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Background Information A .. 
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4. 
5. 
6 .  

7 .  

8 .  Process overview: 
block diagram. Identify processes tested with letters 
from the beginning of the alphabet (A, B, C, etc...) 
and APC systems with letters from the end of the 
alphabet (V, W, X, 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 
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B. process Information , 
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.) 

1. 
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Saturator and Coater Enclosure 

FIGURE 1. BLOCK DIAGRAtY SHOWING RELATIVE LOCATIONS OF 
PROCESS COMPONENTS AND S A i i L E  POINTS 

I 
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111. PROCESS DESCRIPTION AND OPERATION 

J The r o o f i n g  p l a n t  was b u i l t  i n  November, 1974. T h i s  p l a n t  was 

t e s t e d  d u r i n g  September 9 t o  13, 1 9 7 5 ,  t o  de t e rmine  emis s ions  from t h e  

a s p h a l t  saeurafor and t h e  a s p h a l t  s t o r a g e  t a n k s  and t o  de t e rmine  t h e  

e f f i c i e n c y  of t h e  two a f t e r b u r n e r s  used t o  c o n t r o l  t h e s e  emis s ions .  

P rocess  D e s c r i p t i o n  

S a t u r a t i o n  of o r g a n i c  f e l t  w i t h  a s p h a l t  i s  done by drawing t h e  

f e l t  ove r  a series of r o l l e r s  o f  which t h e  bot tom r o l i s  a r e  cample t e ly  

submerged i n  h o t  a s p h a l t  a t  400 t o  470 F. 
f e l t  a long  t h e  manufac tur ing  l i n e .  

h a s  18 d i p  r o l l s  in i t s  s a t u r a t o r .  

d ry ing - in  drums which p r e s s  t h e  a s p h a l t  i n t o  t h e  f e l t .  

p a s s e s  through t h e  c o a t i n g  s e c t i o n  where  t h e  c o a t i n g  ( c o n t a i n i n g  about  

50 p e r c e n t  c o a t i n g  a s p h a l t  and 50 pe rcen r  m i n e r a l  s t a b i l i z e r )  is a p p l i e d .  

From t h e n  on, t h e  o p e r a t i o n s  i n c l u d e  g r a n u l e  and back ing  a g e n t  a p p l i c a t i o n ,  

c o o l i n g ,  and c u t t i n g  and packaging .  P r o c e s s  pa rame te r s  such  as l i n e  speed ,  

s a t u r a n t  t empera tu re ,  c o a t i n g  t e m p e r a t u r e ,  l e n g t h  of f e l t  u s e d ,  e t c . ,  

which were monitored d u r i n g  t h e  emis s ions  t e s t s  are p r e s e n t e d  i n  Appendix K. 

The r o t a t i n g  r o l l e r s  move t h e  

The Certain-Teed p l a n t  a t  Shakopee 

A f t e r  s a t u r a t i o n ,  t h e  f e l t  p a s s e s  o v e r  

Then t h e  f e l t  

Emissions C o n t r o l  System 

Aspha l t  fumes from t h e  s a t u r a t o r ,  d r y i n g - i n  s e c t i o n ,  and c o a t e r  

a r e  c o l l e c t e d  i n  a s i n g l e ,  large,  r e c t a n g u l a r  e n c l o s u r e .  T h i s  e n c l o s u r e  

has  seven  l a r g e  v e r t i c a l  s l i d i n g  door s  each w i t h  a 2 x 1 f o o t  g l a s s  

window. In a d d i t i o n ,  t h e r e  is a 3 x 6 f o o t  door  in f r o n t  o f  t h e  d ry ing - in  

s e c t i o n  and a 5 x 8 f o o t  g l a s s  s l i d i n g  door  i n  f r o n t  of t h e  c o a t e r .  

door s  touch t h e  f l o o r  when c l o s e d .  

i n c r e a s e s  t h e  s u c t i o n  when any of t h e  door s  a r e  opened. The c o a t e r  door  

A l l  

A t w o  speed  blower on one  a f t e r b u r n e r  
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I C. 1. List my APCD panmetera (supplied in the test repor() below. 

, 

2. Include MY addit id  information (such PII cppnus techniques for fugitive system) and 
drsxiptiom of the air pollution control system (use. a separate pap if nefesspry). 
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81 7.7 6 0.57 

16690 1600 95 9.0 

72 6.8 ND ND 

1 I600 1100 140 13 I 
ND 

ND 

ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND ND 

660 63 152 14 

FILENAME: F:\PWATE\BRI\AP42\ROOF\METALS,TBL 

UNCONTROLLED AND CONTROLLED METAL EMISSION FACTORS FOR ASPHALT ROOFINGa 

Afterburner 
inlet 
concentration 
@pm) 

ND 

6.5 

Uncontrolled 
emission 
factor 
(lbxlO%on) 

ND 

5.3 

Afterburner 
outlet 
concentration 
@pm) 

N D  

Controlled 
emission 
factor 
(lbx10-6/ton) 

emission 
concentration factor 

(lbx 1 O-6/ton) 

ND 

0.19 

Pollutant 

Beryllium 

Cadmium 303 29 

Arsenic 

Vanadium 

Manganese 

ND 

8.9 

ND 

192 

ND 

18 

ND 

11 

55 45 530 50 
I 

24 2.3 

Nickel 

Antimony 

Chromium 

135 

ND 

110 

ND 

30410 

ND 

2900 

ND 

26.5 21 5073 481 16 1.5 

1310 120 39 3.7 

2580 240 7 0.66 

570 

75 

69 6.5 ND ND I 47 
I 

38 

840 2620 I 248 I 115 I 11 II )I Boron I ;;; 
Lithium 92 845 I 80 I 10 I 0.95 II 

ND 

740 Selenium 345 I 33 1 131 I 12 II 
300 

11 Strontium I 6 4.9 

540 IP Potassium 

670 

ND ND 

ND 

ND 

N D  Magnesium 

Barium 120 

aData is based on a single test run at each sampling point and therefore will not be used in the AP-42 section. 
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PARTICULATE AND GASEOUS EMISSIONS FROM THE 
ASPHALT ROOFING PROCESS SATURATOR AT THE 

CERTAIN-TEED PRODUCTS PLANT 
SHAKOPEE, MINNESOTA 

I. INTRODUCTION 

In accordance with Section 111 of the Clean Air Act of 1970, 
the Environmental Protection Agency (EPA) is charged with the responsibility 

of developing standards of performance for emissions from new stationary 

sources (New Source Performance Standards) which may contribute signifi- 

cantly to air pollution. A standard of performance developed under the 
Act for emissions of air pollutants must be based on emissions data from . 
the best emission reduction systems that have been adequately demonstrated 

for the particular industry being studied, taking into account economic 

considerations. 

+ 
J 

> 

Presently, EPA is assembling background information, including 
emissions data, for the promulgation of New Source Performance Standards 

for the asphalt roofing industry. To obtain necessary emissions data, 

EPA is having various organizations measure emissions from five asphalt 
roofing plants. 

As one part of this effort, EPA engaged Battelle-Columbus to - - 
measure stack emissions from a saturator process at an asphalt roofing 

plant of the Certain-Teed Products Company in Shakopee, Minnesota. The 

roofing plant was built in November,x4. 

e b e r  9 to 13, 1975, to determine emissions from the asphalt saturator 
and the asphalt storage tanks and to determine the efficiency of the two 

afterburners used to control these emissions. Battelle-Columbus was re- 

sponsible for conducting sampling and analyses for particulate emissions, 

gaseous emissions, and process samples. Simultaneously, Monsanto con- 
ducted opacity readings and conducted particle size measurements and Mid- 

west Research Institute staff obtained necessary process data. 

i 
This plant was tested during 

- -_ 

, 

Emissions from the roofing products saturator line are controlled 

by passing the exhaust gas through two parallel afterburner units. 

is a flow diagram of the plant showing relative locations of process com- 

ponents and sampling points. 

Figure 1 -- 
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Emissions were measured s i m u l t a n e o u s l y  a t  t h e i n l e t - a n d - o u t l e t  

of each a f t e r b u r n e r  wh i l e  s t a n d a r d  235-240 pound, t h r e e  t a b ,  seal-down 

-ng produced. 'These s h i n g l e s  a r e  produced from 55 pound 

L - \ 

f e l t  t h a t  i s  49 i n c h e s  wide.  Emissions from s i x  a s p h a l t  s t o r a g e  t anks  

were measured a l s o .  - 
P a r t i c u l a t e  emis s ions  samples we re-kbLaigeJsimu.1 tane-o-usly a t  

t e s t  p o i n t s  TP-1,  TP-2, TP-3, and TP-4 u s i n g  an  EPA procedure  e n t i t l e d  

"EPA D r a f t  Method f o r  De te rmina t ion  o f  P a r t i c u l a t e  ~ an$ T o t a l  .. Gaseous  

Hydrocarbon Emissions from t h e  Aspha l t  Roofing I n d u s t r y " ,  (See Appendix F 

f o r  a d e s c r i p t i o n  of t h e  method.) S imul t aneous ly ,  hydrocarbon emiss ions  

were measured a t  t h e s e  p o i n t s  w i t h  a f l a m e - i o n i z a t i o n  d e t e c t o r  (FID).  

I n l e t  and o u t l e t  gas  composi t ion  was de te rmined  from i n t e g r a t e d  gas  samples 

which were c o l l e c t e d  i n  a p p r o p r i a t e  c o n t a i n e r s  du r ing  t h e  c o u r s e  of each 

run ;  a n a l y s i s  of C02 and 0 

by n o n d i s p e r s i v e d N D I R ) .  The o p a c i t i e s  of t h e  s t a c k  emiss ions  

w o t h  o u t l e t  s t a c k s  were moni tored  by two c e r t i f i e d  obse rve r s  d u r i n g  

t h e  p a r t i c u l a t e  sampling.  

__ - - -------- . -1-.-. .-.--- .. . . - , -. 1 

* - ---. ~. --.- _-.---=-. - 
. . . i  . i 3 . - / _- 

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

was by Orsat; CO c o n c e n t r a t i o n  be ing  de termined  - - 
Evacuated f l a s k  samples were t a k e n  a t  one a f t e r b u r n e r  i n l e t  and 

both a f t e r b u r n e r  o u t l e t s  for a n a l y s i s  by  gas  chromatography. Cont inuous 

measurements f o r  NO 

o u t l e t  d u r i n g  one run  by a n  e l e c t r o c h e m i c a l  method. Three runs  were made 

t o  de t e rmine  a ldehyde  c o n c e n t r a t i o n s  u t i l i z i n g  t h e  Los Angeles w e t  chem- 

i s t r y  m e t h o d T T o t a 1  ... 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  I, ~. - ._ .  (POM) was measured 

s imul t aneous ly  a t  t h e  i n l e t  and o u t l e t  of one a f t e r b u r n e r  u t i l i z i n g  a 

modi f ied  EPA Method 5 t r a i n  i n  c o n j u n c t i o n  w i t h  a BCL developed POM c o l -  

l e c t i o n  column.. '  P rocess  'samples,  c o l l e c t e d  du r ing  t h e  cour se  of t h e  t e s t  

program i n c l u d e d  r ecove red  o i l ,  b u l k  a s p h a l t ,  s a t u r a n t ,  c o a t i n g  a s p h a l t ,  

f e l t ,  c o a t e r  a s p h a l t ,  t a l c ,  f i l l e r ,  and sand .  Trace  metals a n a l y s i s  r e l a t -  

i n g  t o  t h e  emis s ion  samples were de te rmined  by o p t i c a l  emis s ion  s p e c t r o s -  

COPY.  

and SO2 c o n c e n t r a t i o n  were made a t  one a f t e r b u r n e r  
X - 7  

--. ~ __-_ - - .. 

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

- - -  L .  . .. 

-~ 
~ 

Table  1, t h e  Sampling T e s t  Log, shows t h e  a c t u a l  times t h e  sampl-  

i n g  was conducted a t  each  l o c a t i o n .  

The fo l lowing  s e c t i o n s  o f  t h i s  r e p o r t  cover  t h e  summary of  

r e s u l t s ,  p r o c e s s  d e s c r i p t i o n  and o p e r a t i o n ,  l o c a t i o n  of sampling 



point s ,  and sampling ana a n a l y t i c a l  procedures. Detai led descr ipt ions  of 

procedures, f i e l d  and hb0KatOKy data,  and ca lcu la t ions  are presented i n  

various appendices, as noted. 
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TABLE 1. (Continued)  

14:45 355 
14:51 
14:52 
15:09 

Date 

1 

Clock 
Time 

Line 
Speed 

POM Aldehydes 
TP- 1 TP-2 TP-3 TP-4 
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11. SUMMARY OF RESULTS 

Orsat a n a l y s e s  of i n l e t  and o u t l e t  showed t h e  exhaust  g a s  was 

e s s e n t i a l l y  a i r .  Average i n l e t  f low (dry)  f o r  TP-1 and TP-3 were 221 and 

196 Nm /min. (7,834 and 6,957 dscfm), r e s p e c t i v e l y ;  gas  temperatures  were 

8 2  and 94 C (181 and 201 F ) ,  r e s p e c t i v e l y .  Average o u t l e t  f low (dry)  f o r  

TP-2 and TP-4 361 and 365 Nm /mln. (13,488 and 12,946 dscfm), r e s p e c t i v e l y ;  

gas temperatures  were 280 and 363 C (537 and 687 F ) ,  r e s p e c t i v e l y .  

moisture  con ten t  was e s s e n t i a l l y  t h e  same a t  bo th  i n l e t  and o u t l e t  and 

averaged 3.2 pe rcen t .  I s o k i n e t i c  sampling rates f o r  t h e  p a r t i c u l a t e  

sampling runs ranged from 9 1 . 7  t o  108.8 p e r c e n t ,  and sample gas  volumes 

ranged from 1 . 4 7  t o  3.2 Nm3 (51.9 t o  114.3 d s c f ) .  

TP-3 ( f r o n t  h a l f  of t h e  sampling t r a i n )  were 412.1 and 4326.8 mg/Nm3 (0.179 

and 1.884 g r / d s c f ) ,  r e s p e c t i v e l y .  Average o u t l e t  p a r t i c u l a t e  concen t r a t ions  

as measured a t  TP-2 and TP-4 were 53.9 and 2 1 . 9  mg/Nm3 (0.023 and 0.010 

g r / d s c f ) ,  r e s p e c t i v e l y .  

(0.254 g r / d s c f ) .  The average c o n t r o l  e f f i c i e n c i e s  of t h e  two a f t e r b u r n e r  

systems were 78 and 96 pe rcen t .  

3 

3 .  

Gas 

Average i n l e t  p a r t i c u l a t e  c o n c e n t r a t i o n s  as measured a t  TP-1 and 

3 P a r t i c u l a t e  l oad ings  a t  TP-5 averaged 583.5 mg/Nm 

Continuous monitoring of gaseous hydrocarbons pas s ing  through 

t h e  f i l t e r  on t h e  p a r t i c u l a t e  sampling t r a i n  by a f lame-ionizat ion d e t e c t o r  

( a  Beckman Model 109 o r  402* instrument  c a l i b r a t e d  on methane) showed a 

range of 21.0 ppm (TP2-2) t o  285.0 (TP3-1) d u r i n g  t h e  runs a t  TP-1, TP-2, 

TP-3, and TP-4. Average gaseous hydrocarbon emissions,  based on these  d a t a ,  

were 0 .61  and 1.11 kg /h r  (1.35 and 2.44 l b / h r )  a t  t h e  a f t e r b u r n e r  i n l e t s  and 

0.69 and 1.09 kg /h r  (1.52 and 2.40 l b / h r )  a t  t h e  o u t l e t s .  

Emission r e s u l t s  a r e  t a b u l a t e d  a s  fo l lows :  

Table  2 - Performance Summary of Combined 
Emission Reduction Systems 

Hydrocarbon Concen t r a t ions  and 
Emission Rates - Engl i sh  Un i t s  

Hydrocarbon Concen t r a t ions  and 
Emission Rates - Metric Units 

Table 3 - Summary of P a r t i c u l a t e  and Gaseous 

J Table 4 - Summary of P a r t i c u l a t e  and Gaseous 

* Mention of t r a d e  names or  manufacturers  i s  no t  intended t o  c o n s t i t u t e  
endorsement by EPA o r  i t s  c o n t r a c t o r s .  
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Tab le  5 - P a r t i c u l a t e  and Gaseous Hydrocarbon 
R e s u l t s  o f  S a t u r a t o r - A f t e r b u r n e r  
Sys tem 

6 - NOx R e s u l t s  J Tab le  

4 Table  7 - CO Emissions and Emission Rates  

Tab le  8 - Gaseous A n a l y s i s  of F l a s k  Sample 

& T a b l e  

JTable 10 - Aldehyde R e s u l t s  

J T a b l e  1 2  - Trace  Metal  A n a l y s i s  

9 - Summary of POM Data 

Tab le  11 - Summary of V i s i b l e  Emission Data  

Tab le  13 - U l t i m a t e  Analyses  of P rocess  Sample 

P a r t i c l e  S i z e  Measurements 

The a n a l y s i s  of t h e  d a t a  i l l u s t r a t e s  some p e c u l i a r i t i e s .  The 

weight  of m a t e r i a l  c o l l e c t e d  from t h e  aluminum pans from a l l  r u n s  a r e  

shown i n  Appendix H .  

The we igh t s  v a r y  between 1 t o  2.4  mil l ig rams  of m a t e r i a l  and 

t h e  m a j o r i t y  a r e  i n  t h e  1 . 3  m i l l i g r a m  range  and appear  t o  be  q u i t e  

uniform. The samples ,  however,  were observed  a t  t h e  t i m e  of t h e i r  

c o l l e c t i o n  by v i s u a l  o b s e r v a t i o n  t o  va ry  t o  q u i t e  an e x t e n t .  

enough t h e  h i g h e s t  loaded  pans were from t h e  run conducted on t h e  

o u t l e t  of t h e  i n c i n e r a t o r .  The normal t e c h n i q u e  f o r  p a r t i c l e  mass 

d e t e r m i n a t i o n  i n  a s o l v e n t  is t o  e v a p o r a t e  t o  d ryness  i n  a t a r e d  

c o n t a i n e r  and d e s i c c a t e  t o  a c o n s t a n t  we igh t .  

fo l lowed f o r  t h e s e  samples .  

s o l i d  p a r t i c l e s ,  i t  is n o t  conducive t o  a c c u r a t e  r e s u l t s  when d e a l i n g  

w i t h  l i q u i d  d r o p l e t s  of o r g a n i c  m a t e r , i a l s .  A b e t t e r  method would be  a 

chromatographic  a n a l y s i s  of t h e  l i q u i d s ,  however, t h i s  p rocedure  would 

be  e x t e n s i v e ,  c o s t l y ,  and time consuming. 

S t r a n g e l y  

T h i s  p rocedure  w a s  

While t h i s  p r o c e s s  is good f o r  n o n s o l u b l e ,  

There i s  convinc ing  ev idence  t o  i n d i c a t e  t h a t  a p r o c e s s  

e m i t t i n g  o r g a n i c  m a t e r i a l  as an  a e r o s o l  cannot  be  sampled w i t h  a cascade  

impactor  s y s t e m  a s  c u r r e n t l y  used .  The ev idence  i n d i c a t e s  t h a t  t h e  

f i e l d  r e s u l t s  are not r e p r e s e n t a t i v e ,  and c o n s i d e r a b l e  l o s s  of v o l a t i l e  



.I 
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m a t e r i a l  may occur  du r ing  Sam$ ing, t r a n s i t  an  samp ig hanc . ing proce- 

t i dures .  As a r e s u l t ,  t h e  d a t a  presented  i n  t h i s  r e p o r t  cannot  be considered 

r e p r e s e n t a t i v e  o f  t h e  s i z e  d i s t r i b u t i o n  o f  p a r t i c l e s  i n  t h e  gas  s t reams.  
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TABLE 6 .  NOx RESULTS--CERTAIN-TEED 

PRODUCTS COMPANY 

Sampling T i m e  o f  Sampling 
Loca t ion  Date Hour NOx’ PPm 

TP-1, i n l e t  9-12-75 1810- 1820 0 

TP-2, o u t l e t  9-12-75 1645-1700 15 

TP-2, o u t l e t  9-12-75 1730 - 1745 10 

TP-2, o u t l e t  9-12-75 1815-1830 10 

TP-3, i n l e t  9-12-75 a.m. 0 

TP-4, o u t l e t  9-12-75 1850-1905 10 

. 

A n a l y s i s  method: Grab samples ana lyzed  by e l e c t r o -  
chemical  c e l l  a n a l y z e r  (see p 47) .  
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TABLE 8. ANALYSIS OF FLASK SANYPLE FROM CERTAIN-TEED 
PRODUCTS PLANT (EPA SALYPLE S76-006-348) 

(For Sample Collected From the Particulate 
Sampling Train Downstream of the Filter) 

Component Analysis 

O 2  

c02 

N2 
A 

co 

HZ 

s02 

H2S 
NOx 

cos 
CH30H 

C2H50H 

HCHO 
CH3COCH3 

CH4 

C2H6 

C3H8 
‘qH1O 

‘gH12 

‘gH14 

C2H4 

C3H6 

‘qH8 

‘gH1O 
C2H2 

Volume 
percent 

19.3 

0.97  

78.6 

0 .99  

0 .02  

0.10 

ppm by 
Volume 

<O. 3 
<0.1 
<0.5 

<0.3 

0.4 

c0.2  

~ 0 . 5 ,  

1.0 

260. 

17. 

0.2 
0.2 

c 0 . 2  

<0.2 

24. 

4.0 

2.0 

~0.5 

0.5 

<0.1 
<o. 01 

‘gH6 

‘6*gCH3 
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111. PROCESS DESCRIPTION AND OPERATION 

J The r o o f i n g  p l a n t  w a s  b u i l t  i n  November, 1 9 7 4 .  T h i s  p l a n t  w a s  --_ 
t e s t e d  d u r i n g  September 9 t o  13, 1975 ,  t o  de t e rmine  emis s ions  from t h e  

a s p h a l t  s a t u r a t o r  and t h e  a s p h a l t  s t o r a g e  t a n k s  and t o  de t e rmine  t h e  

e f f i c i e n c y  of t h e  two a f t e r b u r n e r s  used t o  c o n t r o l  t h e s e  emis s ions .  

P rocess  D e s c r i p t i o n  

S a t u r a t i o n  o f  o r g a n i c  f e l t  w i t h  a s p h a l t  i s  done by drawing t h e  

f e l t  ove r  a s e r i e s  of r o l l e r s  of which t h e  bot tom r o l l s  a r e  cample t e ly  

submerged i n  h o t  a s p h a l t  a t  400 t o  470 F. The r o t a t i n g  r o l l e r s  move t h e  

f e l t  a long  t h e  manufac tur ing  l i n e .  The Certain-Teed p l a n t  a t  Shakopee 

h a s  18 d i p  r o l l s  i n  i t s  s a t u r a t o r .  A f t e r  s a t u r a t i o n ,  t h e  f e l t  p a s s e s  ove r  

d ry ing - in  drums which p r e s s  t h e  a s p h a l t  i n t o  t h e  f e l t .  Then t h e  f e l t  

passes through t h e  c o a t i n g  s e c t i o n  where t h e  c o a t i n g  ( c o n t a i n i n g  abou t  

50 pe rcen t  c o a t i n g  a s p h a l t  and 50 p e r c e n t  m i n e r a l  s t a b i l i z e r )  i s  a p p l i e d .  

From then  on,  t h e  o p e r a t i o n s  i n c l u d e  g r a n u l e  and backing  agen t  a p p l i c a t i o n ,  

c o o l i n g ,  and c u t t i n g  and packaging.  P r o c e s s  pa rame te r s  such a s  l i n e  speed ,  

s a t u r a n t  t empera tu re ,  c o a t i n g  t empera tu re ,  l e n g t h  of f e l t  u sed ,  e t c . ,  

which were monitored d u r i n g  t h e  emis s ions  t e s t s  a r e  p re sen ted  i n  Appendix K .  

Emissions C o n t r o l  System 

Aspha l t  fumes from t h e  s a t u r a t o r ,  d r y i n g - i n  s e c t i o n ,  and c o a t e r  

are c o l l e c t e d  i n  a s i n g l e ,  l a r g e ,  r e c t a n g u l a r  e n c l o s u r e .  Th i s  e n c l o s u r e  

h a s  seven  large v e r t i c a l  s l i d i n g  door s  each  w i t h  a 2 x 1 f o o t  g l a s s  

window. In a d d i t i o n ,  t h e r e  is a 3 x 6 f o o t  door  i n  f r o n t  of t h e  d ry ing - in  

s e c t i o n  and a 5 x 8 f o o t  g l a s s  s l i d i n g  door  i n  f r o n t  of t h e  c o a t e r .  A l l  

doo r s  touch t h e  f l o o r  when c l o s e d .  A two speed  blower on one a f t e r b u r n e r  

i n c r e a s e s  t h e  s u c t i o n  when any of t h e  d o o r s  a r e  opened. The c o a t e r  door  
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remained open du r ing  t h e  tests,  so t h e  two-speed f a n  ope ra t ed  a t  t h e  h i g h  

speed cont inuously.  There were no v i s i b l e  emissions o u t s i d e  t h e  enc losu re  

u n l e s s  more than one l a r g e  door was open. 

Two a f t e r b u r n e r s  are used a t  t h e  p l a n t  f o r  emission c o n t r o l .  

Three d u c t s  t r a n s p o r t  emissions from t h e  s a t u r a t o r ,  drying-in s e c t i o n ,  and 

t h e  c o a t i n g  s e c t i o n  t o  a manifold above t h e  r o o f .  From t h e  manifold,  

two d u c t s  t r a n s p o r t  t h e  gases  t o  t h e  two a f t e r b u r n e r s .  F igu re  2 is a 

schematic of t h e  exhaust gas streams and t h e  a f t e r b u r n e r s .  The sampling . 
p o i n t s  a r e  a l s o  shown i n  t h e  f i g u r e .  It can be seen  f rom t h e  f i g u r e  t h a t  

one of t h e  a f t e r b u r n e r s  i s  a l s o  used to c o n t r o l  emissions from one s u r g e  

a d  SIX a s p n a l t  s t o r a g e  tanks .  

o ~ l ~ i f - t ~ e s e  was s h u t  down f o r  maintenance du r ing  t h e  tests.  

