t y  

Date 

N 

0 

An 

AS 

pS 

TS 

Bwo 
Vt 
'm 

- "ms t d 

vS 

QS 

Qs t d  
C 

'a 
E 

,% I* 

TABLE GII. High-volume 
Sampling Sunmary 

U n i t s  

- 
- 

m i  n 

f t 2  
ft2 

in. Hg 

" R  
- 

wscf 
wacf 
d s c f  

f t jm in  
wacfm 

dscfm 

g r a i n l d s c f  

g r a i  n/wacf 

lblhr 
- 

Run tl 

1017175 
12 
36 

0.019 

5.41 
29.70 
597 
0.971 
1,401 
1,560 

1,360 
2,285. 
12,360 
10,755 
0.00055 
0.00048 
0.051 
100 

* Assumed t o  be 100% G15 

Run #2 

1018175 
12 
108 
0.019 
5.41 
29.70 
592 
0.975 
4,105 
4,620 

4,000 
2,250 
12,170 
10,550 
0:00059 
0.00051 
0.053 
100 

I 
I 
s 
I 
I 
I 
1 
I 
I 
I 



TABLE GI I I .  Comparison o f  Method 
And High-Vol une Sampling Results 

.00812 

.03213 

Dates Run N O .  

0.00055 

0.00059 

PAlQ - 
- 
~ -vol 

3 
Percent 

Isokineti  c 

102.8 

101.5 

Hi - V O ~  

100.0 

100.0 

* Comparison between f ron t  half  o f  EPA M e t h o w  and high-volume 
sampler r e s u l t s ;  un i t s  a r e  grains/dscf.  

G16 
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H I G H  VOLUME 
FIELD DATA SHEETS 
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ANALYTiCkL DATA 

IX?I?XER COSTENTS AFIO VATER NASH OF 
I;d?INGERS, COSNECTORS, AND BACK 
HALF OF FILTER HOLDER 

ACETOX WASH OF IlbPIXGERS, CONNECTORS, 
ANDBACKHALFOF FILTERHOLDER 

COXTAINER cl: 

EXTRACTION n: 
ETHER-CHLOROFOR:J 

.CONTAINER rnz 

1 
I 
I 
1 
1 
I 
I 
I 
I 
I '  
I 
I 

2ACK HALF SUBTOTAL mg I 
TOTAL KIGHT 4.y. 5 
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0 TOTAL MOISTUXE D 
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ANkLYTICkL DATA 

f i - A W  FRONT HALF OF FILTER HOLDER 

I?ilPISGER CONIEETS AtKI NATER WASH O F  
IN?INGERS, CONNECTORS, AND BACK 
HALF OF FILTER HOLDER 

ACETONE WASH O F  IMPINGERS, CONNECTORS, 
A N D B A C K H A L F O F  FILTERHOLDER 

CONTAINER rn: 
ETHERJXLOROFOR?~! 

EXT3ACTION nz 

CONTAINER np 

BP.CK aALF SUBTOTAL rng 

TOTAL EIISTURE ?, 
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APPENDIX H 

SAMPLING LOGS 

Includes Collection Times For: 

Par t icu la te  ( I n l e t  and Outlet Locations) 
Integrated Orsat (Outlet  Stack T P - 3  only) 
Visible Emission (Both Out l e t  Stacks and 

Pa r t i c l e  Sizing ( I n l e t  and  Outlet  Locations) 
Gaseous Hydrocarbon ( I n l e t  and Outlet Locations) 
Evacuated Flask (Outlet  Stack TP-3 only) 
Par t iculate  Polycyclic Organic Matter (One 

Process Samples (Ses process sample col lect ion log) 
High Volume Sampling ( 2  runs a t  Outlet  TP-3) 

Fugitive Fume Areas) 

Test a t  I n l e t  TP-1 and One Test a t  Outlet Ti.'-3) 



APPENDIX H - I  

PARTICULATE AND ORSAT SAMPLING LOGS 
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A P P E N D I X  H - I 1  

VISIBLE EMISSION LOGS 

Includes Observat ive Time Logs For: 

1 .  Ou t l e t  Location TP-2 
2 .  O u t l e t  Location T P - 3  
3. Process Fug i t ive  Fume Areas 
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P A R T I C L E  S I Z E  SAMPLING LOGS 
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GASEOUS HYDROCARBONS SAMPLING LOGS 
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APPENDIX H-V 

EVACUATED FLASK SAMPLING LOG 
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APPENDIX  H - V I  

POLYCYCLIC  O R G A h I C  HATTER 
SAfIPL I i,G LOG 
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APPENDIX H - V I 1  

P R O C E S S A M P L E  COLLECTION LOG 
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H I G H  VOLUME S A M P L I N G  LOG 
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APPENDIX I 
PROCESS OPERATION FIELD DATA 

Includes : 

Field Data On Asphalt Usage' 
Field Data Containing Process Operating Parameters 

Process Flow and Capacity Data Diagram 
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Table 1-1.1. ITEIGHTS OF SHINGLE BUNDLES P R O D U C E D  
BETWEEN 3 PM N 4 D  '7: 30 P M  

Time - 
3 PM 

3:30 

4:OO 

4 :  30 

5 : O O  

5:30 

6:OO 

6:30 

7:OO 

7:30 

Overall average  weight  = 80 l b  

Weight ( lb /bundle  1 

79.5, 03.5, 79 

Not a v a i l a b l e  

79, as, a4 

ao, 82.5, a i  

76, 78, 77 

ao. az, 77.5 

ao, 82, 78 

ao, 80.5, 79 

Not a v a i l a b l e  

79, 79, 79.5. 
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Tablex-2 .1 .  WEIGHTS OF SHINGLE BUNDLES PRODUCED 
BEIWEEN 10:ZO AN AND 1:25 PPI 

Time 

1o:zo-11 AM 

- 

11: 18 

12: 10 

12:40 

AM 

PM 

PM 

1:lO PM 

Overall average weight 79.1 

Weight ( l b l  

available 

75,  76 

82, 78 

80,  79 

84, 79 

1-1-7 



T a b l e x 2 . 2 .  WEIGHTS OF SHINGLE BUXDLES PRODUCED 
BETWEEX 4 : 3 0  AND 8 I” 

Time Weight ( l b / b u n d l e )  - 
4:30 PM 87, 83.5, 81 

5:OO PM 82,  79.5, 80 

5:30 PM 83, 80,  80  

6:OO PM 83, 79, 81 

6:30 PM 

7:OO PM 

7:30 PM 

8:OO PZ1 

O v e r a l l  average  weight  = 81 l b  

81, 79, 80  

82 .5 ,  82,  79 .5  

82 .5 ,  82,  79.5 

80, 78,. 79.5 
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T a b l e s - 3 . 1 .  WEIGHTS OF SHINGLE BUNDLES PRODUCED 
BETWEEN 12 NOON AND 3 PM 

Time Weight ( l b )  

12 noon 76, 77, 79 

12:30 

1:oo 

1:30 

2:oo 

2:30 

3:OO 

O v e r a l l  average  weight  = 7 8 . 6  lb 

79, 80, 79 

77, 77, 79 

79, 80, 77 

80, 80, 77 

Not available 

80, 79.5, 79.5 
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T a b l e x 4 . 1 .  WEIGHTS OF SHINGLE BUNDLES 
BE’JXEEN 9:40 AM AND 11:40 AM 

PRODUCED 

Time 

9:40 AM 

10: 10 

10 : 40 

11: 10 

11:4D 

O v e r a l l  

- 

average  weight  = 78.1 

Weight (lb) 

1-1-14 

77 

79 

79 

78 

77 
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a t  T a b l e r - 9 .  CiIArLlCTERISTICS OF ASPIIALT USED D U R I X ' C  OCTOBER 7-10, 1975- 

Sof t en ing  
p o i n t  ( O F 1  P e n e t r a t i o n  F l a s h  p o i n t  (OF) 

S a t u r a n t  135-150- 'b/ - 
(140.6).5' 

Coat ing  ( u n f i l l e d )  200-220!?/ 14 
(212-214)z' 

Pe rcen t  s a t u r a t i o n  = 168.8-173.3 

Breakdown o f  s h i n g l e  by weight  

Weight o f  cut-out s h i n g l e  = 97.8 lb 
Dry f e l t  = 11.5 l b  
S a t u r a n t  = 20.3 l b  
Coat ing  ( u n f i l l e d )  = 13.6 l b  
F i l t e r  = 13.6  lb 
Back c o a t i n g  and sand = 8:8 l b  
Granules  = 30.6 lb 

T o t a l  98.4 l b  

- a/ 
b/ Range d e s i r e d .  

- c/ 
Data provided by p l a n t  personnel .  

Ac tua l ly  observed dur ing  t h e  above period. '  
- 

1-1-19 

4374- 

437+ 
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. APPENDIX 1-2 

FIELD DATA ON ASPFALT USAGE 
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II 
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'TableX-Lb, SUEN4RY OF ASPILZLT USAGE D U R I N G  October 7, 1975, 
To October 10, 1975 

Asphal t  used 

Date and time S a t u r a n t  

Qc tobe r  7, 1975 
6 a.m.-7:55 p.m. 
(usage time 14 h r )  

0c.tober 8, 1975 
6 a.m.-8:15 p.m. 
.(usage time 14 h r )  

October 9, 1975 
6 a.m.-3 p.m. 
(usage time 9 h r )  

October 10, 1975 
6 a.m.-12 noon 
(usage time 6 h r  

11,845 g a l .  
(51.47 t o n s )  

14,142 gal .  
(61.46 t ons )  

8,493 g a l .  
(36.91 t o n s )  

7,582 gal. 
(32.9 t o n s )  

. .  - 

- a/ Unf i l l ed  c o a t i n g  i s  c o a t i n g  a s p h a l t  w i thou t  t h e  f i l l e r .  
usually an  i n e r t  m a t e r i a l  l i k e  l imestone d u s t .  

1-2-1 

U n f i l l e d  
c o a t  i n g d  

.10,788 gal. 
(47.09 tons)  

12,247 gal. 
(53.46 tons) 

8,681 gal. 
(37.89 tons)  

Not a v a i l a b l e  

- 

The f i l l e r  i s  
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APPENDIX 1-3 

PROCESS FLOW AND CAPACITY DATA DIAGRAMS 
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APPENDIX J 

SAMPLE I D E N T I F I C A T I O N  LOGS 



OF SAhlPLES CCLiECTED 

367 
363 
364 
-465 

Battelle Record Book 
Collected 8 Recorded 
Pa g e l o f % .  

II I " i r  C E  r i c a e  o f p r e f i l t e r  
11 

11 18  ~ ~ i n ~ e r  c a t c h  
11 '1 I T C E  RIRSZ of inqingere 

It bless Plber  f i l t e r  ( c2n  be uked as b l a n k .  also) 

:-I 

EPk Nd. Date1 %.un Sample Description Remarks 
575- 006 1 Elumbe 

I II 

kcetone  r i n e e  sf - d i t t o -  I 
I 

36 1 

369 - 
370 

I I 
I 

CRP-Cq '3'2 ( o u t l e t ,  t:Ortb, f r o 3  - $?!E EGG) 
I' 

'I 

TCZ r i n s e  of nozz le  &robe 1 
A c e t m e  rinc_e cf - ditto* I 
TCX r inse  o r  m e f i l t e r  
/Glass f ibe r  f i l t e r  

I 

11 

I I 
I I I -I 

J1 

I 
I 
I 
I 
IJ 
I 
I 
I 
!It 
I, 

I t  I 
d 
I 
I 
I 
1. 
1) 
I 1  

I' 



i 
’ DENTIFICATIOX LCG of S M P E S  CCLLECTED 

Battelle Record Book No 32220 
Collected I3 Recorded By Baytoe 
P a g e L o f L .  



I 
I 

Q: t.' , I  

DENTIF ICATICN LCG OF SAMPLES CCLLEGED 

am ROOPIHC FRox'cB -Plant ... . _ .  . . .- _. Battelle Record Book NoZ220 
..~ocation- 

Industry 
Project NoG 2872 -7714 

Collected 8 Recorded By Bavtos 
P a g e A o f c .  

_.___..--- . .- 
.- .. r . - -  

. - ;---.I, 

Impinger c a t c h  417 .- 
418 TCE r i n s e  of back h a l f  

419 1 n Acetma rinse o f  becx tlal~ 

- 

I 
I 
I 
I 
I 
- 



I 
I 

- 
f LON LCG OF SAMPLES COLLECTED 

Battelle Record Book No 32220 
Collected 8 Recorded B y w n s  
P a g e A o f Z .  

I 
.I 
il 
I :  -1 
'I 

5 4  
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f - 
* IDENTIFIC L E  OF SAMPLES CCLLECTED 

Project NO.- 

440 
4k1 
442 - 1  I' 

448 
449 It 

4 5 L .  
454 I 

+ 
1 

Battelle Record Book No 32320 
Collected 8 Recorded By t?avt,os 
P a g e L o f E .  

Acetone rinse of back half - 

35 

I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I) 
I 
I 
I 
I 
.I 
I 
I, 
I 



1 
I 

459 
460 

1:' 
I:I 

Saturant co l l ec t ed  a t  10:ld a m  II 

It  Coa-t. f f 11 Ai-, 1 .1Kam ~ 

3 ---- . -  IDENTIFIC~ IO:I LGG OF SNAPLES CCLLECTED 
8 

462 

490 

F i l l e r ,  co l l ec t ed  a t  l O : l 5  a m  II 

. 
l O / l C / 7 5  F e l t  57~at ipe .co l lec ted  at 10 am 

4 

I Numbed 
PROCESS SAIE'LES 

s75-006 
I 

Oct. 10 1975 

I Recovery o i l  from both  ESP(uni t s ,co l lec ted  - . . - - .. from 
10930 t o 1230 , t o t a l  co l l ec  ed 5 I g a l ,  save 1 gal .  

Sealant, 1 qt. 

- 
-- 



Battelle Record Book No 32220 
Collected 8 Recorded By 

CZLO'EX F;UOFI.;G Pi(OuU.I'J .Plant .. , ., . . .~ . 
. Industry > ; - & ~ * , I * ,  r -n?{q-  P a g e l o f L .  
,,Location, .a,*..- is-. -- 
'Project No. G 272-3714 

57 

1 
I 
I 
I 
I 
I 
0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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IDENTIFICk-ON LCG OF SAMPLES COLLECTED c 

I I I I 

58 
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I 
I 
I' 
E 
E 
I 
4 

B 
i 
I 
I 
I 
I 
*I 
I 

575- 006 Number 

P o l y c y c l i c  Crganlc  Matter( 

.. POY 

t - 
IDENIFICK -ON LCG OF SAMPLES CCLLECTED 

TCE r i n s e  of f r o n t  h a l f  

Glass f i b e r  f i l t e r  Ea113 

Imuincer c a t c h  
TCE rinse of back  h a l f  
Acetone r i n s e  of back ha l f  
POX a b s o r ' b n t  column 

49 1 !I I1 

492 I . . 

493 
494 
495 
49 6 
497 11 11 

Acetone r i n s e  o f  f r o n t  h a d  - 
n I1 

I1 II 

II I1 

II I1 

I1 I1  

... . . 

Battel le  Record Book No Z?2?0 
Collefied 8 Recorded By Bavtos  
P a g e - o f L .  

.. 
I1 TCE rinse of f r o n t  h a l f  I1 

Acetone r i n s e  of f r o n t  had 
Glass f ibe r  f i l t e r  SAL 12 
Im?lnger c a t c h  
TCE RInse of back  h e l f  

Acetone r i n s e  of back  ha l f  

POE absorbent column 

I1 91 

It  II 

II  11 

I1 I 1  

499 
500 
,XI 1 
502 

503 
504 I1  I1 

n 11 

I 10/9/45 CRY-PO14 TP1 I 
I I I 

I 
CR?-PGN TP2 

I 

I I I 

J10 
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APPENDIX K 

ANALYTICAL DATA SHEETS 
AS R E C E I V E D  FROM 

BATELLE COLUMBUS LABORATORIES 

Includes : 

1 .  Table summary of  f r o n t  h a l f  mass d a t a .  
2 .  Copies o f  l a b  notebook sheets r e l a t i n g  t o  

3. Lab r e p o r t  of  u l t ima te  a n a l y s i s  performed 

4 .  Air drying weight l o s s  vs time l a b  d a t a .  

Item 1 .  (LRB-32220) 

on ESP recovery o i l  sample. 



February 4 ,  1976 

M r .  Clyde E. Riley 
Emission Measurement Branch 
Office of A i r  Quality Planning 

U . S .  Environmental Protect ion Agency 
Research Triangle Park 
North Carolina 27711  

and Standards 

Dear Gene: 

The attachments t o  t h i s  l e t t e r ,  which reports r e su l t s  of additional 
analyses on samples r e l a t ing  t o  Task 37 of Contract 68-02-1409 
(sampling a t  the Celotex Plant i n  Alabama), a r e  as follows: 

(1) Table 1--a summary of f ront  ha l f  mass data 

( 2 )  Copies of lab notebook sheets r e l a t ing  t o  
Item 1 (LRB-32220) 

(3) Table Z--ultimate analysis  of the process samples 

( 4 )  A copy of the lab report  on the ult imate analysis .  

Please c a l l  i f  you have any questions. 

Richard E .  Bar re t t  
Associate Manager 
Combustion Systems Section 

REB: iw 

In t r i p l i c a t e  

cc: T.  Bibb ( l t r  only) 
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Continued from: 

irfield, Al;.b;%na 1 

(2) TCE wash of 
front ha 1f 
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.......... - .. 

:5a) Acetone rinse 1 of back h a l f  
Evap. d i s h  No- 

T o t a l  vel- rn l  
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Perlnrmiiices of thi vioik n b s w e d  by: 

... 
10 

Dale: 

Dale: 

. . . . . . .  -- ............. .................. ..... . . . .  