The des ign  and o p e r a t i n g  d a t a  on t h e  two a f t e r b u r n e r s  a r e  presented below: 

e- 

2_ 

The s t o r a g e  tanks each have a c a p a c i t y  

Af t e rbu rne r  No. 1* 

Manufacturer:  
Model No.: HFL 9 MX 
S e r i a l  No. : ,10241073 
Design A i r  Flow: 5,000 and 8,000 scfm 
Operating temperature:  1000 F 
Fuel used: n a t u r a l  g a s / o i l  (only n a t u r a l  gas  w a s  used du r ing  t e s t )  
Fan motor: 2 speed,  20 hp; 1 ,750  rpm 
Fan manufacturer :  U.S. E l e c t r i c  Motors 

Af t e rbu rne r  No. 2* 

Manufacturer:  Same as No. 1 
Model No.: Same as No. 1 
S e r i a l  No.: 10231073 
Design A i r  Flow: 9,000 scfm 
Operat ing temperature:  1200 F 
Fuel used: n a t u r a l  g a s l o i l  (only n a t u r a l  g a s  w a s  used du r ing  t e s t )  
Main f a n  motor: 20 hp; 1 , 7 7 5  rpm 
Fan manufacturer :  U.S. E l e c t r i c  Motors 
Second fan  motor: 3 hp ( i . e . ,  vent from s t o r a g e  t a n k s ) .  

HIRT Combustion Engineers ,  Montebello, C a i i f o r n i a  

J 

* Both a f t e r b u r n e r s  have d i l u t i o n  a i r  being added t o  t h e  s t a c k  gases 
a f t e r  combustion t o  reduce s t a c k  temperatures .  No e x t e r n a l  a i r  was 
used f o r  combustion, however. 

1 
I 
I 
1 
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Process  Operat ion 

Emission tests were conducted t o  determine uncon t ro l l ed  emissions 

levels of p a r t i c u l a t e ,  gaseous hydrocarbon (HC), and p o l y c y c l i c  o rgan ic  

p a r t i c u l a t e  (POM) and a f t e r b u r n e r  (A/B) e f f i c i e n c y  i n  c o n t r o l l i n g  t h e s e  

emissions.  Simultaneous samples were taken of t he  i n l e t  and o u t l e t  of 

each A / B  f o r  p a r t i c u l a t e  and gaseous hydrocarbon, g a s  composition, p a r t i c l e  

s i z e  and POM. V i s i b l e  emissions from t h e  a f t e r b u r n e r  s t a c k s  and f u g i t i v e  

emissions from t h e  s a t u r a t o r  e n c l o s u r e  were a l s o  monitored du r ing  normal 

p l a n t  o p e r a t i o n .  

c o n d i t i o n  when i t  was running. 

l i n e  was down. For POM's ( p a r t i c u l a t e  p o l y c y c l i c  o r g a n i c  m a t t e r ) ,  however, 

t h e  sampling w a s  stopped a t  l i n e  speeds below 300 f t /min .  

t o  ensu re  t h e  c o l l e c t i o n  of an adequate  amount of sample f o r  a n a l y s i s .  

The l i n e  w a s  considered t o  be under normal o p e r a t i n g  

Sampling w a s  d i scon t inued  on ly  when t h e  

This  w a s  done 

The product ion rate of t h e  l i n e  was determined from t h e  number 

of s h i n g l e  bundles produced du r ing  t h e  tests, t h e  weight  of t h e  bundle and 

t h e  t o t a l  t e s t  t i m e .  The number of bundles  made w a s  recorded w i t h  a coun te r  

and t h e  weight of t h e  bundle was ob ta ined  from q u a l i t y  c o n t r o l  personnel  

a t  t h e  p l a n t .  The l e n g t h  o f  f e l t  used du r ing  t h e  t es t  was a l s o  monitored 

w i t h  a f e l t  coun te r .  From t h e  f e l t  c h a r a c t e r i s t i c s  ( i . e . ,  weight and 

l e n g t h  of r o l l ) ,  t h e  weight per  u n i t  l e n g t h  of f e l t  was determined and 

from t h i s ,  t h e  t o t a l  weight of f e l t  used was e s t ima ted  f o r  each run. 

Other parameters  such a s  l i n e  speed,  s a t u r a n t  temperature ,  c o a t i n g  tempera- 

t u r e ,  e t c . ,  were ob ta ined  d i r e c t l y  from c h a r t s  i n s t a l l e d  on t h e  l i n e .  A l l  

of t h e s e  v a l u e s  i n c l u d i n g  f e l t  c h a r a c t e r i s t i c s ,  a s  ob ta ined  from p l a n t  

pe r sonne l ,  are shown i n  t h e  Appendix K. 

The product ion rates,  f e l t  usage r a t e s ,  a s p h a l t  usage ra tes ,  and 

l i n e  speeds observed d u r i n g  t h e  sampling are summarized from d a t a  con ta ined  

i n  t h e  Appendix K and are presented i n  Table  1 4 .  

s a t u r a n t  and c o a t i n g  a s p h a l t  used were es t ima ted  from d a t a  contained i n  

t a b l e s  i n  Appendix K and are summarized i n  Table  15. 

mates only and t h e r e f o r e  should be used w i t h  cau t ion .  

raw m a t e r i a l  and product c h a r a c t e r i s t i c s  based on d a t a  con ta ined  

i n  Appendix K. 

T o t a l  q u a n t i t i e s  of 

These a r e  b e s t  esti- 

Table  1 6  summarizes 

These d a t a  were s u p p l i e d  by p l a n t  personnel .  
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I! 
li 

September 9, 1975 4,511 g a l .  5,413 g a l .  8.23 9.87 II 
September 10, 1975 4,089 g a l .  2,514 g a l .  7.46 4.59 0 
September 10, 1975 2,368 ga l . -  b l  2,056 g a l .  4.5&/ 3.91 1 
September 11, 1975 14,783 g a l .  13,836 g a l .  6.14 5.75 1' 

I) 
0 
E 
1: 

TABLE 1 5 .  ESTIMATES OF SATURANT AND COATING ASPHALT USED 

A s p h a l t  Usage 
Rate ( t o n s / h o u r )  a, 

?l S a t u r a n t  Coat inq- 
Date and s a m p l i n g  A s p h a l t  Used 
' t i m e  S a t u r a n t  C o a t i n g  

12:45 p.m. - 2:50 p.m. ( 1  7.1 t o n s )  (20.6 t o n s )  

11:05 a.m. - 1:lO p.m. (9.6 tons ) 

3:15 p.m. - 5:15 p.m. (9.0 t o n s )  (7 .8 t o n s )  

9:35 a.m. - 6:44 p.m. (56.2 t o n s )  

(1  5.5 t o n s )  

(52.6 t o n s )  

September 12, 1975 5,617 g a l .  5,617 g a l ,  4.74 4.74 
9:30 a.m. - 2:00 p.m. (21.3 t o n s )  (21.3 t o n s )  

aJ T h i s  i s  c o a t i n g  a s p h a l t  p r i o r  t o  a d d i t i o n  o f  f i l l e r .  
Note:  Convers ion  r a t e  used i s  1 g a l .  o f  a s p h a l t  = 7 .6  l b .  

b/  E s t i m a t e ,  based on c o a t i n g  usage. - 
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I V .  LOCATION OF SAWLING POINTS 

Sampling p o r t  and p o i n t  l o c a t i o n s  were determined as o u t l i n e d  i n  

t h e  Fede ra l  R e g i s t e r ,  December 2 3 ,  1971,  Method 1. Accordingly,  t h e  i n l e t ,  

o u r l e t ,  and s t o r a g e  vent  s t a c k  geomet r i e s ,  a s  presented i n  F igu res  3 ,  4 ,  5 ,  

and 6 ,  i n d i c a t e  t h e  sample p o r t  l o c a t i o n s  r e l a t i v e  t o  t h e  n e a r e s t  upstream 

and downstream flow d i s t u r b a n c e s ,  f o r  t es t  p o i n t s  TP-1, TP-2, TP-3, TP-4, 

and TP-5, r e s p e c t i v e l y .  The number of s t a c k  d i ame te r s  from any flow d i s -  

turbance a r e  p re sen ted  a s  fo l lows :  

Upstream Sample P o r t  Conf igu ra t ion  

Undisturbed Diameters Number of 
Test P o i n t  Locat ion Upstream Downstream Sample P o i n t s  

1 I n l e t  4 . 3  3 .6  36 

2 O u t l e t  5 .9  2.6 28 

3 I n l e t  3 .5  3 .4  40 

4 O u t l e t  5.9 2.6 28 

5 Sto rage  Vent 10.0 4 . 3  8 

A s  i n d i c a t e d ,  t h e  minimum number of downstream s t a c k  d i ame te r s  

( 2  diameters) was m e t  f o r  a l l  5 s t a c k s .  D e t a i l e d  sample p o i n t  l o c a t i o n s  

f o r  each p o r t  are p resen ted  on F igu res  3 through 6 .  (Sampling w a s  on ly  

shown on one t r a v e r s e  on Figures  3 through 6 because d i ame te r s  were t h e  

same f o r  both t r a v e r s e s . )  
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Par:e"r. Di*E..E. from Percent Di.re..nct from 
O f  Oucrlde of Son- a i  Ovciidc ai Sam. 

Point 01aucf.r p!e Port. in .  P01"t oiamecer p i .  Port. in. 

1 1.4' 6-314 10 61.8 24-1lL 

2 4 . 4  7-118 11 70.4 26-314 

3 7 . 5  8.0 Y 76.4 28-518 

4 10.9 9 .0  13 81.2 30-?14 

5 14.6 10-118 14 85 .4  31-114 

6 18.8 11-318 15 ' 89.1 32-318 

7 2 3 . 6  Y-314 16 92.5 33-112 

8 29.6 10-518 17 95.6 YA-112 

9 38.2 17-114 18 98.6 34-310 

I 

2 4  6 0 IO I 2  14 1618 ' \  1 3 5  7 - - ' - -  9 ,  II 13 15 17 

.- 
FIGURE i. TP-1 INLET STACK GEOMETRY SHOWING S A ~ ~ P L I N G  LOCATION 

AND SAMPLE P O I N T  CONFIGURATION 
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6.7 7-314 13 71.0 18-114 

9.7 8-118 11 19.6 29-118 

12.9 3.118 I5 83.5 30-718 

16.5 10-1111 16 81.1 31-718 

20.c 11-718 I? 90.3 32-718 

21.0 13-116 18 91.3 33-311 

9 10.6 IS 19 96.1 34-112 

IO 18.8 17-114 -- . .. 
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FIGURE 4 .  T P - 3  INLET STACK GEOMETRY SHOWING SAKPLING 
-LOCATION AND SAKPPLE PORT CONFIGURATION 
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I 14.6 12-114 11 83.4  46-311 

3 2 0 . 1  u-31e 12 90.1 49 

6 26.9 18-518 13 94.3 31-118 

I 36.6 23-114 1I 98.2 52-314 - 

t 
N I  

I /. 'L( 1- 4,"' . 

\ 
TP-2; T P - 4  

T P - 2  AND TP-4 OUTLET STACK GEOWTRY SHOWING 
SAMPLING LOCATION AND SAMPLE POINT CONFIGURATION 
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V.  SAMPLING AND ANALYTICAL PROCEDURES 

P a r t i c u l a t e  Sampling and Analysis  

P a r t i c u l a t e  sampling was conducted us ing  a d r a f t  method t r a i n  a s  

s p e c i f i e d  by EPA (see Appendix F). The sampling t r a i n  is  shown i n  F igu re  7 .  

EPA conducted method development t e s t s  a t  two a s p h a l t  r o o f i n g  p l a n t s  t o  

e v a l u a t e  t h e  proposed sampling t r a i n s  f o r  c o l l e c t i n g  a s p h a l t  process  pol lu-  

t a n t s .  These s t u d i e s  r e s u l t e d  i n  t h e  development of t h e  d r a f t  method (us ing  

a modified Method 5 system) t o  i s o k i n e t i c a l l y  sample t h e  gas  stream. The 

mod i f i ca t ions  t o  Method 5 i nc lude :  

1. 

2 .  

3 .  

4 .  

Change of f i l t r a t i o n  temperature  from 250 F 
(120 C )  t o  125  F (50 C).  Due t o  its vola- 
t i l e  n a t u r e ,  t h e  p h y s i c a l  s t a t e  of t h e  
o r g a n i c  matter i s  a f u n c t i o n  of temperature .  
The re fo re ,  i t  was necessa ry  t o  s e l e c t  a 
f i l t r a t i o n  temperature  t o  provide a b a s i s  
f o r  e v a l u a t i n g  t h e  d i f f e r e n t  c o n t r o l  systems 
and t h e  emissions from t h e  d i f f e r e n t  p l a n t s .  
The 125 F (50 C) upper l i m i t  was s e l e c t e d  t o  
be c o n s i s t e n t  w i t h  the  optimum o p e r a t i n g  
temperature  of 104 F (40  C) f o r  t h e  c o l l e c -  
t i o n  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 r e c i p i t a t i o n .  

Use of a p r e c o l l e c t o r  f i l t e r  t o  reduce t h e  
o i l  d r o p l e t  l oad ing  on t h e  primary f i l t e r .  
This  change was necessa ry  t o  prevent  o i l  
f rom.seep ing  through t h e  g l a s s  f i be r  m a t  
du r ing  pe r iods  of h igh  o i l  d r o p l e t  
c o n c e n t r a t i o n s .  

E x t r a c t i o n  of a s m a l l  p o r t i o n  (1 elmin) of 
t h e  sample g a s  a f t e r  f i l t r a t i o n  and u s e  of 
continuous f l ame- ion iza t ion  d e t e c t o r  (FID) 
ana lyze r  t o  measure t h e  gaseous hydrocarbon 
(HC) con ten t  of t h i s  sample. 

Change i n  c leanup r eagen t  from ace tone  t o  
l , l , l - t r i c h l o r o e t h a n e .  Sample cleanup and 
recovery procedures were a l s o  developed 
and t e s t e d  du r ing  t h e  method development 
program. Various s o l v e n t s  were used,  e . g . ,  
ace tone ,  chloroform,  hexane, l , l , l - t r i c h l o r o -  
e t h a n e ,  d i e t h y l  e t h e r ,  methylene c h l o r i d e ,  
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and trichloroethylene. The chlorinated 
hydrocarbons proved to be most effective 
solvents. Chloroform and methylene chloride 
were rejected as unsafe due to the toxic 
chemical exposure criteria established by 
OSHA. The solvent, l,l,l-trichloroethane (TCE) 
was decided upon because it was most effective 
in dissolving the baked-on oil and tars and, 
due to its lower vapor pressure, was potentially 
less toxic. 

5 .  Change in analysis procedure to minimize sample 
loss through evaporation. In the laboratory 
the cleanup reagent presented some problems. 
The low vapor pressure of TCE caused an increase 
in the time necessary to evaporate the samples 
to a final weight at ambient temperature. 
Experiments were conducted to quantify the loss 
of light hydrocarbons by condensing the vapors 
from the evaporating process and analyzing it 
by gas chromatography. These special studies 
and their results are described in Appendix B. 
The results of the above studies showed that 
saturator process samples were not expected to 
experience significant weight loss during drying 
and weighting. Thus, particulate sample weights 
for front-half samples were determined by proce- 
dures similar to those defined in the Federal 
Register, December 23, 1971. 
A continuous weight loss was recorded for the 
samples over a period of several weeks after 
removal of the condenser. The weight loss was 
most significant for inlet samples. The outlet 
samples also continued to lose weight, but to a 
lesser degree. Consequently, the criterion of 
constant weight" was defined as "a less than 
10 percent weight change between two sequential 
weighings 24 hours apart." Most samples weighed 
in this manner 'reached a constant weight between 
the 24 to 48-hour weighings. 

1 ,  

Appendix C includes conrplete particulate emission results and a sample 
calculation for obtaining particulate concentrations and mass emissions. 

summarizes both the front and back half particulate catches and Contains results 
for total particulate and control device efficiency based on total particulate. 

Table 17 

Hydrocarbon Sampling and Analysis 

As discussed earlier, a slipstream of the particulate gas sample 
was removed from the sample train immediately downstream of the filters. 
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This gas sample was diverted to an FID analyzer for gaseous hydrocarbon 

analysis. The gas sample co the FID analyzer was transported through 

heated lines to prevent condensation. The F I D  analyzer monitors the level 

of total gaseous hydrocarbnns by ionizing the hydrocarbons in a hydrogen 

rich flame and measuring the current produced. This type measurement 

system has been used by EPA as a reference method at other emission 
sources and is accurate over a wide range of concentrations. 

To develop background information on the chemical composition of 
the emitted organics, specific hydrocarbons were identified using techniques 

which include infrared analysis, gas chromatography (GC), and GC-mass 

spectroscopy (GC-MS). The oil droplet fractions were semi-quantitatively 
analyzed and found to contain almost every category of hydrocarbons, e.g., 

ringed, straight chained, partially oxidized, etc. However, the gaseous 

portion which was defined using quantitativeGC-MS analyses showed that the 
hydrocarbons were primarily 1- through 3-carbon chains for noncombustion 
control devices, and methane for afterburner control devices. Therefore, 

the FLD response to the gaseous hydrocarbons was determined to be satis- 
factory. These data are described in the individual test reports and in the 
test reports concerning the method development. 

Control system inlet emission concentrations were expected t o  be 

high. Thus, in order to avoid line loss due to condensation, it was con- 
sidered necessary to heat the FID sample lines. The Beckman 402* FID utilities 

a heated inlet line and an oven to maintain hydrocarbon emissions in 
the gaseous state within the analyzer and was considered appropriate for 

inlet sampling 
Since the FID was in parallel with the sampling train, the total 

flow through the sample nozzle would be the sum of the t w o  sample flows. 
Therefore, in order to maintain isokinecic conditions at the sample nozzle, 

the particulate sampling train flow had to be adjusted by an amount equal to 

the flow through the FID. This was accomplished by treating the FID flow as 
a pseudo moisture. 

Using a nominal particulate sampling train flowrate of 0.75  cfm 

and an FID flowrate of 0.083 cfm for the 4 0 2 ,  the percent moisture 

* Mention of trade names or manufacturers is not intended to constitute 
endorsement by EPA or its contractors. 

I 
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ad jus tmen t  would b e  0 .083 /0 .75  o r  11 p e r c e n t .  The nomograph was then  

a d j u s t e d  by a n  amount e q u a l  t o  the sum of t h e  a c t u a l  s t a c k  m o i s t u r e  p l u s  

t h e  c a l c u l a t e d  FID pseudo m o i s t u r e .  

A t  t h e  end of each  run  t h e  FID sample volume w a s  c a l c u l a t e d  by 

m u l t i p l y i n g  t h e  r u n  t i m e  by t h e  FID f l o w r a t e .  The FID volume was then  

c o r r e c t e d  f o r  m o i s t u r e .  ' The t o t a l  d r y  sample volume was. t hen  c a l c u l a t e d  

as t h e  sum of t h e  g a s  volumes passed through t h e  sample t r a i n  and t h e  FID.  

O u t l e t  e m i s s i o n  c o n c e n t r a t i o n s  were expec ted  t o  b e  r e l a t i v e l y  low 

and t o  c o n s i s t  of lower molecu la r  we igh t  hydrocarbons.  Thus,  t h e  Beckman 

109" F I D  a n a l y s e r ,  which has  a lower f l o w r a t e  and d o e s  n o t  i n c o r p e r a t e  

h e a t e d  sample l i n e s ,  was c o n s i d e r e d  s a t i s f a c t o r y  f o r  hydrocarbon sampling 

and a n a l y s i s  a t  t h i s  l o c a t i o n .  

The sample f l o w r a t e  th rough  t h e  109 i s  on t h e  o r d e r  of  240 cc/min. 
J 

which i s  small ( abou t  1 p e r c e n t )  compared t o  t h e  sampling t r a i n  f l o w r a t e .  

Hence, i t  was n o t  c o n s i d e r e d  n e c e s s a r y  t o  a d j u s t  t h e  f low f o r  i s o k i n e t i c  

c o n s i d e r a t i o n s , a s  was n e c e s s a r y  f o r  t h e  i n l e t .  

Gas Composition F l a s k  Sampling and A n a l y s i s  

Three  evacua ted  f l a s k s  were o b t a i n e d  from t h e  FID sample l i n e  

d u r i n g  Run TP-4 w h i l e  sampling o u t l e t  e m i s s i o n s .  Only one o f  t h e  f l a s k  

samples ,  S75-006-348, was analyzed a t  Ba t t e l l e  u s i n g  g a s  chromatography 

t e c h n i q u e s .  T a b l e  8 r e p o r t s  t h e  a n a l y s i s  of t h i s  f l a s k .  Labora to ry  d a t a  

r e p o r t e d  f o r  t h i s  a n a l y s i s  a re  g i v e n  i n  Appendix .I. 

POM Sampling and A n a l y s i s  

POM sampling was conducted s i m u l t a n e o u s l y  a t  l o c a t i o n s  TP-1 and 

TP-2 ( i n l e t  and o u t l e t )  on September 1 3 ,  1975. Sampling was conducted u s i n g  

t h e  Bat te l le  POM Sampling T r a i n  w h i c h , e s s e n t i a l l y , i s  a n  EPA Method 5 s a m -  

p l i n g  t r a i n  w i t h  an a d s o r b e n t  sampler  l o c a t e d  between t h e  f i l t e r  and t h e  

impingers .  A n a l y s i s  w a s  by g a s  chromatography-mass s p e c t r o m e t r y  (GC-MS). 

* Mention o f  t r a d e  names o r  
endorsement by EPA o r  i t s  

m a n u f a c t u r e r s  i s  n o t  i n t e n d e d  t o  c o n s t i t u t e  
c o n t r a c t o r s .  
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D e t a i l s  of t he  sampling t r a i n ,  i t s  o p e r a t i o n .  sample r ecove ry ,  and a n a l y s i s  

a r e  included i n  Appendix G .  Table  9 summarizes POM emissions r e su l t s .  

For some POM compounds, t h e  c o n c e n t r a t i o n  a t  t h e  a f t e r b u r n e r  out-  

l e t  was g r e a t e r  than a t  t h e  i n l e t .  This  phenomena might be t h e  r e s u l t s  o f :  

(1) POM produced i n  t h e  a f t e r b u r n e r  

( 2 )  Inadequate  sampling methodology 

( 3 )  Inadequate  c leanup methodology 

( 4 )  Inadequate  a n a l y s i s  methodology. 

Concerning I t e m  1, i t  is  known t h a t  POM is  produced i n  combus- 

t i o n  p rocesses .  However-, t h e  s t a t e - o f - t h e - a r t  of t he  knowledge of mecha- 

nisms of POM formation is  no t  such t h a t  i t  can be p r e d i c t e d  whether o r  no t  

POM might form i n  an a f t e r b u r n e r  dev ice  such as used a t  t h e  Certain-Teed 

p l a n t .  

The sampling and cleanup methodology used f o r  t h i s  work is  state- 

of- the-ar t .  However, i t  i s  s t i l l  undergoing v a l i d a t i o n  s t u d i e s  and i t s  

accuracy and r e l i a b i l i t y  f o r  a l l  sampling cond i t ions  i s  not  proven. The 

absorbent  sampler,  t h e  c u r t i a l  component o f  t h e  POM sampling t r a i n ,  has  

been v a l i d a t e d  f o r  a l i m i t e d  number of l a b o r a t o r y  samples.  

The GC-MS a n a l y s i s  technique i s  f a i r l y  w e l l  proven, as d i scussed  

i n  Appendix G .  

sample recovery and a n a l y s i s  o f  l a b o r a t o r y  samples. 

Battelle a n a l y s t s  claim a n  accuracy of f 1 2  pe rcen t  f o r  

Thus, i t  is  d i f f i c u l t  t o  e v a l u a t e  why the  POM appeared t o  

i n c r e a s e  i n  t h e  a f t e r b u r n e r .  

of-magnitude'' and evaluated on t h a t  b a s i s .  

Probably t h e  d a t a  must be accepted as "Order- 

Aldehyde Sampling and Analysis  

The i n l e t  and o u t l e t  s t a c k  g a s e s  of one of t h e  two a f t e r b u r n e r  

c o n t r o l  dev ices  were sampled t o  determine aldehyde concen t r a t ion .  It w a s  

assumed t h a t  t h e  l e v e l  o f  c o n c e n t r a t i o n  would b e  r e l a t i v e l y  low and t h a t  a 

l a r g e  sample volume would be necessa ry  t o  enab le  d e t e c t i o n  by t i t r a t i o n .  

The re fo re ,  t o  f a c i l i t a t e  t h e  sampling, t h e  Method 5 sample t r a i n  was set  up  

(without t h e  f i l t e r  i n  place)  so t h a t  l a r g e  volumes of g a s e s  could be 

sampled i n  a r e l a t i v e l y  s h o r t  pe r iod  of t ime. 
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The referenced procedure used for the sampling and analysis of 
(1) aldehydes was Los Angeles Method . 

One hundred cc's of one (1) percent sodium bisulfite was placed 
in each of the first two impingers of the sampling train. The third 

impinger was empty and the forth impinger contained 200 grams of indicating 

Drierite. 

The inlet and outlet stack gases were sampled simultaneously to 
3 obtain sample volumes of approximately 15-20 ft . The reagents were 

treated according to the Los Angeles Method , stored in glass containers 
and returned to BCL for analysis. The results of these measurements are 

presented in Table 10. The increase of aldehyde concentration through the 
afterburner may be the result of aldehyde formation in the lean fuel-air 
combustion process occurring in the afterburner. It is noted that diesel 
engines operate with lean fuel-air ratios at all but high load, and that 

these engines are a recognized source of aldehyde emissions. 

(1) 

The analytical report card which includes additional information 

regarding the analysis and field data forms are presented in Appendix I. 

SO? and NO.. Measurements 

The sulfur dioxide and nitric oxides concentrations were measured 

in stack gas samples from both inlet and outlet sides of the afterburner. 

Two different electronic monitoring instruments were used: (1) EnviroMetrics 
Model NS300 S02/NO, analyzer*, and ( 2 )  Dynascience Nitrogen Oxides analyzer*. 

Both instruments operate on the same detection principle - the Farristor 
electro-chemical cell. 

abrupt temperature changes such as are ordinally found in field situations. 

These cells perform best in sheltered areas, as in a laboratory. 

These sensitive detection cells are affected by 

After attempting to measure the S02/NOx concentration in the 

stacks while on the scaffolding, it was found that stable conditions suita- 

ble for the detection cells (electric voltage and temperature) could not be 

obtained. Thus, a decision was reached in conjunction with the Project 

Officer in which integrated bag samples could be substituted for direct and 

* Mention of trade names or manufacturers is not intended to constitute 
endorsement by EPA or its contractors. 

1~ 
I~ 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
1 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
,I 
I 
I 
11 
I 
I 
I 
I 

49 

continuous stack monitoring. The monitoring instruments were then set-up 

in the mobile "clean-up" laboratory. 
One inlet stack was monitored for NOx continuously, while ambient 

conditions were stable. 

below the detection limits of the sensing cell. 

The NOx concentration in this inlet stack was 

Representative stack gas samples were collected over a 10 to 15- 
minute time period in evacuated, teflon, gas sampling bags (one cubic foot 

capacity). 
collecting. 

These gas samples were analysed within 30 minutes after 

The recorder strip charts taken from the analyser measurements and 

the "work-up" data sheets are referenced in Appendix E. 

Carbon Monoxide Measurements 

Carbon monoxide (CO) emission samples were obtained at test points 

TP-1, TP-2, TP-3, TP-4, and TP-5. The integrated gas samples were collected 
in Teflon bags during the course of each run and transported to an air condi- 
tioned van where they were analyzed within 30 minutes after collection. The 
CO analyzer was set up in the van because of unstable sampling conditions on 

the scaffolding, i.e., wind, rain, vibrations and voltage fluctuations. The 

instrument used to measure CO was a Beckrian* Model 315B nmdispersive 
infrared analyzer. The analyzer was calibrated before and after each run 

with zero nitrogen and certified standard CO span gas o f  1050 ppm. 

A schematic drawing of the sampling train used to collect the CO 
samples is shown in Figure 8. The primary function of the impingers in the 

train is the removal of water and CO2, which are infrared-absorbing and 
cause serious interference effects if not minimized. 

To calculate CO emissions, the average CO concentrations were 

determined for each sampling point (where valid data were obtained). The CO 

was sampled from a single point (centroid at each test point). The CO con- 
centration was assumed uniform throughout the duct and, chus, the particu- 

late sampling train velocity data were used to calculate CO emission rates. 

* Mention of trade names or manufacturers is not intended to constitute 
endorsement by EPA or its contractors. 
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F I G U R E  8. SMPLING TRAIN FOR D E T E R N I N I B G  CO E M I S S I O N S  
AT THE AFTERBURNER OUTLET 



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

51 

Visible Emission Measurements 

Monsanto Research Corporation, as a contractor to the 
Environmental Protection Agency under the "Field Sampling of Atmospheric 
Emissions" program, was requested to provide visible emission data from 

the Certain-Teed Asphalt Plant, Shakopee, Minn. Visible emissions were 
observed from the afterburner outlet stacks TP-2 and TP-4 and fugitive 
emissions were observed from the saturacor-coater enclosure during the 

period of September 9-12, 1975. Figures 9 and 10 show the relative loca- 

tion of the readers and the emission sources. The visible emission data 
were recorded for a total of more than twenty hours over a 3-day period, at 

the 15-second intervals as specified by EPA Method 9, described in the 

Federal Register, Vol. 39, No. 219, November 1 2 ,  1974. A summary of the 
time of observation, discharge area, pertinent distances, weather conditions 

and opacity is presented in Table 11. 
The complete visible emission report, as presented by Konsanto to 

EPA (which includes the field data sheecs), is presenced as Appendix L. 

8 
Particle Size Sampling 

Particle size distribution tests employing a Brink BMS-11* 
cascade impactor were conducted on the inlet (TP-1) and outlet (TP-2) of 

one afterburner, and the inlet duct (TP-3) of a second control afterburner. 
Four runs were conducted at each of the inlet ducts and a single run was 
conducted at the outlet duct. The run times ranged from 15 to 60 minutes 
at the inlets and 130 minutes at the outlet. 

It was anticipated that the material to be sampled would most 
likely be an aerosol of organic material resembling a light motor oil. For 

this reason, aluminum foil cups were fabricated to fit the pans in the 
Brink impactor in an effort to reduce the tare weights and thereby facilitate 

the weighing accuracy. The aluminum cups were preweighed in the laboratory 
and shipped to the test site with the sampling equipment. After the test the 
exposed aluminum pans were hand-carried to the Monsanto Laboratory in Dayton, 

* Mention of trade names OK manufacturers is not intended to constitute 
endorsement by EPA or its contractors. 
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Ohio,  and reweighed. I t  was no t  e s t a b l i s h e d  whether  o r  no t  t h e  o r g a n i c  

m a t e r i a l  t h a t  was c o l l e c t e d  du r ing  sampl ing  was s t a b l e  enough t o  remain on 

pans u n t i l  r each ing  t h e  l a b o r a t o r y  t o  be  weighed. It  i s  p robab le  t h a t  some 

v o l a t i l e  m a t e r i a l s  were l o s t  due t o  e v a p o r a t i o n .  A s  a r e s u l t ,  t h e  p a r t i c l e  

s i z e  d i s t r i b u t i o n  d a t a  may b e  q u e s t i o n a b l e  o r  i n v a l i d .  

Summaries of t h e  test r e s u l t s  a r e  p r e s e n t e d  i n  Appendix H .  

’ Trace  Meta ls  A n a l y s i s  

Trace  metal a n a l y s e s  were conducted by o p t i c a l  emis s ion  

spec t roscopy  (OES) on samples  from one p a r t i c u l a t e  run a t  each sampling 

l o c a t i o n .  The OES a n a l y s i s .  t echn ique  i s  a a n a l y t i c a l  survey  method t h a t  

produces d a t a  f o r  a l a r g e  number of m e t a l s ,  b u t  does  no t  p rov ide  d a t a  on 

s e v e r a l  v o l a t i l e  metals ( s p e c i f i c a l l y  Hg, F ,  and S e ) .  Each run w a s  ana lyzed  

as t h r e e  s e p a r a t e  f r a c t i o n s ,  f r o n t  h a l f  (ups t ream of t h e  f i l t e r ) ,  f i l t e r ,  

and back h a l f  (downstream of t h e  f i l t e r ) .  Tab le  1 2  presents  t h e  r e s u l t s  of 

t h e s e  a n a l y s e s .  The l a b o r a t o r y  d a t a  sheets a r e  inc luded  i n  Appendix J .  

Ana lys i s  of  P rocess  Samples and Recovery O i l  

P rocess  samples  were c o l l e c t e d  of t h e  fo l lowing :  recovery  o i l  

( d u c t ) ,  r ecove ry  o i l  ( a f t e r b u r n e r ) ,  f l u x  (bu lk  unblown a s p h a l t ) ,  s a t u r a n t  

a s p h a l t ,  c o a t i n g  a s p h a l t ,  f e l t ,  c o a t e r  a s p h a l t ,  t a l c ,  f i l l e r ,  mica,  and 

used mini-HEAF f i l t e r  media.  

F lux  (unblown asphalt--EPA Sample No. S75-006-301), s a t u r a n t  and 

c o a t i n g  a s p h a l t  (EPA Sample Nos. 575-006-296 and S75-006-303, r e s p e c t i v e l y ) ,  

and recovery  o i l s  (EPA S75-006-300 and S75-006-299) were ana lyzed  by ASTM 

procedures  f o r  proximate  and u l t i m a t e  analyses. That a n a l y s i s  was done by 

Darwin Nevey of Nalin L a b o r a t o r i e s  of Columbus, Ohio,  on B a t t e l l e  Purchase  

Order  No. L-6056. Values  a r e  r e p o r t e d  f o r  v o l a t i l e  m a t t e r ,  f i x e d  ca rbon ,  

m o i s t r u e ,  a s h ,  C ,  H ,  0 ,  S ,  and N .  The a p p l i c a b l e  ASTM procedures  used f o r  

t h e s e  a n a l y s e s  were: 
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Proximate Analysis D3172-74 
Volatile Matter (VM) D3175 
Moisture (M) D3173 
Ash (A) D3174 
Fixed Carbon By difference 

(100-VM-M-A) 

Ultimate Analysis D3176-74 
Carbon (C) and D3178 

Sulfur (S) D3177 
Nitrogen (N) D3179 
Oxygen ( 0 )  By Difference 

Hydrogen (H) 

(100-C-H-N-S-M-A). 

Table 13 summarizes process analysis results. Copies of the 

hbOKatOKy reports of these analyses are included in Appendix J. 
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APPENDIX A 

FIELD AND LABORATORY DATA RELATED 
TO PARTICULATE SAMPLING 

Preliminary Data A- 1 
Sample Run Data A-29 
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Sample Drying Data A-100 

Sample Log Identification A- 118 



I 
1 
I 

A- 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Preliminary Data 



A- 2 
T R A V E R S E  P O I N T  L O C A T I O N  FOR CIRCULAR DUCTS . 

3 b M * P G .  
15\14 

PLANT C2&'& Td &AL.& 
_- DATE 9 /  7 5 ,  

- L d X  c 
1% 

SAMPLING LOCATION 
INSIDE OF FAR WALL TO 

OUTSIDE OF NIPPLE. (DISTANCE A) 

n -  

-AdX 
INSIDE OF FAR WALL TO 

OUTSIDE OF NIPPLE. (DISTANCE A) 

&I' 
INSIDE OF NEAR WALL TO 

STACK I.O., (DISTANCE A .  DISTANCE E) 
OUTSIDE OF NIPPLE, (DISTANCE E) 

30" 
NEAREST UPSTREAM DISTURBANCE 4.13 && 
NEAREST DOYINSTREAU DISTUlEbNCE 3.Ldh, 

I '  . c 
1% 

I 
-I 
.I 
I 
I 
I 

SCHEMATIC OF SAMPLING LOCATION I - ,, r ,  
CALCULATOR 

/ I 
TRAVERSE PRODUCT OF TRAVERSE POINT LOCATIO!, 

POINT FRACTION COLUMNS 2 AND 3 FROM OUTSIDE OF IIIPPL 
NUMBER OF STACK 1.0. STACK 1.0. (TO NEAREST 118 INCH) DISTANCE B (SUM OF COLU6:NS 4 & 5 1  



STACK 1.0. .j’c “ 

BAROMETRIC PRESSURE, in. Hg 
STACK GAUGE PRESSURE, in. H20 
OPERATORS < , w e  I’ + &,,/p 

L .74 /do 
SCHEMATIC OF TRAVERSE POINT LAYOUT 

TRAVERSE VELOCITY STACK 
POINT HEAD TEMPERATURE 
NUMBER bps). in.HZ0 Q). ‘F 

I 2 2  



NOMOGRAPH DATA 

PLANT C e Y t ; d n  - T i e r / ,  

DATE 9 - 9 -73- 

SAMPLING LOCATION .7-?- 1 L-77 /e / 

~~ 

CALIBRATED PRESSURE OIFFEREfiTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE IJETER TEiiPERATURE (AI:BIEtjT+ 20°F), 'F 

/,PD 
A"@ * 

9-r  Tm ._ avg. 

1 
PERCENT IIOISTUEE IN GAS STREAM BY VOLU;iE 

/2 70 
Bwo 4 

'AVERAGE STACK TEIPERATURE, OF 

' p, BAROIJETRIC PRESSURE AT LlETER; in. Hg 

STATIC PRESSURE 111 STACK, in. Hg 

(P,20.073 x STACK GAUGE PRESSURE in in. H20) PS - 

% P.LY 

{, 0 & J  

* P w g .  

Ap,x* 

AVERAGE VELOCITY HEAD, in. H20 

MAXlINJW VELOCITY HEAD, in. H20 

EPA (Our) 234 
4172 

4' :. . 123' 

..3G 

I 
I 
f 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I, 
i 
I 

rl 
i 

- I 

C FACTOR 

CALCULATED IiOZZLE DIAL;ETER. in. 

ACTUAL NOZZLE OIAIJETER. in. 

REFEREfiCE A p ,  in. H20 

+;ff=- 
I qa- 1 

I 

. %  ?Y 37' 

. 2 7 d  
3w- , 4 6 d  & 



~ 

I 
1 
I 
t 
I 
1 
I 
I 
I 
I 
I 
1 
I 
i 
I. 
I. 
1: 
1- 
I, 
I- - 
c - 

CALIBRATED PRESSURE D I i i E R E I l T I A L  ACROSS 
ORIFICE, in. H20 AH@ 

Tm ._ avg. AVERAGE IJETER TEEPERATURE (Af;lB1E1IT+2OoF), 'F 

PERCENT KOISTUEE 111 GAS STREAM BY VOLULiE Bwo 

BAROi,lETRIC PRESSURE AT METER; in. Hg ' Pa 

STATIC PRESSURE 111 STACK, in. Hg 
(Pmt0.073 x STACK GAUGE PRESSURE in in. H2O) ps 

. .. .. 

/- 90 

YG 
2% 
24.1 7 

A- 5 

RATIO OF STATIC PRESSURE TO METER PRESSURE 

-AVERAGE STACK TEIPERATURE, O F  

AVERAGE VELOCITY HEAD, in. H20 

MAXIIIIUIJ VELOCITY HEAD, in. H20 
% 

C FACTOR 

.. 
N O M O G R A P H  DATA 

. ''/Pa /, 0 

Tsavg. 2 2 5  

Apavg. * 25- 

APmax. 136 

A /  

DATE 9 - i i  - 73'- 

ACTUAL NOZZLE DIAPETER, in. 

REFERENCE A p ,  in. H20 

SAMPLING LOCATION T p - /  z7)A 6 

.* 

, 2  7 0  
I Y fd  

~~ 

CALCULATED NOZZLE OIALiETER. in. 

- .. . 



- 

A-6 

NOMOGRAPH DATA 

CALIBRATED PRESSURE DlFFEREllTlAL ACROSS 

ORIFICE, in. H20 AH@ 

AVERAGE METER TEKPERATURE (AMBIENT+ 20'F).°F 

PERCENT IdOlSTUX Ill GAS STREAM BY VOLUbiE 

BARO~IIETRIC PRESSURE AT IdETER; in. Hg 

STATIC PRESSURE Ill STACK, in. Hg 

(Pm+0.073 x STACK GAUGE PRESSURE in in. HzO) p s  

RATIO OF STATIC PRESSURE TO LIETER PRESSURE 

'AVERAGE STACK TECPERATURE. O F  

AVERAGE VELOCITY HEAD, in. H20 

MAXliilUld VELOCITY HEAD, in. H20 1 APnlax. 

I . .  C FACTOR 

/. c 

2 35 

, x . j -  
. 3 6  

CALCULATED flOZZLE O I A X T E R .  in. I .7 / A 

I . .7n, r  ACTUAL IIOZZLE OIALiETER, in. . .  
. ~ . -  

4 c a- 
-?&-- R E F E R E K E  A p ,  in. H20 

~ 

I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
1 
I 
I 
I, 

EPA (our) 234 
4 f l 2  

. . . . . . . - . .  



I 
1: 

CALCULATED IlOZZLE 0lAi;lETER. in. 

ACTUAL IIOZZLE D I A X T E R .  in. . .  

REFERENCE A p ,  in. H20 

1 
I 

,,-?& 0- 

, 2 7 0 '  

,3b I-; 

A- 7 

NOMOGRAPH DATA 

h PLANT f/cifa:o I +  / 

DATE - / 3 -  73- 
SAfilPLIIIG LOCATION r9 ,A+ T P - I  (,d 

1 

CALIBRATED PRESSURE DlFFEREfITlAL ACROSS 
ORIFICE, in. H20 

AVERAGE L!ETER TEKPERATURE (AI:IBIEIIT + 20 OF), O F  

PERCENT f601STUKE III GAS STREKG1 BY VOLUZE 

BAROMETRIC PRESSURE AT IiETER: in. Hg 

STATIC PRESSURE It1 STACK, in. Hg 

(Pm+0.073 x STACK GAUGE PRESSURE in in. H20) PS 

RATIO OF STATIC PRESSURE TO biETER PRESSURE 

$VERAGE STACK TU>;PERATURE. O F  

AVERAGE VELOCITY HEAD, in. H20 

P 
s&l 

T 
Savg. - 

Apavt .  -~ 
MAXIf~~Uf~ l  VELOCITY HEAD, in. H20 

C FACTOR 

3 %  

29.48 

EPA (DuI) 234 
(/I 2 

~ . . . . . . - 
... 



I 
A- a 

T R A V E R S E  P O I N T  L O C A T I O N  FOR CIRCULAR DUCTS , 

7/71 7 

u 

u9"- 

PLANT (-.&J$ 'I* 

DATE 7.5- 
SAMPLING LOCATION .<a 
INSIDE OF FAR WALL TO 

INSIDE OF NEAR WALL TO 
, + '1 OUTSIDE OF NIPPLE, (DISTANCE A) 

OUTSIDE OF NIPPLE, (DISTANCE 6) 3?' 
. ._ 

STACK I.D., (DISTANCE A .  OISTANC 

SCHEhlATlC OF SAMPLING LOCATION 

. .  

, /  

. 

, .  

' 
, '  

s, : 
. .  

1 . .. 

I 

I 
1 
I 
I 
I 

I 
I EPA (Our) 232 

4/12 

. .  ~- L . - ..... - . . . . . . . ~~~. . ~ 



I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
1 
I 
1. 

CALIBRATE0 PRESSURE OIFFEREHTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE IJETER TEIAPERATURE (AMBIENT +20 OF),'F 

PERCENT IIOISTUEE IN GAS STREAL1 BY VOLUhiE 

1. 
I 
I. 

/, 7-2 AH@ 

Tma,g. .- 72- 

Bwo r 

. .  

RATIO OF STATIC PRESSURE TO METER PRESSURE 

AVERAGE STACK TEXPERATURE. OF 

AVERAGE VELOCITY HEAD, in. HZO 

MAXliAUid VELOCITY HEAD, in. H20 

C FACTOR 

A- 9 

. .  

/ 

Tsavg. 2iJd 

Ap,x. 4.zr  

a. 7 r  

Apavg. 0, J J  

N O M O G R A P H  DATA 

- ~ 

CALCULATED 1IOZZLE DIA6;ETER. in. 

ACTUAL flOZZLE OIAIJETER. in. . .  

REFERENCE A p ,  in. H20 

Y 

SWPLfI iG LOCATION / F . 2  

H, 3 f  

& 3J5- 

0.3 9 

BAROiJETRIC PRESSURE A? IJETER; in. Hg 1. P, I 2 9 4 2  
~~ ~~ 

STATIC PRESSURE 111 STACK, in. Hg 

(Pm+0.073 x STACK GAUGE PRESSURE in in. H20) PS 

EPA (Our) 234 
4/12 , .  

- . , . . . . 
.~ 

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



, 

> 

. .  

- 

- 
.. 

... 

, :. 

. .  

.- 

_I 

.. 

.- 

CALIBRATED PRESSURE OlFFEREilTlAL ACROSS 
ORIFICE, in. H20 A"@ 

A-10 

/, 72 

NOMOGRAPH DATA 

AVERAGE METER TEidPERATURE (AI&3IEIIT+ZOoF),'F 

PERCENT L;OISTUCE 11.1 GAS STREAL1 BY V0LU;:IE 

BAROfdETRlC PRESSURE AT IdETER; in. Hg 

9 / / / 7 >  / 
DATE I 

SAhlPLlliC LOCATION ' 7-p 2 - 2  
I 

T"l.aYg. 6 0  

BwLl 3 

' PGI 3 4 !  

..I 

RATIO OF STATIC PRESSURE TO IETER PRESSURE 

*AVERAGE STACK TEGPERATURE, "F 

AVERAGE VELOCITY HEAD, in. H20 

MAXIfAUid VELOCITY HEAD, in. H20 
% 

C FACTOR 

/ P . s/Pm 

5-37 
T%g. 

Apavg. u , z /  

APmx. 

0 ,p . f  
CALCULATED flOZZLE 0IA:dETER. in. 

ACTUAL ilOZZLE DIAIJETER. in: . .  

REFEREHCE A p ,  in. H20 

STATIC PRESSURE I N  STACK, in. Hg 

(P,+0.073 x STACK GAUGE PRESSURE in in. HzO) 

u. .y>-zf 

0, .;io 
0, I' c 

EPA (Oui) 234 
4172 

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

\ 



A-11 

CALIBRATED PRESSURE OlFFERENTlAL ACROSS 
ORIFICE, in. H20 

AVERAGE IJETER TE6iPERATURE (Al:iBIEtIT+ZO OF), O F  

. .  

*"@ I. 72 

Tm avg. 3-5/ .- 

N Old0 G RAP H DATA 

PLANT P rT H,,s* T,. ,/ S44hjL 
DATE 7//t /7 5- 

SAMPLING LOCATION 7 P  - 7  ,.- s i'd 
/ / 

BAROMETRIC PRESSURE AT METER; in. Hg 

STATIC PRESSURE 111 STACK, in. Hg 

(Pm-+0.073 x STACK GAUGE PRESSURE in in. H20) - 
RATIO OF STATIC PRESSURE TO I X T E R  PRESSURE 

... 