. - ........... . . . . .  . . . .  

.... -. . . . . . .  30 . .~ . . .  . .  

... . -..---.-.-...-.-_.I._..__ -7 ._.-- __ 
I I 2o !--..?.-! , 25 , .... , ...I , ...- ~L 1 1 1 5 :  ...... -- - ... i - - _ - L _ - i  ______._ _ _  30 

Dale: Conlinued lo: 

I Disclosed lo 2nd unierslood by me: 
Dale: 

O a k :  
. . . . . . . . . . . . . . . . .  . . . . .  . . . . . . .  - . ~ . .  . .  .i I-. 

K4 
. . . . . . . . . .  ..? .... m- .. -7'. ........ , . m-...... .. ...lF--=-T- .--.. I .! ......... -- . . . . .  - ---m- 

~~ 1 
~ 



(1) F i b e r  Glass 
f i l t e r  5 

Fi l t e r   NO.^ 

(2 )  TCE wash of  
f r o n t  h a l f  

Evap. d i s h  No- 
T o t a l  vol-ml 

I '  
0 .  

3 
EPA F i n a l  Ta re  Vlc l g  h t Remarks 
No. \Yt. Change 
575- grams grams mg - - 5 L A h f . L  

. .  

~. . 5 . . .  0 . 7 9 ~ y ~ 4  3'i I 

. . . . . .  .. .... 0,,79t 3 8 y - 4(+ 6 0 . 3 q q 1 ' 1 -  

. . .  % . . .  

(3)  Impinger water  
Evap. d i s h  No- 

20 T o t a l  vol- m l  

: (4) S o l v e n t  e x t r a c t i t  
of impinger  wate: 
Evap. d i s h  No- 
T o t a l  vol- m l  

~ 

back h a l f  
Evap. d i s h  No-' 
T o t a l  vol- m l  

:5a)  Acetone r i n s e  : 
of  back h a l f  ~ 

25 ( 5 )  TCE rinse of 

Evap. d i s h  No-' 
30. Total  vol-ml: 
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TABLE K-2 

A I R  D R Y I N G  OF O I L  SAMPLE 

Recovery O i l ,  Celotex ( A l a . )  

Weight, 
Time, hrs. qrans 

0 1120.0 
16 1119.1 
42 1118.8 
64 1118.0 
87 1117.5 

(-0.2%) 

TABLE K-3 

SPECIFIC GRAVITY FOR R E C O V E R Y  O I L  

EPA No. Sp. G .  

S75-006-458 0.9300 

-- 

T A B L E  K-4 

LONG-TERM CHANGES IN FILTER-CATCH !,IEIGHTS 

O u t l e t  F i l t e r  Catch Weights, mg 

Ldei g h t 
Loss ,  % 

Run 1 - A  27.5 25 .1  8 . 7  
- B  24.4 22.2 9.0 

Run 2-A 6.8 6.1 10.3 
-B  4.1 3.6 12.2 

R u n  3-A 8.7 8.1 6 .9  
- B  9.6 9 .0  6 . 3  

A r e p r e s e n t s  weighings conducted on 10-15-75 
B r e p r e s e n t s  weighings conducted on 1-19-76 
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APPENDIX L-1 

PARTICULATE 
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GASEOUS HYDROCARBON EMISSIONS 
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- 
1. P;.inciple ?,nd Appl-icability - - -- -- 

1.1 '  Pr inciple .  Par t icu la te .n ia t te r  arid gaseous Iiydr'ocarbaris 

a r e  witlilra~;:n isokinet, icaliy from thi source and  col lected on 

glass  f i L e r  f i l t e r  iwintained a t  temperatures o f  no g rea t e r  t h a n  

50°C ( i22 'F) .  

a f t e r  reinaval o f  uncoiiibi ned wate i -  a n d  solvent .  Hydroczrbons a re  

determined from a sin211 s ide sti-eam extracted a f t e r  t h e  f i l - t c r  

and  Z i i a l y z c d  by a f l a w  ionization detector  ( F J D )  analyzer. 

1 . 2  Applicabi l i ty .  This method i s  appl iczble  for  the 

The pa r t i cu la t e  mass i s  determined gravim?tr ical ly  

. .  
, * r .~ . . .Ls7- . : . . -d. j  .... ....,v.!..: . , . ? . . '  ...... ! . . ~  ,-....-~,,s i.llr' p...:.-hc,.. l i n - , l . - . - 7 r . . - , ~  
+ c L c , # , i , , , b L  \ .a  +, L , ~ U r L ~ e  LiuJcyu ,,,.rbL-, vcl l  C I . l 1 2 3 . c . , , _ l  

f r w  t h e  asphal t  roofing indcstry.  

2. k9paratus 
I 

-_ 
2.1 Saqiling t r a i n .  A schematic o f  the smplirig t r a i n  used 

Coinniercial models of the i n  t h i s  nietliod i s  shown in Figure 20-1. 

pa r t i cu la t e  t r a i n  are  avai lable .  ' tiowver, i f  one des i res  t o  

huild . h i s  oi,m, complete con5truction d e t a i l s  a r e  described in  

APTD-CS81; for changes from t h e  APTD-0581 document and for allo:-iable 

modifications t o  Figure 20-1, ;?;e the folloiwing subsections. 

Commercial F I D  analyzer systems a r e  a l so  avai lzble .  

The operating and rcaintenznce procedures f o r  the pa r t i cu la t e  

sampling t r a in  are  &scribed in APTD-0576.. Since cor rec t  u s l g e  

i s  impcr.ti.nt in  obt .a in! 'ng valid r e s u l t s ,  a l l  users s h o ~ i l d  read 

the P.P.iO-057G docuiwnt and a d o p t  the  operating and n!ai i?tenance 

L-1-1  
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2.1.1 Probe nozzle--S;ainless s t ee l  (316) w. i th  sharp, 

tapered le2ding edge. The angle o f  t aper  shal l  be - < 30' 

and the taper  shal l  bz on the outs ide t o  preserve 2 constant 

interns1 diameter. The probe nozzle sha l l  be o f  the  b u t t o n -  

hook o r  elbow design, unless .otherwise approved by the Administrator. 

The nozzle shal l  be consti-ticted from seamless s t a i n l e s s  s t ee l  

t u b i n g .  Otlier coiifi9urations a n d  constract ion material may be 

used subject  t o  a p p r s v a l  from the Admjnistrator. 

,"' i-aiiye 07 si 'zci su i t ab le  for i sok ine t i c  sampling should be 

avai lable ,  e.g., 0.32 cm (1 /6  i n . )  up  t o  1 .27  cm.(1/2 i n . )  

inside d i m e t e r  (ID) nozzles ( o r  l a rge r  i f  higher volume sampling 

t r a i n s  .are used) in increments o f  0.16 cm (1/16 i n . ) ' .  

nozzle shzl l  be Cali brrted according t o  the procedures outlined 

i n  the  cal i hratioii sect ion.  

. .  Each 

2.1.2 Probe--Borosilicate or quartz g lass  tubing w i t h  a 

heating or cooling system capable of maintaining J. g a s  tempera- 

t u re  a t  t he  e x i t  end of t h e  f i l t e r  during sampling of no  g rea t e r  

than-50°C (122OF) .  

i s  s u f f i c i e n t  t o  maintain the desired temperature. 

a t o r s ,  i t  may be necessary t o  use vxter  cooled probes. 

case, s t a i n l e s s  s t ee l  (.316) probes may be used. 

. 

. 

I n  most cases ,  ambient cooling of the 'p rohe  

After inciner-  

In  t h i s  

L-1-3. 



2.1.3 Pitot. tubc--Ty;jr: S ,  o r  ntl:cr devicc approv?d by 

tl!e ~ \ ~ l : i . l i ~ ~ ~ ~ i ~ ~ ~ ~ o ! . ~  3 t t a c l : t . G  t o  probe t o  a1 lob: cc:istan.i; !:nr:i- 

toi-inq O F  t h o  stilclc ~ a s . v c l o c . i t y .  

p i t o t  tube a n d  the probe i iozzle  sha l l  be adjacent and pa ra l l e l  

t o  each o the r ,  n o t  necessar i ly  on  t h 2  same plane, during 

sampling. 

s h j l l  be a t  l e a s t  1 .9  cm (0 .75  i n . ) .  Tli2 f ree  space sha l l  be 

s e t  based on a 1 .3  cm (0.5 i n . )  ID nozzle. 

t r a i n  i s  designed f n r  sanipling a t  higher flow rates than 

t h a t  described in APTO-0581, t h u s  necess i ta t ing  the use o f  

l a rge r  s ized nozzles,  the l a r g e s t  s ized nozzle sha l l  be used 

t o  s e t  the  f r e e  space. 

-. 

The face  operiitigs o f  the 

The f w e  space b e t w e n  the nozzle and p i t o t  tube 

I f  the  sarnpling 

The p i t o t  tube must a l s o  nieet t he  c r i t e r i a  spec i f ied  'in 

Method 2 and calibra-ted according t o  the procedure i n  t he  

ca l ib ra t ion  sec t ion  of t h a t  method. 

2.1.4 Dif fe ren t ia l  pressure gauge--Inclined manometer 

capable o f  measuring veloci ty  head t o  within 10% of the 

minimum measured value o r  - + 0.013 tiirn (0.0005 i n . ) ,  whichever 

i s  grea te r .  

i n . )  water gauge,  micromanometers w i t h  s e n s i t i v i t i e s  of 

0.013 mm (0.0005 i n . )  should be used. 

ar_e.not easi ly .  adaptable t o  f i e l d  conditions and a r e  not 

easy t o  use with pulsating flow. Thus, methods o r  o ther  

devices acceptable t o  the Administrator may be used when 

condi t ions war ran t .  

Below a d i f f e r e n t i a l  pressure of 1.3 mm (0.05 

Ho:iever, micromanometers 

2.1.5 Pa r t i cu la t e  and moisture cyclone precol lec tor - -  

Optional f o r  use when s tack gas  o i l  ar,d moisture concentrations 

L-1-4 
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are high md would cause 1iq:;ids t o  seep tI1roui$ the glas: 

f i l t e r  mat .  hhwe 103 i i iois turc  ccz tcn t  viatsr i'z;;Dr $;:ill co;-:d?nse 

and s a t u r a t e  the f i l t c t -  mat t o  pi-event l i qa id  carry-over,  a 

cyclone co l l ec to r  i s  recomiiiend6d (o the r  devices may be used witii 

approval from the Administrator).  The co l l ec to r  sha l l  be 

construc.ted o f  boros i l i ca t e  g l a s s .  The t o p  sec t ion  o f  the , 

cyclone (see Figure 20-1) contains a known w i z h t  of g lass  wool 

t o  t r a p  the condensed o i l  and/or water. 

Erlenmyei- co l lec t ing  f l a s k  of bo ros i l i ca t e  g lzss  i s  connected t o  

the  cyclone t o  hold any condensate. 

- 

A 125 ml, o r  l a r g e r ,  

2.1.6 F i l t e r  holder--Borosil icate g lass  !vitl? a g lass  f r i t  

f i l t e r  support and a s i l i cone  rubber gasket.  

construct ion !n3;r be EZG! v i t h  a;pros:z.l ::ox t k  ?.dministrator, 

Other mater ia l s  of 

e .g . ,  i f  probe l i n e r  i s  s t a i n l e s s  s t e e l ,  then f i l t e r  holder  may 

be s t a i n l e s s  s t e e l .  The holder design slial? provide a pos i t ive  

seal aga ins t  leakage from the outs ide o r  around the f i l t e r .  

2.1.7 F i l t e r  temperatur? control  system--Any system capable 

of maintaining a temperature o f  gas ex i t i ng  the f i l t e r  holder 

during sampling of no g rea t e r  t h a n  5OoC (122OF). A temperature 

gauge capable of measuring temperature t o  within 3OC (5.4OF) 

sha l l  be in s t a l l ed  (with sensor t i p  within 2.5 cm o r  1 'in. of t h e ,  

f i l t e r  f r i t ) . s u c h  t h a t  the  gas  temperature a f t e r  the f i l t e r  can 

be regulated and monitored during sampling.. 

.. 

2.1.8 Total gaseous hydrocarbon measurement system--To 

remove and analyze a portion o f  the f i l t e r e d  gas  f o r  t o t a l  

hydrocarbons ( see  Figure 20-1) .  

2.1.8.1 Cleated Sample line--FEP fluorocarbon t u b i n g  heated 

I L-1-5 



t o  maintain g a s  temperzture enter jng the F I D  analyzer t o  sl ig!itly 

almve f i l  t.o' e x i t  te:nper;turc. 

t o  a iniwimm t o  reduce traiisport  delay time. 

The tubin9 length should be kept 
- 

2.1.8.2 Flame ioni zatioti de tec tor  analyzer--Commercizl l y  
~ 

avai lab le  systems with a gas pump and f1oi.r regulation de.vice-for 

conveying a known amount o f  sample gas t o  the de tec tor  c e l l .  

The operating teinperature i s  about 5OoC (122OF); therefore ,  

e i t h e r  ambient o r  heated ce l l  FID instruments mag be used. 

Operating in s t ruc t ions  2nd ca l ib ra t ion  procedures a r e  given in  

l a t e r  sect ions.  

2.1.8.3 Data Recorder--That portion o f  the  measurement 

system t h a t  provides a permanent record o f  the  o u t p u t  signa! i n  

terms of concentration uni t s .  

2.1.9 Condenser--Any system t h a t  cools t he  sample g a s  

'stream and allokis measurement of the w t e r  condensed and moisture 

1eav.ing the  condenser, each t o  within 1 ml o r  1 g. Acceptable 

means a r e  t o  measure the condensed water e i t h e r  gravimetr ical ly  

o r  volumetrically and t o  measure the  moisture leaving the condenser 

(1)  by monitoring the temperature and pressure a t  the e x i t  of the 

condenser and using Dalton's law o r  ( 2 )  by passing the  sample gas 

stream through a tared s i l i c a ' g e l  t r a p  with exit  gases kept below 

200C (68OF) and below 380 mn Hg (15 i n .  Hg) vacuum and determining ' 
- .  

t he  weight g a i n .  .. 

I f  means. o ther  t h a n  s i l i c a  gel a r e  used t o  determine the 

amount of moisture leaving the  condenser, i t  i s  reconimended t h a t  

s i l i c a  gel s t i l l  be used between the condenser system and pump t o  

prevent mo.isture condensation in the pump and metering devices.  

L-1-6 , 

I 

l 
0 
I 
I 
I 
I 
1 
1, 
I 

i 

I 
I 
I 
I 
I 
I 
I 
I 



a 
I' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I) 
I 
I 
1 
I 
I 
I 
'I 

Uti1:Jzz o t h e n ~ I s c  spec: f icd by the  Ad;niiiistrzto!~, f l e x i b l e  

\'?tcti~w 1 i ::?s t ~ y  b? USX! ts coi1l-cct the i i  1 t c r  ihol rlcr t o  the 

cGlli!eilsc'L*. .- 

2.1.10 i:e'ccriiq system--\f$cuuiii gauge, leak- f rce  pimp, 

thermowters  capable o f  measui-ing temperc.ture t o  w i t h . i n  3;C 
n (5.4.,iF), d r y  gas w k c r  with 2:; tccuracy,  and r e l a t ed  equip- 

ment, or Xluivalent ,  as required t o  Kaiiitain an i s o k i n e t i c  

samnp1.ing r a t e  and i o  determine stii;Fle voluiie. 

trains ut- i i iz ing m e h i n g  systems designed f o r  higher flovr 

0 

Sampling 

r a t e s  t l i ? n  t h a t  described in APTD-0581 o r  RPTD-057G may be 

used proi/icied t h a t  the  spec i f ica t ions  in  sect ion 2 of t h i s  

method a re  met. Nhen t h e  mete:-ing system i s  used i n  conjunc- 

t i on  w t i i  a p i t o t  tube,  the systein sha l l  enable checks of 

i s o k i w t - i c  ra-tes. 

2.1.11 Rai-o!i'leter..-f!ei-curS, aneroid,  c r  other  barome-i-er-s 

capab le  'of s!easuring atnospheric pressure t o  vrithin 2 . 5  inin 

Hg (0.1 in.  H g ) .  In many cases ,  thc baroneti-ic reading may 

be obtained from a nearby weather bareau s t a t i o n ,  i n  which 

case the  s t a t i o n  value (which i s  tile absolute  barometric 

pressure)  s h a l l  be requested and a n  adjustment f o r  e leva t ion  

differences between tle weather s t a t i o n  and sampling poin t  

sha l l  be applied a t  a r a t e  of minus 2.5 mm Hg (0.1 i n .  Hg) 

per 30 m (100 f t )  e levat ion increase o r  vice versa for 

elevat ion decrease.  

- 

: 2 .1 .12  Gas densi ty  determination ESuiDl!lcnt--Temperature 

and pressure uaugcs and gas analyzer ?is descr:'bed i n  Rethods 

2 and 3.  
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2.1.13 Tc;:;perature and pi~??ssurc g a ~ ! g ~ s - - I f  Dslton's 

l~.,:.: i s  u:;ed, t o  nioiiitoi- ten?p?:atrlrc awl  prrss: ir :? a t  conde!nsei' 

outle'i .  _I , j I Z  tc:;yy;t:,.,.c I J i ( I ( J ~  i>:iyc ai'! accui-;;cy 0.7 1 0 c 
-. 

( 2 O F ) .  The pressure gauge sliall be capab!e o f  measut,ing 

pressure t o  within 2.5 mni 119 (b.1 i n .  t ig ) .  

used in the coi1:icnser system the ternp?rature and pressure 

must be rneasured before the s i l i c a  gel component. 

I f  s i l i c a  gel i s  

2.2 Sampl e recovery. 

2.2.1 Probe l i n e r  and probe nozzle brushes--P!ylon 

b r i s t l e s  with s t a i n l e s s  s tee l  wire h s n d l s .  The probe brush 

sha l l  have extensions,  a t  l e a s t  as loris as  the probe, of 

s t a i n l e s s  s t e e l ,  nylon, t e f lon ,  o r  s imi l a r ly  i n e r t  mater ia l .  

Both bi-ushes sha l l  be properly s ized and shaped t o  brush o u t  

tile probe i i n e r  a id  n r z z l e .  

2.2.2 Glass wash bottles--Two. 

2.2.3 Glass sample storag;. containsrs--Chemically 

r e s i s t a n t ,  bo ros i l i ca t e  glass  b o t t l e s ,  for l , l , l - t r i c h l o r o e t h a n e  

washes, 500 rnl o r  1,000 m l .  

t e f lon  rubber-backed l i n e r s  or of such construction so as  t o  

be leak f r e e  and prevent chemical a t t ack  from the 1,1,1-  

tr ichloroetl iane.  (Narrow mouth g l a s s  b o t t l e s  have been found 

t o  be l e s s  prone to  leakage.)  

must be approv6d by the Administrator. 

Screw cap closures sha l l  be 

Other types o f  containers  

! 

2.2.4 Pe t r i  dishes--For f i l t e r  samples, g l a s s ,  unless 

otherwise spec i f ied  by the Administrator. 

' 2.2.5 Graduated cy1 inder and/o\- balance--To measure 

condensed water t o  within 1 ml o r  1 g .  Graduated cy l inders  

sha l l  have subdivisions no grea te r  t h a n  2 ml: I i o s t  labora- 
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r bzliit!cec. a x  c~ii>;Lilc s i  wisIi<t;c! i o  the t i e a r c s t  0.5  1: o r  

I??? .  f i , ~ ~  of   ti';^:;:: !,;~GIICC? 2i.C sL!itzLlc ;o!‘ 1150 I)C!I,-:? 2:id 
- 

i n  ;ect.ioii 2.2.4. 

2.2 .G P la s t i c  storaqe con!:?,<ners--Air. t i g h t  containers  

t o  s t o r e  si1 ica ge l .  

2 .2 .7  Funnel a:id rubbei- policeman--To a id  i n  trans-Fer 

of s i l i c a  Gel t o  container;  n o t  necessary i f  s i l i c a  gel i s  

weighed in the fie1.d. 

2 .3  Amlysis .  

2.3.1 Glass weighing dishes.  

2.3.2 Desiccator. 

2.3.3 

2.3.4 

2.3.5 CeaCers--250 nil. 

2.3.6 

Analytical balance--To measwe t o  witl?ii-: 0.1 mg. 

Balance--To i:ieasi!rz t o  v!ithin 0.5 g. 

Hq’gI-onietei---To m2asure ti12 r e l a t i v e  humidity of 

the laboratory environment. 

2.3.7 Temperature gauge--To measure the temperature of 

t he  laboratory environment. 

3. Reagents 

3.1 Sampling. 

3.1.1 Fi l ters--Glass  f i b e r  f i l t e r s ,  w i t h o u t  organic 
1 

binder exhibi t ipg a t  l e a s t  99.95% ef f ic iency  ( <  - 0.05Z 

penetrati,on) on 0.3 micron tlioc.tyl phthalate  smoke p a r t i c l e s .  

The f i1te . r  eff ic iency tes , t  shal l  bn’ conducted in  accordance 

with ASTI4 standard method D 2486-71. 

supp l i e r ‘ s  qua l i ty  con t ro l  progrzil: i s  s u f f i c j e n t  f o r  t h i s  

p ui.po s e .  

Test data from the  
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3 .1 .2 .  Prccollcctn' g lass  ? i~o l - -Gl t : :~  f i b e r s ,  1111. 7220, 

py I_ e:: [;i-; i.!c! , (i C ~ L I  i >::! I ~ t .  - 

3.1.3 S i l i c s  gel--1ndicatiiig type,  6-16 mesh. I f  pre- 

viously used, dry a t  175OC (350'F) f o r  2 hours. 

may be used a s  received. 

3 . 1 . 4  I:'ater. 

New s i l i c a  gel 

3.1.5 Crushed ice .  

3.1.6 Zero Gas--A grade of cohprcsscd zero a i r  containing 

less than 1 ppm hydrocarbon as methane. 

3.1.7 Calibration Gas--A coinpressed gas mixture o f  a knorrn 

concentration o f  methane or propane in a i r .  Nominal concentrations 

o f  50% and 90% of the in s t ru ixn t  f u l l  s ca l e  range a re  required.  

Tlie 7:-,.-.- , , ~ : , ~ ,  eozc?~,ti-;tici-~  as ~ j x t s r e  7s s;ed t o  se t  2yId CiiEc;; 

instrument span and i s  referred t o  as tile span Gas. 

3.2 Sample recovery. 

3.2.1 l , l , l -Trichloroet l iane (TCE)--Reagent grade, - < 0.001% 

residue,  in glass  bo t t les .  TCC blanks shal l  be r u n  p r i o r  t o  

f i e l d  use and only TCE with low blank values ( <  - 0.001%) sha l l  be 

used. 

3.3 Analysis. 

3.3.1 1 ,1  ,1-Trichloroetliane--Same as 3.2.1. 
I 

-3.3.2 Desiccant--Anhydrous calcium s u l f a t e ,  ind ica t ing  

type. 

4.  Procedure - 

4.1 Sampling. Tile sampling shal l  be conducted by competent 

Personnel experienced brit11 t h i s  t e s t  procedure. 

L-1-10. 
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4 . 1 . 1  Pre tes t  pl-epiii.iitioii--Al1 t! le coi:ii:oi-t~nts :itill1 Le 

tmaintzi!icG 2 n d  c.1 i!it.zttntl aicei.diwj 'i:f; th?: pt~occ:l::!~e dezcribec! 

in /,{>T!;..yI,;;> L;lilnj: ,i. CI .1,P I /  13t 1 . . I ,  >:'.-L, .>,. i C-' 1 I .. 
.. 

!,!eiglt app:'o>:is!ately 200-31'U CJ o f  s i i i c a  gei i n  a i r  t i g h t  

containers t o  the w a r e s t  0 . 5  g: Record the to t a l  w i y h t ,  

b o t h . s i l i c a  gel 2nd  container,  on the corita.irtei-. I-i3i-e s i l i c a  

gel rniy be used bat care s h o u l d  be taken dui-ir,g si i ; ipl ing t h a t  

i t  i s  i i 3 t  e n t r a i n 4  a n d  cari-ied o u t  From the impinger. As an 

a l t e r n a t i v e ,  the s i l i c a  gel inay be w i s h e d  d i r ec t ly  i n  the 

iinpingcr o r  i t s  sampling holder just  p r i o r  t o  the t w i n  

ass em bl y . 

I .  

Check f i l t e r s  visual ly  against  l i g h t  Fsr ii-regulzt-i.ties 

a.i:d' F i a u  o r  p i n h l c  leaks.  

on the bsck  s ide  1i?ai' the edge us , ing  riumberincj niacli inr. ink. 

As a n  a l t e rna t ive ,  lzbel the shipping coiitainer arid keep the 

f i l t e r  in t h i s  container a t  a l l  t i nes  except during sazpl ing 

and weighing. 

Label a F'Il-ter of proper  d < a : w t e r  

Desiccate the  f i l t e r s  and  glass  wool a t  20 - + 5.6"C 

(68  + IO'F) and aiiib.ient pressure f o r  a t  l e a s t  24 hours and 

weigh a t  6 or more hour in te rva ls  t o  a constant  w e i g h t ,  L e . ,  

- <-5.5 mg change from previous v:eighing, and record r e s u l t s  t o  

t h e  nearest  0.1 mg. During each weigiiing the F i l t e r  o r  glass 

wool must not be exposed t o  the laboratory atrncsphere For a 

period grea te r  t h a n  2 minutes a n d  a re la t ive humidity above 

50%. Clean arid preweigii the pr?col lector  (cylcoiie) to  the 

nearest  0.1 mg. Ins t a l l  a preweighed amount o f  glass  woo1 

and seal the openings 0.F precol lector .  

L - 1 4 1  



Method 2 and imoisture coatent using Approxination lkthod 4 o r  i t s '  

a l t e r n a t i v e s  f o r  the purpose of making i sokine t ic  sampling r a t e  

ca lcu la t ions .  Estiinates may be used. tioviever, f i na l  r e s u l t s  

wi l l  be based on actual measurements made during the t e s t .  

A portion o f  flow will  go  t o  t h e  FID analyzer.. This flow r a t e  

must be included ~ h z n  es tab l i sh ing  i sok ine t i c  sampling r a t e s .  

See sec t ion  6.3.1 f o r  t h i s  ca lcu la t ion .  

Note: 

Se lec t  a nozzle s i z e  based on the range of veloci ty  heads 

.such t i i3. t  i t  i s  no t  necessary LG chaiiys .ihe nozzie s i z e  in  order  

t o  maintain i sok ine t i c  sajnpling r a t e s .  Curing the r u n ,  do n o t  

change the nozzle s ize .  Ensure t h a t  the d i f f e ren t i a l  pr2ssure 

gauge i s  capable of measuring the min,imum veloci ty  head value t o  

within lo%,  o r  as specif ied by the  Administrator. 

Se l ec t  a t o t a l  sampling tiine g r e a t e r  than o r  equal t o  the 

m i n i m u m  t o t a l  sampling time spec i f ied  in the t e s t  p r o c e h r e s  f o r  

t h e  spec i f i c  industry such t h a t  t he  sampling time per poi.nt i s  

not l e s s  t h a n  2 min. or some g r e a t e r  t i n e  interval  as specif ied 

by the Administrhtor and  the sample volune t h a t  will  be taken 

wi l l  exceed. the required minimum to-tal  gas sample vol'ume specif ied 

i n  t he  t e s t  procedures f o r  the s p e c i f i c  industry.  

based on a n  appro,:imat.e averagz sanpl ins  r a t e .  

t he  min.iinu!ii t o t a l  sample volume i s  corrected t o  sta!idai-'d conditions 

The l a t t e r  i s  

Nste a l so  t h a t  

L-1-12 
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ii,it 511 ciy?.:;. t g  ps.,:yici t i l  
.. 

I n  soine circuixstwce:, c . g . ,  batch cyclils, i t  niay b e  neccssary 

t o  san:;ile f o r  shor te r  t i nes  a t  the t r ave r se  pa in ts  a n d  t o .  obtain 

smaller g a s  sample volumes. I n  these cases ,  the Administrator’s 

approva.1 must f i r s t  be obtained. 

4.1.3 Preparation o f  col lec t ion  t r a in - -Dur ing  preparati,on 

and assembly o f  the  sampling t r a i n ,  keep a l l  openings \diere 

contamination can CCCUI’  covered un t i l  j u s t  p r i o r  t o  assembly o r  

un t i l  sanipling i s  a b o u t  t o  beg-in. 

Place 100 m l  of water in each of the f i r s t  two inipingei-s, 

1 eave the tki r d  iiiipi tiger empty, and  place appl.oxiinately 200-300 

7 o r  mrn> i f  necnsz:!r:’; cf p r ~ ~ s j g h s d  si!ica ge! ii; the fovrrt!i 

i m p i t i g w .  Record the we.ight of the s i l i c a  gel and  con-tainzr t o  

the i l e a r e s t  0 .5  g. 

l a t e r  use in the sample recovery. 

Place the  container  i n  a clean place f o r  

Using a t w e z e r  or clean disposable surgical  gloves, place 

the labeled ( i d e n t i f i e d )  and weighed f i l t e r  i n  the  f i l t e r  ho lde r .  

Be sure  t h a t  the  f i l t e r  i s  properly centered and the gasket 

properly placed so as t o  n o t  allow the sample gas s t r e x i  t o  

circumvent the f i l t e r .  

completed.. . ~ 

Check f i l t e r  f o r  t e a r s  a f t e r  assembly i s  

Assenble the  f i l t e r  holder and a t t ach  the p reco l l ec to r  

cyclone ahead of the f i l t e r  when the precol lec tor  i s  t o  b e  used. 

When g lass  l i n e r s  a re  used, inst.al1 se l ec t ed ’nozz le  usjng a 
0 Vitoii A O-ring when s tack temperatures a re  l e s s  than 2GO C 
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See APT3-0576 f o r  d e t a i l s .  Iv'ii?in metal l i n e r s  o r  water cooled 

probes Gre used, i n s t a l l  the  nozzle as abwe  oi' by a leak f ree  

d ivec t  iiiycliilnical connection. Karl: p r o k  with heat r e s i s t a n t  

tape o r  by sofie o,ther inetliod t o  dcnote the  proper d is tance  i n t o  

the s tack  or duct f o r  each sampliny point .  

Un1er.s otherwise spec i f ied  by the  Adniinistrator, a t t ach  a 

temperature p r o b e  t o  the  illeta1 sheath o f  the saxpling piaob? so 

t h a t  the  sensor does n o t  touch any metzl .  I t s  posi t ion should be' 

about 1 .9  t o  2.54 cm (0.75 t o  1 i n . )  from the  p i t o t  tube 2nd 

probe nozzle i o  avoid i f i terference b ; i t l i  tile g a s  f'low. 

Se t  t!p -the t r a i n  as. in  Figure 20-1, usiny no s i l i c o n e  

grease on g r o u n d  g lass  j o i n t s  ahead of the f i l t e r .  -Si!icone 

grease i s  soluble  in  TCE,  therefore ,  clean glassware witli only 

water s e a l s  sha l l  be used. 

Place crushed i c e  around the impinyers. 

4 .1 .4  Leak check procedure--If a Si ton A O-ring o r  o the r  

l e a k  f r e e  connection i s  used in assembling the probe nozzle t o  

the probe l i n e r ,  leak check the  t r a i n  a t  the sampling s i t e  by 

plugging the 'no tz l e  and pulling a 380 rr-qi Hg (15 i n .  t l y )  vacuuni. 

(Note: 

during the t e s t . )  

the  probe t o  the  t r a i n  during the leal: check. 

check the  t,rain as  above by f i r s t  plugging the i n l e t  t o  the 

A lower vacuurn nay be used provided t h a t  i t  i s  n o t  exceeded 

I f  a n  asbestos s t r i n g  i s  used, do not connect 

Instead,  leak 

~ - 1 - i 4  
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the  f j ' l  i;er l ~ ? l d ? : - ,  Ti;?:; coiiilrct t h e  pi 'obc .to t,?!~: t!.i.iil 2 n d  lcil!: 

cliccl; a'i about. 25 is11 i ;g ( 1  i n .  fig) V G C U ~ .  

exce;: o f  4% of the  average sa!i!pling w t e  o r  O.CQ357 iii / m i n .  

(0 .02 cfm), v!hichever i s  l e s s ,  i s  unacceptable. The gaseous 

r! le?l:?:i r a t e  in  
3 .  

hydrocarbon spsteiil  nay be shtit off  f o r  the lesk C h ? C k .  l.!wi?ver, 

a l l  f i t z i n g s  0!1 t h e  analyzei- sys.tem should be chec1:t.d t o  insure  

they a re  properly -tightened. 

The following leak check in s t iuc t ions  f o r  the sampling t r a i n  

described in  APTD-0576 a n d  APTD-0581 imsy bi? he lpfu l .  S t a r t  t h s  

punp with by-pass valve f u l l y  open and coarse adjust valve 

completely closed. 

slo!.:l~ close the by-pass valve u n t ? !  380 m tig (15 in .  11q) vacuuci 

i s  reached. Do not !-e\verso directic!n of by-pass vclve.  T h i s  

will cause \<atel- t o  back u p  i n t o  the f i l t e i -  holder. 

(15 in.  E g )  i s  exceeded, e i t h e r  leak check a t  t h i s  higher vacuum 

or  end t h e  leak check a s  sI:oi!n belo?! a n d  s t a r t  over. 

Pzr t . ia l ly  op?n t h e  coarsc ad jus t  valv? and 

I f  35Q nm tig 
. .  

\!hen the leak check i s  completed, f i r s t  slowly remove the 

p l u g  from t h ?  i n l e t  t o  ti:? probe  o r  f i l t e r  holder and imwdiately 

turn off  the vacuum pump. 

from being forced backward ' into the  f i l t e r  holder and s i l i c a  gel 

from beins entrained backward in tg  the t h i r d  impin9.r. 

This pre:)ents the water in  the  impinger: 

Leak checks sha l l  be conducted a s  described whinevet- the  

t ra i r !  i s  disengaged, e . g . ,  f o r  s i l i c a  gel o r  f i l t e r  

L-1-15 



c.!i~nqc!:; &;riii?? th: t e s t ,  p r ior  tcl tach ?.est run, and  { i t  t ! i ?  

co!.l ,,p 1 i 'L ,d l ,  . .L -. .- Q;' c'; i c ~ t  ,-illi. Cic,s(: t ; ; ~  f?g:, CS~-; : ; - ;~~ ;r;:$:: 
.- 

t he  gaseijas liyti:%carborl ~ i : e s ~ ~ t ' ~ i ? i ~ ~ r t  s>(si;2;;1. I f  l ~ i i ! : ~  ? r e  

Founc! . to  be i n  excess of the acccptable r a t e ,  the t e s t  v!ill 

be conside1.c-d inva l id .  To reduce l o s t  time due t o  lezfage 

occurrences, i t  i s  reccrixwided t h a t  lea!: checks be conducted 

between p o r t  changes a t  the highest vacuwi reading dra!rn 

during t h a t  sanipl ing tra;'erse. 