' Pm 

p* 

i 

~~~ ~~ -~~ ~~~~~ ~ 

MAXllrlUfJ VELOCITY HEAD, in. H20 

C FACTOR 

CALCULATED NOZZLE 0lAb;ETER. in. 

ACTUAL I lOZZLE DIALIETER. in.. 

PERCENT b;OlSTU?E Ill GAS STRENJ BY V0LU;;IE 

AP,,. 0.2 3 

0, 73.- 
u. 3 r5- 

0. Y & O  ' 

I E,, I 3 

'AVERAGE STACK TEIAPERATURE, "F 

AVERAGE VELOCITY HEAD, in. H20 

REFERENCE A p ,  in. H20 1 0.20 

EPA (Our) 234 
4m 

.. 
. . . .. . . . . .. . .  . . . .  . ~ 

1: 
..-- .- .... ... . . . - - . ~  ~- ..... 

2 ~ 

. -  



A-12 

NOMOGRAPH DATA 

PLANT c>y-h&; ,k.& ! 
- DATE P// 7 / 7  9 

SWPLlliG LOCATION 7-P 2 
/ 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE IJETER TEEPERATURE (AlJ8IEltT+2O0F), O F  

PERCEMT IAOISTUKE IN GAS STREAM BY VOLUX 

BAROMETRIC PRESSURE AT IdETER; in. Hg 
~~ 

STATIC PRESSURE 111 STACK, in. Hg 

(P,+0.073 x STACK GAUGE PRESSURE in in. H2O) 

RATIO OF STATIC PRESSURE TO biETER PRESSURE 

'AVERAGE STACK TEGPERATURE, O F  

AVERAGE VELOCITY HEAD, in. H20 

MAXIMUU VELOCITY HEAD, in. H20 
5 

C FACTOR 

CALCULATED NOZZLE DIA;XTER. in. 

ACTUAL IlOZZLE DIA:IETER, in. . .  

REFEREIICE A p ,  in. 1120 

... 

Ts,"g. * 

6! 37 

I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
1 
1' 
1 
1 
I 
I! 



A-13 

TRAVERSE POINT LOCATION FOR 

INSIDE OF FAR WALL TO 
OUTSIDE OF NIPPLE, (DISTANCE A) 

INSIDE OF NEAR WALL TO 
OUTSIDE OF NIPPLE, (OISTANCE E) 

STACK I.O., (OISTANCE A .  DISTANCE E) 30 
NEAREST UPSTREAM DISTURBANCE 3 2 5  

NEAREST 3, Y 
CALCULATOR 

/ 
SCHEMATIC OF SAMPLING LOCATION 

TRAVERSE PRODUCT OF TRAVERSE POINT LOCATIO:; 
POINT FRACTION COLUMNS 2 AN0 3 FROM OUTSIDE OF NIPPLE 

NUMBER OF STACK 1.0. STACK 1.0. (TO NEAREST 1,'8 INCH) OISTANCE B (SUifl OF COLUhlNS 4 & 51 



I 

(P,20.073 x STACK G A U G E  PRESSURE in in. HzO) 

RATIO OF STATIC PRESSURE T O  LlETER PRESSURE 

ps 

AVERAGE VELOCITY HEAD,  in. H ~ O  

MAXIIIIUO VELOCITY HEAD, in. H20 
.) 

Apavg. 

APnlax. 

CALCULATED NOZZLE DIA;,;ETER. in. & 3 

... 5 
A-14 I 

.. 
NOMOGRAPH DATA 

D A T E  7-s- 75- 
SAMPLII{C LOCATION 7 *3 

Tm avg. 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE,  in. H20 

AVERAGE IJETER TEI iPERATURE (A6iBIEIIT+ 20°F), 'F 

ZF- 
P E R C E N T  IiOISTUEE I N  GAS STREAM BY VOLULiE 

BAROWETRIC PRESSURE AT IIETER; in. Hg 1. pm 

I 'saw. 
'AVERAGE STACK TEGPERATURE, O F  

8 34 

C FACTOR 1 I I 

i 

I I 
I ACTUAL NOZZLE OIALIETER, in. . .  

,I 5 L/5- 
R E F E R E K E  A p ,  in. HtO 

E P A  (Dur) 234 
1/12 .. 

: '  5 

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



A-15 

MAXIItlU1,l VELOCITY HEAD, in. H20 

C FACTOR 

.. 
NOMOGRAPH DATA 

- 
A P m x .  . 5 6: 

J 
,. '75 - 

.2-. 3 
SAMPLING LOCATION ' -t. ' .7' 

.. 

~~ ~~ 

CALCULATED NOZZLE D I A X T E R .  in. 

ACTUAL I lOZZLE OIAUETER, in. 

R E F E R E K E  A p ,  in. H2O 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE IJETER TELiPERATURE (AIJBIEIIT + 2O0F).'F 

PERCENT KOISTUEE IN GAS STREAM BY VOLUiiE 

* ,$?? - 
I 2 y . g  

sff - 

BAROIdETRIC PRESSURE AT IdETER; in. Hg 

STATIC PRESSURE 111 STACK, in. Hg 

(Pm+0.073 x STACK GAUGE PRESSURE in in. H20) 

RATIO OF STATIC PRESSURE TO LlETER PRESSURE 

'AVERAGE STACK TEL:PERATURE, O F  

AVERAGE VELOCITY HEAD, in. H20 

P s/pm I /,o 

EPA (Our) 234 
4 f l 2  



.... 

BAROMETRIC PRESSURE AT IETER; in. Hg 

STATIC PRESSURE 111 STACK, in. Hg 

(P,+0.073 x STACK GAUGE PRESSURE in in. H20) 

- 
... 

' pm 

ps 

... 
A-3.6 

AVERAGE VELOCITY HEAD, in. HtO 

MAXIftlU&I VELOCITY HEAD, in. H20 

NOMOGRAPH DATA 

APa,g. 

*P,, 

DATE 9 22575- 
SAMPLING LOCATION 7P -3 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE METER TEXPERATURE (AI:IBIEIIT + 20°F),'F 

PERCENT IAOISTU?E IN CAS STREAM BY V0LU;;IE I Bwo 

RATIO OF STATIC PRESSURE TO METER PRESSURE 1. ps/pm 

'AVERAGE STACK TUJPERATURE, "F I Tsa",. 

/i 

/ .D  @ 

.92 
: 3 / f  
92 5-. 

, 22 

C FACTOR 

CALCULATED NOZZLE 0IA;IETER. in. 

ACTUAL flOZZLE OIAf,lETER, in. 

R E F E R E K E  A p ,  in. HzO 

J 

EPA (Our) 234 
m2 

- -  1 
I 
I 
1 
1 
1 
I 
I 
I 
t 
I 
i 
I 
I 
I 
I 
t 

i . .  
..... . ..... . . .  . . . .  . .  . . . . .  - .- -. - ~ .  . . . .  . . ~  . . .  . .  

., . . 
~~ ~ ~~~ 



l- 
I 
I. 
l- 
I- 
I 

i' 
I. 
I 
1 
I: 
I 
I 
I 
I] 

i 7 

i 
i 
i 
1: 
I- - 

RATIO OF STATIC PRESSURE TO LiETER PRESSURE 

*AVERAGE STACK TEIPERATURE, OF 

AVERAGE VELOCITY HEAD, in. H20 

MAXIIAUId VELOCITY HEAD, in. H20 
5 

, 

/, 7 P 
Tsavg. /fi> 

APmax. . 3(& 

' 1  5- 4 v g .  I -- 

1 

A-17 

. .  

.. 
NOMOGRAPH DATA 

CALIBRATE0 PRESSURE OIFFEREIITIAL ACROSS 
ORIFICE, in. H20 

AVERAGE I E T E R  TECPERATURE (AI:IBIEIIT+ 20°F), O F  

PERCENT b;OlSTUEE IN GAS STREAL1 BY VOLU::IE 

>- 7 /. <.. .I. 
*"@ I 

BAROWETRIC PRESSURE AT idETER, in. Hg I I 
STATIC PRESSURE It1 STACK, in. Hg 

(P,&0.073 x STACK GAUGE PRESSURE in  in. H20) 

C FACTOR I L l: 5.' I 
CALCULATED NOZZLE 0IAI;;ETER. in. 

ACTUAL l1OZZLE OIAI,IETER. in. 

REFERENCE A p ,  in. H20 

, 
.2 yqs . .  

, '- 

EPA (Ow) 235 
I / ]  2 

I .  

-. . . . . . . - .. 



A-13 
TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

55/+ 
INSIDE OF FAR WALL TO 

INSIDE OF NEAR WALL TO 
OUTSIDE OF NIPPLE, (DISTANCE A) 

OUTSIDE OF NIPPLE, (DISTANCE 6) 
STACK I.D., (DISTANCE A .  DISTANCE B) 
NEAREST UPSTREAM DISTURBANCE 
NEAREST 
CALCULATOR 

I -II 

' I  
I 
8 SCHEMATIC OF SAfilPLING LOCATION 

I 1 



1 
I 
I 
I 
I 
1 
I- 
I 
I 
I 
I 
I 
I 
II 
I 
I 
I 
I 
I 
I. 
I. 
z 

AVERAGE I €' , .I3 

' A-19 
P R E L I M I N A R Y  VELOCITY T R A V E R S E  

'7 i I, 

TRAVERSE STACK 
POINT TEMPERATURE 

I TRAVERSE I VELOClPI 1 STACK I 
POINT HEAD TEMPERATURE 

~ - 

t 
I 

. . ~ .- . -- . ~.~ - ~ . . . ~ .. ..- . . .. ... . . . ~ . . . __  . ... 



A-20 

AVERAGE VELOCITY HEAD, in. H20 

MAXIMUIJ VELOCITY HEAD, in. H20 

t .. 
N O M O G R A P H  DATA 

Apavg. 0 2 3  

APmaX. (7 , ,: J 

. .  

~~ ~~ ~ ~~~ ~~~~ 

C FACTOR 

CALCULATED NOZZLE OIAXTER.  in. 

ACTUAL IlOZZLE DIAIJETER, in. . .  

REFERENCE A p ,  in. H20 

CALIBRATE0 PRESSURE OIFFERENTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE IJETER TEbiPERATURE (Af;IBIEt{T+ 20 OF),'F 

I .  QS 
(3-33s 
0,3.q!r 

'I . x  

I 
PERCENT I~OISTUEE IN GAS STREAJl BY V0LU;iE 

f,,",. 
\ , 8  .I 

BAROftlETRIC PRESSURE AT METER; in. Hg ' Pm 

STATIC PRESSURE 111 STACK, in. Hg 

(Pm+0.073 x STACK GAUGE PRESSURE in in. HzO) 

RATIO OF STATIC PRESSURE TO METER PRESSURE 1. p s p m  I 1.. 3 I 

EPA (hi) 234 
4/12 

I 
I 
t 
I 
1 
1 
I 
I 
I 

, I  



I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1. 
I 
1 
1 
z 
I 
i 

-~ ~ 

MAXliilUf~l VELOCITY HEAD, in. H20 

C FACTOR 

A-21 

APmax. 

. .  

.. 
NOMOGRAPH DATA 

SNilPLIIIG LOCATION 7-P Y 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE 12ETER TEEPERATURE (AI:BIENT+ 20 'F).'F 

PERCENT f;OISTUZE 111 GAS STREAM BY VOLUioiE 

BAROMETRIC PRESSURE AT fdETER; in. Hg 

STATIC PRESSURE 111 STACK, in. Hg 

(P,&0.073 x STACK GAUGE PRESSURE in in. H20) 
~~ ~~ 

RATIO OF STATIC PRESSURE TO GETER PRESSURE . pvP" 

AVERAGE STACK TE,;PERATURE. OF I Tsavn. 

1 Apavg. AVERAGE VELOCITY HEAD, in. H20 

3 - 3 1  

I 
/ ,06 

.*36 0 
r 3 73- ' 

CALCULATED NOZZLE OIA1;ETER. in. 

ACTUAL IlOZZLE OIAldETER, in. . .  

63, j 9 REFERENCE A p ,  in. H20 

EPA (Our) 234 
4/12 

~ . . . . . . -. 



A-2.2. z-/*i3 
T R A V E R S E  P O I N T  L O C A T I O N  FOR C I R C U L A R  DUCTS 

TRAVERSE 
POINT 

NUMBER 

1 

PRODUCT OF 
FRACTION COLUMNS 2 AND 3 

OF STACK 1.0. STACK 1.0. (TO NEAREST 11'8 INCH) 

U R l t  I /  I I I -  

SAMPLING LOCAT16N 7-P-5 sm,, ttnl c< u%T 
INSIDE OF FAR WALL TO 

INSIDE OF NEAR WALL TO 
7 qy OUTSIDE OF NIPPLE, (DISTANCE A) 

OUTSIDE OF NIPPLE, (DISTANCE E) g 
STACK 1.0.. (DISTANCE A .  DISTANCE E) 
NEAREST UPSTREAM DISTURBANCE 
NEAREST OOWNSTREAM OIST R 
CALCULATOR 

l o  + 
. I  

LeC n 
I 

DISTANCE E 

I . 

TRAVERSE POI!lT LOCATIO:; 

(SUM OF COLUXRS J 8 51 
FROM OUTSIDE OF 

1 
1 
I 

I 

SCHEMATIC OF SAMPLING LOCATION 

I Y 3 J 3  I I C  

_. . . . . - - --.. . .- - . .,. ... __  . . . . .. - . - .... .. . . . .. . ~ .~ . ... .. ___. 



A-23 
PRELIMINARY VELOCITY TRAVERSE 

?LANT 
DATE ?/J-/ 7 \- 

STACK 1.0. 2 " 
BAROMETRIC PRESSURE, in. Hg 
STACK GAUGE PRESSURE, in. HtO 

LOCATION n-- i 

I 01 

OPERATORS scnmnc OFTRAVERSE POINT LAYOUT 

TRAVERSE VELOCITY STACK 1 POINT 1 HEAD 1 TUnPERATURE 1 
NUMBER (pp,). in.H20 flJ. 'F 

.,., 

- 

AVERAGE I 



/ I  ?y A-24 

, # _ 3  

.G;4 $0 
- PRELIMINARY VELOCITY TRAVERSE 

2LANT 
DATE q'/y,l7 r 

STACK 1.0. 12 " 
BAROMETRIC PRESSURE, In. Hg 
STACK GAUGE PRESSURE, in. H20 

cdb 7 LOCATION T P - T  

w ( 1  

3s sawnc OF TRAVERSE POINT LAYOUT 

0 
7 OPERATORS ' r -w*d  , , 

- 
TRAVERSE VELOCITY STACK 

POINT HEAD TEMPERATURE 
NUMBER bp,), in.HzO Fs), "F 

I 

POINT TEMPERATURE 
F,), 'F 

. 

. .  

. .  
. .  

. . . I  11 AVERAGE 

EPA (Our) 233 
4/12 



t 
t 
I 
t 
t 
I 
1 
I 
I 
I 
I 
I 
1 
1 
I 
I 
2: 
is 
i 
1 

1; 

CALIBRATED PRESSURE OIFFEREf1TIAL ACROSS 
ORIFICE, in. HzO A"@ 

. . .  

A-25 

/,g 3 

NOMOGRAPH DATA 

AVERAGE VELOCITY HEAD, in. H20 
_1 

MAXliilUP VELOCITY HEAD, in. H20 

SAhlPLIIiG LOCATION L~ 

A P w g .  ,o s'a 

APWx. * Yq 
C FACTOR 

CALCULATED I(0ZZLt: D IGETER.  in. 

AVERAGE IJETER TEidPERATURE (AidBIEtIT + 20 OF), O F  I T,,vg. ' 1  8 0  

I. CJ 
0 l4d.P J 

~~ -~ 

PERCENT KOISTUKE 111 GAS STRENJ BY VOLUilE 

BAROIdETRIC PRESSURE AT METER; in. Hg 

STATIC PRESSURE 111 STACK, in. Hg 

(Pm20.073 x STACK GAUGE PRESSURE in  in. H20) 

RATIO OF STATIC PRESSURE TO idETER PRESSURE 

Bwo 

. pvPm I ,  0 

I TJa"i. I /3/  *AVERAGE STACK TUAPERATURE. OF 

ACTUAL I lOZZLE OIAblETER. in. ' .  I c,4/3i.' 
~ , REFERENCE ~ p ,  in. H20 

EPA (Dui) 214 
4/72 

. . . . . . . - 



A-26 

A"@ 
CALIBRATED PRESSURE DIFFEREIITIAL ACROSS 
ORIFICE, in. H20 

AVERAGE I E T E R  TELiPERATURE (AlJBIEfIT+ 20eF),'F Tmavg. .- 

.. 
NOMOGRAPH DATA 

I ,  c13 

95 

DATE 

S M P L l l i G  LOCATION 77 5 

BAROI,lETRlC PRESSURE AT IJETER; in. Hg 

STATIC PRESSURE If1 STACK, in. Hg 
(Pmf0.073 x STACK GAUGE PRESSURE in in. HzO) 

RATIO OF STATIC PRESSURE TO LETER PRESSURE 

'AVERAGE STACK TECPERATURE. "F 

AVERAGE VELOCITY HEAD, in. H20 
, 
MAXIf~lUfJ VELOCITY HEAD, in. H20 

' p, 

ps 

. ps/Pm / ,  0 

'Savg. I 3 / 

Apavg. , o y ~  

APmax. 0 4 2  

PERCENT 1;OISTUEE IN GAS STREAM BY VOLUXE I bo I zzl 

C FACTOR 

CALCULATED NOZZLE DIA6;ETER, in. n 466 
ACTUAL I lOZZLE OIAMETER. in. 

REFEREIKE A p ,  in. H20 

0 . ' i l 3 0  
0 : B  5J 

EPA (Dur) 234 
41-12 

I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I I 
t I 
i I 

.i . . .  - 
. . . . .  .. 

- 
. ... . . __ .. . . .~ -. . . . . . . .. . . . i'. .--._..I-..__ 



. .  . 

A-27 

*. 
NOMOGRAPH DATA 

2 
I C  PLANT . 

DATE ?//o/ 7 6  - 
SAMPLlliG LOCATION 

... 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 A"@ 

AVERAGE METER TELiPERATURE (AIJBIEHT + 20°F),"F T,,,,. 

%o PERCENT II;OISTUX 111 GAS STREAM BY VOLUGiE 

BAROlfiETRlC PRESSURE AT METER, in. Hg ' Pa 

STATIC PRESSURE 111 STACK, in. Hg 

I 

(P,20.073 x STACK GAUGE PRESSURE in in. H20) 

RATIO OF STATIC PRESSURE TO METER PRESSURE . '/Pa 

ps 

P 

'AVERAGE STACK TEGPERATURE. O F  1 Tsavi.' 
~ 

AVERAGE VELOCITY HEAD, in. H20 

MAXIfIIUId VELOCITY HEAD, in. H20 

Apavg. 

* P max. 

j.83 

a% 

~. 

i . .  - . . . . . . - 

I 
/3s 

C FACTOR I 3ri-8 
. T  

r.r;lkc CALCULATED IlOZZLE D I A X T E R .  in. 

ACTUAL I iOZZLE DIAfJETER. in. . .  ,.77n 

I REFEREflCE Ap,  in. H20 



. .  

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

. -  . . ._ .. . . 
,. .. 

A-28 

/ ,83 
A"@ 

.. 
NOMOGRAPH DATA 

& i j k , z w l r .  7 PLANT B. 
DATE / I  / [i' (5 

- 
SAMPLING LOCATION 7 . P  

. I  

AVERAGE I E T E R  TEKPERATURE (ALiBIEllTc 2O0F).'F 

PERCENT IlOISTURE IN GAS STRENJ BY VOLUiAE 

BAROIETRIC PRESSURE AT METER, in. Hg 

'mavg. 80 

Bwo 2% 

.- 

' P" 

RATIO OF STATIC PRESSURE TO IdETER PRESSURE 

'AVERAGE STACK TEGPERATURE, OF 

STATIC PRESSURE IN STACK, in. Hg 

(P,?0.073 x STACK GAUGE PRESSURE in in. H20) 

P . SPm 

TSavg. 135 

PS 

MAXlillUbl VELOCITY HEAD. in. H20 

C FACTOR 

CALCULATED IIOZZLE 0IA:;ETER. in. 

, Apmax. nIJG 

/L'J 

I <  ? 7c 

AVERAGE VELOCITY HEAD, in. HZO 

I '3 7J  . .  
1 6- 

ACTUAL IIOZZLE DIA6IETER, in. 

R E F E R E K E  A p ,  in. H20 I . loa I 
EPA (Our) 234 

4n2 

~ 

1 
I 
I 
I 
1 
I 
I 
I 
1 
I 
1 
I 
I 
I 
1, 
I! 
t 
i 1' 



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

A-2 9 

Sample Run Data 

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



. .- - . -. .. . . - . 
\ A-30 , , 1 I , 

_ I ~  

I 

! 

4 'I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2 T  = -  1 
I 

n . .. - 
c -  
L 
Y ! 



.... 

i 

.. .~ .- . .;. 

': A-31 



... 

-. 

-7 

. .  
j 

! 
..L 

.... -. .... __ ......... 
~~ 

A-32 

........ -I 

I 

I 
I 
I 
1 
I 
I 
1. 
I 
I 
I 
I 
I - 



... . - 

A-33 
.* : 



- 

.. 
.- 

... 

.. 
-. 

... 
-. 'i, 

n.. . 
'L! 

.. 
A-34 I 

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

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



I 
1 
I 
I 
I 
b 
I. 

t 

u 
P < 
3 

A-35 

c- 
4 

% 

1 

r . 

. . . . . . .. . . . . . . -. .- . - .___I_______.__.._.__.____ ~- ... ~ . . 



‘U 
4 
L 

.a 

2 
’?- 

3 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-1 
I 

. . .. 

. .. I - 



-. .- -. . . .. . . . - . .. . ~ .. .... ... . _ _ L  . . 

..J 

Y 

.. . 
A-37 

.. 

.. .. 



! 

i 
t 

\i 
' i  

4 

4 
- 
.a 

5 
3 
L 

--I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I . ... . . . . . .. . ... . . . . . I ... - 



I 
I 
I 
I 
I 
I 
I 
I 
I 
E 
1: 
I 
1 
I 
I 
i 
I 
I 
I 

3 

i 

Y 

A-39 

... . - 



I 

. -  



r) 

A-41  

. .. .. . . ... 



- . ... 

r 

-I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

n I 

_. 

0 M 

... 
Y;/ n!!7 D Y  



. . . - .- __ . .. . ... . - .. . 

I 
I. 
1 
I 
I 

b 
h 



-- I 
I 
1 
1 
I 
1 
I 
I 

- 1  
I 

I 
I 
I 
I 
I 
I 
1 

- 1 

. 

I, 

i 

-. * 

... . . 

. .- . 1 ~~ 



A-45 

J 

I 
1 
1 
1 
i 
m 

T 

i Q 
M I 



A-46 

. . .- . - . . -. . . 

s- 

i 



A-47 
I. 
I 
1: 
I. 

. ui *+'.? L 1 c . Y 



~ .~ . . . . . . . . - 
1 ' .  . .. 

I _  t 
i r  i ~ '. ._ . 

'. .- . 
5 , , Y U  

-,,3 }- j 

-4 

-.. . - 

It 
I 
I 
I 
1 
I 
1 
1 
I 
1 
1 
U 
E 
I 
1 
I 
1 
1 
I 
I 
1 



I 

1- 
[.: 
- .  

0 e 
Y a 

-! 
,- 

J 
il 

W B  

I 
5 2  

J 



. 

. ... . - 

I .. . . .. 
. , . . . . ~  - .... . ' !:y . . 



.J 

r- 

A-51 

&- c , -- . 

3 



U c 
4 ..a 

- . .  

. .  
0' 
F 

3 
I 
I 
1 
I 
I 
I 
f 
I 
II 
I 
I 
1 
I 
I 
I 
I 
I 

5 & 1 
1 

." - 
9 -  

2 u -  s :  

I - 
... . - 



r 

- . _. .. A-53 

I 

u r 
9 
2%' 
a .  
w 'e =r  
a 
3 



4 I 

t- 

c 

c 
E 
4 
> 
0 

.. 



i 
\' 

'J\ 

-. 
Y 

u . 



, .... 

4 
-1 

3 s ': 0 
U 

P a 
Y 
(c 

.. . . . 4 -  



. . .. .. .. . .  . - 
. .  



.. ... . . 

U 

n u  
E C  m z  

- 
m 

r 
S u .C 

W E  m- c 
- E  w .r 
F 
'c 

m a  

w a  
E; .- 
C U  

2 
v s  
o n  
- c  
u a  a 

4. 
S 
n 
t 
r 
r 
C n 

E 
0 
c, 
m 
U 
0 

c n r  
E C  
- P  

.c 

-- + 

-L 

E 8u 
VI 

G 
U 

U + 
E 

i C 
c 

A- 

L . 

r 
0 
c 

, I :  . 
? . ,  

1 
I 



....... . .  .... _. 

A-59 

. , 

. ........ ~ .... : .___,. l__._____.__.__.__- -- .... -- ... . . . . . .  . .  . , 



S 
0 

*: 
u o w  
-10) -u 
Y L  
E O  
- 0 )  

- 
m L  

m u  
n= 

.F 

C 

d. 

. 

A-60 

. .. 

.. q 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
1 
1 
- 



11 
I 
i 
1 
1 
1 
I 
I 
I 
I 
I 
I 

I 
I 
1 
I 
I 
I 
1 

1 

A-61 

Molecular Weight Calculat ions 

/ 
... ~ . . . . .. . . .... .. . I. . ,  . .  - . .. . .. . .. 



A-62 

1 
I 



- I  
I 



! 

I 
I 
I 
1 
1 

- I  - 

i 



A-65 

I 
I 
I 
I 
I 
1 
I 

z 
0 

U z 
I 

W 
I- 
W 
0 
I- x 
w = 
U 
-I 

u 

i= 

a 
- 

I 
I 
I 
I 

L1 

a 

a I W 
J 
0 
I 
> 
0 
a 

I 
I 
I 
I 
1 
I 
I 
I 

'L& 

c 
'd 

?J 

0 
0 

es' 

. .. 



7 - P -  d 

I 
1 
I 

I 
I 





1 

I 
I 
I 
1 
1 
I - 

. .  ..  

_ I  



... 



I .  1 :  '. 
, /  

. 

I 
I 
I 
I 
I 
I 
1 
I ~~ 

i '  

i :  
j i  
. /  

. .  . .  . 





I- w 
L 
n 

C 
L 

A-72 

I- - 
_j 

I 

\ 
\: .- 

. 

Y 

\ 

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



1 
1 
I 
I 
1 
I 

j '  ' '  
\. 

, .  
i !  

' :  

, :  
. . . . , . . . . .. . . . \ .. .~ . 

~ ...__. ... 



A-74 

I 
I 

I 

!.. . .  
I .  

I :  
1 :  
, .  
! 

i i  

i 
I ,  '. 
, >  

I 
I 
I 



t L, I 1 4 

I 

x 
% 



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

q 5.- 

2 1  

I 

0 

ss 

A-76 

L 

\_I 

7-J 

0 

.. 0 
w 

... 

! 

.. 0 0 

Y 
N 0 

\ 
Y: , 

\ 

._.. 
.- 

... 

.- . .... . . . . . .. . . 





a 
U 

> 
0 
a 

A-78 

a 
0 

5 
0 

.. 

.. 

I 

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



I 
I 





I 

I 
I 
I 
I 

I 
I 

I 

I 

I 
I 

A-81 

Field Analytical Data 

I 
I 
I 



I 
_ .  A-8 2 

ANALYTICAL DATA 

SAMPLE BOX NUhlBER , &  
I ,  

CLEAN-UP MAN 

. 
I 
I 
I 
I 
I 
I 
I 
I 

FRONT H A L F  LABORATORY RESULTS 

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS), CONTAIfIER PS 

CONTAINER r g  

FLASK, FRONT HALF OF FILTER HOLDER 

J U L - 7 0  FILTER H UVBER 
tare La j I f ' ' 9 

BACK H A L F  

IIflPINCER CONTENTS AN0 YiATER WASH OF 
IIAPINGERS, COINECTORS, AN0 BkCK 
HALF OF FILTER HOLDER 

ACETONE \'/ASH OF IUPINGERS, COI!NECTORS, 
AN0 BACK HALF OF FILTER HOLDER 

, .  

Rinse . .  

CONTAINER rS i 
r g  I 

ETHER-CHLOROFOR61 
EXTRACTIOII 

r: 

I 
CONTAINER 

BACK HALF SUBTOTAL r: 

TOTAL I'IEIGHT r: ' I 
1 1 L l  -1 ml m l  volumes 

MOISTURE - 

.... 
- .  

I 2 3 4 5 6 IhlPlNGERS 1 
FINAL VOLUKE 2 m l  ml m l  --ml m l  
INITIAL VOLUrdE J a m l  .___ 

51 I 
I 

NETVOLUEE -3 ml ml m l  ml . - m l  . 

FINAL I'iEIGNT 2 g 83 ' e B .  
SILICA GEL 

P .. 
I INITIAL Y:CICIIT 3 g e .  8 

NET \YEICIIT B e g g TOTAL I;;OISTURE 



I 
I 

I- 
I 
I 
I- 
I 
I 
I 
I 
I 
1- 
1. 
I 
1. 
1. 
I 
I, 
I 
I3 
I 

T/’ i - I 
A-83 

ANALYTICAL DATA 
~ T A I N - T E 3 ,  I:$c 

b p e ,  Micnosdta ’ 

PLANT COMMENTS: s~p 9 1975 DATE 

SAMPLING LOCATION 
c, 7,j c ,; ’ 

SAMPLE TYPE .- 

SAMPLE BOX NUIJEER . .  - 
CLEAN-UP MAN 

FRONT HALF LABC ... LTORY RESUL 

ACETONE KASH OF IlOZZLE, PROBE. CYCL0:lE (BYPASS), CONTAINER q 
FLASK, FRONT HALF OF FILTER HOLDER, - e J C f I  I 

FILTER NUMBER CONTAINER 69 

net 

/ * I 3 3 2  ell.R.c-9-- FRONTHALFSUBTOTAL r.0 

* 
BACK HALF 

IMPINGER CONTENTS AN0 WATER WASH OF 
IMPINGERS. CONNECTORS, AN0 BACK 
HALF OF FILTER HOLDER 

ACETONE WASH OF I~JPIIIGERS, C0I:NECTORS. 
AND BACK HALF OF FILTER HOLDER 

Rinse 

COllTAlNER ‘S 
ETHER.CHLOROFORY 

EXTRACTION 69 

CONTAINER c: 

BACK HALF SUBTOTAL r! 

rg I T O T A L  \’/EIGHT 

E 
3dc -7 SILICA GEL 

FINAL WEIGHT 8 
INITIAL Y:EIGIIT .-- g” E .  E 
NET WCIGHT 3 2 g g g. 

EPA [Dur) 231 
4n2 

I 
‘i 
1. 

-> L. - 
TOTAL M9ISTURE 5 j’ F 

, 

L 

r 



._ 
A-84 

y/ ' . -  / - Z 

ANALYTICAL DATA 

FRONT HALF 

ACETOIE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS), 
FLASK, FRONT HALF OF FILTER HOLDER 

FILTER IIUIJBER "- 1 
tare , : . ~ 7 $ f . . f  g 
net 

BACK HALF 

IMPINGER COilTENTS AN0 VlATER WASH OF 
IIAPINGERS, COiiIIECTORS, AIiD BACK 
HALF OF FILTER HOLDER 

ACETONE VASH OF Ii,lPII:GERS. COIINECTORS, 
AND BACK HALF OF FILTER HOLDER 

Rinse 

, I  

I 
I 

LABORATORY RESULTS 

CONTAlllER I?: 

\ 

CONTAINER cg 

1 
FRONT HALF SUBTOTAL r.g 

CONTAINER rq i 
ETHER-CIiLOROFORld 

EXTRACTION 

c :  

I 
CONTAINER 

BACK HALF SUBTOTAL r: 

TOTAL I'IEIGHT r: ' 1 
- 

I volumes m l  m l  L l  ml , m l  
MOISTURE 

EPA (hi) 231 
4/72 



A-85 

A N A L Y T I C A L  DATA , 

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

1 
I 

FRONT H A L F  LABORATORY RESULTS 

ACETONE WASH OF NOZZLE, PROBE. 

CONTAINER r g  

FLASK, FRONT HALF OF FILTER HOLOE 
I I . )&/ 

J V !  - , 
FILTER NUMBER 

tare 0.37?10 g, 

\ / FRONT H A L F  SUBTOTAL r: 

0 

BACK H A L F  

IMPINGER COflTENTS AH0 YiATER WASH OF 
IP,!PINGERS, CONNECTORS. AN0 BACK 
HALF OF FILTER HOLOER 

ACETONE VASH OF IRPINGERS, COIlXCTORS, 
+) AND BACK HALF OF FILTER HOLDER Ad 

Rinse 

CONTAINER rq 
ETHER-CHLOROFORI~l 

EXTRACTlON rz 

CONTAINER r: 

BACK H A L F  SUBTOTAL ' 1  
I 

I T O T A L  UEIGtIT rz 

._> 
4 -- 5 0 8  E g - ?  2 

SILICA GEL 
FINAL YIEIGHT 
INITIAI. Y/EICIIT 8 g 

g ;OTN IJ~,ISTURE ?/ ._ F NET YIEICHT 3 3  g 8 

L 

!- 

EPA (Our) 231 
4/72 



I ... 
A-86 

ANALYTICAL DATA 
F19 

I 
DATE '. SFP P !Q7s; 

SAMPLING LOCATION 

SAMPLE TYPE 

CLEAN-UP IJAN 8 6 
% 

I 

r+' f 't& FRONT HALF 

ACETONE WASH OF NOZZLE, PROBE, CYCLOllE (BYPASS), 
FLASK, FRONT HALF OF FILTER HOLDER 

JiJL-3 b 

FILTER NUbIBER 

t a r e  6 . 3 8 9 3 1  g 

n e t  

raa, ( .1978 y 

BACK HALF 

IMPINGER CONTENTS AN0 YlATER WASH OF 
IMPINGERS, COINECTORS, AliD BACK 
HALF OF FILTER HOLDER 

ACETONE WASH OF Ii,lPIflGERS, COf!NECTORS. 
AN0 BACK HALF OF FILTER HOLDER 

R i n s e  
m l  4 1  v o l u m e s  

MO ISTU R E  

I '  

, I  
I 

I LABORATORY RESULTS 

CONTAINER f-E i 
I 

ETHER-CHLOROFORM 
EXTRACTION 

CONTAINER r: 

BACK HALF SUBTOTAL ri: I 
TOTAL I'IEIGtIT rg I I 

INPINCERS 1 2 
FINAL VOLUIE 133 m l  m l  
INITIAL VOLU::IE -LE?- m i  0 

NET V0LUi:IE 2 ml rnl 

SILICA GEL m d 4 4 - t  
FINAL W G H T  a ? E g I NET \'/EIGHT t oag  g .  g e e. TOTAL I;&TURE+. .. I 

.. C' . 
INITIAL KEIGIIT 479- g 

EPA (hi) 231 
4/72 



I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I‘ 
I 

A-07 

ANALYTICAL DATA , 

FRONT H A L F  LABORATORY RESULTS 

ACETOHE \‘/ASH OF NOZZLE, PROBE. CYCLOliE (BYPASS), CONTAIXER c 

FILTER NUIIBER CONTAlliER r7 

FLASK, FRONT HALF OF FILTER HOLDER 
JOLT’’ 

t a r e  0-378‘57  g 

net 
L 

FRONT HALF SUBTOTAL ‘7 

BACK H A L F  

IhlPlliGER CONTENTS AI:D WATER Y:ASH OF 
IMPINGERS, COI:t:ECTORS, AND BACK 
HALF OF FILTER HOLOER 

CONTAINER rc 
ETHER.CI{LOEOFORIII 

EXTRACTION rS 

ACETOllE WASH OF IXPIHGERS, COIINECTORS, CONTAINER rg 
AND BACK HALF OF FILTER HOLOER BACK HALF SUBTOTAL r g  . 

r 7  I I TOTAL VlEIGtIT 

. m l  m l  m l  
MOlSTU RE 

2 4 5 6 IMPINGERS 
I ml 3 3 1  - m l  m l  

-- .--- 0 d 
ml . - - m l  --El 

FINAL VOLU!s:E 
INITIAL VOLU!i;E 
NETVOLU!:E 10 m l  4 rnl 3 1  

ff70?a 5pd- F SILICA GEL 
FINAL Y E I C I ~ T  L/4R.*g e E 

E 
e .. TOTAL I ; . ~ I S T U R E ~ ~  ’ F 

INITIAL E’EIGIIT ‘t7c 7 E .  
NET Y/CIGIIT A ” 7  e 

EPA (Our) 231 
4/72 

r 



A-88 

ANALYTICAL DATA 

;.mTAZN-mEDs INC 
PLANT -Qe*,, !Umas&, 
DATE &. s a  y7107' 
SAhlPLlNG LOCATION 

SAMPLE TYPE 

a -. .. 1.; 

C E K -  n . 2 -  3 
r .  RUN IIUUBER 

7 - SAMPLE BOX IIUXBER 
~.. . CLEANJJP ltlA:i a& 

d 
9L-q - 

,- FRONT IiALF 

ACETOHE \'/ASH GF NOZZLE. PROBE. CYCL0:IE (BYPASS), 
.. FLASK, FRONT HALF OF FILTER HOLDER 

J i r L - 2 9  
FILTER IIUMBER 

tare 0.380~s g 

net  

BACK HALF 

IMPIIIGER COtlTEIlTS AND \'/ATER VASH OF 