4.1.5 Pa r t i cu la t e  t r a in  .operation--During the sampl ing 

run, i sok ine t j c  s a i y i i i g  r a t e  to  witiiin l o % ,  o r  a spec i f ied  

by the  Adni.inistrator, o f  tru? i soki i?e t ic  and the temperatur? 

o f  the  gas ex i t ing  the f i l t e r  of 110 g r e a t e r  tiIan 50"C'(122°F) 

.s ha. 1 i he i i iai  r?ta i lis ti. 

For  each run, record the d a t a  rsijiJired on the  example 

data sheet  shov/ii in  Figure 2C-2. Be sure  t o  record the. 

i n i t i a l  dry gas mster reading. Record the dry gas meter 

readings a t  the beginning and  end o f  each sainp1ii:g time 

increment, when changes in  flow ra t e s  a r e  made, 3nd when 

sampling i s  hal ted.  

once a t  each sample point during each t i n e  increment and 

addi t ional  readings when s ign i f i can t  changes (20% var ia t ion  

i n  ve loc i ty  k a d  readings) necess i ta te  zddtional adjustments 

i n  Flow r a t e .  Level and  zero the niinoneter. 

Take other  d a t a  po in t  readings a t  l e a s t  

Clean the portholes p r io r  to  the t e s t  r u n  to minimize 

the chance o f  sampl.ing the dsposited mater ia l .  Allo:.: time f o r  
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I>e<lii7 saiiipling, r2;iiOlje tlis nozzle cs.p, ve r i fy  t ! m t  tile F i l t e r  arid 

prclhe z re  2 t  t h e  proper teinperatiire, and  t h a t  t.he p i t o t  t a b ?  and 

probe a r e  pro :  -1y posit ioned. Posit ion t h e  nozzle a t  t l i n  f i r s t  

t ravers -  poiwt !with the t i p  pointing d i r e c t l y  i n t o  t he  gas 

st.t-eaig. Imned!'ateeTy st2;r.t the pu;l?p a n d  a d j u s t  the flow t o  

i sok ine t i c  conditions.  

train:  using typ2 S pi.tot tubes witit 0.85 - f 0.02 coe f f i c i en t  and 

vJhei1 smplii ig in  a i r  or a stack g a s  bii.th equivaient densi ty  

(molccular wis!it eqxal t o  29 .I. 4 ) ,  viiicii a i d  in t h e  rapid 

ad j t i sh&i t  o f  t.he .isokiiie-tic sa i r ;p l ing  r a t e  ~;~ithGtit excessive 

ccixy.t6:;io!>s. 

no!nogr,?piis. I f  C and a r e  oiitside the  above s t a t ed  rar?g?s, d o  

not t i se  the i iorzograph unless appropriate  s teps  ( s e s  Reference 

7.7) a r c  taken to  compensate f o r  the deviat ions.  

- 

l!on:~~grzphs are  avai1ab:e f o r  sampling 

: 

.A?iD-O57G d e t a i  1 s ti:? pi-ocedore For osii:g these 

P 

. .  

After s t a r t i n g  and  adjtistitig the f l o w  o f  t h e  sampler puiflp, 

s t a r t  the flow o f  sample gas t h r o u g h  t he  hydrocarbon ans.lyzer and 

allow a cons tmt  regulated amount  o f  gas t o  go t o  the  hydrocarbon 

analyzer. The flow r a t e  o f  the hydrocarbon system should be 

prese t  to no more t h 3 n  1.0 l i t e r s  per minute. A correct ion f o r  

the f!o!.i of gas n o t  passing t h r o u g h  the sample t r a i n  meter should 

be niadn. To permit accurate  i sokine t ic  flow r a t e  s e t t i n g s  the 

n o m o g i x p h  should be corrected b y  converting the f1or.i ra-te of gas 

thrsugh the !.tyd:-ocarhn analyzer t o  a psuedo moisture coiltent a n d  
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Ifheti the probe i s  i n  p o s i e i o n ,  block o f f  the  o p x i n g s  

around tk.3 p r c k  and por.thc11 e t o  prsvent unrepresentative d i lu t ion  

o f  t he  gas stream. 

T r a w r s e  the  s tack  cross soc.tion, 2 s  required by Kethod 1 o r  

a s  specif ied by t h e  !\dginistratoi-, being mi-efu! not t o  bu:np the .  

probe tnozzl i! i into t he  s t ack  wall s when sai7pi.i nc near the !.!zll s o r  

wheri :-?ms?'ing 01- insei'.ting the probe  t h r o u g h  the porth3les t o  

niininiize ch3nce o f  extract ing deposited material.' 

hydrocarban val tie for each t raverse  point , '  b o t h  on ' the  analyzer 

cha r t  recorder and on a form. 

Note the  

During the t e s t  run, make per iodic  adjustments t o  keep the 

temperature of gas  ex i t ing  the f i i t e r  holder a t  the proper 

temperature and  add more ice  and, i f  necessary, s a l t  t o  maintain 

a temperature of l e s s  than 2OoC (G8OF) a t  the  condenser /s i l ica  

gel o u t l e t  t o  avoid excessive moisture losses .  Also, per iodica l ly  

check the level a n d  ze ro  o f  the  manorneter. 

I f  a yel low-bwm color forms on the  f i l t e r  o r  t he  condenscd 

moisture begins t!, f i l l  the p reco l l ec to r ,  t he  p reco l l ec to r  and  

the f i l t e r  sha l l  be replaced i n  t!ie m j d s t  of a saciple r u n .  

L-1-18 



I t  .is 1..?~01:;:ii~1:ilc3d ti12 t z i i o? l i z r  co:ni,! c..l;(- pi"~c01 1 c:ct,c),- 2nd f i  itel.' 
. .  

assci;llily IE used l-atlhci. tiiall at.Lei;i;lt i r ig  t o  ciiziige t h e  f i l  tcl' 

i t s e l f .  After t!le r1ei.r assembly ' i s  instal l i id  coi1dur;t s lezk 

check. 

f i l t e r  assexbly catches.  

The pa r t i cu la t e  w i g h t  shal  1 include tiic suimation of a l l  

A siTigle t r a i n  shal l  be used f o r  t he  e n t i r e  saiiiple run, 

except f o r  precol lec tor ,  f . i l t e r  and s i l i c a  gel changes. I~o;~:ever, 

i f  appro>ved by t h e  Adnin<strator ,  two or inori  traiKs iilay be used 

for a s ing le  t e s t  r u n  when there  a re  two o r  m3re ducts o r  sampling 

ports.  The resul. ts  shal l  be the  to.t:i? of a:l  smpl ing  t r a i n  

catches. 

A t  the  end o f  the  sample rii'n siiiit o f f  the flow of saaiple gas 

t o  tiie tiydroca'rbon system, t u r n  o f f  tpie saiiiple t r a i n  ptiiii?, r m o w  

the probe and  nozzle from the  s tack ,  and record the f ina l  dry  gas 

meter reading. Perform a leak check a t  a vacilun equal t o  o r  

grea te r  thail the tnaxiinum reached during sanipl ing. Calculate 

percent i sokine t ic  ( see  calculat ion sec t ion)  t o  determine whether 

another t e s t  r u n  should be made. 

maintaining i sok ine t i c  r a t e s  due t o  source condi t ions,  consult  

with t .he Administrator f o r  possible variance cn the  i s o k i n e t i c '  

r a t e s .  

I f  there  i s  d i f f i c u l t y  in  

, 

4.2 Hydrocarbon analyzer operation. 

4.2.1 Ins t a l l  the hydrocarbon analyzer systea as c lose  as 

possihle t o  the probe a n d  f i l t e r  apparatus.  

sample 1 i n e  t o  above t h e  -Ti l t e r  tcnpcrature  t o  prevent condensa.tion 

Keat the fluorocarbon 
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ment d r i f t  in s o i x  analyzers.  Cal ibrate  the analyzer using a 

span ccncedtrat ion,  zero a i r  find one ot.!-~er upscsl e concctitraticn 

of methane i n  a i r  t o  check l i ne t i r i t y  0.: system. 

brat ion sect ion 5 .2  for de t a i l ;  o f  t h i s  pracodure. 

After the p a r t < c u l a t e  saKp!ing t r a i n  ' is operating a t  the 

R e f e r  t c  cal-i-  

f i r s t  t raverse  point ,  tlie gaseous hydrocarbon sample p ~ n p  sha l l  

be s t a i t e d  a n d  the f !o; . !  regulated so i!-l?.t t i l e  analyzer fu:?ctionr 

properly. The a w - a g e  hydrocarhon 2n,?ly/zei* reading sh3l l  be 

recordcd f o r  each t raverse  point.  A sti-ill char t  o r  o.t.her dai:J 

recorded can a l so  be used. to  inon'itor t l ie analyze? os tput .  

A t  the  conclusion of the t e s t  shut of f  the hydrocarbon 

system before stopping the pa r t i cu la t e  sciinpl ing t r a i n  punp. The 

hydrocarbon analyzer shal l  be recal i b r a t d  a f t e r  t h e  t e s t  so t h a t  

zero and  ca l ib ra t ion  gas d r i f t  can be d e t e r ~ i n e d .  

4.2.2 "Zero d r i f t "  i s  the change in analyzer output d u r j n g  

t he  performance of the t e s t  when t h e  ir?put t o  the measurement 

system i s  a zero grade a i r  (zero g a s ) .  

f o r  measurement s y s t e m  used in  t h i s  method i s  - + Z?! of the 

specif ied instrument span .  The zero d r ' i f t  ca lcu la t ion  i s  t o  be 

made f o r  each t e s t .  I t  i s  det.erinined fi-c;n the zero concentration 

valufs wasured  a t  the 'start. a n d  fini.s!i of each t e s t .  

The rrax;num zero d r i f t  
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Calculate the difference between these  readings expressed i n  

concentration uni t s .  

percentage of the instrument s p a n ,  u s i n g  a form s imi l a r  t o  Figure 

Record the data  and repor t  zero. d r i f t  as  a 
- 

- 
20.3. 

4.2.3 "Span d r i f t "  i s  the change i n  analyzer output d u r i n g  

the performance of the tes t  when the  i n p u t  t o  the measurement 

system i s  span gas.  

systems used in t h i s  mothod i s  - + 2% of t he  spec i f ied  instrument 

span. 

each t e s t .  

instrument when span gas mixture i s  introduced i n t o  the system a t  

the s t a r t  and f i n i s h  of each t e s t .  Calculate t h e  difference 

between these readings expressed i n  concentration u n i t s .  These 

values should be corrected f o r  the corresponding zero d r i f t  

d u r i n g  t h a t  period. 

i n  Figure 20.3 

The maximum span d r i f t  f o r  measurement 

The span d r i f t  calculat ion i s  t o  be made f o r  each gas  f o r  

I t  i s  determined by measuring the response of the 

The correct ion f o r  zero d r i f t  is explained 

Record the data and repor t  span d r i f t  a s  a per- 

centage of the instrument span, us ing  a form s imi l a r  t o  Figure 

20.3. 

4.2.4 "Response time" i s  defined as  the  time in te rva l  from 

a s t e p  change i n  po l lu tan t  concentration a t  the system i n l e t  t o  

t he  time a t  which 95% of the  f i n a l  value i s  reached a s  displayed 

on output recording system. The maximum response time f o r  a 

hydrocarbon analyzer meeting the  requirements of this  method 

- 
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is  one minute. To determine response time, f i r s t  introduce zero 

gas t o  the system un t i l  the reading i s  s t ab le  and then introduce - 
the  span gas t o  the  system. 

recorded as the  upscale response time. 

duced and the time t o  954: f i n a l  response is  recorded.as the  

downscale response time. T h i s  procedure i s  t o  be followed three 

times,  the readings averaged and t h e  upscale o r  downscale response 

time, whichever is  g rea t e r ,  sha l l  be reported as the "response 

time." Record t h i s  data on .a form s imi l a r  t o  Figure 20.4. 

test  sha l l  be conducted pr ior  t o  t h e  i n i t i a l  t e s t  and repeated i f  

changes a re  made t o  the  measurement system. . 

The time t o  t he  95% f ina l  value i s  

Zero'gas i s  then i n t r o -  

T h i s  

4.3 Sample recovery. Proper cleanup procedure begins as  

soon as  the  prcbe i s  remo-ved from the  stack a t  t he  end of the 

sampling period. 

When the probe can be s a f e l y  handled, wipe o f f  a l l  external 

o i l  pa r t i cu la t e  matter near the t i p  of the probe nozzle and place 

a cap over i t  t o  prevent losing o r  gaining pa r t i cu la t e  matter. 

Before moving the  sample t r a i n  t o  the cleanup s i t e ,  discon- 

nect  the hydrocarbon analyzer system, remove the probe from the 

sample t r a i n .  and cap the open o u t l e t  of the probe. Be careful  

not  t o  lo se  any condensate, i f  present .  Remove the umbilical 

cord from the 4 a s t  impinger and cap the impinger. 

l ine is  used between the  f i r s t  .impinger o r  condenser and the  

f i l t e r  holder,  d i sconnec t . the  l i n e  a t  the f i l t e r  holder and l e t  

any'condensed water o r  l iqu id  drain i n t o  the impingers 

I f  a f l e x i b l e  . 
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or  condenser.. Cap of f  the f i l t e r  holder o u t l e t  and .impinger 

i n l e t .  

c lose these openings. 

must  not reac t  w i t h  TCE. 

Either Teflon o r  ground g la s s  stoppers may be-used t o  

I f  p l a s t i c  o r  rubber caps a r e  used, they - 

Transfer the probe and f i l t e r  impinger assembly t o  the 

cleanup a rea .  

wind  so t h a t  t he  chances of contaminating o r  losing t h e  sample 

will be minimized. 

T h i s  area should be clean and protected from the 

Save a 'portion of the TCE used f o r  cleanup a s  a blank. 

Place about 200 ml of t h i s  TCE taken d i r e c t l y  from the wash 

b o t t l e  being used i n  a g lass  sample container  labeled "TCE 

blank. " 

Inspect the t r a i n  prior t o  and during disassembly and note 

any abnormal conditions.. Treat the samples as  follows: 

Container No. 1 .  Carefully remove the f i l t e r  from the 

f i l t e r  holder and place i n  i t s  i den t i f i ed  pe t r i  d i s h  container.  

Use a p a i r  of tweezers and/or clean disposable surgical  gloves t o  

handle the  f i l t e r .  

such t h a t  the pa r t i cu la t e  cake i s  ins ide  the fold.  

remove any pa r t i cu la t e  matter and/or f i l t e r  which adheres t o  the 

f i l t e r  holder by ca re fu l ly  using a dry nylon b r i s t l e  brush  and/or 

I f  i t  i s  necessary to  fold t h e  f i l t e r ,  do so 

Quan t i t a t ive ly  

a sharp-edged blade and place in to  t h i s  container.  Seal the 

container.  
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Container No. 2. Qemove the  c o l l e c t o r  f l a s k  from the  

cyclone using g lass  or  other nonreactive caps, seal  ends of 

cyclone and s t o r e  f o r  sh iprent  t o  the laboratory.  
- 

Contaifier No. 3.  Taking c a r e  t o  see  t h a t  material  on the  

outs ide of the probe o r  other  e x t e r i o r  surfaces  does not g e t  i n t o  

the sample, quan t i t a t ive ly  recover p a r t i c u l a t e  mat ter  o r  any 

condensate from the probe nozzle, probe  f i t t i n g ,  probe liner,: 

cyclone c o l l e c t o r  f l a s k  and f r o n t  ha l f  of t he  f i l t e r  holder by 

washing these components with TCE and placing the  wash in to  a 

g l a s s  container  i n  t he  following manner. 

Carefully remove the  probe nozzle and clean t h e  ins ide  

surfdce with a nylon b r i s t l e  brush.  

no v i s i b l e  p a r t i c l e s ,  o r  discolorat ion a f t e r  which make s f ina l  

rinse of t he  ins ide  surface with TCE. 

Brush u n t i l  TCE r in se  shows 

Brush and r i n s e  w i t h  TCE the in s ide  pa r t s  o f  t h e  Swagelok 

f i t t i n g  i n  a s i m i l a r  way unt i l  no v i s i b l e  p a r t i c l e s  remain. 

Rinse the probe l i n e r  with TCE by t i l t i n g  the probe and 

s q u i r t i n g  TCE i n t o  i t s  upper end, while ro t a t ing  t h e  probe so 

t h a t  a l l  inside sur faces  wil l  be r insed w i t h  TCE. Let the TCE 

drain from t h e  lower end in to  the sample container .  A funnel may 

be used t o  a id  i n  t r ans fe r r ing  l i qu id  washes t o  t h e  container.  

Follow t h e  T.CE r i n s e  with a probe b r u s h .  Hold the probe i n  a n  

incl ined posi t ion,  s q u i r t  TCE i n t o  t h e  upper end as the  probe 

brush  i s  being pushed with a twisting ac t ion  through the probe, 

hold a sample container  underneath the  lower end of the probe, 
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i 
j and catch any TCE and pa r t i cu la t e  matter which i s  brushed from 

the probe. Run the brush t h r o u g h  the probe three times o r  more 

u n t i l  no v i s i b l e  pa r t i cu la t e  matter i s  car r ied  out  with the TCE 

o r  remains in the  probe l iner- on visual inspection. W i t h  s t a i n l e s s  

s t ee l  o r  o ther  metal probes, r u n  t h e  b r u s h  through in the  above 

prescribed manner a t  l e a s t  six times s ince  metal probes have 

small [revices i n  which pa r t i cu la t e  matter can be entrapped. 

Rinse the brush w i t h  TCE and quan t i t a t ive ly  c o l l e c t  these washings 

i n  t he  sample container.  After th,e b r u s h i n g  make a f i n a l  acetone 

(reagent grade) r in se  of the probe as  described above. This rinse 

-. 

i s  t o  promote drying of the equipment and i s  not re ta ined f o r  

analysis .  I t  is recommended t h a t  two people be used t o  clean the 

probe t o  minimize losing the  sample. Between sampling runs, keep 

brushes clean and protected from contamination. 