II,lPINGERS, COI;XECTORS, AIiO BACK 
HALF OF FILTER HOLDER 

ACETONE \'/ASH OF Il,iPIIIGERS. COt!liECTORS, 
A N D B A C K H A L F O F  FILTERHOLOER 

Rinse 
m l  m l  volumes 

MOISTURE - 
IIilPlNGERS 1 I  

FINAL VOLUI,:E I m l  
INITIAL VOLU:;E /40 ml 0 

_. 

-> NET VOLUIX  1 ml .A m l  

LABORATORY RESULTS 

CONTAKIER Iy 

CONTAINER r g  

' FRONT HALF SUBTOTAL rz 

CONTAINER r! 
ETHER-CHLOROFORII 

EXTRACTION rz 

CONTAINER r g  

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

BACK HALF SUBTOTAL r j  I 
I 

-:I I TOTAL I'IEIGtIT 

'3 m l  
a 
1. ml 

.- 
SILICA GEL 

FINAL WEIGHT / / 9 ' g  E 8 
.. 

- INITIAL Y/:EIGIIT g g -  8 
NET KEIGIIT ~~3 ,< g g 8. _. 

EFA (hi) 2 3 1  
4/12 

TOTAL I,?'jISTURE 33 '5 -  5 I' 

..... .. - .. . .. 



I 
1 
I 1  

I 
I 
I 
I 
I 
I 
1; 
I‘ 

I 
I 
I 
1. 
1 

r 

i 
i 
I: 
1: 
I 

A N A L Y T I C A L  DATA , 

CERTAIN-TEED, INC 
COMMENTS. 

-5 
PLANT 

DATE 

SAhlPLlNG LOCATION 

SAMPLE TYPE 

CLEAN-UP MA:I 

flVP e 
FRONT H A L F  LABORATORY RESULTS 

ACETONE WASH OF NOZZLE. PROBE. CYCLOXE (BYPASS), CONTAINER cg 

FILTER NUldBER CONTAINER r g  

FLASK, FROiiT HALF OF FILTER HOLDER 
.JUt’3 9’ fr;, 1 ’> * 

take -&&8l.j?- 9 ::. j j < iL  

L 
net  

BACK H A L F  r 

IMPINGER COltTENTS AND BiATER WASH OF , CONTAINER rc 

HALF OF FILTER HOLDER EXTRACTION r! 
IMPINGERS, COiIIIECTORS. AND BACK ETHER-CHLOROFORM 

ACETONE IYASH OF IMPINGERS, COf!NECTORS, CONTAINER c: 

A N D B A C K H A L F O F  FILTERHOLDER 
BACK H A L F  SUBTOTAL r! 

I T O T A L  YIEIGtIT r g  I 

Rinse 
ml . m l  d l  ml m l  volumes 

MOISTURE 

- 
;; 

t 2.2- 
SILICA GEL 

FINAL WEIGHT 
INITIAL WEIGHT E g  G 3  I 

E .  E 
TOTAL I,XISTURE-. ._ NET WElGllT -4 E g E 

EPA (!hi) 231 
4/72 



A-90 
/ ?  , /  . 3  - z  

ANALYTICAL DATA 

CERTAIN-TFED. IN? 
-gee. MlMesOta PLANT 

DATE s ~ p  1 1  1975 
SAMPLING LOCATION , 

SAMPLE TYPE /.' I' + 
' 17.44 

FRONT H A L F  

ACETONE \'/ASH OF NOZZLE, PROBE, CYCLOliE (BYPASS), 
FLASK, FRONT HALF OF FILTER HOLDER 

JL'L-W 

tare 8 , 3 1 7 1 3  g 

net 

FILTER HUUBER 

BACK H A L F  

IMPINGER CONTENTS AKD VIATER YiASH OF 
IMPINGERS, COilliECTORS, AiiO BACK 
H A L F  OF FILTER HOLDER 

ACETONE WASH OF IldPINCERS, COI!flECTORS, 
A N D B A C K H A L F O F  FILTERHOLDER 

Rinse 
volumes 

-l Y1 1.14y 
EA0 I STU R E  

IMPINGERS 1 2 
FINAL VOLU!X / I 2 m i  s- ml 
INITIAL VOLU:iE 1 0  0 m i  0 
NET VOLU!,:E ml ml t 

COlilMENTS: 

CONTAMER 

CONTAINER 

FRONT H A L F  S U B T  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

LABORATORY RESULTS 

T 

r g  

CONTAINER 
ETHER-CHLOROFORiJ 

EXTRACT 10 N 

CONTAINER 

r r  

'4 1 
BACK H A L F  SUBTOTAL r: I 

r: 

TOTAL V/EIGHT r: ' 1 

SILICA GEL 
E K 
t . .  

8 t 

FINAL WEIGHT 
INITIAL Y:EICIIT 
NET WEIGHT 7. B .  f g  

I 4 5 6 
--ml m l  - -- 

TOTAL I,:.9ISTURE ?I/' .f I I 



i 
I- 
I 
I- 
1 
I- 
* .  ! 
I 
1 
I 
I: 
I- 
I 
I 
I 
1 
c 
1 
1, 
1 
I 
I 

A-91 

ANALYTICAL DATA , 

LABORATORY RESULTS 

I?: 

FRONT H A L F  

ACETONE BASH OF NOZZLE, PROBE, CYCL0:i 
FLASK, FRONT HALF OF FILTER HOLOER / 

J U L ,  17 - 
FILTER IIUIJBER CONTAINER r g  

tare 0 . . 3 8  178 g 

net 

BACK H A L F  

IhlPlliGER CONTENTS AIiO ViATER WASH OF 
IMPINGERS, COiiilECTORS, Al iD BACK 
H A L F  OF FILTER HOLOER 

ACETONE WASH OF IidPIflGERS. COIINECTORS, 
AND BACK HALF OF FILTER HOLDER 

FRONT H A L F  SUBTOTAL r E  

Rinse 

CONTAINER rs 

WTRACTIOt I  rS 

CONTAINER r: 

ETHER-CIiLOROFORLl 

BACK H A L F  SUBTOTAL 
I 

i 

m l  m l  . m l  m l  m l  volumes 
MOISTURE 

1 2 3 4 5 6 _-. : m l  t " , -: m l  O m 1  -AI. -1 
JC IMPINGERS 

FINAL VOLUWE "".- 

g 

E 

.t :,I ' SILICA GEL 
FINAL E I G H T  - ' -  ,:-'k? g 

NET YIEIGIIT 
INITIAI. L'CICIIT a c t  E .  E 

EPA (Our) 231 3 a , ;  

.1 .. 
E .. z * .. E 

. .  , 1/72 /,..I-- 
::g,; , -  

~- ... .. . .  



A-92 

A N A L Y T I C A L  DATA 

CERTAIN-TEED. 
PLANT- 

. DATE i SEP 9 1975 
SAMPLING LOCATION 
SAMPLE TYPE f4rmCLL3re- 

ezs- TP -9 4 1  I r J n u c -  
SAMPLE BOX NUKBER 2 I -$3 
CLEAN UP M A 3  B & ,  

RUN NUiJBER 

FRONT H A L F  """\%, 
ACETOfIE WASH OF NOZZLE, PROBE. CYCLOXE (BYPASS), 

FLASK, FRONT HALF OF FILTER HOLDER 
J UL-3 

FILTER IlUblBER 

tare 0 337-1> g 

n e t  

BACK HALF -- 
IhtlPIIIGER COllTEtiTS AND WATER WASH OF 

III1PINGERS, COIiNECTORS, AIIO BACK 
HALF OF FILTER HOLDER 

ACETONE KASH OF IhlPINGERS, COI!NECTORS, 
AND BACK HALF OF FILTER HOLDER 

Rinse 

ml volumes 
MOISTURE 

INPINCERS 1 
FINAL VOLUI:E I?* rnl 

NET voLur,;E 70 m l  
INITIAL VOLUME doo rnl 

SILICA GEL 
FINAL WEIGHT 503E 'g 
INITIAL Y:CICIIT =e 

E 
E 
E 

LABORATORY RESULTS 

CONTAMER r: 

CONTAINER r g  

I 
I 
4 
I 
I 
I 
1 
I 

FRONT H A L F  SUBTOTAL "g e 
r 

CONTAIN E R 'e I 
rE I 

- BACK H A L F  SUBTOTAL r: I 

ETHER-CHLOROFORM 
EXTRACTION 

CONTAINER rz 

T O T A L  I'IEIGtiT 

. m l  

TOTAL II9ISTURE &/A , _ _  f 

1 

I '  .: .r.' 
, A d  I 0 9 r  

EPA (Our) 231 ~ *-. 

.I' :. 
4/)2 

7? 1~ . .. 

.. . . . .. . . . . . . . . . . ... . . .. . .... . . . .. . -~ .. . .. . . .. . . . . . 
- 



I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
1 
I 
I 
I 
f 
1 
I 
1 
1 
i 

A-93 

ANALYTICAL DATA , 

mm-1EED. m 
PLANT Shakopee. Minnesota COMMENTS: 
DATE L SEP 1 11975 
SAMPLING LOCATION 

SAMPLE TYPE 

RUN IIULIBER 

SAIiIPLE BOX NUX3ER 3 
C L E A N W  MA;{ B& 

c t'4 -rp-4 - 

FRONT HALF LABORATORY RESULTS 

ACETONE C'ASH pz 

FILTER IIULlBER CONTAINER r g  

FLASK, FRONT H A L F  OF 

tare 6 . 3 ~ 3 6  I g 5 .  37487  
n e t  

BACK HALF 

IMPINGER COllTENTS AIiO WATER WASH OF 
IkIPINGERS, COCNECTORS. AliD BACX 
HALF OF FILTER HOLDER 

FRONTHALFSUBTOTAL rg 

CONTAlllER rz 
ETHER-CHLOROFORi~I 

EXTRACTION Q 

ACETONE WASH OF IldPII4GERS. COIINECTORS. CONTAINER c: - -  
AND BACK HALF OF FILTER HOLDER BACK HALF SUBTOTAL r: 

cg I TOTAL I'IEIGHT 
Rinse 

mi m l  . d l  ml m l  volumes 

fJ 
MOISTURE 

>* 

EPA (hi) 231 
4/12 



A-94 

A N A L Y T I C A L  DATA 

1 .  -I 
, 'I 

a T A ~ ~ J . ~ D ,  INC 
PLANT N u t -  COldMENTS: 

DATE I SFP : 1 IU! 
SAMPLING LOCATION 

SAMPLE TYPE 
RUN NUWBER C E R - T P - 4  - 3 

'A SAInIPLE BOX NUEBER - 
CLEAN-UP IdA:i 8- &1;-p-W. 

/ 

F R O N T H A L F  ~ 
LABORATORY RESULTS 

ACETOliE WASH OF y 

FILTER IIUIJBER CONTAlliER r g  

FLASK, FRONT HALF OF FILTER HOLDER 
J U L - X Y  J U L . 2  

tare 6 . .37737  g 6 . 3 7 9 1 8  
net 

BACK H A L F  

IhlPlliGER COHTENTS AN0 YiATER WASH OF 
IIAPINGERS, C0fi:IECTORS. AH0 BACK 
H A L F  OF FILTER HOLDER 

ACETONE \'/ASH OF IblPIfiGERS, COIIIIECTORS, 
AN0 BACK HALF OF FILTER HOLDER 

Rinse 

FRONT H A L F  SUBTOTAL rg 

CONTAINER r! 
ETHER~CHLOROFOR~J 

EXTRACTION C! 

CONTAlr?ER r: 

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

r 

BACK H A L F  SUBTOTAL r: I 
T O T A L  I'IEIGtiT 'E 1 

I m l  m l  . L l  m l  m l  volumes 
MOISTURE 



I 
I 
I 
1 
1 
I 
I 
1 
I 
1 
I 
1, 
I 
I 
I 
Is 
II 
i 
i 
1 
I 

A-95 

ANALYTICAL OATA 

CERTAIN-TEED. INC .~ ~ ~ 

Shakogee, Minnesota 
PLANT 

ACETONE WASH OF NOZZLE, PROBE. CYCLONE (BYPASS), 
FLASK, FRONT HALF OF FILTER HOLDER 

. I  Ul- 37 

BACK H A L F  

IMPINGER COIITENTS Af iD  WATER WASH OF 
IIAPINGERS, CONNECTORS. A f i O  BACK 
HALF OF FILTER HOLDER 

ACETONE VASH OF If,lPIfIGERS, COIIIIECTORS, 
ANDEACKHALFOF FILTERHOLDER 

Rinse 
volumes 

Mol STU RE 

2 r  rnl 
IhlPlNGERS \ 1' 

FINAL voLum 103 m l  
INITIAL VOLU:,lE /do mi U 
NET VOLUIX J m i  5 m l  

LABORATORY RESULTS 

CONTAINER 

CONTAINER 

.." 

r g  

FRONT H A L F  SUBTOTAL rrg 

CONTAINER 
ETHER-CHLOROFORIA 

EXTRACTION 

CONTAINER 

- 

e: 

BACK H A L F  SUBTOTAL r: 
r I 

c: I I TOTAL WEIGHT 

. d l  ml m l  

SILICA GEL 
E t 
E .  E 

FINAL YIEIGHT .-.--$!$;:: 
INITIAL Y:EICIIT 
NET YICIGHT .. 7 k * ' !  E E.  

E m  (out) 231 
4/72 

. . .  .. ~. . 1 , . . . . . .~ ~ . . . . .  



A-96 , 

A N A L Y T I C A L  D A T A  

1 . .. 

I 
CERTAIN-ZTED, rm! 

PLANT hibakwae, tiiinnariob 

DATE C '  

SAMPLING LOCATIOII 

SAMPLE TYPE 

I- 
SEP 1 O 1975 

C\FR - t P S-C1) RUN NUIJBER 

SAMPLE BOX t(UG:BER 

CLEAN-UP MAN 

f!. .L6-oJp&Q. 

-I-- FRONT HALF 

ACETONE WASH OF i iOZZLE, PROBE, CYCLONE (BYPASS), 
FLASK, FRONT HALF OF FILTER HOLOER -- . 

JUL- 
FILTER NUldBER JUL-3Lf ' 

tare 0 . 3 & 5 ' f b g  0.3ja7- 
net 

Cy2ldko - thc l ~ o b g q  

B A C K  HALF 

IMPINGER COIITENTS AIIO WATER YlASH OF 
IMPINGERS, COIIIIECTORS, AN0 BACK 
H A L F  OF FILTER HOLOER 

ACETONE UASH OF IIX'IIIGERS, COI!NECTORS, 
AN0 BACK HALF OF FILTER HOLOER 

Rinse 
ml . m l  volumes 

6J 
/JH 

MOISTURE 

IMPINGERS 1 
FINAL VOLUIX 114 mi *?  m l  

I 
1 

J .  c U h  
-4.k 

LABORATORY RESULTS - 
CONTAINER PZ 

I 
. rg  I 

CONTAINER 

CONTAINER rz 1 
ETHER~CHLOROFORO 

EXTRACTION 

CONTAINER 

B A C K  HALF SUBTOTAL 

T O T A L  I'IEIGHT rz ' 1 
I . d l  m l  m l  



I 
I 
I 
1 
t 
I 
I 
8 
I 
1 
I 
I 
I 
1 
I. 
1 
I- 
I-, 
1: 
I 
?- 
I 

_ .  A-97 

A N A L Y T I C A L  DATA 

PLANT 
Tf,. - I '  DATE I ! 

SAhlPLIfIG LOCATION 

SAMPLE TYPE 

RUN NUblBER :,' . ' 1  - 
SAMPLE BOX I iU6BER 

CLEAIUJP MAN 

. ., .. .- 

..- . 
, I  TU- ." - 2 .  

FRONT H A L F  

ACETOIIE WASH OF NOZZLE. PROBE, CYCL0:IE (BYPASS), COIITACiER 
FLASK, FRONT HALF OF FILTER HOLDER 

FILTER tiUldBER CONTAlliER 

tare 9 
net  

FRONT H A L F  SUBT 

BACK H A L F  

IIIPINGER COIITEHTS AH0 VATER WASH OF COIITAIIER 
IIIIPINGERS, COIINECTORS. A W  BACK ETHER.CHLOROFORb1 
HALF OF FILTER HOLDER EXTRACTION 

, 

LABORATORY RESULTS 

i 

T A L  r: 

ACETOIiE WASH OF Il:PIIIGERS, CO!3ECTORS. CONTAlliER 
A N O B A C K H A L F O F  FILTERHOLOER 

c :  

BACK H A L F  SUBTOTAL r: 

I T O T A L  Y/EIGHT f-2 
Rinse 

volumes rnl m l  , m l  m l  01 
MOISTURE 



. .. 

,- . 

_. . 

A-96 

ANALYTICAL DATA 

m A I N - T E D ,  IN0 
Gbdropee, Minnesota PLANT 

DATE 3 - 
SAhlPLIIIG LOCATIOiI 

SAMPLE TYPE 
RUN IIUi,IBER cEq-TPP-s-C3l  
SAMPLE BOX IIUfBER ' 
CLEANJJP !;IAN a 4  

Y 

FRONT H A L F  

ACETONE WASH OF NOZZLE, PROBE, CYCLOfIE (BYPASS), 
FLASK, FRONT HALF OF FILTER HOLDER 

J o L - 3 1 ,  
FILTER tIUiz1BER 

tare 6 - 3 8 0 0 9  g 

COlilMENTS: 

-.\BORATORY RES rs 

C0NTAI:IER c: 

CONTAINER r g  

net 

FRONT HALF SUBTOTAL q 

BACK H A L F  

IMPINGER COIITENTS AfiO KATER !/ASH OF 
IMPINGERS, COIiIYECTOAS. AND BACK 
H A L F  OF FILTER HOLDER 

ACETONE WASH OF IIlPIIIGERS. COIINECTORS. 
A N D B A C K H A L F O F  FILTERHOLDER 

Rinse 

m l  m l  volumes 
MOISTURE 

CONTAINER 1 0  
ETHER-CHLOROFOR61 

EXTRACTION rc 

I 
I 
1 
I 
t 
1 
I 
I 
I 
t 
I 
i 
I 

r: t 
CONTAINER 

BACK H A L F  SUBTOTAL r! 

T O T A L  I'IEIGHT 

NET VOLU!;IE ml ml 

SILICA GEL 
FINAL YiElGHT J 9 q  E g 
INITIAL I X I C I I T  a E E .  
NET YICICHT E E e. 

... EPA O u r i  231 
4112 



- ..... . . . .. . . .. . ~. ... .. 

r 

A-99 

A N A L Y T I C A L  DATA 

PLANT COItlIIIENTS: 
7 ,  
' .! /I, 

L 

DATE = I # . ' , , !  /, 
SAMPLING LOCATION 

SAMPLE TYPE 

RUN NUiJBER 7 j J -  5-- L/ 

CLEAN-UP MA:i /*q c h/ 

SAMPLE BOX NUXBER 

FRONT H A L F  

ACETONE WASH OF IIOZZLE, PROBE. CYCLONE (BYPASS), CONTAIFIER 
FLASK. FROIIT HALF OF FILTER HOLDER 

CONTAINER ' I  j s  FILTER tIUI8lBER L '  

9 tare t, 3 ?? 5 -7 

LA --....TORY RESULTS 

y 

BACK H A L F  

net  
L 

FRONT H A L F  SUBTOTAL r: 

IMPINGER COIITENTS Af iO VATER WASH OF 
IMPINGERS, COIifIECTORS, AH0 BACK 
HALF OF FILTER HOLDER 

ACETONE tASH OF IIlPItlGERS. COf!.'tECTORS, 
AN0 BACK HALF OF FILTER HOLDER 

Rinse 
1 . m l  v o l u m e s  

MOISTURE 

IMPINGERS 1 c $  
FINAL VOLUKE m l  - ml j" 

I I T O T A L  WEIGHT r: 

CONTAINER r! 
ETHER.CHLOi?OFORiJ 

EXTRACTION rS 

CONTAINER c: 

BACK H A L F  SUBTOTAL rz 

~ 

d l  m l  -1 

FINAL I/EIGIiT t e 
INITIAL Y:EIGIIT "-" 8 - e  . E 
NET WIGIIT /s g e E 

tl' 



A-100 

Sample D??yinz Data 

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



. . . ... - I 
,.-(l) Flber  Glass  - 
[--- 575- I grams 

I . . 
-- (4 )  Solvent  extractin- 

of impinger wate: _ ~ _ _  ~ .~. . - 
- .. . . i Evap. d i s h  No- 

- T o t a l  vel- m l _ _  
_ _  __ - 

2 - - .- _-____ (5 )  TCE rinse of y- back h a l f  i- 
L- Evap. d i s h  N o 1  _ 
I T o t a l  vel- - 
. .. '5a) Acetone r i n s e  

- Evap. d i s h  No- 

__.- 

~ ~. . . ... ..-__ -. 
of back h a l f  

30 Total vol- m l  . ~ . .. 3 

___- 
0-0 I I i 1 1 5  ! I \ .  2 0 !  i I :_ 25 I 1 I ; 3 0  ---. 

Date: Continued to: __-- 
Oisclosed .to and understood by me: 

. r 

Dale:  Date:  

Date: Date:  
__ . . 

v Entered by: 

' Performances of this w k observed by: 

+ I 
j .. 



i . .  
i 
! :  

A-102 
. . . . .  - .  . . . .  . .  . . 

8 
- -  

0 '  5 10 - 15 20 25 -. .- .- - .- .- 

Project No#?f72'3518 Date of Work: 

Continued from 
J- u-.B i . . .  ................ 3 1274 ... .~. 

Work Performed by: 
, .  

Weight Remarks 
Change 

mg 
. . . . . . . .  

.... 
006--l 1:. I . ~ .  __ -~ ~ 

!- ( 1 )  F i b e r  Glass  

Tare  

grams 

47, 3Sk 3Zu76. . . . . . . . . .  - - . __ ........ 
I 
: - - (2a) Acetone wash of ' 

.. ~ ... -.- - . . .  -. . . . . . . . . . . . . . . .  -~ . .  ' .- ( 3 )  Impinger water  

2'. T o t a l  vol- -- . . .. 

I 
Evap. dish,No-: 

m1 I--- .- - .- . .  .. 
(4 )  Solven t  e x t r a c t i t  

- -  of impinger wate ~ .- _ _  

30 I 

.... 

. 

.~ 

. . .  . I . .  Evap. d i s h  I . - __ - ._ . 

.... ~ .... .. 

__ 
T o t a l  vel- 

. 

. ....... 2 5 .  ( 5 )  TCE r inse of ~ 2.. - 25 I 

back h a l f  ! .I! 
... -I/ 

5 a )  Acetone rinse 1: 
- . . .  . . .  ............ 34 

1; 
- - I  

- 
...... .- . . _  .-  ~. 

........ - , 

...... -. . . .  of back h a l f  

___ 
30 15 I ,  , .  20 : 25 j - 

Continued to: 
._._ ~ - - 

Dale: . . . .  . ~ . .  . 

Disclosed lo and understood by me: 
_-\ ... . ,-. -~ 

Date: Dale:  ......... . . . . . . . . . . . . .  - --__ ____ - 
I I' Date: Dale: 

.~ - 



10 A-103 
. .  .. 

.......... .... ... . . . . . . . . . . . . . . . .  15 20 25 -- - 5 - - 10 ~. 
0 

(Y&.wwpw Project N o . ) l t ~ ~ - ? 4 ' 6 7  Date of Work: 

L A  4 
3 ~2 7 7 Continued from 

. . . . . . . . .  . . . . . . . . .  .~ 

Work Performed by: 

\ , Title or Purpose cm - TP 1-3 
- 

%'eight Remarks 
Change 

mg 
.............. .- -_ 

......... 

2 0 0 . 0  

. . . . . .  

.. . . . . . . . .  
(4 )  Solven t  e x t r a c t i c  

of fmDinaer watel---- ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . -  
~..__ .............. Nod Evap. d i s h  

T o t a l  vol- 
... I - . -  ~ .... ..... ... . ........ 

25 (5) TCE rinse of . - - -_ -. .......... ............ 

.. ............... 

... . . . . .  

back hal f  -~ 

5 a )  Acetone rinse - ... 

.- of back hal f  ... . .  
Evap. d i s h  No- 

30 Total vel- ml . .  

30 

I 

I 

1 
I 
I 

i 
i 
I 

i 1 
j 

i 

IC 

20 

. - 1 . . .  

10 15 . ........ .. 25 ; 30 _-_ -. 20 .... 5 , -I -. __ - .- __ 0 :  - 

25 

30 

Dale: Continued lo. .- ......... . . . . . . .  . _  . ................... 
Disclosed l o  and undersload b y  me: 

.......... - .  --.---I ~- 

Dale: Oale: 

Dale: Dale: 
-~ . _._-_ . , . . _ _  .- . ., ~ . . 

___ __ .......... . . . . .  



Tare 

grams 

0 . 3 s a 3 i  

. .  

1: . (2a)Acetone  wash of ' ~ 

f r o n t  ha l f  . . . . . . .  
Evap. d i s h  No- 

1 .;: !! 
. s ,  

t j: ml. ~ ......... 

i '. 
i 

. . .  T o t a l  vol  . . .  ., 
- .- .... .. . 

' 5  . ...... 
:2b) TCE r i n s e  of pres 

... 1 I I  f i l t e r .  .................... 
~ ~~. 

Evap. d i s h  No- 
!! T o t a l  vol-ml 

Evap. d i s h  No- 
T o t a l  vol- m l  -. 

{ .  

.. 
( 3 )  Impinger water  

43. i d  /+ 

Weight Remarks 
Change 

mg . .  . . .  . .- .. .... . - - _ _  
49.9 

.. .... ... -~~ . . . . . . .  1 i.  _ ( 4 )  Solven t  e x t r a c t i ,  

Evap. d i s h  No- . . . . . . . . . . . . .  

T o t a l  vol- ml 

back h a l f  

of impinger wate: . .  - .. .. . 
i :  

. . . . . .  , . 25 ( 5 )  TCE r i n s e  of 

Evap. dish ,~o-.--.-~.--~ ..... .. . . . .  

T o t a l  vel- m l - - - .  . .- ... 

. . . .  
; 

.... - . . . . .  .- :5a)  Acetone rinse '- ' - ~ 

of back ha l f  
i 
f 
: 3o Evap. d i s h  No- i Total vol- ml. 

. . . . . . . . . . . .  . . . .  

. . . . .  ........ .. . . . . . . . . . . . .  25 15 20 . . . . . . . . . . .  
5 -. 10 - i 0 .  

Continued lo: ..... Dale: Entered  by: &p- . .  .~ - 
Performances  of  I IS work observed  by: Disclosed lo  and understood by me: 

. .... . .. ~ 
__.. .- I 

30 1 

I 
I I 

I 

1 1 1 
1 i 

I 
2l 
I 
I 

30 I 
30 

...... ..... . . . . .  

.......... ......... __ ............... ___ 



.. 
Remarks CERTAIN:--. INC ' .  

1 I -- &&We, MiMeSOth 1 :A I Fina l  1 . I' Tare  I 
i w e l r t  

i NO. nt .  Change I-'- 
-- grams 

.. 
1 5 7 5 -  grams 

r- . 
- _- 

, --A0 - -- 

. ( 3 )  Impinger water  ~ ~ ~~ ... . - 
Evap. d i s h  No- 

2o ' T o t a l  vel- ml---. 

(4 )  Solven t  ex t r ac t i a  
.- of impinger wate:- 

ml T o t a l  vel- 

back ha l f  

__ ._ ... ~~ ..... .. - ..... . ..-.a 

___ ._ . . .  ! ._ 
. _____ . . . . . .  

.- Evap. d i s h  No _ .. __ -_ 

25 (5) TCE rinse of ~ ~ _ _  25 

.- T o t a l  vel- m1: __ , 

- of back ha l f  - . __ ... ... 

---____~_. . __ .... 

- -. 
.- Evap. d i s h  No--- 

__ - - .... ..... '5a)  Acetone rinse --------- 

Evap. d i s h  No- ml. .......... - -. . . . . .  ..... 
30 Total vel- - ...... 3c 

- __ - -. - - - -- -- 
" 1 0 ,  ~: . 1 5 . ;  i ! 2 O i !  I i 2 5 1  I ,  , 3 0  - O ' ! ; / s i . :  ' 

Date: Continued to: 
.. _ _  Entered by: &{fi 

Performances of this wo k observed by: Disclosed to and understood by me: 

i Date: Date: - 
~ -_ - 

Date: Date: - 



. - .- 16 
0 5 . . . . . . .  

A-106 

. lo_ . . . . . .  15 _ 25 -. _. - 20 

I 

Work Performed by: bpd+ Project No$@72 -1 rig Date of Work: 

Title or Purpose: R U M  0 .  C€R-TP 2 -3  ~7.74 Continued from: 
L n g  

. / .. ................... ...... . .- .. - - 

. - -. . . .  

( 1 )  F ibe r  Glass  .~ 
5 f i l t e r  

F i l t c r  No.JuL.lq - 
. .  

(2 )  TCE wash of 

;5a) Acetone r i n s e  . _ ....... ....... - 
of back ha l f  

Evap. d i s h  No- 
Total vol- m l  30 

.. .- ..... ...... - . . . . . . .  .- . 

. .  . ~ 

..... - . 
........ ... . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  . .. ..... ... .- . . . . . . . . . . . .  - __ -.-. -. .- 

10 15 '20  25 : 3 .- - __ - - .- .- .- - ____ .- - 0 . ..... 

I 
'I 

Continued to: 
.............. . . . .  ... ........... . . .  ...... Oak: - 

Oisclosed to and understood by me: 
......... .. ..... 

Date: Oak: 

O a k  O a k :  
......... __ - , . . -. . 

- - 
Entered by: 

.- ______________I__. 

__ 

- -. -. 



18 

5 10 

A-107 

1 5 .  20 25 

Project No. 2871 j$/ a Date of Work: 
Lag 9 

I 32277 ---_Continued from 

Cmakopee, Minnesota EPA Fina l  Ta re  Weight Remarks 

Work Performed by: 

1 . . : CERTAIN-TEED, . IN?. . 
......... I Change ... No, W t .  -. - 

_ _  S75- grams grams mg 
. . 

. .  . . . .  (1) Fibe r  Glass  - j ___..;_--2 
.... 0 . 3 ~ + 7 ~ .  ~ .... . . .  76, i 
.... . . . . . . . . . . . . . . . . . . . . .  - . . . . . . .  

. . .  

(2a)Acetone wash of ! 
f r o n t  ha I f  
Evap. d i s h  Yo- 

T o t a l  vel- m l  

. . .  

.... ~- . . .  

. .  .- . . . . .  _. . . . .  

...... .- ............ . . . .  ' 5 ; : 2 b ) ~ ~ ~  r i n s e  of pre. 
f i l t e r .  . - . .. - . -. ....... -. 

Evap. d i s h  No- 
T o t a l  vel- 

(3) Impinger water 
Evap. d i s h  No-'. 

20 Tota l  vol- m l  . 

ml . . . . . .  

. . . . . . . . .  - . . .  . 

.~ 

. . .  . .  

~. . .  

.... ... 

- -. ... - .... 

(4) Solven t  e x t r a c t i i  
of impinger watei 
Evap. d i s h  No- 
T o t a l  vel- d' 

. . . .  

__  ~~ . 

........ .. - - . .  

,. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (5) TCE r i n s e  of i *' back ha l f  

'5a) Acetone rinse I .. - ........... .. 

of back ha l f  I 

Evap. d i s h  No- 
j .. ........ 

ml . . . . . . . . . . . . . .  30 Total vol- 

. . . . . .  -. 

. 

. . . . . .  

. -- .... -. . . . . . . .  - .. .............. . - .. - 
10 20 25 0- ..... -. .. .- 2 5 . .  _. __ . . .  .- - -. 

Date: Continued to: ............. - ..... .. 
Entered by: 
. .  

Performances of this wdk observed by: Disclosed to and understood by me: 
...... ~ . . . . . . . .  

Oak: Date: 

Oate: Date: 
.... . . .  -. . . . . . .  . _ _  . . -. ..... 

/- 

- .... -- .. . . .  

. . .  . . .  i \ .  I . .  . . . .  

30 

3 0  



I" , 

. .  .. : 
3 

i .- 4 
I 
I 
I 
i 

I! 

5, 

. I 
A-108 

. ........ .. 
i Work Performed by: wbkkh$Y&d j .  
i Titie or Purpose: RUN ..... VO CE -7s 3- Z ' 
1 - c E R T m C ~ . I N C  EPA F i n a l  . . 'Weight Remarks- --- Tare  
t- - 

Shakopee. Minnesota 

oiect N 0 . # 2 8 7  2 ?](Date of Work: 

I L e  7.7~77 Continued from: . - - .. . . . .  .- ___ 
I 

I Change 
~ - NO. nt .  

' 575- grams grams mg 
~ anb- -. -- 

.... ..... .. __ .~ 
Evap. d i s h  No 

_____._~ 'r Tota l  v o l  

1- 

c 
c I 

i ..__ i ! 

-_____ .- 
q7 7s37 t/+f& 

! 

t 
1 3 .  

f i l t e r .  +-* L--. 4z..7>755/-.2&5L7- ____-__-I 

Evap. d i s h  No&: 4?!ZZGAtM&--.Y7./l/.?? /&& ;i-~~... __ 3 362 .-.r.O-tZ.-- T o t a l  v o l a m l ;  

' Evap. d i s h  No- 
T o t a l  vel- m l  - 

Solven t  e x t r a c t i t  

2.a.f - 1 o y . p  z % a: - ~ _ _ ~  .......... ... 

__-- ... ....... ~ ........ -. (3) Impinger water  -. 

....... ........ ~- ................... 

-__- -- - - -. .. .... 

of impinger wate: .-.__ ... . . . .  

Evap. d i s h  No- - I - .. ..-__ ... .- 
T o t a l  vol- rnl 

__.___ -~ 

__ __ __ a ( 5 )  TCE rinse of 

r T o t a l  vol- m l  

' - 5 a )  Acetone r inse 
I '  of back h a l f  L 
! Evap. d i s h  No- 

i back h a l f  ..- 

r 
Evap. d i s h  No- _______ 

- .. ______ 
. . ... . . . . . . . . . .  -I 

i 

. - . _ -- 
.. ........ ........... - . 'c Total vel- .~_______ 30 

1.30 --I 
! 

i 2s- 1 I 
. .  

~ ~~ 

Continued to: 

Disclosed to  and understood by me: -_ 
Date: Dale: 

Date: Date: 
- 



I 
I 
I 
I 
I 

A-109 
. . . . .  . . . . .  .... . .  - - - 22 
0 5 10 15 20 25 . .  - . . .  ... ._ ... . . . . . .  .- . 

30 

,w Proiect No,,!!2872-3 rI8 Date of Work: 

L@-J 
Continued from: 

Work Performed by: 

Title or Purpose: R -TP 3 - 3 3 2277 
............... -~ . .. 

. .  
(4 )  Solvent  e x t r a c t i  

.. of impinger wate:-- - - -.- 
Evap. d i s h  No-. -_ - ........... 

. .  ........ 
Tota l  vel- ml 

back ha l f  ' 

. .  

25 (5 )  TCE rinse of ... ... 

.. E"ap. dish No-..----..--.--......-. 

... Tota l  vol- ml.-- ..... 

Evap. dish No- 
Total vol- ml. . . 30 

Welght Remarks . 
Change 

mg 

1 E  

! 

. . _ _ _ _  __ ..... . . . . . . .  .- .. ._ . .  ._ - . __ - 
0 :  j S !  ~ i , l o /  I ~ 1s 20 25 30 - ........... . . . . . . . . . .  

Continued to: 
. .... . .  _. ., ............ 

Date: 

Disclosed to and understood by me: 
~~~~ ~ __ . ~ ..... . . .  

Dale: Dale:  I 
! - _ _  
1 Date: Date: 
! 

...... . .... ......... .. ~~ . . . . . . .  . -  

Entered by: 

! .- - 

.- __ __ ___ ... . 

2 C  

29 

I 

3c 



24 A-110 -~ 
10 15 20 25 - -. - - ......... . . . . . . .  5 0 

Work Performed . .  by: 

Title or Purpose: 

/h nJ Project No. 8 9 7 p 3  5f f Date of Work: 
Le5 

3 2 1  7'7 Continued from: R(,J%o. __ . . . .  CXTW-1' . .  
I 

, .., 

...... 

I 

,..- .. 
S75- grams grams .- i 

~ 

.- (1) F ibe r  Glass  
5 

i 
j (2) TCE wash of 

- 
____ __ ......... 

f i l t e r  .............. 0 . . . . . . . .  
F i l t e r  No.JOL-35 -177  . / i t 7 7 0  0. 38UL 

..... __ __ . . . . . . . . . . . . . .  , 
- .. --_ 

. ...... f r o n t  ha l f  . I 
Evap. d i s h  No- 

ml ..... ____._~ .. ! .- T - C z I  >ml 

.- . .  . !.- 

j j  * " . . V I  ."*- ...- 

/I 
:I 

il 
:,i 

1s.- 2b)TCE r i n s e  of p r e  . 
... f i l t e r .  y-l 

Evap. d i s h  N o m  
T o t a l  v o l H m l ,  

:- 236. 7. -1FS2:g.a.- : (3) Impinger water  
Evap. d i s h  No- 

20 T o t a l  vol- m l  .... 

.. k5#  7b.55 
ys. 7" e 

. vs.??a3 

. ..... 

.... ... 

......... 

....... ._ . . .  
( 4 )  Solven t  e x t r a c t i  

T o t a l  vel- m l  

of impinger wate: . . .- . 

Evap. d i s h  No- .. - .  . ._ ... __ - 

_ _  ~- I~__. . . 

25 (5) TCE r i n s e  of 
. 

back h a l f  

5 a )  Acetone r inse 
of back ha l f  , ~ _  

Evap. d i s h  No- 
'," Total vel- m l  

'Height 
Change -lRemarks - 

57 6 

.............. - .- 
26.6 - 2.F 

. .- . . . . . . .  
25 . . .  .... 

Continued lo: 
. .  

Date: 
-~ . . . . . . . . . .  

Disclosed lo and underslood by me: 
-. .- . . . . . . .  ......... . .  r 

Date: Dale: 

Date: Date: 
. ............. ..... .. . . .  

I L~ -. 
1- - ... - .... 

30 I 
I 

i 
t 
i 

i 
t 
4 
i 
i 
1 
I 
I 
I 

I 
I 
-I 

30 I 



A-111 
... -. .. ........ ~ . . . . . . . . .  - . - -  

30 
26 

0 ! " 5  10 ' 20 25 - __ - - -- . 15 . 
' -- ~- -- 

Project No.$ 278L-3flf Date of Work: 
L c5 

. . .  . - . .  

I I . . . . . . . . . . .  Title or Purpose: .. ._ -. .. x W 9 - 4 .  . .  
. ~ _ _  I 1Z74 Continued from: . - 

Work Performed by: 

.. lo . __ ..... 

' (3) Impinger water  

20. Tota l  vel- ml . . . .  __ -. . . .  ... ~ 

- Evap dish No . 

.. ..... - ......... .... - . __ ...... - .... 
(4 )  Solvent  extractim' 

. of impinge= wate: . . . . . . . . . . . . . . . . . . . . . . . . . . .  _. ~~. 

Evap. d i s h  No-. ... ... .... .- -. 
Tota l  vel- m l  

25 (5)  TCE rinse of -. 

- back ha l f  
, -  Evap. d i s h  No- 
-. Tota l  vel- m l  

of back h a l f  

- _ _ ~ - -  - .  

:5a) Acetone r inse  . .  .- . _. 

... .- - _ - . - . ...... __ .... - ... _ _  .. .. 
Evap. d i s h  No- ml.-,.- ..... - ...... . . .  ~~ 30 Total vel- ___ __ -- __ __--- 

30 o -____-. ! j _-_. IdL---- 2 0 1  j I L.._[--..-.- ! 2 s :  I ..-. -. io I i I I V 
Continued to: 

~ __ Date: - Entered by: 

Performances of thi 
........ . .  ........ 

ork observed by: Disclosed to and understood by me: 
. . .  __.-- - Date: ! Date: 

i Date: Date: 
~- - - ... -. , __ __- 

- _____ - - ~_ ___. 



. . . .  . . .  . . .  _ .  ..- .,,.. 1. .... ~: ........ ,... .--,, .. ..O . i . ~ .... - ... ., . . .  . -_ ..... ~*&!.,?.& ~. ~ e..,.: .: 

28 A-112 
_. - - . . . . . . . . . . . . . . . . . . .  __ .- -. 

._ S i  1 0  1 5  20 25 .~ ... ........ .... 0 

Work Performed by: v/vp Project N o . p l 7 Y 3 - 3  P f Date of Work: 
L C3 I 

, Title or Purpose: . C&.TP4 0 3 3 1 2 7 9  Continued from: 

i . - ~ ~ -  
. . . .  . . . . . . . . . . . .  

1 mTARI-TEED.  I M -  EPA . F i n a l  T a r e  Yle lg h t Remarks 1 W o p e e .  Minnesota 

l 
Change __ NO. Wt. __ 

S75- grams grams mg .. - r- 

3 1 
I 
I 
i 
3 
i 
! 

- 

Evap. d i s h  No- 
To ta l  vol- ml- 

30 

............ __ ... -. ... ____ .. 
. .  ... ..... 

- ._ ....... 

Date: Cont inued to: ...... . 

__ _. 
Oisclosed t o  and  unders tood  by me: 

Entered by: 

, 
I Date: '. Date: ..I ___ .... - ..... , . -__ - 

Date: Date: 

--I 



. . . .  
25 

A-113 
20 - 

~~ . .  - -- - .  
30 

. .  
15 - 0 5 :  1 0  .... . .... ..... .... 

project ~~p27g2-3518 Date of Work: 
Lag 

. . .  .... ....... - . .  
. . . .  . . .  

-/- Work Performed by: 

Title or Purpose go, c a  TQ 5-1 3 1 2 7 9  Continued from: 

We i g  h t Remarks , emm-TEELl, INC ' - '  - .  ' '  

Tare  

grams mg 

. .  
! wopee, ulnneeota EPA Change F i n a l  

NO. W t .  .. . .  - 

__ . . -. S75- grams ! - 
. .  .. ! . - . - ! (1) Fiber  Glass  

I ,  1 
.... 

- . . . . . . . .  q 7 . Q  . 

Y 1 .  7.. .. 

. .. 99.8 -.~0.9- 
. . . .  ... 

nderstood b y  me: . ....... 

c ~. 

Evap. d i s h  No- mlI .. _. . . .  . . . .  . 
Tota l  vo l  

............. 
.. 1; 

f i l t e r .  I 

i 
To t a l  vol-ml, 

~~ 

. .  . .  . . . . .  15 - 
..... j l2b)TCE r i n s e  of pre. . -  ... 

........... I . ~ ~ ~  __ 
~. . Evap. d i s h  No - .. _ _  ............... .~ 

.. . . . . .  . . . .  . __ - .. -. -. 

. .  .. (3) Impinger water  ...... .......... 
Evap. d i s h  No- i 

. . . . . . .  ml ............ 20. T o t a l  vol- 
..... - _  . . . .  . ._ 

(4)  Solvent  e x t r a c t i t  
of impinger wate: 

T o t a l  vel- m l  

. . .  

' Evap. d i s h  No- .. ~ .~ 

. . .  .............. -. . ... 
2 5 ~  ( 5 )  TCE r i n s e  of  . ---.-- ... .__ . . .  .. . . . . . .  

back hal f  - . .... .- .- 
_- Evap. d i s h  No- 

m l  Tota l  vel- . .  

. . . . . . . . .  . . . . . . .  '5a) Acetone ___ H 

of back h a l f  . . . .  

Evap. d 
Total - 30 

. .  .. 25 
20 - -. - 0 ' :  15 i 5 ; : :  , 1 0  . . . . . . . . . .  .. ... 

, .-. - 
' Continued to: _ .  

. . . . . . . .  .... 

30 

Evap. d i s h  No- 
m l ~  Total vol- . . ~ 30 

. .  .. 25 
15 20 0 ' :  i 5 ; : :  , 1 0  ,_.-I . . . .  -. ... ... 

Oate: ' Continued to: 
. . . . . . . .  .... .... 

Disclosed to and understood b y  me: . 
__ ..... , ~_ -. - 

Oate: 

O a k :  
~ 

Oate: 

Oak: 
. ...... _. ... 

. -. - - - 

"... 



A-114 
5 15 20 25 

. - . . . . . . . .  -. . 
32 

- .  . . .  
... 0 __ 19. --- . . . . .  

Project No.) 2a71.3518 Date of Work: 

L h 3  
. . .  . .  

Work Performed by: 

Title or Purpose z p  5 -  2- 3 2277 Continued from 

E€3T.?,IN-TEED, INC 
m o p e .  MaMesOta EPA F i n a l  

S75- qrams 

1 

- No. W t .  
Tare  

grams 

We ig h t Remarks 
Change 

mg 

30 

(21 TCE wash of 

ml ~ ~ .- T o t a l  vel- 
~ ....... ...... 10 

(2a)Acetone wash of - - - - - -  

f r o n t  h a l f  .. 
Evap. d i s h  No- 

T o t a l  vel- m l  . . . .  

..... --___ . . . . . . . . .  

. . . . . . .  . . - 

ff 9, Jfrn 2/?./'76 

yy. C C  Sf 2/L /76 

ys I ss74 P J m b  
15 . 

(2b)TCE rinse of pre  

Evap. d i s h  No& 
T o t a l  v o l e m l  

fi1;er. 5-= ./57 75- &9/7-4 
(/A? b 263 . . . .  

713.6 - Fj5.g- J73.1- . . .  .- .- . ~- ~ 

(3) Impinger water  ......... 
... 

Evap. d i s h  No- 

(4 )  Solven t  e x t r a c t i  
of impinger wate . . . .  . .  

-. Evap. d i s h  No- 
T o t a l  vel- m l  

20 T o t a l  vol- m l  .. .. 

-__-- 

.- . . . . . . . . . .  

. . . . . .  25 (5 )  TCE r i n s e  of ._ ... - ....... - __  . . . . . . . . .  

- Evap. d i s h  No----- -______-I_ ~ _._ _~ . 
back ha l f  

T o t a l  v o l m l .  ..... .... 

of back ha l f  
Evap. d i s h  No- 
Total vol- 

(5a )  Acetone rinse -- - .-. --- - 

.... - . . . . .  

m, _-  ... .. 30 

.---. . .... ................ ........ . . .  
5 10 ' IS 20 . 25 30 -- .. - -..--.--.---I ____ __ ....... 0 

Continued to: .. ................ .... . . . . . .  
Entered by: Date: 

Performances of this'work observed by: Disclosed to and understood by me: 
.. __ ...... ....... 

Dale: Date: 

Date: Date: 
............ ........... ............... ___ 

- - __ -____ - 



34 A-115 . . . . . . . . . . . .  - ..... - .. - . . . . . .  - .......... _ _  . _ - .......... . . 
20 25 -. - -30- 0 5 i  10 . . 1 5 .  ' : -- - -  _____ 

Work Performed by:b.@/h 'h-gnwy_-  Yoject N o . % 2 7 f I - 3  51 Date of Work: 

Title or Purpose: RVN . -  v6, . ccq 'Tf) 5 - 3 
L&3 I .  

32277 Continued from . . .  

I 'bT&IR-TEED. INC . . . . . .  
1 -pee, ffiinneaota- . EPA Final Tare  Weight Remarks 
.- . --. No. W t .  Change 
:.- S75- grams grams mg ... _-- 

: (1) Fibe r  Glass  
5 f i l t e r  ... ... 

. .~ . . . . . . . .  . . . . . .  

I . e 

__ . . - . - .- 

$5 .0  .~ 0 .  380Oq ___ F i l t e r  N O . W 1  -197 0 . ~ 6 5 1 6  -___ 

I 
. . . . .  q, 7yy3 $ / i ? i ~  . 

. - -- - 
, (2a)Acetone wash of 

. ... f r o n t  h a l f  <-I &-.7-5'9 ~~/776 .. ... 

;5a) Acetone ............. ................. .... __ 
. . . . . . . . . . . . . . . . .  ......... .. _____ ..... of back ha l f  I 
.. _ ....... - ...... I Evap. d i s h  No- 

ml Total vel- 30 

-- .- - -. - - . -____-_- 
O " !  5 . !  1 0 1  ~ ~ ! 1 5 ;  I I 2 0 1  1 ~ , 2 5 1  I ~ , 3 0  __ -. 

.... 
Date: Continued to: 

._ 

Disclosed to and understood b y  me: 
fnlered by: 

~~ ~~~ ~ ~~ 

Date: Dale: 

Date: Oate: 
.......... _.. - 



A-116 

.. . 15 
. . . . .  .-- . . . . .  _ ... . . . . . .  .- . . . . .  .......... - 

25 .- .. -! 0- .- __ - . -. . .. .. .. -. .. .... ... 20 

36 
5 .- .-_ _- -~ . . . .  0 

1 
! 

. .  

> I  : 

:: 

v / M w - P r o i e c +  2871-3 '' < Date o f  Work: 

L O 3  
. . . . . . . . . . . . . .  . . .  . . .  . .  

Remarks. 

.. 