Clean the ins ide  of t he  cyclone co l lec t ion  f l a sk  and the 

f ront  half  of t he  f i l t e r  holder by r u b b i n g  the surfaces  w i t h  a 

nylon b r i s t l e  brush and r insing with TCE. 

th ree  times o r  more i f  needed t o  remove v i s i b l e  pa r t i cu la t e  and 

Rinse each surface 

condensed moisture. Make a f ina l  r i n s e  of the b r u s h ,  f l a sk  and 

f i l t e r  holder. After a l l  TCE washings and pa r t i cu la t e  matter a r e  

co l lec ted  i n  the sample container ,  t igh ten  the  l i d  on the sample 

container  so t h a t  TCE will  n o t  leak out when i t  i s  shipped t o  the 

laboratory.  Mark the height of the f l u i d  level t o  determine 

whether o r  not leakage occurred during t r anspor t .  Label container 

t o  c l e a r l y  ident i fy  i t s  contents.  

glassware a f ina l  r i n se  of the components with acetone i s  recommended. 

T h i s  r i n s e  should n o t  be saved f o r  ana lys i s .  

To promote the drying of t he  
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Container No. 4. Note co lo r  of indicat ing s i l i c a  gel 

determina if i t  has been completely spent  and make a notat  

of i t s  condition. Transfer t he  s i l i c a  gel from the ' fou r th  

to  

3n 

impingar t o  the or ig ina l  container  and sea l .  

i t  e a s i e r  t o  pour the  s i l i c a  gel without s p i l l i n g .  

policeman may be used as  an  a i d  i n  removing the s i l i c a  gel from 

the  impinger. I t  i s  not necessary t o  remove the small amount of 

dust  p a r t i c l e s  t h a t  may adhere t o  the walls and a r e  d i f f i c u l t  

t o  remove. 

A funnel may make 
- 

A rubber 

Since the  gain i n  weight i s  t o  be used f o r  moisture 

ca l cu la t ions ,  do not use any water o r  o the r  l i qu ids  t o  t r a n s f e r  

t he  s i l i c a  gel.  I f  a balance is  ava i l ab le  i n  the f i e l d ,  follow 

the procedure under analysis .  

Impinger water. Treat the impingers o r  condenser as 

follows: Make a notation o f  any color  o r  film i n  t he  l i qu id  

catch.  Measure the l i qu id  which i s  i n  t he  f i r s t  th ree  impingers 

t o  within - + 1 m l  by u s i n g  a graduated cyl inder  or, i f  ava i lab le ,  

t o  within - + 0.5  mg by u s i n g  a balance. 

weight of l i q u i d  present.  

ca l cu la t e  the moisture content of the e f f l u e n t  gas.  

Record the volume o r  

T h i s  information i s  required t o  

I f  a d i f f e r e n t  type of condenser i s  used, measure the 

amount o f  moisture condensed e i t h e r  volumetrically o r  gravi-  

met r ica l ly .  1 

4.4 Alialysis. Record the data  required on the example 

Handle each sample container  as  shee t  shown i n  Figure 20-5. 

follows : 
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(For the  purpose o f  t h i s  sect ion 4.4, the term "constant - 
weight" means a difference o f  no more than 10% between two 

weighings  24 hours apar t .  The "f inal  weight" t o  be used i n  

ca lcu la t ions  i s  the average of these two values.)  

- Container No 1 .  Leave in  shipping container  o r  t r a n s f e r  the 

f i l t e r  from the sample container t o  a tared g l a s s  weighing d i s h  

and desiccate  f o r  24 hours i n  a des icca tor  containing anhydrous 

calcium su l fa te .  Rinse the  f i l t e r  container  with TCE and combine 

t h i s  r i n s e  with the  contents o f  Container 3 .  Weigh t o  a constant 

weight  and report  the r e s u l t s  t o  the nearest  0.7 mg. 
I 

Container No. 2 .  Clean the  outs ide o f  the  cyclone, remove 

caps,  and desiccate  f o r  24 h3urs o r  u n t i l  any con?ensed water has 

evaporated. Weigh t h e  cyclone with the o i l  and g l a s s  wool plug 

inplace.  

o f  g las s  wool. 

tared weighing dish.  Desiccate the cyclone f o r  24 hours and 

reweigh the cyclone. 

within 10 mg of the i n i t i a l  weight of the clean cyclone, t h e  

calculated o i l  weight will be considered va l id .  I f  t he  weight 

d i f fe rence  i s  grea te r ,  then the cyclone wil l  be assumed damaged 

Subtract  the weight o f  the  cyclone and the  t a r e  weight 

Clean out  t he  o i l  and g l a s s  wool w i t h  TCE i n to  a 

i f  t he  f i n a l  weight of  the clean cyclone i s  

and the o i l  must be extracted from the  g l a s s  wool and th i s  o i l  

so lu t ion  added t o  Container 3 .  Note: T h i s  procedure i s  subject  

t o  e r r o r  i f  the g l a s s  wool f i b e r s  are  not kept out  of the o i l  

so lu t ion .  
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Container No. 3 .  Note level o f  l iqu id  i n  container  and 

confirm on analys is  sheet  whether o r  n o t  leakage occurred during 

t ranspor t .  

tally t o  - + 1 ml o r  gravimetr ical ly  t o  2 0.5 g. I f  t h e  volume of 

condensed water appears l a rge r  than 5 ml i t  will be necessary t o  

separa te  the oil-TCE f r ac t ion  from t h e  water. 

done w i t h  a separatory funnel. Additional rinses of  the water 

f r ac t ion  sha l l  be made with 25 m l  por t ions o f  TCE u n t i l ,  by 

visual observation, the TCE does n o t  remove, any addi t ional  

organic  mater ia l .  The remaining water f r ac t ion  sha l l  be evaporated 

t o  dryness a t  200°C, dessicated for 25 hours and weighed t o  t h e  

Measure the l iqu id  - i n  t h i s  container  e i t h e r  volumetri- 

T h i s  should be 

nearest  0.1 mg. 

Transfer the TCE and o i l  t o  a tared 250 rnl beaker, and evaporate 

a t  ambient temperature and pressure. 

constant  weight a r e  not appropriate f o r  l i qu id  o i l  samples which 

continue t o  loose weight through evaporation. The volume of TCE 

required t o  

estimated. 

t he  sample should be desiccated and weighed a t  24 hour in t e rva l s  

t o  obtain a "constant weight." The " f ina l  weight" i s  t h e  sum of 

Treat the TCE f r ac t ion  with the following procedure. 

The terms dryness and 

remove the o i l  from the sample t r a i n  should be 

Nhen i t  appears t h a t  i t s  volume has been evaporated 

t h e  evaporated pa r t i cu la t e  weight f r a c t i o n s  f o r  TCE-oil and 

water. Report the r e s u l t s  t o  the nearest  0.1 mg. 

Container No. 4 .  Weigh t h e  spent s i l i c a  gel t o  the  nearest  

This s t e p  may be conducted i n  the f i e l d .  0.5 g us ing  a balance. 
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"TCE B l a n k "  Container. bieasure TCE in t h i s  container e i t h e r  
- 

volumetrically or gravimetrically.  

250 ml beaker and evaporate t o  dryi;ess a t  ambient temperature and 

pressure. 

Report the r e s u l t s  t o  the nearest  0.1 mg. 

Transer the TCE t o  a tared 

Desiccate for  24 hours and weigh t o  a "constant weight." 

5. Cal ibrat ion 

5.1 Pa r t i cu la t e  Sampling Equipment. Maintain a laboratory 

log  of a l l  ca l ibra t ions .  

5.1.1 Probe nozzle--Using a micrometer, measure the ins ide  

diameter of the nozzle t o  the nearest  0.025 rm (0.001 i n . ) .  Make 

3 separate  measurements using d i f f e r e n t  diameters each time and 

obtain the average of the measurements. The difference between 

t h e  h i g h  and low numbers shal l  n o t  exceed 0.1 mm (0.004 i n . ) .  

When nozzles become nicked, dented, o r  corroded, they shal l  

be reshaped, sharpened, and recal ib ra ted  before use. 

Each nozzle shal l  be permanently and uniquely iden t i f i ed .  

5.1.2 P i t o t  tube. The p i t o t  tube  sha l l  be ca l ibra ted  

according t o  the procedure out l ined i n  Method 2. 

5.1.3 Dry gas rceter and o r i f i c e  meter. Both meters sha l l  

be ca l ibra ted  according t o  the procedure out l ined i n  APTD-0576. 

When a diaphragy p u m p . i s  used, assure  t h a t  there  i s  no leak., 

5.1.4 Probe heater  ca l ibra t ion .  The probe heating system ' '  

sha l l  be ca l ibra ted  according t o  the.procedure contained i n  APTD- 

0576.' Probes constructed according t o  APTD-0581 need n o t  be 

ca l ib ra t ed  i f  the ca l ibra t ion  curves in  APTD-0576 a r e  used. 
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t h e  indicated concentration. .The ca l ib ra t ion  ana lys i s  s h a l l  be 

c e r t i f i e d  t raceable  t o  a National Bureau of Standards c e r t i f i e d  

gas concentration. 

6. Calculations - 

- 

Carry out ca l cu la t ions ,  re ta in ing  a t  ' least one ex t r a  decimal 

Round o f f  f igures  a f t e r  f i g u r e  beyond tha t  of the acquired da ta .  

f i n a l  calculat ion.  

6.1 Nomenclature 

A" 

As 

Bws 

"t 

'a 

cS 

I 

'"n 

% 

"'a 

'bar 

= Cross sect ional  area of nozzle, m 2 2  ( f t  ) 

= Cross sect ional  area o f  s tack ,  m 2 2  ( f t  ) 

= Water vapor i n  t he  gas stream, proportion by 

volume 

water vapor i n  t he  sample gas stream, proportion 

by volume 

TCE blanc residue concentration, mg/g 

Concentration of pa r t i cu la t e  matter i n  s tack  gas, 

corrected t o  standard conditions,  g/dscm (g/dscf)  

Percent of i sok ine t i c  sampling 

Total amount of p a r t i c u l a t e  matter co l l ec t ed ,  

'"g . 
Molecular weight o f  water,  18 g/g-mole (18 

1 b/l b-mol e )  

Mass o f  residue of TCE a f t e r  evaporation, 

'"g . 
Barometric pressure a t  t he  sampling s i t e ,  mm 

Hg ( i n .  Hg) 
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= Pollutant  mass r a t e ,  g / h r  ( lb /hr )  "mr 

PPm" 
- 

=, Parts  per mill ion by volume 

= Absolute s tack-gas pressure,  nun Hg ( i n .  Hg) 

= Standard absolute' pressure,  760 mm Hg (29.92 
,ps 

'std 
i n .  Hg) 

= Flow r a t e  through hydrocarbon analyzer,  cm/min .'h 

( cfm 1 
R = Ideal gas constant ,  0.06236 mm Hgm3/0K-mole 

(21.83 i n .  Hg-ft3/0R-lb-mole) 

= Absolute average dry gas meter temperature Tm 
(see Figure 52 ) ,  OK ( O R )  

= Absolute temperature of hydrocarbon sample a t  Th 
flow meter, O K  ( O R )  

= Absolute average s tack  gas temperature ( see  TS 

Figure 52),  O K  ( O R ) .  

Ts td  

"a 

"aw 

'h 

"1 c 

"m 

= Standard absolute temperature, 293'K (528'R) 

= Volume of TCE, blank ml 

= Volume of TCE used i n  wash, m l  

= Volume of hydrocarbon sample gas, cm ( c f )  

= Total volume of l i qu id  col lected i n  impingers 

and s i l c a  gel ( s ee  Figure 5-3, ml.) - 
= Volume of gas sample a s  measured by dry gas 

meter, dcm (dc f )  

L - 1 - 3'1 

a 



. '  

= Volume of gas sample me 'm(std) 
ured by the dry gas 

meter corrected t o  s t a n d a r d  condi t ions,  - dscm 

(dscf) .  
- 

= Volume of water co l lec ted  i n  pa r t i cu la t e  catch,  
"PC 

ml 

= Volume of water vapor i n  the  qas sample "w(std) 
corrected t o  standard conditions,  scm ( s c f ) .  

"wt(std) = Volume of water vapor i n  sample gas corrected 

t o  standard condi t ions,  scm, ( sc f )  

= Stack gas ve loc i ty ,  calculated by Method 2 ,  
S 

V 

Equation 2-7 u s i n g  data obtained from Method 5, 

mlsec (f t /<ec)  

= Weight of res idue i n  TCE wash, mg 'a 
AH = Average pressure d i f f e r e n t i a l  across  the o r i f i c e  

meter (see Figure 5-2), mn H20 ( in .  H20) 

= Density of TCE, mgh l  ( see  label on b o t t l e )  

= Density of water,  g/ml (0.00220 lb/ml) 
'a 

'w 
Q = Total sampling time, min. 

13.6 = Speci f ic  grav i ty  of mercury 

60 = seclmin % 

100 = Conversion t o  percent 1 '  . -  
6.2 Par t i cu la t e  Calculati  ons . 
6.2.1 

Pressure drop. 

Average dry gas meter temperature and average o r i f i c e  

See data shee t  (Figure 5 2 ) .  

L-1-32 



6.2.2 Hydrocarbon Analyzer Sample Volume 

v h  , =  (Qh) ('1 (-) Tstd (----) 'bar ( l - B w s )  - 

Th 'std 

= Z (Qh)(o) (-) 'bar - (1-Bws) *Equation 20-1 
Th 

where: 

Z = .386 metric un i t s  

= 17.65 engl ish un i t s  

*Note: Equation 20-1. The term BWs must be  estimated. Use 
Equation 20-4-1 f o r  Bws and assume V h  t o  be dry qas.  

6.2.3 Dry gas volume. Correct t h e  sample volume measured 

by the  dry gas meter t o  standard conditions (20' C ,  760 rnm Hg o r  

68' F, 29.92 i n .  Hg) by.using Equation 20-1. 

+ AH 'bar - 
'std 

Tstd 13.6 ) + V h  
'm(std) = 'rn (T) ( 

Equation 20-2 = K V, Tm + ) + ' h  

where: 

K . =  0,3856 'K/mm Hg f o r  metric units 

= 17.65 OR/in. Hg f o r  English un i t s  

6.2.4 Volume of water vapor. 

. 

1 
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pw RT *Equation 2 0-3-1 . Vwt.(std) = (v lc  -+ vfh) (7) 
"w 

- 
where: 

3 

3 
K = 0.00134 m /m l  f o r  metric u n i t s  

= 0.0472 f t  / m l  f o r  E n g l i s h  uni ts  

*Note: Equation 20-3-2 for use when the re  i s  water conden- 

sa t ion  i n  t he  pa r t i cu la t e  catch.  

6.2.5 Moisture content. 

Equation 20-4-1 - - 'w( s t d  ) 
BWS "m( s t d )  + ('w(std) -v n ) 

VWt ( s t d  1 - 
B w t  - 'm(std) + " w t  

.*Equation 20-4-2 

6.2.6 TCE blank concentration. 
- "'a 

'a 'a - 

6.2.7 TCE wash blank. 

Equation 20-6 

Equation 20-5 

'0 

6.2.8 Total pa r t i cu la t e  weight. Determine the  t o t a l  pa r t i cu la t e  

ca tch  from the  sum o f  t he  weights obtained from containers  1 and 2 less 
1 

t h e  TCE blank (see Figure 20-5). 

*Note: Equation 20-4-2 f o r  use when there  i s  water condensation i n  
the  p a r t i c u l a t e  catch.  
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6.2.10 Conversion f ac to r s :  

To From - 

s c f  

g / f t 3  

s/ft3 

3 m 

Multiply by 

0.0283 

gr / f t3  15.4 

l b / f t 3  2.205 x 
. -  

9/f t3 g/m3 35.31 

. . . . . . . ... .. . . . . .  . . . . . . ~ .  . . .. . 
. .. ... . . 

. .  .. . . . . .. . . .~ 

.. 

6.2.11 I sokine t ic  var ia t ion .  

6.2.1.1 Calculations from raw data.  

where: 
3 K = 0.00346 m Hg-m /ml-"K f o r  metric u n i t s  

3 

' 

= 0.00267 i n .  Hg-ft /ml - "R  f o r  E n g l i s h  un i t s  

6.2.11.2 Calculations from intermediate values. 

Ts 'm(std) '  'std 100 
I =  

lstd vs o An Ps 60 ('-Ews) 

= K  Ts 'm(std) 
. F!, v5 An 0 ( ' - *WS) 

where: 

K = .4.323 f o r  metric units 

= 0.0944 f o r  English un i t s  
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6.2.11.3 Acceptable r e s u l t s .  I f  90% - < I - < 110%. the  

r e s u l t s  a r e  acceptable. 

the standards and I i s  beyond the acceptable  range, t he  Administrator 

may o p t i o n  t o  accept t h e  r e s u l t s .  

judgments. Otherwise, r e j e c t  t he  r e s u l t s  and repeat  the t e s t .  

I f  the r e s u l t s  a r e  low in comparison t o  

Use reference 7.4 t o  make 

6.3 Gaseous Hydrocarbon Calculations.  

6.3.1 Correction t o  s e t  i s o k i n e t i c  f low i s  necessary 

because 'the hydrocarbon sample gas does n o t  pass t h r o u g h  t he  

o r i f i c e  meter i n  the sampling t r a i n .  

m u s t  be compensated f o r  o r  the i sok ine t i c  sampling ve loc i ty  will 

n o t  be cor rec t .  

t o  be sampled by the hydrocarbon system (V,) and t o  add t h i s  

volume t o  the  volume of moisture t o  be co l lec ted  by the sampling 

t r a i n .  The hydrocarbon .sample g a s ,  s imi l a r  t o  moisture content,  

does not pass through the o r i f i c e  meter. 

water volume i s  used i n  t he  ca lcu la t ion  t o  determine the  iso- 

k ine t i c  sampling r a t e .  

moisture content used in C f ac to r  nomograph (Figure 22 of APTO- 

0576) can be calculated.  

The o r i f i c e  meter volume 

The simplest  approach is  t o  determine t h e  volume 

The r e su l t i ng  pseudo 

I f  the nomograph i s  used, t he  pseudo 

This estimated moisutre content can be 

improved upon a f t e r  an i n i t i a l  t e s t .  

6.3.2 Average t h e  ppm by volume readings of gaseous hydro- 

carbons f o r  each t raverse  point and ca lcu la te  t he  average concen- 

t r a t i o n .  

be used t o  ca l cu la t e  the mass emission rate of hydrocarbons as  

methane by using Equation 20-8. 

The s tack area and the  ve loc i ty  data from Method 2 can 
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TOTAL V0LUL:E COLLECTED 

i 

I g' I mi 

... . .  
Plant 

Date . .  

. .  
. I  ntlll No. 

Rcla t ivc  Iiuinidity, 

Amount l iqu id  lost  duri l lg trailsport 

blank volume, ml 

- 

, . . wash volume, ml 

blank concentration, m g h g  (equat ion 54) 

wash blank, mg (equation 5-5) 
._ 

kleight  o f  p a r t i c u l a t e  matter 

I VOLUME OF LIQUID I . WATERCOLLECTED . .  

IMPINGER SILICA GEL 
VIEiGHT, 

FINAL 
I 

INITIAL 

LIQUID COLLECTED 
I I 

- 
CONVERT VlElGHT OF !'lATER TO VOLUME BY DIVIDING TOTAL YiEIGHT 
INCREASE'BY DENSITY OF WATER ( lg /mi j .  

INCREASE* 9 = VOLUME WATER. mi 
1 g/ml 

_ _  . . -  . . .  - -  
Figure 20..5 Analyt ical data. 
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APPENDIX L-2 

P O L Y C Y C L I C  O R G A N I C  M A T T E R  EMISSIONS 



.. 
Backwound 

I 

.. 
- S e v e r a l  y e a r s '  ago, t h e  need f o r  s ampl ing  and - a n a l y s i s  of  poly-  

cycl ic  o r g a n i c  m a t e r i a i  (P0:X) a r o s e  on s e v e r a l  programs a t  B a t t e l l e .  At 

t h a t  t i m -  t h e  b e s t  a v a i l z b l e  technology f o r  s t a p l i n g  f o r  PO?[ appeared  t o  

be some v e r s i o n  of t h e  EPA Nethod 5 p a r t i c u l a t c  szrnpl ing t r a i n .  Use o f  

the Nethod 5 sampl ing  t r a i n  p r o h c e d  i n c o n s i s t e n t  Pol1 e m i s s i o n  d a t a  and 

3.ed B a t t e l l e  s t a f f  t o  q z e s t i o n  t h e  s u i t a b i l i t y  of =sing t h i s  t r a i n  for  

POX sampling.  As a r e s u l t ,  'Battellf  deve loped  a POX sampl ing  t r a i n  t h a t  

r e t a i n s  many of  t h e  f e a t u r e s  and components of  t h e  Xethcd 5 t r a i n ,  b u t  

which i . nco rpora t e s  a n  a d d i t i o n a l  e l e m n t  t h a t  s e r v e s  to c o l l e c t  . the  

m a j o r i t y  of t h e  POY i n  t h e  gas sample.  

. Sampling f o r  POX wi th  t h e  B a t t e l l e  PO?! Sampling T r a i n  s h o u l d  be  

a s t r a i g h t f o m a r d  procedure  f o r  t hose  a l r e a d y  fami l ia r  and s k i l l e d  v i t h  t h e  

o p e r a t i o n  of a Nethod 5 t r a i n  f o r  p a r t i c u l a t e  c o l l e c t i o n . .  The PO>i.sanplicg.  

p rocedure  u t i l i z e s  the e x i s t i n g  Xethod 5 t r a i n ,  b u t  a l s o  i n c l u d e s  a chroaa -  

.. t i p t p h i c  d3osBcut  d c v i c c  Crsferred 40 .zs Ue . ddsorbtnt  33nrler;). fhk 
aaaj cinz..i c ~ m : c m ~ r ,  iis ~n~- : i~ :~r .  =q:.ipn~_n_t,. i.-cr=zze-f the 

.- - 
-i=yu;r.ru - ror  setup; anu 'requires some 'aYarcionaL p r e c a u t i o n a r y  metsures  

- v v s .  Lttuae a s s o c i a t d  wit; i  part:,cula:t sa!opling dune, b u t  ike a d d i t i o n a l  -.--- LL _ _ _  
-. - ... e f f o r t  2nd s k i l l  r e q u i r e d  t o  o b t a i n  a n e a n i n g f u l  POX s a n p l c  i s  n o t  appre-:' 

cioble and t h e  r e l i a b i l i t y  of t h e  POX - d a t a  obca ined  is s i g n i f i c a n t l y  
. . . . . . . . .  - 

. - .... _. -. . .- .... i n c r e a s e d .  

c . 
. . . .  . .  I -. . . .  . . . . . . .  ......... . . . . .  f . .  , . L- - .. .. 2 ~- :. ...a I . . . . . . .  
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?'he Bat.L-elle POli S x q > l i n g  Tra in ,  as sho:m i n  F i g u r e  1, c o n s i s t s  

of a Fietliod 5 t r a i n  wi th  a n  adsorbent  s ample r  l o c a t e d  bctveen t h c  f i l t c r  

and t h e  inpinger; .  

sample passes  i n t o  t h e  c o o l i n g  c o i l  (123 s.O.8 cm) of t h e  Adsorbent 

Sampler, and then  p a s s  through a Pyrex f r i t  and i n t o  a c y l i n d r i c a l  column 

of Tenax  adsorbsnt (7  x 3-cn d i m c t e r ) .  

bent  a2.e maintained above the  m t e r  dewpoint by means o f  a t h e r n o s t o t e d  

c i r c u l a t i n g  w:er b a t h .  Tnus ,  t h e  inco-ing gases  a r c  cooled  to m a i n t a i n  

adsorbent  e f f i c i e n c y ,  y e t  t h e  adsorbent  is maintain-d a t  a tempera ture  " 

which prec ludes  condensa t ion  of v a t e r  ve?or  p r e s e n t  i 'n  a l l  combustion 

e f f l u e n t s .  The gases  l e a v i n g  the  sempler are d r a m  through i o p i p g e r s  and 

a Drierite t r a p ,  dry gas meter ,  and l e a k l e s s  vacuum p:imp ( a s  i n  Iiethod 5 

sampling) .  

. 
Irr.nediatcly a f t e r  l e a v i n g  t h e  h o t  f i l t e r ,  t h e  gas  

?he c o o l i n s  c o i l  and Tenax adso r -  

. 
. . .  

With t h i s  sys tem,  POX emissioils c a n  be de te rmined  f r o n  t h e  a n a l y s i s  

of t h e  probe wash, f i l t e r  c a t c h ,  and adso rben t  sampl&catch. 

a r e  on ly  used t o  cool and d r y  the  s t a c k  gases b e f o r e  they  e n t e r  t h e  dry-  

gas  meter.  I t  h a s  been o a r  e spe r i ence ,  t h a t  t h e  probe, f i l t e r ,  and 

adsorbent  sampler  r e t a i n  all t h e  POX. 

The irnpingers 

D e t a i l s  of PO!I Absorber 

A schemat i c  r e p r e s e n t a t i o n  of t h e  adso rben t  sampler .  i s  shovn 

i n  F igu re  2. The h e a t  cxchancer  s e c t i o n  c o r s i s t s  of 120 ca! feet) cc 

8-mm @re% kub.ing wccnd in ;$pccxtinately e:+k C o i l s .  The tI&@fbed k 

:V+tsJnrd .by :m CZZTZ crar;~ &re;; f z i z  = ~ 2  z ;;rt;.+ l m i t c d  ..glass -wool ~ 

p1ug. 2s shc5.2: T2n-x {35/50 ;a+.> .Ln rsizt-ingly E S C 2  i.. "; ..... ___-___.._ =,:e,+-:,-":- 

t r a p  of t h e  B a t t e l l e  Adsnrhant Sampler. The d icens io i l s  of the dscr l?er . t  

s e c t i o n  a r e  i5-mm r a d i u s  and 70-mm i eng th .  Tie 26/12 P y e x  j o i n t  on t h e  

i n l e t  t o  t h e  sampler  is compatible  wi th  t h e  f i t t i n g s  c o c m n l y  used i n  

c o m e r c i a 1  EPA ?:ethod 5 sampling t r a i n s ;  t h e  15-mm Solv-Seal  j o i n t  a t .  t h e  

sampler  o u t l e t  p rovides  a n  e f f i c i e n t  vaccurn seal  d u r i n g  ' sampling.  

28/12 Pyrex j o i n t  could be used a t t h e  s a n p l e r  o u t l e t . )  

coupl ing  b e t m e n  t h e  f r o n t  sampler o u t l e t  and t h e  impinger  i n l e t  i s  

s u f f i c i e n t .  

. .  

. .  

(A 
A vacuum h o s e  

. . . . _ _  .. - 
.. - * 
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Adsorbent Saniplcr  T c m p f r n t u r e  I 
The c o l l e c t i o n  c f f i c i e n c y  of t h e  .adsorbent  sampler  i s  dependent 

a on t h e  tempera ture  of  t h e  adsorbent  c i a t e r i a l .  

of t h e  adso rben t  should  be as  low as  p o s s i b l e  wih tout  condens ing  l a r g e -  

q u a n t i t i e s  of w a t e r  vapor  (p re sen t  i n  most s t a c k  gases) and p lugg ing  t h e  

adso rben t  d e v i c e .  G e n e r a l l y ,  t h i s  te inpcra ture  i s  20 t o  25 F (10 t o  15 C) - .  

above t h e  dewpoint of the s t a c k  gnscs. For  sampling gases  t h a t  would con- 

s i s t  p r i m a r i l y  of  vented  a i r  o r  p roduc t s  of combuszion of fossi;l f u e l s  i t  

has -been  found t h a t  125 F t o  130 F (52 t o  55 C) i s  a s a t i s f a c t o r y  adso rben t  

tempera ture .  Of c o u r s e ,  t h e  adsorbent  t e x p e r a t u r e  i s  t o  be main ta ined  a t  

t h e  prede termined  tempera ture  throughout  t h e  r u n  t o  i n s u r e  a con t inuous  

h igh  POX c o l l e c t i o n  e f f i c i e n c y .  

The .optimum t e m p e i s t u r c  

1 
t 
I 

I 

Auxi l i a ry  E q u j . p g  

To m a i n t a i n  t h e  adso rbc r  a t  a t e n p e r a t u r e  above t h e  dewpoint ,  

a thermosta ted  c o n t r o l l e d  wa te r  b a t h  i s  used .  

water t o  t h e  abso rben t  s a a p l e r  from a 4 - A  r e s e r v o i r .  An a c q u a s t a t  i s  used 

t o  c o n t r o l  a 450-watt h e a t i n g  element t o  ma in ta in  t h e  w a t e r  t e z p e r a t u r e .  

For s t a c k  gas  t empera tu res  up t o  a t  l e a s t  550 F (300 C) 2nd sampl ing  rates 

of 0.6 scfm (0.017 Xm /min) t o  0 .75 scfm (0.021 Xm3/nin), t h e  h e a t  l o s s  

from t h e  w a t e r  c i r c u l a t i n g  loop t o  the a c b i e n t  su r round ings  r e n e r a l l y  i s  

g r e a t e r  Char t h e  hear  gain €KOA: tnc ..;tack.sases. tui4hz.~tvsLcv,. sa, i b  . .  *sually 

A l O - j / m i n .  pump c i r c u l a t e s  

1 
I 
I 
I 
I 
t 

3 .  

.... I n  roacrssici'y i . z r  sxt!>!>;y x!tT.ii.iary hrai .i I I  thr w w i  c.r .J,m!,- ~ L B  I . Z I Z > U ~ : ~  u r t -  

l i k e l y ,  depending upon t h e  c o n d i t i o n s  under  which a sample i s  col1ec:ed 

(at h i g h  s tack  t e c p e r s t u r e s  a n d / c r  h i&h  a . - j ien t  t empera tu re )  , i t ,  may b e  

necessa ry  t o  c o o l  t h e  c i r c u l a t i n g  wa te r  t o  ma in ta in  t h e  d e s i r e d  t empera tu re .  

A s imple  c a l c u l a t i o n  of t h e  h e a t  t ran ' s fe r  between t h e  gas sample and t h e  

c i r c u l a t i n g  w a t e r  w i l l  de te rmine  whether  o r  n o t  c o o l i n g  i s  needed. I f  c o o l i n g '  

is nesdeil, 2p. a d d i t i o n a l  c o o l i n g  c o i l  could  be i n s e r t e d  betveer :  t h e  adsorben: 

. . . .  . . .  

sampler  and t h e  r e s e r v o i r .  . 
. .  ., - .. - ......... ........ ..................... 
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Sam p 1 i n  - 

Sampl ing  w i t h  t h e  U n t t c l l e  POX S a ~ n p l i n g  T r a i n  i s  c o n d u c t e d  i n  

e s s e n t i a l l y  t h e  same manner  as s a m p l i n g  v i t h  t h e  EPA I.lcthod 5 s a m p l i n g  

t r a i n .  

i s  t h a t ,  i n  u s i n g  t h e  B a t t e l l e  POX Sampl ing  T r a i n ,  i t  i s  d e s i r e d  t o  r n d i n t n i n  

t h e  probe and  f i l t c r  t c r i p e r a t u r e  a t  350 F ( v e r s u s  t h e  250 F when u s i n g  t h e  

EPA s'ampling t r a i n ) .  

condensac ion  a n d / o r  a d s o r p t i o n  of SO 

by d e s t r u c t i v e  r c a c t i o n  of SO w i t h  POPI). 

p m b e  and f i l t e r ,  tlic POY p a s s e s  t h r o u g h  thcse c o m p o i e n t s  a n d  is r e t a i n e d  i n  

t h e  a b s o r b e n t  s a m p l e r .  

The one  d i f f c r e n c e  b e t v c e n  o p e r a t i o n  o f  t h e s e  two sampl.ini: t r a i n s  

Xa in ta i i i i . ng  t h e  p r o b c  a n d  f i l t e r  a t  350 F p r e s e n t s  - 
and PO3 on thcse  components  (Co l lowed  3 

I n s t e a d  o f  b e i n g  c a k g h t  b y  th'e 3 

Whcn s a n p l i n g  f o r  POX, t h e  s t a c k  gases are sampled  i s o k i n c t i c a l l y  

as d e s c r i b e d  i n  Flethod 5 .  ( I s o k i n e t i c  sampl.ing is d e s i r e d  b e c a u s e  s o n e  

of t h e  POX may b e  p h y s i c a l l y  a s s o c i a t e d  w i t h  p a r t i c u l a t e  i n  t h e  gas streac.)  

The p r e s s u r e  d r o p  a s s o c i a t e d  w i t h t  t h e  f l o w  o f  s t a c k  g a s e s  t h r o u g h  the  

a d s o r b e n t  device u s u a l l y  d o e s  n o t  i n t e r f e r e  w i t h  m a i n t a i n i n g  a n  i s o k i n e t i c  

s a m p l i n g  ra te  t h r o u g h o u t  t h e  r u n .  

Sample  Recovery i n  t h e  F i e l d  
a n d  Sample P r e s e r v a t i o n  

P o l y c y c l i c  o r g a n i c  m a t e r i a l s  are  r e a d i l y  p h o t o o x i d i z e d  i n  t h e  

p r e s e n c e  of  u l t r a v i o l e t  l i g h t  (and p o s s i b l y  v i s i b l e  l i g h t ) .  Thus,  t h e  

.6amplln: t w i . n  s h n u l d  be p r d e c b d  Ctcm sdh I ;  pJ.6 2n.d a1 F &her +Ifr&- 
-2-,..* a""IL.c31 i__ L-..= ""L,,  " Y L I L ' L  >.__._.__ d,," __, . a L L C I  _c--- >-!Jrr rurrrrrru'~,. ........ = *us": * - . .  sui!,* 

o r g a n l c  co:npounds x h i c h  are  c o l l e c t e d  b y  t h e  a d s o r b e n t  s a n p l c  may h a v e  

an a p p r e c i a b l e  v a p o r  ? re s su re . ,  2nd c2r5 r n u c  be e x e r c i s e d  t o  n i n i m i z e  

losses of  s u c h  materials. 

heavy  d a r k  c l o t h  i s  p l a c e d  o v e r  t he  exposed  s a m p l i n g  t r a i n  glassware during 

-. . - . . . . . . . . . . . .  
To p r e v e n t  l o s s  of PON by p h o t o o x i d a t i o n ,  a 

. . . . .  

.- .......... sampl ing .  I m m e d i a t c l y  a f t e r  sam?le c o l l e c t i o n  is c Q z p l e r e d ,  t h e  a d s o r -  . .  

b e n t  s a m p l e r  is s e a l e d  w i t h  b a l l - j o i n t  and So lv -Sea1  s t o p p e r s  and t h e  

c . 
... . . .  . . . . . . . . .  .. . . .  

.I . . . . . .  ............ .- ...... ___ ................ .. -. . .  
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f i l ' t e r  and adso rben t  sampler  are s t o r e d  i n  a c o o l  l i g ! i t - f r ee  con ta i i i e r  

f o r  t r a n s p o r t  t o  t h e  a n a l y t i c a l  l a b .  