W o r k  Performed by: 

Title or .. Purpose: . RUM Mea Cn-TP 3 -4  32277 Continued from: 

. .  
~ m o p e ,  MiGeEota -' EPA F l n a l  Tare Vie i g h t 1 

!.. No. W t .  Change . .  

m A I N - T E E D ,  INC 

- S15- grams grams mg . ..... ....... . -  - -QC4- 
_. ~ ~~ . _  . . ~  : ( 1 )  F ibe r  Glass  .. __- 

f i l t e r  3P9_--__ d . Y q 0 2 7  __ 0 , 3 8 2 0 5 .  - ... . - . . . . . . . . . . . .  5 8 : r ~  . . . . 
5 .  F i l t e r  N o d E 3  

15 

20 

- 
* . I  

of i m i n a e r  watei . . ,  
Evap. d i sh  
T o t a l  vel- 

. 

. . . . . . . . .  ~ . . .  

Evap. d i s h  . - 
~ .- T o t a l  vol- 

back ha l f  
2 5 -  (5)  TCE r i n s e  of 

. .  

. . . .  I . . . .  ~ . i  
. .  . .  . . . . . .  

. . . . . .  - .. 

.... - 
.......... ... 

15a) Acetone r i n s e  ~L __ . . . . . . . . . . . .  .. 

. . . . . . .  .... .. . .- . . . .  __ .. .. _ -. . -  
of back ha l f  

Evap. d i s h  No- 
.... ....... . ....... 30 Total vol- m l  - - .  

............. - 
0 . ...... ._ . 

f n t e r e d  by: 

Performances 

- ..- - 
10 I I , 1 5 b  , j 20 25 . : 30 .- -. 5 : !  

Date:  Continued to: 
. ... ... 

-_ Disclosed t o  and understood b y  me: 
.... 

- Date: Date: 

Date: Oate: 
__ . , . . 



A-117 
............... . . .  15 25 30 

- 40 
20 

_. 
6- .... 5 - -  1 0 .  . 

... .- ........ 

(3) Impinger water  3 $1 . - 
Evap. d i s h  No- 

20 T o t a l  VOI- ~ . - m l .  

- ( 4 )  Solven t  e x t r a c t i i ~  

Evap. d i s h  No- 

_ _  ............... 

. . . . . . .  of impinger wate: . - 

T o t a l  vel- m l  

back ha l f  

T o t a l  v o l m l . _ _ _ _ _ . _  ___ .... 

of back ha l f  

~. . -. - .- 
....... - ....... 

25(5)  TCE r i n s e  of . . 

Emp d i s h  No ......... - 

5a)  Acetone r i n s e  ...... 

Evap. d i s h  No- 
30 Total vel- m l  

. . . . . . . . . . . . . . . . . . .  
O !  j 5 ;  1 0  19 

. . . . . . .  .. __ . -. . - 
Entered by: I!&+& Date: 

. . . . . .  

20 -25  30 
! Continued to: 

._ ~ .. 

Oisclosed to and understood by me: 
... ___ ' Performances of t h l  work observed by: 

! 
& . ~  . -  

Date: Date: 

Date: Date: 
__.__ . . . .  i~. -. 

- ... ._ . -. ..... -. . .- . __ ..... -_ 
! 



I 

A-118 

r -m 
N . . 1 0 1 " I O  e r  c c c 

. . , ? , ? , ?  7 7  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Sample Log Identification 



- A-120 

IDEKTIFICATION LCG OF SAMPLES CCLLECTED 

Plant- - N Bat te l le  Record Book No 
Location ta Col lec ted  8 Recorded By 
h d u s t r y ~  P a g e L o f L .  
Project No. 

-225 
-226 

-227 

-224 I I " IGlass wool p r e f i l t e r  

I :ER-TP-1(2) TCE r in se  of probe a-nd nozzle 
" Impinger H20 
" ITCE r i n s e  of imoineer and connec$rs 

- 
-228 
-229 
-230 

-231 
-232 

" 

" Glass f i b e r  f i l t e r  JUL42 
" Glass wool p r e f i l t e r  

Acetone r in se  of impinger and conhectors 

- 

:ER-TP-1(3) TCE r in se  of probe and nozzle 

I Impinger water 11 

TCE r i n s e  of impinger and connecdors -233 I ,  

- 234 " Acetone r i n s e  of impinger and connectors 

- 235 " Glass f i b e r  f i l t e r  JUL.14 

-236 " Glass wool p r e f i l t e r  
. 

. . 

I 
r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 



I. 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

EPA No'. Date 
S75-COb 

9/9/75 

A-121 

' IDENTIFICATION LCC SAMPLES COLLECTED 

, 
Run Sample Descr ip t ion  Remarks 
Number 

STATION TP-2 omLCi f,t, + F F ~ Q ~ L - + L  

P l a n t  LmTAXN-TEED, I N C  
Location pee. XmneYota 
Industry M W f  mo&ing 
Projec t  N0.G-2872-3514 

-237 C.3-TP-2 (1) TCE r i n s e  of probe and nozzl?  

-238 " Impinger catch 

-239 " TCE r i n s e  of Irnpinger and connec txx  

- 240 

- 241 " Glass f i b e r  f i l t e r  ) U L  3 6  
-242 " Glass wool p r e f i l t e r  

Acetone r i n s e  of impinger and coniectors  9 ,  

B a t t e l l e  Record Book No32148 
Collected 8 Recorded By Baytos/McNultY 

Acetone r i n s e  of impinger and connectors I t  -252 . 
-253 C " Glass f i b e r  f i l t e r  3'"- 2 a  

-254 " Glass wool p r e f i l t e r  
r 

P a g e z o f x .  

H- I 



A-122 

IDEKTIFICATION LCG OF SAMPLES CCLLECTED 

Battelle Record Book No 32148 
Col lec ted  8 Recorded By 
P a g e c o f L .  

~ 

EPA No'. Date Run Sample Descr ip t ion  Remarks 
S7540b Number 

9/9/75 
STATION TP-3 ( I c L?: rn P<%L %&-& F 1- 

-255 CkR-TP-3 (1) TCE r in se  of probe and nozzle 
-256 " Impinger catch 

-257 " TCE r i n s e  of impinger and connectprs 

-258 Acetone r i n s e  of impinger and connectors 

-259 " Glass f i b e r  f i l t e r  Jur-3a 
-260 Glass wool p r e f i l t e r  

" 

" 

I I I I 

-261 I CkR-TP-31(2) TCE r in se  of orobe and n o z z h  
-262 " Impinger catch 

-263 TCE r i n s e  of impinger and connectors " 

-264 Acetone r i n s e  of impinger and connectors " 

" Glass f i b e r  f i l t e r  JUL.40 -265 
" -266 Glass wool p r e f i l t e r  

-267 CER-TP-3 (3) TCE r in se  of probe and nozzle 

-268 Impinger catch " 

-269 " TCE r i n s e  of impinger and connecqors 

r 

-270 Acetone r i n s e  of impinger and connectors 

-211 Glass f i b e r  f i l t e r  JVC a7 
-272 Glass wool f i l t e r  

" 

" 

" - 
I I I 

I 



_ .  A-123 
IDENTIFICATION LCG OF SAMPLES COLLECTED 

EPA No'. Date 
~75406 

9/9/75 

r 
Run Sample Descr ip t ion  Remarks 
Number 

STATION TP-4 ( 5 .J i L ~ T  F P . ~  P c n:,. ? L L . ~ , L  - 2 

1-279 1 CkR-TP-41(2) TCE r i n s e  of Probe and nozzlk I 
-280 

-281 

-282 

-283 
-284 

" Impinger catch 
" TCE r i n s e  of irnpinger and connectors 

" Acetone r i n s e  of impinger and connectors 
l ,  " Glass f i b e r  f i l t e r  JUL 2.. 2 ,~ .. - .1 

" Glass wool p r e f i l t e r  

-285 C R-TP-4 (3) TCE r i n s e  of probe and nozz 

-287 

-288 

-289 
-290 

" TCE r in se  of impinger and connectors 

" Acetone r i n s e  of impinger and connectors 
I ,  Glass f i b e r  f i l t e r  ,!'.'. 2 2  A:.; 2;- 1L 

" Glass wool p r e f i l t e r  



' 
DENT IF ICAT I ON 

Plant- C 

Project No. G-2872-3514 

-193 C3R-TP-5 (3) TCE r inse  of probe and. nozzle 

-1 94 I ,  Impinger water 

-195 I! TCE r inse  of impinger and connectors 

-196 I, Acetone r inse  of impinger and connectors 

-197 11 Glass f i b e r  f i l t e r  ' 3 u L . 3 1  

-198 11 Glass wool p r e f i l t e r  

- 

A-124 

SAMPLES COLLECTED 

-305 

-306 

-307 

Battelle Record Book No 32148 

C'n-TP-5 ( 4 )  TCE r inse  of probe and nozzle  - 
11 Impinger water 

TCE r inse  of impinger and connectprs I ,  

Co l l ec ted  8 Recorded By- 
P a g e L o f Z .  

-308 11 Acetone r inse  of impinger and conhectors 
-309 I t  

-310 
Glass f i b e r  f i l t e r  3,): +'i 

Glass wool p r e f i l t e r  11 

1-186 . I  I " (Glass wool p r e f i l t e r  I I 

1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I; 

... 
. . . ... . 



A-125 ... 

IDENTIFICATION LCG OF SAMPLES 

EPA No'. Date Run Sample Description 
S75-006 Numbe 

I' 
I 

Remarks 

I 

1-301 1 I I Asohalt flux--Trumoul O i l  Co.. Mdnneapolis I 

1. 
I 
1 
I 
I 
I; 

-302 

-303 

-304 

COLLECTED 

Battelle Record Book 
Collected & Recorded 
P a g e L o f L .  

9f9 Sealant ,  3 p.m. c o l l e c t e d  

9/10 Coating asphalt ,  u n f i l l e d  (withoct f i l l e r ) ,  12:30 p.m. 

9/11 F e l t  55  grade, 1300 

- 

NO 32148 

~~ 

I PROCESS SAMPLES 

. .  . . . . . .. . . .. . d 



. 

-314 A,-TP3-2 Impinger No. 1 
-315 ,, Impinger No. 2 

~ 

- 
-316 AL-"3-3 Impinner No. 1 

DENT IF ICAT I ON 

-317 I 

Plant  ~ NC 
o ta Location 

Project N0.G-2872-3514 

11 JImpinger NO. 2 

I 
La3 OF SAhlPLES COLLECTED I 

A-126 

-318 

Bat te l l e  Record Book No 32148 
Collected 8 Recorded By 
P a g e L o f L .  

Outlet 

AL-TP4-1 Impinger No. 1 s 

-319 I t ,  Impinger No. 2 

-320 
-321 

AL-TP4-2 Impinger No. 1 
Impinger No. 2 t t  

-322 
-323 

Ai-TP4-3 Impinger No. 1 
Impinger No. 2 I ,  

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

. .. .. . . . 



I 
A 
I 
I 
1. 
I 
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Acetone r inse  of impingers 
Glass fiber f i l t e r  klUL46 

POM column 

,I -333 
-334 1, 

I, -335 ~ 
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- ~ 

Impinger catch 
TCE r inse  of impingers ' 

Acetone r inse  of impingers 

IGlass fiber f i l t e r  b J O L  Lo 

I ,  -337 

-330 
-339 II 

-340 , I  

I, 

. 

Plant ---TEED, INC 
Location .- Pee, Unnesota 
Industry - 
Project N0.G-2872-3514 

Eattelle Record Book No 32148  
Collected & Recorded By 
Page&of_ll_. 

Sample Description Remarks 
Numbe i 

1 I l L . 0  

2-n- 
336 I POM fP2-1254 Probe and nozzle wash 4 3 Cyclone 

!-341 1 I IPOM column I 

I I I I I 

-1 
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EPA No'. Date Run Sample D e s c r i p t i o n  Remarks 
S75-00b Number 

9/12/75 
EVACUATED FLASK 

c 
-343 TP-4 1 6 ~ 2 0  

. 

-344 

. .  

. -  

I - U 5 L . b  cu,LUb4&.. TP-2(3 4:30, from HC sample t a p  2 9 l 7 f  
I 

A-128 

IDENTIFICATION LCG OF SAMPLES COLLECTED 

1 
-345 TP-4 4:35 p.m., 16:30 (60 sec) 

-346 TP-4 17:45, s t a c k  sample 

Battelle Record Book No 32148 
Collected B Recorded By 
P a g e L o f x .  

-347 TP-4 Void ,  5:40 p.m. 

TP-2 )18:25 

-349 

-350 

TP-2 18:07, s t a c k  gas  

TP-3 From FID a t  18:24, 110 F ,  off t h e  f i l t e r  a f t e r  aldehyde r u n  

1 
I 
I 
1 
I 

1 
I 
I 
I 
I 
1) 
I 
I 
1 
I 
1 
1 
1 
I' 

a 
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IDENTIFICATION LCG OF SAMPLES COLLECTED 

B a t t e l l e  Record Book No 
Col lec ted  8 Recorded By 
P a g e e f a .  

EPA No’: Date Run Sample Descr ip t ion  Remarks 
575.006 Numbe 

SAiiPLE BLANKS 
i 

L 

- -351 9/13/75 Demineralized double d i s t i l l e d  water,  CSU No. 97805 

-352 ” l,l,l Trichloroethane ( F i s h e r  T-291, Lot No. 742435 ) 

-353 /Acetone, d i s t i l l e d  i n  g l a s s ,  Burdick 8 Jackson Lot No. 7426 
I I I I - e=- 

J.J , 
-?Is- tt Glass f i b e r  f i l t e r s ,  3 each 

-354 I P r e f i l t e r ,  packed with MdsO wash$d g l a s s  wool 
I I 

-355 Chlorof orm/E t h e r  

-- 

I-* 

,! 
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APPENDIX B 

SPECIAL STUDY OF DRYING OF SAMPLES 
COLLECTED AT SATURATOR PIANTS 

Du& t o  the p o s s i b l y  v o l a t i l e  n a t u r e  o f  p a r t i c u l a t e  samples 

c o l l e c t e d  a t  a s p h a l t  r o o f i n g  p l a n t s ,  q u e s t i o n s  were r a i s e d  w i t h  r e g a r d  t o  dry- 

i ng  t h e  samples.  Not on ly  were t h e  samples p r i m a r i l y  thought  t o  be o r g a n i c  

m a t e r i a l s  a s  judged by t h e  viewing of p r o c e s s e s ,  b u t  t h e  samples were c o l l e c t e d  

a t  much lower t empera tu res  than i s  normally u s e d  f o r  Method 5 sampling t r a i n s .  

P r e f i l t e r  and f i l t e r  t empera tu res  were ma in ta ined  a t  32 t o  38 C (90 t o  100 F ) ,  

whereas i n  normal Method 5 sampling t h e s e  t empera tu res  are abou t  121 C (250 F). 
Thus, sampling a t  t h e  a s p h a l t  p l a n t s  would be more l i k e l y  t o  r e s u l t  i n  c o l l e c -  

t i o n  of more v o l a t i l e  compounds t h a n  i s  t y p i c a l l y  t h e  case w i t h  Method 5 sampl- 

ing.  

EPA concur red  t h a t  d a t a  on sample v o l a t i l i t y  shou ld  be o b t a i n e d  on 

a few samples b e f o r e  proceeding w i t h  p r e p a r a t i o n  of t h e  b u l k  of t h e  samples.  

R e s u l t s  and c o n c l u s i o n s  of t h i s  b r i e f  s t u d y  o f  sample d r y i n g  for a s p h a l t  
p l a n t s  w i t h  s a t u r a t o r  p rocesses  is g i v e n  below. 

C o l l e c t i o n  o f  p a r t i c u l a t e  samples a t  s a t u r a t o r  p l a n t s  r e s u l t e d  i n  
# 

o b t a i n i n g  o f  samples as fo l lows :  

Sampling Train Components Sample Sample I d e n t i f i c a t i o n  

Nozzle,  p r o b e  and f r o n t -  

Nozzle, p r o h e  an.! 5ror.t- 

P r e f i l t e r  

P r e f i l t e r  

F i l t e r  

Back half g l a s s y a r e  

Back half g l a s sware  

Back half  g l a s s w a r e  

half g l a s s w a r e  

half g l a s sware  

and impingers  

and impingers  

and impingers  

TCE wash 

Acetone wash 

P r e f i l t e r  & TCE wash 

Acetone wash 
--- 

Water & O i l  ( bu lk )  

TCE wash 

Acetone wash 

C o n t a i n e r  1 

Container 2 

C o n t a i n e r  3 

C o n t a i n e r  2 

C o n t a i n e r  4 

Container 7 

C o n t a i n e r  5 

C o n t a i n e r  6 

. . . .. - .. ... . .. . . . . . 
( A  

~. . .  . ~ . . . .  
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EPA determined t h a t  f i l t e r  and the sample por t ions  co l l ec t ed  upstream of t h e  

f i l t e r  were the only samples of immediate i n t e r e s t .  Hence, f o r  s a t u r a n t  

p l an t s  the samples s tored  i n  Containers 5 ,  6 ,  and 7 were n o t  t r ea t ed  fu r the r .  

I n  add i t ion  samples co l l ec t ed  a t  s a t u r a n t  p l an t  o u t l e t s  d i d  not  include pre- 

f i l t e r s  due t o  the low p a r t i c u l a t e  loading of the gas streams. 

Special D-ing of Selected Samples 

TCE washes of the nozzle ,  probe, and f ront -ha l f  glassware f o r  two 

s a t u r a n t  p l a n t  o u t l e t  samples were se l ec t ed  f o r  s p e c i a l  drying procedures. 

These samples were o u t l e t  run samples f o r  p l a n t s  con t ro l l ed  w i t h  a HEAF f i l t e r  

(Celotex, Los Angeles-EPA Sample S75-002-015) and an 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  

(Celotex, F a i r f i e l d ,  Alabama--EPA Sample S75-006-402). 

The samples were d r i ed  wi th  equipment s e t  up as shown i n  Figure B-1. 

TCE w a s  evaporated a t  about 86 F w i t h  a s teady stream of air  passing over the  

sample ( t o  represent  a sample drying under a hood a t  ambinet temperature).  

The evaporated so lvent  w a s  c o l l e c t e d  i n  a condensor maintained a t  -79 C 

(-110 F) in  dry ice. Over 99 percent  of t h e  mass of the  sample was  co l l ec t ed  

i n  the condensor i n  each case--suggesting minimal l o s ses  during th i s  evapori-  

zat ionlcondensat ion process.  

Chromatographic ana lys i s  of t h e  condensate showed no s t r a i g h t -  

chain hydrocarbons above C 1 1  f o r  condensate from Sample 575-002-015 and 

no evidence of s t ra ight -cha in  hydrocarbons f o r  condensate from Sample 

S75-006-402 (when compared t o  TCE blanks i n  both cases) .  Thus, t h e r e  was 

no evidence t h a t  s i g n i f i c a n t  p a r t i c u l a t e  ca t ch  from these  samples was being 

evaporated while  t h e  so lvent  w a s  being evaporated. 

Long-Tern Drving of F i l te rs  

The long-term weight loss of f i l t e r s  from sa tu ran t  p l a n t s  was a l s o  

examined. Resul ts  of these observat ions are reported i n  Table B-1. Based on 

drying of f i l t e r  samples over a per iod  of 3 t o  4 months, w e i g h t  loss of f i l t e r  

samples was very low. O f  course,  some organics could have been l o s t  during 

the dess i ca t ion  per iod,  p r i o r  t u  the i n i t i a l  weighings. 

i n t e r p r e t a t i o n  of these  data  suggests  only a small weight loss o f  the f i l t e r s  

over a long-time period. 

However, t h e  b e s t  

......................... . . . . .  
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TCE SAMPLES 
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. . .  Cylinder' Air / 323 cc/min. 
-. - - . . . . . .  

. . . . . . . . . . . . . . .  

. . . .  .- . . .  

, 

.- . .... - ................ 
i TCE Recovery 
1 99 + % 
+.. .. ._ . . . . . . . . . .  

. . . . . . . .  -. . . . . . . . . . . . . . .  WATER SAMPLES 
i n 

1 

. . . . . . . . .  

I 
I 

.,. , .  

FIGURE B-1. 

. . . . . . . . . . .  -. . * 
. . . . . .  .- . 

. . . . . . .  

Evaporating Tine 
2 weeks 

- . . .  

. __.. -. 

. . . .  . . . . .  

. . . . . . . . .  

. . . .  - -. . .  

Vent 

. . . . .  ... . .  
. . .  

. . .  
. . . . .  

City liater 
(60 F )  

h'ater necovery 
99 + Y, 

APPARATUS FOR SPECIAL DRYING OF SELECTED SAMPLES 
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Conclusions 

As b e s t  cou ld  be de t e rmined ,  t he  b u l k  of t h e  o u t l e t  p a r t i c u l a t e  

samples c o n s i s t e d  of  m a t e r i a l  t h a t  was n o t  r a p i d l y  l o s t  d u r i n g  normal sample 

d ry ing  procedures  and procedures  similar t o  t h o s e  s p e c i f i e d  by Method 5 

cou ld  be used f o r  d r y i n g  and weighing t h e s e  samples.  

Because none of t h e  samples examined i n  t h e  b r i e f  s t u d y  of  sample 

d ry ing  were from a f t e r b u r n e r  p l a n t s ,  i t  was concluded t h a t  t h e  v o l a t i l e  con- 

t e n t  of i n l e t  samples would be  lower (on a pe rcen tage  b a s i s )  t han  f o r  ou t -  

l e t  samples--as  on ly  t h e  less v o l a t i l e  p o r t i o n s  would be expec ted  t o  be c o l -  

l e c t e d  i n  HEAF f i l t e r s  or 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  c o l l e c t o r s .  Thus, i t  

was assumed t h a t  t h e  normal Method 5 sampling d r y i n g  p rocedures  would be . 
s u i t a b l e  f o r  i n l e t  samples as wel l .  

Because t h e r e  was no b a s i s  f o r  b e l i e v i n g  t h a t  s a t u r a t o r  p l a n t  

samples c o l l e c t e d  a t  t h e  Certain-Teed P roduc t s  p l a n t  i n  Shakopee, Minnesota,  

would be s u b s t a n t i a l l y  d i f f e r e n t  from o t h e r  s a t u r a t o r  p l a n t  s amples ,  which 

were examined i n  more d e t a i l ,  i t  was concluded t h a t  samples from t h o s e  

p l a n t s  a l s o  cou ld  be  d r i e d  u s i n g  p rocedures  similar t o  t h o s e  s p e c i f i e d  i n  

Method 5,. 
Thus, a l l  p a r t i c u l a t e  samples c o l l e c t e d  a t  s a t u r a t o r  p l a n t s  were 

d r i e d  u s i n g  t h e  fo l lowing  p rocedures :  

For t h e  wash of n o z z l e ,  p robe ,  and p r e f i l t e r  

m Evaporate  t h e  s o l v e n t  by p l a c i n g  t h e  sample i n  a n  
e v a p o r a t i n g  d i s h  and i n  a hood a t  ambient t empera tu re .  

e When a l l  of  t h e  sample s o l v e n t  appea r s  t o  have been 
e v a p o r a t e d ,  p l a c e  t h e  sample i n  a d e s s i c a t o r  f o r  24 
hours  and then  weigh t h e  sample. 

If  t h e  sample h a s  l o s t  s u b s t a n t i a l  mass d u r i n g  t h e  24 
hours  of  d e s s i c a t i o n ,  p l a c e  i n  d e s s i c a t o r  f o r  a n  ad- 
d i t i o n a l  24 hours  and weigh a g a i n .  Repeat u n t i l  con- 
s e c u t i v e  we igh t s  d i f f e r  by less than  10 p e r c e n t .  

When two we igh t s  are o b t a i n e d  t h a t  d i f f e r  by less t h a n  
10 p e r c e n t ,  u se  t h e  average of  t h e s e  two we igh t s  a s  t h e  
mass of t h e  sample. 

Fo r  f i l t e r s  

e Dessicate f o r  a minimum of 24 hours and weigh. 
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Experience on drying saturator samples suggested that  one or 

two 24-hour periods in the dess icator  were s u f f i c i e n t  to  obtain s t a b l e  

mass data. 

. ._ - ,- . . . . . . 
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APPENDIX C 

COMPLETE PARTICULATE RESULTS 
WITH SAMPLE CALCULATIONS 

. ~. . . . . . - .. . .- - .. . . . .. . . . . . 
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4 
I 
I 
I 
I 
I 
I 
I 
I 
I 

. 

I 

90.1 9C.2 1 1 2 . 4  
.. 

VH TOTAL H Z O  COLLECTED I N  I H P I N G E K S  ' .. . n N n L L - I C L G E L - + - - & L  ~ . . 5a.~8-~.39,3---42,7-- 

. .  --LUME-OF-H Z - G V - A E O i i -  C o t  L EC T E 0 SCF 2.8--- ~~ L.9 7,L ,.. . 

F F P U T  t . I ~ T ~ T I I K F  TI. i c ~ n r ~  c n q  
BY VOLUME 3.05 2 . G 2  1.77 

MO MOLECULAR FRACTION OF D R Y  GAS 0.97 0.98 0.98 

s/ Y M  

4 X CO2 VOLUME PEXCENT C K Y  G .  1 0.1 0.1 

i' ;J 

- 
- __ - - .. -. -_ (..' 

-.___ 

-. 1 X 02 VOLUME P E W E N T  OKY 2G.8 2 0 . 8  20.6 

X C O  VOLUME PERCENT DRY 0.1 0.1 0.1 
__ -___ 

__.__ .. __ - ''l \.... X N 2  VOLUME PERCENT O R Y  79. a 79. G 79.0 
.- 

X EA PERCENT EXCESS A I R  3 7 1 4 3  3 7 1 4 3  3 7 1 4 3  
J 

... . .  L - _ _  
J MHO MOLECULAR WEIGHT OF STACK GAS, 

-8LSI-S -2 8 - 8 2 . 8  &.81-2 a ,e- 
H W  V n l  E u L L p C  W r T a T  I lF S T A C K  &A<. ~. c. 

. . .  HET B A S I S  2 8 . 5  28.6 28.7 

CP P I T G T  TUBE C O E F F I C I E N T  0.85 0.85 0.85 

A V G .  STACK TEMPERATURE 111 2 1 4  2 1 8  

NP NET SAHPLIHG POINTS 3 6  36  36 

L 

- 
d T S  

L. 