The probe and g lassware  u p  Eo t h e  f i l t e r  ( i n c l u d i n g  t h e  f i l t e r  

ho lde r )  are  washed w i t h  ace tone  follo.ded by methylene ch lor ide(a) . ; .  t h e s e  

s o l v e n t s  a r c  'Dis t i l l c -d- in-Glass '  q u a l i t y  O K  b e t t e r .  The s o l u t i o n  a n d *  

p a r t i c u l a t e  p a t t e r  from t h e  probe r i n s e  a r e  s t o r e d  i n  a d a r k  (amher) 

g l a s s . b o t t l e  p r i o r  t o  a n a l y s i s  and kep t  coo l .  

Samp1.e Ext rac t i .on  and Recovery 

- 
Sample recovery  from t h e  B a t t e l l e  PO?! S a c p l i n g  T r a i n  f o r  POX 

a n a l y s i s  i n v o l v e s  e x t r a c t i o n  of th ree  s e p a r a t e  p o r t i o n s  of t h e  t b t e l  

sampling t r a i n :  

(1) Probe and g l a s sware  up t o  t h e  f i l t e r  

(2)  F i l t e r  

(3)  The  adso rben t  saupler. 

I n i t i a l  r ecove ry  of Item (1) i s  done i n  t h e  f i e l d  ( i . e . ,  t h e  prohe is 

washed a s  d e s c r i b e d  above) ,  r ;h i le  Items ( 2 )  a n d  ( 3 )  a r e  most conven ien t ly  

e x t r a c t e d  i n  t h e  l a b o r a t o r y .  

Sample Recovery from t h e  Probe \?ash 

1 
I 
I 
8 
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. . . . . . . .  .. . . . . .  .................. , 

- .  

Organic  m a t e r i a l  is e x t r a c t e d  from t h e  f i l t e r  by means of Soxtiet 
.... ..... 

e x t r a c t i o n  w i t h  methylene c h l o r i d e  ( ' D i s t i l l e d - i n - G l a s s ' ) ,  o r  by u l t r a s o n i c  

a g i t a t i o n  with methylene c h l o r i d e  f o l l o v e d  by f i l t r a t i o n  using a Wliatsan 

No. 40 f i l t e r .  While bo th  methods.have been found t o  b e  e q u a l l y  s a t i s -  - 
factory; u l t r a s o n i c  e x t r a c t i o n  is  somewhat f a s t e r .  . . . . .  . . . .  ... 

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

- 
(-3) To mini i l ize  e v s p c r z r i v e  s i n p l z  loss d u r i n g  s o l v e n t  e x z r a c t i o n .  

s o l v e n t s  w i t h  very  low b o i l i n g  p o i n t s  a r e  used. 
. . . .  .~ 

L -2 -7  

I 
I 
1. 
t 
1 



i 

I 'I 
1 
I 
I 
t 
I 
1 

c. I 
I 
I 

S a k p l c  Reco~.~crv  from t h e  Adsorbent  Sampler  

Great c a r c  m u s t  b e  t a k c n  n o t  t o  e x p o s e  t h e  a d s o r b e n t  s a m p l e r  

t o  p o l a r  s o l . v e n t s  s u c h  as methylene  c h l o r i d e  or a c e t o n e ,  s i n c e  t h e  Tenax  

a d s o r b e n t  i s  r e a d i l y  s o l u b l e  i n  t h e s e  s o l v e n t s .  Our e x p e r i e n c e  has s h p m  

t h a t  i s  i t  p r e f e r a b l e  t o  e x t r a c t  t h e  a d s o r b e n t  s a c p l e r  w i t h  a low b o i l i n g  

p o i n t - h y d r o c a r b o n  s u c h  a s  p e n t a n e  ( ' D i s e i l l c d - i n - G l 3 s s ' ) .  

To e x t r a c t  t h e  a d s o r b e n t  s a m p l e r ,  t h e  two s t o p p e r s  are  f i rs t  

r e m v e d ,  and t h e  e x t r a c t i o n  a p p a r a t u s  a s s e n b l e d ,  a s  shuwn i n  F i g u r e  3 ,  ,. 

under  y e l l o w  s a f e - 1 . i g h t s .  A d o u b l e  s u r f a c c . w a t e r  c o o l e d  c o n d e n s e r  i s  

p r e f e r r e d ,  t h e  d i s t i l l i n g  f l a s k  i s  of 250-ml c a p a c i t y .  T h e . a d s o r b e n t  

s a m p l e r  i s  e x t r a c t e d  w i t h  " D i s t i l l e d - i n - G l a s s '  p e n t a n e .  An i n i t i a l . v o l u m e  

of 180 m l  is u s u a l l y  n e c e s s a r y  s i n c e  t h e r e  i s  an a p p r e c i a b l e  s o l v e n t  h o l d -  

up d u r i n g  e x t r a c t i o n .  The s a m p l e r s  are  e x t r a c t e d  w i t h  t h e  c o n t i n u o u s  

e x t r a c t i o n  apparatus for 2 4  h o u r s ,  and i t  i s  norinal t o  e x p e r i e n c e  a s m a l l  

l o s s  o f  p e n t a n e  d u r i n g  t h i s  p e r i o d .  The  e x t r a c t i o n  a p p a r a t u s  i s  t h e n  

d i s a s s e m b l . e d , a n d  t h e  p e n t a n e  e x t r a c t  s t o p p e r e d  and s t o r e d  i n  d a r k n e s s .  

Thus ,  t h r e e  ex t rac ts  a r e  o b t a i n e d  f r o m  t h e  a d s o r b e n t  s a n p l e r -  

Method 5 s a m p l i n g  t r a i n :  

(1) 

(2) Methylene  c h l o r i d e  f i l t e r  ex t rac t  

(3).  P e n t a n e  a d s o r b e i i t  s a m p l e r  e x t r a c t .  

Acetone  and methylene  c h l o r i d e  p r o b e  e i t r a c t  

. . ~  -'t%Q%.e . - rx trac t=  are.sca1ed and kq.t  in davkn~s5  W h i l e  m.z;tiq avxlysr's, 

Felmc.izG =..tr2.5iF.:, 2ir Is, +2.&:2 LkZ..-';. ,%Le 2- --... .-.. r--- l u r  ... :*:. Yn . 

a s p i r a t o r  t o  remove most o f  t h e  r e m a i n i n g  p e n t a n e  s o l v e n t .  The s a E p l e r  

is t h e n  d ismounted  by w i t h d r a w i n g  t h e  s t a i n l e s s  s tee l  s p r i n g  w i t h  a hooked 

s p a t u l a ,  removing the s t a i n l e s s  s t e e l  p e r f o r a t e d  d i s k ,  d i s c a r d i n g  t h e  

glass  wool p l u g ,  a n d  emptying t h e  a l m o s t  d r y  Tenax i n t o  a c l e a n  g lass  

c o n t a i n e r .  The a d s o r b e n t  s a x p l c r  body i s  c l e a n e d  by b l o w i n g  v i t h  c o w  - 
p r e s s e d  a i r  t o  renove  any t race m a t e r i a l s  a n d  t h e n  r i n s e d  w i t h  tlic f o l l o w i i i 6  

- .. . . . .. ._ . .. . . . .I d 
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L-2-8' 



TO C0::DEh'SER - 

e 

sol 
R E  
- T  

. -. . ............ 

............. 

..... .... 

- 

. ........ 

... ...... 

- . I  

. ......... .... .... .. 1 .. 

. . . . . . . . . . . . . . . .  

~- . .... 

- 

. ..... .... ........................... -- 

- 

. . .  
........ . .............. -I . -  

. .  

T O  SO L V  !I s'r .... 

a 

. . .  
...... T O  SO L V  !I s'r 

I 

.. 

... -. -. . .- ___ ..... 
....... .- - ........... 

........................... ..... 

c 

. . .  
.~ ...... 

- 

1 
-1 
-1 
1 ,  



' I  
'- \ I 
1 
li 
1 
I 
1 
X I  

I 
' I  
II 
I, 
I 
I 
I 
I 
.I 
1 
1 

., 

s o l k e n t s  i n  t h e  order  L '  ' i v e n  : 

(1) l!et l iylenc c h l o r i d e  

( 2 )  Chromic a c i d  

(3)  Water 

( 4 )  Ace tone  * 

( 5 )  >iet-hylcne c h l o r i d e  

r 

. I  

. ( 6 )  P e n t a n e .  

The s a a p l e r  is t h e n  s e a l e d  wi th  c l e a n  s t o p p c r s  p r i o r  t o  r e f i l l i n g  w i t h  

a c t i v a t e d  Tenax. 
.. 

- 
U s e d  p e n t a n e  e s t r a c t e d  Tenas nay b e  r c a c t i v a t c d  a n d  t h o r o u g h l y  

c l e a n e d  by p l a c i n g  i t  i n  a n  oven a t  200 C u n d e r  n i t r o g s n  f l o w  i n ' a  g l a s s  

t u b e  f o r  24 h o u r s .  New Tenax nay  b e  s i n i l a r l y  p r e p a r e d  by f i r s t  S o s h l e t  

e x t r a c t l n g  w i t h  p e n t a n e  f o r  24 h o u r s  and t h e n  h e a t i n g  u n d e r  n i t r o g e n .  I t  

is g e n e r a l l y  d e s i r c b l e  t o  m a i n t a i n  a s i n a l 1  s u p p l y  of ac t iva ted  Tenax ,  and  

t o  r e a c t i v a t e  t h e  a d s o r b f n t  f r o 3  s is  o r  rore ,  sa;:plers a t  o n e  t i ne .  

An a d s o r b e n t  s m p l c r  is p r e p a r e d  by f i l . l i n g  t h e  a d s o r b e n t  

s e c t i o n  w i t h  a c t i v a t e d  Tenax t o  w i t h i n  3 / 4  i n c h  of t h e  t o p  of t h e  s a a p l e r  

w h i l e  a g i t a t i n g  t h e  s a m p l e r  w i t h  an e l e c t r i c a l  v i b r a : o r .  

wool p l u g  i s  t h e n  i n s e r t e d  i n t o  t h e  n e c k ,  f o l l o w e d  by a p e r f o r a t e d  s t a i n l e s s  

s t e e l  d i s k  and  the s t a i n l e s s  s t e e l  r e t a i n i n g  s p r i n g .  The s a m p l e r  is t h e n  

s e a l e d  w i t h  t h e  a p p r o p r i a t e  2 6 / 1 2  b a l l - j o i n t  a n d  15-rm S o l v - S e a l  s t o p p e r s  

and  is r e a d y  f o r  u s e .  

A c l e a n  g l a s s  

.*.> ,Lllr .-..~ L1>,rr -. . *.T~~~~S 2TS.k  c:LE pi--.-.&, ~~~~~~, -2s &SS2Cb&< s$h21es, 

E?y be 2121yzed se...r..ee1v f c r  x!?! CIL" ."C""ZC~ o r  the::. F2y.be Cc-F.ined 22.1 

a s i n g l e  PO?i a n a l y s i s  pe r fo rmed  on t he  t o t a l  s ample .  

I n t e r n a l  s t a n d a r d s  are added t o  the combined es t racts  f r o n  e a c h  

s a m p l i n g  t r a i n  p r i o r  t o  v o l u m  r e d u c t i o n  b y  r o t a r y  e v a p o r a t i o n  and  Kuderna-  

D a n i s h  e v z p o r a t i o n .  The  e x t r a c t  i s  s u b j e c t e d  t o  a E o s e n - t y p e  l i q u i d  c h r o -  

matogrccphy s e p a r a t i o n ( ' )  i n  o r d e r  $0 i s o l a t e  tile PC?I f r a c t i o n  b e f o r e  c a r r y i n g  

L-2-10 
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out'. gas chromatoCrailllic-mass s p c c t r o m e t r i c  (GC-MS) a n a l y s i s .  Gas cliro- 

f ''_. 

i.. ... 

matographic  s e p a r a t i o n  i s  acliievcd u s i n g  a 14-foot  x 2-ntrn. 2-1/2 p e r c e n t ,  

D e x i l  300 colunln programmed from 170 C t o  350 C a t  4 C niin . S e p a r a t i o n  

of the benzpyrene i somers  is r o u t i n e l y  accomplished u s i n g  a one f o o t  1%N, 
I 
I 9  

I 
I 
1 
'I 
1 
I 
1 
a 
I'  
I 
1 

-1 

N'-Bix(p-mftltoxy-benzylidene)-a', a ' -b i -p - to lu id ine  column i s o t h e r m a l  a t  , 

130 C. Flass s p e c t o r m e t i c  a n a l y s i s  is c a r r i e d  o u t  w i t h  a F inn igan  1015 

quadrupole  n a s s  s p e c t r o n e t e r  w i t h  a chemical  i o n i z a t i o n  s o u r c e ;  methane 

is r o u t i n c l y  used  as  t h e  c a r r i e r  and r e a g e n t  gas.  D3ta a c q u i s i t i o n  i s  

accomplished w i t h  a System I n d u s t r i e s  150 d a t a  acquisition system, and ,_ 

q u a n t i f i c z t i o n  of  t h e  Poi4 compounds p r e s e n t  i s  accomplished u s i n g  a D i g i t a l  

PDP8 computer.  

. .  

T h i s  mass spectrom2tric-com?ucer q u a n t i f i c e t i o n  proced'uure makes  

use of s p e c i f i c  a b s o l u t e  i o n  c u r r e n t s .  The bases  f o r  t h e  q u a n t i f i c a t i o n  

procedure  is t o  h i t i a l l y  o b t a i n  t h e  computer r e c o n s t r u c t e d  gas  chromatogram 

and mass spec t rum i n  che normal f a s h i o n ;  t h i s  r e c o n s t r u c t e d  g?s chroma- 

togram i s  t h e n  d i s p l a y e d  on t h e  CXT t e r m i n a l  nnd an o v e r l c y  f o r  t h e  proton3t ,c i  

molecular  ion  of  t h e  PO:4 of i n t e r c s t  i s  supzrimposed. T h i s  o v e r l a y  r e p r e s e n t s  

t h e  i o n  c u r r e n t  co r re spond ing  t o  t h a t  s p e c i f i c  P3Mciolecular  weight  p l u s  1 

mass u n i t .  I f  t h e r e  i s  a n  a r e a  i n  t h e  r e c o n s t r u c t e d  g a s  chromatogram where t h f  

o v e r l a y  i n d i c a t e s  t h a t  t h i s  mass number i f  p r e v a l e n t ,  t h e  mass spec t rum of 

t h i s  peak is d i s p l a y e d  on t h e  CXT u n i t ,  and t h e  p re sence  of  t h e  ?ON nay b e  

confirmed.  If t h e  PO?[ i s  foilnd t o  be p r e s e n t  a t  a c o r r e c t  . r e l a t i v e  re- 

t e n t i o n  t i n 2  t o  t h e  i n t e r n a l  s t a n d a r d s ,  t h e  computer t h e n  suns  t h e  i o n  

--currenL &e to .a1 i .;znporkaht.. iofih ;,, L ~ Q  P.c,M's mass $pcekroiu: w h i c h  rqpre- 
.--.. s e n t s . c ' n e  area oi- cne peak of i n r e r e s t .  u u a n t i f i c a t i o n  of  e a c i ~  r u n  is 

-~cXi i e -~& a y  i-;dKi&;;ng--its I i G l i  Tc r-e,if :tS.:fk,& .$g-:afi-iz F>-tfial -&ibd;l kd -bE 

............................................................. h-.- 'Pl.,. tn1-rirrn ;.-...i..q+:-- nCCi^i*prinr Cf the t R t e K C 2 1  

s canda rds  and many -fi% s p e c i e s  v e r e  p r e v i o u s i y  c ie rern ined ,  and -the appro-  

priate f a c t o r  is used  i n  quan t i f i c . a t inn .  

. .  .. 
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Tti is q II an  t i f i c  i. t i  on t e c h  n i r i  i :  i i  o v c  r c w ?  r- t !i i. p r@S 1 CT!S ;IS s 0c'i.n t e d 

w i t h  i n t c r f e r i n ;  o r  o v c r l  : i p p i n g  peaks and poor b;!:;c-I,inc sc;:zr.-.t iuzs siz1r.e 

t h c s c  i n t c r f c r i i i g  spcci.c:; usua1l.y I i n v ~  c ! i f f c rc i i r  ;:.alcc::lar i:r!.i.:h::;. 123- 

mcric compounds s u c h  n s  p y r c n c  and f l u o r a n t h r c n c  vl;ic!i h ~ v c  th.2 ;XI c z -  
. . >.% 

u l a r  weight c a n  bc q u c n t i f i c d  c n s i l j .  s i nce  t ! i cy  ;!TC 1 : G l j .  5: (( i," y ; :  2 ,:2 

. -  by g a s  clirorn~toC1-anIiy a:::i t!!cir ordi.1- of  r i u t i c n  is knoi.;?. 
.:3 - ? . 

I n  o r d c r  t o  o h t n i n  o;itini!n: s e n s i t i v i t y  diiri:-.g; :?IC $;!s ci! 
_-; ,.> ,- 

.. 
g r a p h i c - n z s s  s p c c c m w t r i c  c:rnlyses, c! :e  i c z i z ; t i : m  voLta:,:: i : i u s t  h e  

i ..i. . T;>is  ::<jv5;-,2v.; x<:c:2L- 
... *. <* ' - a d j u s t e d  ;It "ririoi!s stT.gcs  +yiil;, ti:i. ..,I_-. -..1.1? -. I 

', 1 , . .  s i t a t e d  tlic i n c o r p o r a t i o n  of  t h ree  i n r c r i a l  stand?.rc!s .sc t!ict a n  inter::,<:. 

s t a n d a r d  voul:! e l u t e  b e t v c e n  eac!i i.or.i?.c:i.oa a l 2 s t ! ? , f n i .  T:e intc:z?.l 

s t a n d a r d s  c:iosen m y e  ? - ~ e t h y l n n t ~ : r n c c n ~ ,  9-?, zy~:-.:!irace~.c, :!c2 9.10- ' . 

d i p h e n y l a n t h r a c e n e .  I t  w a s  f o r t u i t c u s  t h z t  9,lG-di~,:.ien:,.!.antiiracene e.L!itcs ' 

a l m o s t  c o i n c i d e n t  with t h e  benz ( a ) p y r e n e / b e n z ( c ) ~ y r e c c  i s o n e r s ,  g i v i n g  a 
v e r y  a c c u r a t e  niarker  when s e a r c h i n g  f o r  thesc i; : :portant cor;poiinds. The 

r e l a t i v e  r e t e n t i o n  t imcs of o t h e r  PO?? s p e c i e s  t o  o n e  o r  nicre of the i n -  

ternal. s t a n d a r d s  are  g e n e r a l l y  s u f f i c i m t l y  wcl l  kn3i.m t o  pe rn? i t '  s p e c i f i c  

compouad i d e n t i f i c a t i o n  when t h e  mass s p e c t r a  a re  d i s p l a y e d .  

..% Q<> .'" 

T h i s  i o n  i n t e g r a t i o n  t e c h n i q u e  has p r o v e n  t o  b e  f a r  s u p e r i o r  t o  

CC f o r  t h e  a n a l y s i s  and q u a n t i f i c a t i o n  of POX d u e  t o  i t s  v e r y  h i g h  se- 

l e c t i v i t y ;  i t  a l s o  o f f e r s  a v e r y  s i g n i f i c a n t  a d v a n t a g e  i n  s p e e d  o f  d a t a  

h a n d l i n g .  

L a b o r a t o r v  V d i d a t i o n  S t u d i e r  . 
.~ .aboratory ..u n l i d a t i c n  s t ad i~~ .  w2r.s .pt-rf=rroed nn t h a  oifsorbmt 

E e s z  -&5:ii?a:i.?ii .".>...e7 ..CL'.uICC ,.- _..... ,.--..-.. .yu ..-. ^^L .- -E tk? D-t-t.??.?e ?%$ 5xq72.<az Tr;-iii. 
. ,  s t u d i e s  i n v o l v e d  sp t t3 .nE  u? an adsnrbent saap le r i  to . c n l l e c t  air cram! 

' t h r o u g h  a ;GO F (260 C) t u b e  f u r n a c e .  A p r e c i s e l y  neasured q u a n t i t y  o f  
. . -. 

p o l y n u c l e a r  conpounds i n  a f e w  m i c r o l i t e r s  of m e t h y l e n e  ch ior iae  s o i u t i o n  

.- was then i n j e c t e d  i n t o  t h e  i n l e t  o f  che a d s o r b e n t  s a m p l e r ,  and h e a t e d  a i r  

was p a s s e d  througl i  :he systcn f o r  a t  l eas t  a n  h o u r .  F o l l o w i n g  s o l v e n c  

e x t r a c t i o n  of t h e  s a m p l e r ,  a s u i t a h l c  i n t e r n a l  s t a n d a r d  w a s  a d d e d ,  a n d  

a n a l y s i s  f o r  t h e  s p i k c d  p o l y n u c l e a r  compound w a s  .made b y  CC-PIS a n a l y s i s .  

c 

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

I 
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P r e l i m i n a r y  expcri inents  wcre c a r r i e d  out  i n  o r d e r  t o  de t6rminc  

the most s u i t a b l e  s o l v e n t  f o r  e x t r a c t i o n  of t h e  adso rben t  sampler .  Ex- 

t r a c t i o n  w a s  at te inpted wi.th inethylcne c h l o r i d e ,  acct-one, methyl  a l c o h o l ,  

p-dioxane, pentane ,  cyclohexane,  benzene,  and t o l u e n e ;  on ly  s a t u r a t e d  

hydrocarbons proved e n t i r e l y  s u i t a b l e ,  on account  of p a r t i a l  Texan s o l u -  

b i l i t y  i n  more p o l a r  s o l v e n t s .  Pentane  w a s  found t o  be t h e  m o s t  s u i t a b l e  

s o l v q n t ,  i t s  h i g h  c o l a t i l i t y  minimized sample l o s s  d u r i n g  e x t r a c t i o n .  The 

r e l a t i v e l y  l o w  e x t r a c t i o n  e f f i c i e n c y  of pentane  is overcome b y  means o f  

cont inuous  s o l v e n t  e x t r a c t i o n  f o r  a p e r i o d  of over 2 4  h o u r s ,  $5 desc r ibgd  

aboye. 

- 

I n i t i a l  v a l i d a t i o n  exper iments  involved  sampling a n d  recovery  

of measured q u a n t i t i e s  of an th racene ;  d u r i n g  t h i s  work t h e  te;n$erature of  

t h e  sampler  w a s  a l l o x e d  t o  r o s e  t o  approximate ly  200 F ( 9 3  C ) ,  b u t  q u a n t i -  

t a t i v e  an th racene  recovery  vas  a lways ob ta ined .  

have sugges ted  t h a t  s a q l i n g  wi th  abso rben t  t empera tu res  of 175 F (80 C )  may 

not  r e s u l t  i n  r e t e n t i o n  of a s i g n i f i c a n t  f r ac t i . on  of t h e  POX compounds. 

(La te r  f i e l d  exper iments  

. .  

Subsequent v a l i d a t i o n  e x p e r i m m t s  were c a r r i e d  o u t '  w i t h  t h e  s a n p l e r  

a t  130 F (55 e )  u s i n g  pyrene ,  ch rysene ,  p e r y l e n e ,  b e n z ( g h i ) p e r y l e n e ,  and 

coronene; these con~pounds ere r e p r e s e n t a t i v e  of cor.-only encountered  PO:.[ 

s p e c i e s .  10,000 ng of each of t h e s e  conpounds was s e p a r a t e l y  sampled o v e r  

a 2-hour t i m e  p e r i o d ;  fo l lowing  pen tane  e x t r a c t i o n  and a d d i t i o n  of i n t e r n a l  

s t a n d a r d ,  t h e  PON compound iias q u a n t i f i e d  by GC-2.S u s i n g  s p e c i f i c  a b s o l u t e  

i o n  c u r r e n t  i n t e g r a t i o n .  T h e  results of s e v e r a l  r e p r e s e n t a t - i v e  l a b o r a t o r y  

..:.tal ibrE&m rliprfilxel\ts- arc. ~';JsK ;. ?&e I . 
=LE 1. 

. 
.ECOVERY OF .POOM -FEW .A9'5CZ8ZbT f A H P E R  

-' 

L- 

.. . f .n tegra t i .nn  'hy GC-HS 
. . . - . .. . . . - 

. .  

Sample 01 Sample G2 S a a p l e  63 
Average AveraSe Spiked Average 

POPI (ns) Z Recovery Z .Recovery Z Recovery 
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? ! I  . cl.j,de 1;. I:i..ley 
i'. .!IILSS ., i o n  :.;easure:ocii t Brzinch 
( l f f i c c  of A i r  Q x l i t y  Ylanniiig 

V .S .  Env i ron incn ta l  P r o t e c t i o n  Ageilcy 
Xesea rch  T r i n n g l e  P a r k ,  E o r t h  C a r o l i n a .  

Uear Gfne :  

Cnc losed  a r e  sonif a d d i t i o n a l  d a t a  t h a t  were r e q u e s t e d  a t  t h e  J a n u a r y  27 m e e t i n g .  

Coloi'uter p r in to i i l :  s h e e t s  are  in r . l uded  f o r  t h e  h y d r o c a r b o n  d a t a  f o r  F a i r f  ie1.d. 

LST>! s t a n d a r d s  used f o r  t h e  u l t i m a t e  a n a l y s e s  were D3176-74 wh ich  r e fe r s  t o  t h e  
foll.ovin:: f o r  s p e c i f i c  a n a l y s e s :  

ana Standm-ds 

27711 

~13.177 - S u l f u r  
113178 - Carlion and hydrogen 
1)3179 - N i t r o g e n .  \ 

Oxygen i s  sup;.oszd t o  be b y  d i f f e - e n c e ,  b u t  t h e  r e p o r t e d  t o t a l  does  n o t  add up 
t o  t h e  1.00 p e r c e n t .  

P r o x i m t e  a n c l y s i s  was by D3172 n i t h  s p e c i f i c  mzthods a s  f o l l o r ~ s :  

D3175 - V o l a t i l e  m a t t e r  
D3173 - M o i s t u r e  
D3174 - Ash. 

Fixed  c a r b o n  i s  by d i f f e r e n c e .  

J.f you liave a n y  q u e s t i c n s ,  p l e a s e  c a l l .  

B e s t  regnrcls,  

R ichurd  E .  Barriltt 
A s s o c i a t e  Planage- 
Cornbus t i o n  Sy s tats S e c t i o n  

F E E :  bp 
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TeleL 24 - S i 5 1  

January 7, 1976 

Mr. Clyde E. R i l ey  
Emission Measurement Branch 
O f f i c e  o f  A i r  Qua l i ty  Planning 

U . S .  Environmental P r o t e c t i o n  Agency 
Research Tr i ang le  Park 
North Caro l ina  27711 

D e a r  Gene: 

The purpose of  t h i s  b r i e f  le t ter  r e p o r t  i s  t o  b r i n g  you up-to-date on our 
progress on a n a l y s i s . o f  t h e  a s p h a l t  p lant  smples and t o  report a d d i t i o n a l  
r e s u l t s .  

F i r s t l y ,  t h e  dry ing  of t h e  "explora tory"  m a s s  sm?les went much slower than 
a n t i c i p a t e d .  A s  you recall,  w e  po in t ed  o u t  t h a t  v o l a t i l e  components might 
be lost  i f  mass samples w e r e  d r i e d  accord ing  t o  s t anda rd  Method 5 procedures ,  
and t h a t  t h e  s i g n i f i c a n c e  of such a loss  would be unknown. With your agree- 
ment, we s e l e c t e d  s e v e r a l  ( f o u r )  r e p r e s e n t a t i v e  smsles and have been d ry ing  
t h e s e  sam2les using special procedures  so t h a t  we  could e s t a b l i s h  if any 
" p a r t i c u l a t e "  mass loss w a s  occu r r ing  du r ing  t h e  d ry ing  process .  
d ry ing  procedure c o n s i s t e d  of d ry ing  t h e  smgles a t  
usual f o r  Method 5,  b u t  c o l l e c t i n g  (by condensa t ion)  t h e  evapora t ing  s o l v e n t  
(or w a t e r )  so t h a t  the vaporized s o l v e n t  could  be analyzed f o r  organics .  
The concept w a s  t h a t  i f  no o r g a n i c ' m a t e r i a l  
so lven t  condensa te ,  we are n o t  l o s i n g  o r g a n i c  ma t t e r  ( p a r t i c u l a t e )  du r ing  t h e  
dry ing  process .  

It tu rned  o u t  t h a t  t h e  evapora t ion  p rocess  progressed  very  s lowly under o u r  
c o n t r o l l e d  cond i t ions .  
overn ight  as t h e  dry ice being used t o  condense t h e  so lven t  would have been 
expended and, t h u s ,  we would have l o s t  s o l v e n t . )  However, I r y i n g  of  a l l  
savples  b u t  o n e  has  been completed, and some ana lyses  have been completed. 
Resul t s  t o  d a t e ,  w i th  o u t l e t  samples, have shown no d e t e c t a b l e  organics  i n  
t h e  so lven t  condensate .  Ho;iever, t h e s e  s o l v e n t s  had r e l z t i v e l y  small  amounts 
of o rgan ic  i n  s o l u t i o n ,  and, t h u s ,  t h e s e  r e s u l t s  have n o t  n e c e s s a r i l y  been 
d e f i n i t i v e .  We ewect t o  complete ana lyses  of  t h e  condensates  from t h e  i n l e t  
sample by Fr iday  (January 9 )  and expec t  t h i s  r e s u l t  to be d e f i n i t i v e  a s  to 
whe-zer p a r t i c u l a t e  w i l l  be l o s t  du r ing  normal Method 5 drying procedures.  
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(For example, w e  d i d  n o t  run t h e  dry ing  appara tus  
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SPECIAL  D R Y I 3 G  OF SELECTED SAMPLES 

T C E  SAMPLES 

Cy1 i nder Ai r 
fld 333 cc/niin. 

I , later, S6 F 

Evaporating Tine 
6 da.ys . 

WATER SAMPLES 

Evaporatinq Tii:ie 
2 weeks 

uent  

Dry Ice ,  
-110 F 

TCE Recovery 
99 + % 

City h a t e r  
(61) F )  
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January 7 ,  1976 
I.Z. clydc E. f i i e y  
EPk 2 

As a r e s u l t  of t h e  slowness of t h i s  p rocess ,  OUT p r o g r e s s  on &Ying remaining 
mass samples has  been delayed. 
(no p a r t i c u l a t e  l o s t  during d r y i n g ) ,  we w i l l  move r a p i d l y  t o  d ry  rernainf-ng 
samples. 
during so lven t  evapora t ion ,  w e  w i l l  have t o  agree  on how t o  proceed. 

If t h e  r e s u l t s  we o b t a i n  Fr iday  are nega t ive  

Conversely,  if t h e  6 a t a  sugges t  t h a t  p a r t i c u l e t e  is being l o s t  --- U & < ' = e o -  
-0rTschedv' . Pw+ana3 _. W s S I n  progress .  

-1 r e e  
Srn9lgS. 

I w i l l  c a l l  you Fr iday  (January 9 )  t o  d i s c u s s  the r e s u l t s  of OUT "explora tory"  
d ry ing  s tudy-  

S 

B e s t  r e s a r d s .  

i w- 
Richard E. B a r r e t t  
Associate  Manager 
Codmst ion  S y s t e m  s e c t i o n  

?.EB:bp 

Encs. ( 3 )  
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PROJECT PART I C I  PANTS 

Celotex Corporation 
F a i r f i e l d ,  Alabama 

October 3 through October 10 

B a t t e l l e  Columbus L a b o r a t o a  

R . E .  B a r r e t t ,  Assoc ia te  Manaqer 
Coordinator  

- 

S.E. M i l l e r ,  Chemist - Gaseous Measurements 
W . C .  Baytos, S c i e n t i s t  - Clean u p  
K . W .  Turner,  Technician - Delivered Equipmenr 

Midwest Research I n s t i t u t e  

Dr. K.  P .  Ananth, Engineer - Process Monitor 

Monsanto Research Corporztion 

D. L .  Har r i s ,  Research Group'Leader - P a r t i c l e  S iz ing  

M 1  
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Environmental P ro tec t ion  Aqency 
Research Tr iangle  Park,  N . C .  

Emission Standards and Engineering Division 

Emission Measurement Branch 
Field Tes t ing  Sect ion 

C. E.  Kiley,  Environmental Pro tec t ion  S p e c i a l i s t  - P r o j e c t  Coordinator 
W .  E .  Kel ly ,  Engineer - P a r t i c u l a t e  Measurements 
R .  T .  Harr ison,’  Engineer - P a r t i c u l a t e  Measurements 
L. S.  Granger, Engineer - Vis ib l e  Emissions 
J .  3 .  Burbank, Engineer - P a r t i c u l a t e  Measurements 
J .  M. Davis, Engineer - P a r t i c u l a t e  Measurements 

Test  Support Sec t ion  

T. J .  Logan, Engineer Sampling Coordinator  
F. C .  Biddy, Technician P a r t i c u l a t e  Measurements 
R .  E .  Mo’bley, Technician High Vol ume Sampl i n g  
W .  A.  Shulby,  Technician Vis ib le  Emission 

I n d u s t r i a l  S tud ie s  Branch 

Standards Support  Sec t ion  

E .  A .  Noble, Engineer P r o j e c t  Coordinator  - Process  

M2 
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Section 4 Reference 1 
AP-42 Reference - 

- 

Emission Test Report Review Checklist-Short Form 

Reviewer: %;a, Srarpr 
Review Date: 1/5/93 

A. Background Information 
Facility name: &hfe% &Sv d;,n 

Source category: Asohc&lt ? ? o o h  

Test date: OG+-O~W 6-10, 5 J  

1 Ala b w a  7 .  Location: 

 est sponsor: @A 

Purpose of test: IVSPS 
Testing contractor: Bb+felle - &/urn bus - &&dvdW+k l%s&b -Ps 

~ 

Pollutants measured (include test m thod and indicate 
if valid) : filtw&k PM- 5 A  (€PA M&J) 2 

Do d e 7  use .' Msd,'Dd Mat*.& 5 -ir- 
4hl V O C ' s - ~ ~  25A ( J 

Pa,t:& s : z 4  - Da+a 
Po&- t N.* oklq 

i u u t i a u b l c  + 90  NOT vsc ! 
U 

~~~ ~~ 

Process overview: 
block diagram. Identify processes tested with letters 
from the beginning of the alphabet (A, B, C, etc ...) 
and APC systems with letters frcn the end of the 
alphabet ( V I  W, X I  etc...). Also identify test 
locations with Arabic numerals (1,2,3, ...). Using the 
ID symbols from the diagram, complete the table below. 

Attach a process description and a 



B. Process Information 7 

1. Provide a brief narrative description of the process 
and attach process flow diagram. (Note: If the process 
description provided in the test report is adequate, 
attach a copy here.) 



C. 1. List MY APCD parameters (supplied in the t*lt report) below. 

2. Include any a d d i t i d  information (such IS capture techniques for fugitive systems) and 
d e s r r i ~ & ~ ~ ~  of tbs air poUutim control system (use. a seponre pap if neces9uy). 





). Emission DatdMass Flux Rates/Emission Factors 
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