I ~ _ _ ~  c- 2 

I 
I 

CAU P I R T I C U L A T i - - T O T A L *  G R / A C F  0 . 1 8 4  3.113 0.137 

PA RT I CU LA TE --FR 0 @E t 
FTI T ; f i . I / F C  

P L\ JT T 

C Y C L 0 El E A N  0 
L 4 - - 2 * L  

CAW 

CA y 11 T . - - T ~ T A I  I E ( / H ~ )  1 L L  7 K  4 - 7 9  1 7 -  7 c  - 

PT T P A Z T  I CUL A TE - - T O T  A L - L E / T O  N F S f  C ND ND ND I 
1 
I 

. -. 
NA - NO; A p p l i c a b l e  
ND - No D a t a  

_ _  . 

i . . ... . .. . . . . . . . . . . . .. ~ 

. .. . . . .. 
~ ~~ 
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c- 3 

Fl l iL&G - 7 7 - 
2 T E S T  D A T i  3 /  5 9/11 9 / 1 2  

!VOLUbt O F  G L S  S G i l P L t G r  CSCF 3G. 1 3i .2  112.4 

P E R C E h T  M O I S T U Z E  3 Y  V O L U M i  3.2 2.c 1.8 

AVEKAGE S - T i C K  T E n F t R A T U k C .  F 1: 1 2 1 4  2 18 
- 
STACK V G L U t . E T 2 1 C  F L C W  2 L T E .  O C C F n  e003 7 5 9 5  7 8 6 0  

S T P C K  V 0 L U I : E T R I C  F L C H  RATE,  ACFX 30 35 l e i 7 7  15 354 

PEkCEI;T I S G K I N C T I C  55.7 1G2.1 95.7  

PEECENT i X C L S S  L I U  37143 37143 3 7 1  4 3  

PKRCCFIT O P A C I T Y  NA NA NA 

FEEG K A T E .  T 9 ? i S / i i +  ND ND ND 

F A R T I C U L J  T E S  FKGbE r C Y C  q F I L T t &  C A T C H  

HG 1210.7 8 7 3 . €  1321.7 

c.ia4 t. 1 1 3  0.137 

L S / H R  - li. 3 5.3 1 2 . 2  

L B / T O N  F E E G  ND ND ND 

PEKCEKT I?iFINGER CATC!i . a  . c  .c. 

NA = Not App l i cab le  
ND = No Data 

. .. .. -. . .  . . .  . ~. . .  . . .  . . .- . . .. ..  . 



j V O L U K E  C F  GAS S C X P L L O +  NCP 2.54  2 . 5 4  3.17 

PERCENT M O I S T U R E  3Y VOLUME 3.0 2.c 1.8 
~ 

AVEECGE S T A C K  T E . ? P E ~ C T U K E I  C L 3  l i l  1 3 3  

S T A C K  VOLUF:kT.? IC FLOW i i A T i .  NCNQ: 2 2 0  Z l i  2 2 1  

S T A C K  V O L U h E T R I C  FLOW R A T E .  C'IM 2 5 4  2 8- 2 9 3  

PEECENT I S O K I N E T I C  95 .7  1c2.1 95.7  

PEGCENT Z X C E S S  C I i ?  3 7 1  k 3  3 7 1 4 3  3 7 1  4 3  

P E E C E N T  O P A C I T Y  NA NA NA 

FEED R A T < *  M T O i l / H ?  ND ND ND 

PC R T I C U L A  TEZ - Fi70EL * C Y C  . F I L T C _ i i  C C T C H  

MG 1 2 1 0 . 7  9 7 9 . 6  1 3 2 1 . 7  

t iG /NCN - 4 7 5 . 2  3 4 5 . 1  4 1 6 . 1  

f lG /C I I  - 4 2 2 . 7  26C.C 3 1 4 . 4  

KG/HR - 6.5 L . i  5.5 

KG/P lTOh F L E D  N D  ND ND 

PERCENT 1 M P I : l G E E  C A T C H  . o  . o  .t 

NA = Not A p p l i c a b l e  
ND = No Data 

. . ._.~ . . . . . 

I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
11 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I - 



I 
I 
1 
I 

- NT i3GISTUP.E I h  CTPCK G P S  - _ .. . .  
B Y  VOLUME 3.37 2.53 1.42 

__ __-._ __ 
M O  r o L E c u L e 2  F~ICTIGN OF D Z Y  G A S  c.97 c.97 6.99 

% COZ VOLUFE PEECCNT O K Y  1.1 1.1 0.1 
- 

% G 2  VOLUEE PERCENT D S Y  19.3 19.3 20. a 
.- __. __ 

% CO VOLUPIE P E X E N T  GkY 6.1 0 . 1  0.1 

% N 2  VOLUME P E 3 C i N T  O S Y  79.5 79.5 79.6 

% EA PERCENT EXCESS A I R  1 1 4 3  1 1 4 3  37143 

M w  ___ MOLECULAR WEIGHT O F  STACK GAS. 
WET 3 A S I S  20.6 28.7 2e.7 

-_ ._ ~~ ___ __ 
CP P I T O T  TUBE C G E F F I C I E N T  G.85 C.85 c .a5  

_ _  ---__ ~ 

T S  A V G .  STACK TEPIPERATURE 55 3 5 2 4  532 



a 
n C- 6 

I ‘ /  \ 

I 
I 

J PS S T A C K  G A Z  PESSUEE. IN. HG aas.  29.-2 29. cr.! 2 9 . 5 4  

J v3 STACK G A S  ‘V5LOCITY A T  ST:CK 
r O N n  T T U h S .  F F H  7t  Eq 7 ,I 5 5  7n4F 

J 

J 
STACK G A S  V C L U Y E T f i i C  FLOW R A T E  
AT F T  - .\SI( r . 7 . w ~ ~ -  . ,  c r F?.< 771 * R 7 5 8 1 ’; 76777 

Q A  

HT P A ? T I C U L A  TE- -TOTPLI  t?G 1 3 4 . 3  1 4 7 . 3  182.6 

I C  PERCENT I P P I N G E R  CATCH .J .c .G 

J 

P A R T I C U L A T I - - P ? O a E q  CYCLONE, AN0 
-2-*- 

CA U 

C A Y  PA I. T I . - -  I L, 2 .  e q  7 . 7 7  7 . 3 4  - .. .- 

PT F P A i T m T i  -_ P Y f l  - -, - : ~ n  
F I L T E R ,  L 3 / T O N  F E E 9  ND ND ND 

P T T  P A R T I C U L A T E - - T O T O L I  L@/TOFI  F i C O  ND ND ND 

NA = N o t  A p p l i c a b l e  
ND = No D a t a  

I 
1 
k 
I 
I 
I 
1 
I 
I 
1 
I 
1 
I 
1 
I 

. .  . . ... ~~. .. . . .. . .  . .  m - . . . . 



I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
'1 
I 
I 
I 
I 
1 
I 
I 

TEST C L T Z  9/  3 9 /  11 9/ 1 2  

1VOLUMk OF GAS SiYPLtD. DSCF 3 3 .  u 1 1 4 . 3  11c.5 

PERCENT VOISTU2IE . 3 Y  VOLUME 3.k 2 . 5  1.4 

AVEfiCCi: STACK TE'IFE<?TUF,C* F 5 5 5  5 2 4  5 3 2  

STfiCK V O L U M E T i i I C  FLGW EAT;. G S C F A  1 3 4 5 2  1 3 3 1 5  1 3 0 9 3  

STACK VOLUMET<IC. FLOW i l f iTE.9 PCFM ?71:8 . 2531C 2 E 3 2 2  

PERCENT I S O K I N c T i C  i c a . 3  1G 8.6 132.1 

PEECEhT C X C E S S  A I 2  ll L 3  11-3 3 7 1 4 3  

PESCEhT O P f i C I T Y  NA NA NA 

FEEC k A T E .  TONS/HR ND ND ND 

P A R T I C U L A T E S  - F 8 0 e E  ,CYC+FILT;E CPTCH 

PIG 1 3 4 . 9  i47.3 1 6 2 . 6  

G W C S C F  - 0.C25 0.  f 2 l  0.G25 

G i i / A C F  - C.Cl2 13.51" G . 2 1 3  

L B / h R  - 2.9 2 . 3  3 . 0  

L B / T O h  F E E D  ND ND ND 

PERCEriT I r I P I W G E E  C i T C H  .D .I, .G 

NA = N o t  A p p l i c a b l e  
ND = No D a t a  



5 
jVGLUi?E OF G P S  S ib I?LEO,  F:Cf: 2.34  3 . 2 2  3.  i2 

PEiiCEtvT :IOISTURE B Y  VOLUME 3 . +  2.5 1 . 4  

AVEKAGE STACK TE!XPtEATURE C 2 9 6  2 7 3  2 7 7  

STCCK V O L U t ' E T 2 I C  FLCW R L T t t  RCb lK  3 7 9  3 7 5  3 86 

STACK VOLU?,ETRIC FLOW G A T t .  CHrl 7 6 4  7 2 5  7 4 2  

PEZCENT I S O K I N E T I C  l i d .  8 li 8.6 1 c 2 . 1  

PERCENT EXCESS A I R  11 43 1143 3 7 1  43 

PEZCEE!T OFACITY NA NA NA 

FEEI! R A T C r  :ITON/H?. ND ND ND 

PARTICULA TEZ - F Z G S L  . C Y C  F I L T E ?  CkTCH 

MG 1 3 4 . 9  147.3 1 8 2 . 6  

M G / N C H  - 57.5 45.6 58 .5  

M G / C X  - 28 5 23 .5  3G .L 

K G / H R  - 1.3 1.6 1.4 

KG/NTGN F Z E D  ND ND ND 

PERCENT I H P I N G E R  C A T C H  . a  .e .G 

NA = N o t  A p p l i c a b l e  
NU '.No D a t a  

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



. 

i .. S A M P L I N G  T.IMEr.  2 +  HOUS CLOCK ... .coon . . . .  180.9 .~ 1115 _ _  ... 1305- <- < T O  20 30 1541 1846 
- .~ __ - 
DN SAMPLIMG N O Z Z L E  G I A H E T E R .  I N .  0 .245 0.245 0.325 

9 -  / 
J-.. . . .  . . . . . . . . . . . . .  -. .- . --. .. - . .- . _ -  -- 

T T  NET T I U E  OF T E S T ,  M I N .  120 1 2 0  120 
. . . . . . . . . . . . . . . . . . . . . .  .... - .............. _. . _ _  

3 A R O P E T R I C  PF.ESSURE, I N .  HG 
.... E L S P L U T c  29.64 29.37 ~ 29.54 

(: P 3  

<, '  PH. . . .  ~ A V G .  . O Q I F I C E _ P R E S S U c E  DPOPv .............. _ _  -. - - 

i .  .. : v u  VOLUMC OF  OR^ G A S  S A M P L E O A T  

- I 
I 

I 
I 
I 
I 1 '5:: 
1 , ' .  . 

I 
I 
I :5/ 
I- 
I, 
1;. 
1: : 
I- 
i 

I N .  H2O 6.58 0.59 1.90 

i . - ._pU,E_TZK. C _ O . N ~ I L S O ~ ( ~ . L ~ . ~ F  . __ __ 52.8 .... ..... 56.1 ___ - 95.0 

- ~ ~- . .............. .- . 

T W  AVG. GAS flETFQ T C H c E k A T U P E *  F ...... -. . .7_4 - .-.69. . 5 5  

~ V Y S T D  VOLllH.5  OF DQY.. G A S .  SAt'PLEO PI- - .. - . - - .- - . 
I., STCNOA?D C O U O I T I G N S ~  D S C F  51.9 55.3 95.9 

<.'. -~ ~~~~~ ~ AN0 _ S I  L IC-A-GEL I -.? L.. .. _. .- .~ 66-0 ~ 3 - ~~~ 4 7 ._4 90 2 L_- 

__._ - __.-- 
v w  TOTAL HZO C O L L E C T E D  IN I M P I N G E E S  

V WG A S . V G  L U  HE -0 F._H 20 V A 3 OR .~CG L L E C  TE Ct S~C-F .... - 3  . 2. .... .-?. r ?. 4_~3- -. . 

:m P5EC.E ~ T ~ . i S ~ . U I . V _ S E I  _N..._ ~ A . C _ ~  GAS __ - -. 
@ Y  VOLUME 5.75 3.90 4.27 

HD H O L E C U L A F  F R A C T I O N  O C  O Q Y  GAS 0.9k 0.96 0.96 
<.; ...... .. __ - - .. _ .... _ _  - -_ ___ .. - .- __ ._ . ___ 

. . - ...... .. 

-iJ ~ - c ~ i  - ~ . i o L U H E  PERCENT o u  0 .I 0.1 0 .l 
J 

y, 
J - % - N 2  VOLUME FESCENT D R Y  79.0 79.0 

\i/ - - .- 

__-_ __ __ ._____ 
% 02 JOLUPE FEDCENT 0 5 ' Y  20 .8  26.8 29.8 

X CO VOLUME PERCZNT D 9 Y  0 .l 0.1 J .l 
- 

_. _ _  . -. .. . _. ..... .- __ .- - -_ . ___ .- 
._ - ... ,¶..." . .  .- 

__ _ _  -. 
X EA PERCENT EXCESS A1.E 371 43 37143 37143 

.. ......... . . .  ... -. ......... ___ . .  - - .... - 
nno WJLECULAR ~FIGHT OF' S T A C K  G A S ,  

~ .~ ~ ~ ~~ .~~ _ DRY 3ASI.S .~ _ _  . ~- 28 0.8 .- -28 .8 .  - - 28- 8.. 
.. ../ 

-I*w MoL=CU.L_P~__WEG-(I_OF._5TP,CK ...... .GAS.* __ 
WET 3 A S I S  28.2 2 6 . 4  2 8 . 4  

. . . . . . . . . . . . . .  - .. . . .  - ..... ........... - ...... 
0 . 4 5 -  

I-. - 
CP P I T O T  TUSC C O E F F I C I E N T  0.85 5.85 

.......... . . . . .  ...... .... .. - -. .. ~ - _ _  . 
J - T S  AVG.  STACK TEHPEEPTUEE 2 14 194 232 

J - N F  NET S A V P L I N G  P O I N T S  41 40 40 

, 
.-__-__- 

c;; ..... ..... - .. - ___ 

............. . - _ _  - -. -. - , - .. - .. -~ .. . /  
._._.___.__.._________._~._._.__I ... ... ....... . . . . . . . . . .  . . . .  



i l T  PA G T  I C  U LA T Z  -- T S  T k L 9 ?I G 1 7 2 7 4 . 7  6 1 3 . 5  2 2 t 8 . 1  

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

G.267 I 

I C  FEZCENT I t " ? I t : G i R  L A T C H  . d  .G .c 

E T I  7-0. C , I \ T F  1718 
PA RTICULA T f  - - r ' i O S E  t CYCLCNE t AN0 - -  f i . 1 7 1  - _. . 

G.3 

r 
C A N  

D A  W T T r l f l A  T - c - I s i ' ~  .. 5 . 1  7 1  17'. i f i  - - -- 
C a T  DA-AT- ~ ~ n - 4 1  - -  

JCM 

- -- 
F I L T E E t  GR/ACF 3 . 7 4 8  J .129 5 .267 

C f  u P A % T I C U L A T E - - T J T A L .  Gi i /ACF 3.71.8 0 . 1 2 9  

PARTICULAT<--FROGE, C Y C L C N i  9 4t ,D 
F T l W h R  - 2 a 1 - L -  

C A W  

cp y 

Pi F 

0 d 3 T  T U  n T - 
D I\ J s u ) u I  6 T 

.. --Tt>T&I& - r I H F  5 7  q ~ 6 -  

- ---~?r.-. _ -  Y 

7 R  1 - 
I 
I 

NA Not A p p l i c a b l e  I 
I 

7 1 - 7 7  - 

- -  
F I L T E K .  LB /TON FEED ND ND ND 

PT T PARTICULA TE--TOTCL LB /TON FZED ND ND ND 

ND = No Data 



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

c-11 - 

C C  E T A  Th S - T  ~ p j ~  - ,  r r  T q  T F  - 7 - -  - _  . 

i l l"r_I- 
2 

5 TEST O A T <  91 3 9 /  11 9/12 
> 

I 
ZVOLUEk OF GLS SCm4PLc0*  OSCF 5 1 . 9  5 5 . 3  95.9 

P i P C t N T  MOISTURE O Y  V3LUME 5.7 3.9 4.3 

AVLFPGE S T L C K  T i ; I P E k A T U k i ,  F 21 4 1 9 4  2 2 2  

STACK VOLUhFT2 IC  FLOW k L T E .  DSCFM E4i4 676:  €091 

STACK VOLUP:cT.?IC FLCW R i T i  t ACF?: 6757 a 8 7 3  9 2 5 1  

PERCENT I S G K I N E T I C  1GG.2 1C1.0 47.2 
~ ~ ~~ 

PEiiCENT E X C t S S  A I 2  3 7 1  43 3 7 1 - + 3  3 7 1 4 3  

PERCENT OPACITY NA NA NA 

FEED ? A T E ,  TONS/HZ ND ND ND 

PARTICUL4 TkS - F.?OSEqCYC.FILTER C C T C H '  

MG 1 7 2 7 k . 7  t1C.S Z2C8.1 

GR/OSCF - 5 . 1 2 1  G.17G 0.355 

G W A C F  - 3 . 7 k 8  C.129 G , 2 6 7  

LB/hR - 281.5 9 . b  21.2 

La/TOF( F Z E D  ND ND ND 
.- 

PERCENT I H F I N G E R  C A T C H  .a .c . a  

NA N o t  A p p l i c a b l e  
ND = No D a t a  



- c-12 

" - u - G l l N  NP. 3 7 7 

0 T t S T  @ A T E  919 9 / 1 1  9 /  12 

1. L 7  1.56 2.72 

P E R C C N T  MOISTURE a r  VOLUME 5 . 7  3.9 4.3 

z 
SVOLUi lE OF G A S  S A Y P L E D .  t i c k 1  

AVERAGE STACK T E . ~ P E E A T U R E I  C 1r 1 si. 94  

STACK V O L U M E T X I P  FLCW R A T E .  t4Cii>Y i8G 190 1 9 6  
~ 

S T A L K  V O L U F E T 3 I C  FLOW KAT:. Chtl 2S7 2 3 i  2 5c 

P+RCEtJT I S O K I N E T I C  1 0 0 . 8  1C1.9 97.2 
_I 

PZECENT EXCESS C I ?  37143 3 7 1 4 3  3 7 1 4 3  

PERCEItT O P A C I T Y  NA NA NA 

FEEL RATE, M T O N / H 2  ND ND ND 

P A R T I C U L A T E S  - F 2 O @ t * C Y C q F I L T c R  C J T C H  

HG 17274.7  51C.5 22C8.1  

M G / N C M  - 11763.2 39; .4 014.8 

M G / C M  - 8628.9 297.3 614.4 

KG/HR - 127.7 L . 5  9.6 

KG/MTGli  F E E D  ND ND ND 

P E R C E N T  I X F I N G E R  C A T C H  . o  .s  .e 

NA = N o t  A p p l i c a b l e  
ND 9 N o  D a t a  

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





I 
I 

9RY STACK GAS V O L U f l E T i I C  FLOW 
K A I C  A I  b i n  N F U r Z V r E 9 L I - 7  

b I A L K  bhb 
AT S T A s K  C O N S I T I O N S .  A Z F M  250 17 3c a41 2 8 2 2 7  

dULU 3 t l K L L  P L U W  ITA I c J nn 

1 
rc W I T  FEE0  k A T E ,  T O N S / H Z  ND ND ND I 

P l L l  I 
I 
I 

O.GO8 0. L b 7  u . J 1 . *  1 
I 

- - I 
I 

- - I 

X I  PLRC ENT I b G K i  N i T  I C 1 0 ~ . . t  99.0 91.7 

X O  9KRCENT O P A C I T Y  NA - NA-  NA 

UF P A h T I C U L A T E - - F R O G t  t SYCLciFcir  AN0  
:Io MI, 5777 J l j  . --83.5 

n ,I r A k l  l L J L  n l t - - i U l A L ,  > I  . I  2 L . J  a y . ~  

-I P m b t . :  t i r  I .A . b  U .U 

T7A N r u K i  I L J L A l  C - - r k U J t  9 I l L L U N  c t  Y N U  

- -  

- 
- - .  - 

F I L T E Z ?  G U S C F  O.OG8 a. c a 7  0.514 J P A C T I C U L A T E - - T O T A L  9 GZ/SCF 

- _ _ .  
t l L I  U . U U S  U . U U O  :gt I , k / A b P  o.m* 

LL\U r A k l  U . U U L )  U . U U 0  

C A U  

L L U L H I  L-- I J I A L ,  a w n c l r  U.LUJ 

C A T  PA R T I C  J L A T E - - P R O S E v  CYCLGNZr AN0 

r~ir(i  LLuLn,i t--r X m U N L r  A N U  
F I L T E R ,  L Q / H Z  J .&8 0 . 7 8  1.50 

CAX P P R T i C 3 L A T E - - T O T A L  t L 9 / H Z  J. 0 6  0 . 7 0  1.50  

P T F  PA RT I C L l L  AT i - - P f i U B  E t C Y  Z LONE, AN0 
P I L I  :r( t  L t ) / l U N  t c t u  ND ND ND 

m4 ru hi L L U L A  i c--IuIHL, L 5 T  7 ND - ND - N f  

I NA = N o t  A p p l i c a b l e  
ND = No D a t a  



~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 

~~ 

57.7 5G.3 89.5 

0.008 ii. 0 0 7  G.014 

GR/ACF - 0 . 0 0 4  d . G O 3  G.056 

L3/HR - u.9 G.8 1.5 

L W T O N  FEE5 ND ND. ND 

P A R T I C U L A T E S  - T O T A L  C A T C H  

PLkL CNI i m r i  iqbt<  LA^' v n U .U .u 

NA = N o t  A p l i c a b l e  
ND = N o  Da!a 

. ., . . .. . .  . . ~ _ .  . . . . . .. . . . . .  
i 



I C-16 

C E R T A I N - T E i P  OUTLET 2 i b U L T S  T P - 4  

mkl L L U L U i  - 3  - rhujt P L  T L t r lid C K  l r m n  

HG 57.7 5G . 3  8 9 . 5  

M G l N C N  - 1 8 . 7  i 5 . a  3 1 . 2  

t lG/CM - 8 . 1  6.8 1 4 . 2  

I 

, 

KG/HR - 0 . i  e .4 0 . 7  

KG/MTON FEED N D  ND - N D  

P A k T I C U L A T I S  - T O T A L  C A T C H  

t C .u 

N A  = N o t  A p p l i c a b l e  
ND = N o  D a t H  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



- _ _  .. - ~ 

109.6 118.6 a8.o 82.5 

VWGAS VOLUME O F  H 2 T  V A P O R . C O L L E C ' E O ~ S C F  1 *!_.. - 2 *.Z..- _-2 e.--- 1 . C  

_ Z . r _ . _ P : . ~ c . ~ ~ ~ I . s L ~ ~ s ~ c ~ ~ ~ ~ G ~ ~  . I__._.__-._ ~ __ . 
9Y VOLUME 1.54 2.24 2.92 1.17 

H O L E C U L A O  F O 4 C T I O N  OF Q'?V GAS 0.58 0.99 0.97 0.99 

I. J 

I:/ % C02 VOLIJME P E S C C N T  D R Y  0 .? c .3 0.3 0 .? 

1: % N 2  V O L U Y E  C L R C E N T  O F Y  79.3 79.3 79.3 79.' 

. . .  ...... .... .- . - . ~~ . ~- 

. . . . . . . . . . .  .. . ... ~ _ _ .  . ~ 

_____.___ __ .- I____.___ 
J'', 0 2  J O L U V E  DESCENT OCiY 20.3 20.3 21.3 20.3 

% C O  VOLUME P E 2 C C N T  D E Y  G -1 c.1 0 . 1  3.1 

m i ,  EA P E F C E N T  i X C E S S  A I R  31 9 6  3 1 9 6  3 1 9 6  3 1 9 6  

. . j - __ - - 

.--__I_ - - - 

-. __.~ __ ____ 
M O L E C U L A C  W F I G H T  OF S T A C K  G P S r  
. ..... za.9 28.9 2a.9 OPY -~ G A S I S  -____-- ~- - . .- _- -- -La_ ' 2 

_ _ _ ~ _ _ _ _ _ _ _  M W  ?IOLECULAR W E I G H T  OF S T A C K  GAS, 
WET J A S I S  28.7 2 8 . 6  28.5 28.7 

F I T O T  T U B E  C O E F F I C I E N T  c. 85 0 + R 5  0 . 8 5  0 .85  
.. ._._ _ ~ ___ ._____.___ ~. 

I-.. 
. .  . . . . .  . . . . . . . . . .  . . . . . . . . .  . . . . . . . .  . . . . .  i 



C A  U PA RT I C U  L A TE -- TCT S L t G R /  A C  F @ . C  "5 G .  Zli G .&59 G. 197  

CAW P P R T I C U L A T i - - P R O a E .  CYCLONF, AN0 
r r i  T t .E=c - I 

_ - . _ . .  i - 1 .  . , . .  _.. , 

6 " V  D P, 07 T A T r .  - -  1 - 6 5  

- L-c , I / " C  L ?  

7 . 5 A  - - _- - 

P T T  P A R T I C U L A  T k - - T O T A L  I L D l T C N  FLSO ND ND N D  ND I 

- , a 

NA = Not A p p l i c a b l e  
ND - No Data I 



1 S T A C K  V O L U k E T Z I C  FLCW R P T E .  A i F l l  0 2 i  4 1- 9s 4 iic a 

P S k C i h T  I S C K I Y i T I C  98 .6  98.7 55.2 1 0 1 . 3  

I PCRCENT t X C E S S  A I 2  3195 3136 3 1 9 6  3196 
~~ ~~ ~~ 1 P E 2 C E N T  G P L C I T Y  NA NA NA NA 

F i E G  & A T E *  TONS/'-l;i ND ND ND ND 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

HG ' 49.0 19;7.:' 3G78.4 1194.6 

GS/GCCF - J.C?7 3.245 0.539 0.223 

G i i / u C F  - O . O C 5  i. 2 1 1  G . s 5 9  5.197 

L B / H R  - i.0 1.6 3.6 1. L 

L y / i O N  F E E G  ND ND ND ND 

~ 
~ 

PERCENT I i4PIF IGEF.  C i T C H  .o . u  .@ . G  

NA P N o t  A p p l i c a b l e  
ND P N o  D a t a  

. . .  . . .  .~ . - 



. 

I 
TEST @ A T E  9 / 9  9/;c 9 /13  9 / 1 1  

a 

f V O L U a E  .-- OF G i i S  SL:.:PLEC, NCh 3. L 9  3 . 3 4  2 . 4 8  2.33 

0 

- 
PERCEhT ! 'UiSTURE 3Y VOLUtlf. 1.5 2.2 2.9 1.2 1 
STOCK VOLUMETRIC FLOW F O T t t  N C M Y  z c  2; 2 1  2 ;  I 
A V E k A G t  S T L C Y  T E N P E E A T U K E +  C 5k 56 53 5 s  

S T A C K  V O L U M C T i i i C  FLCW 2 A T E .  C U Y  23 25 25 22 

PE?CEGT I S C K i N E T I C  9a.6 98.7 99.2 1il.G 

PEECENT EXCESS C I R  3196 3196 3196 3196 I 
I 

~~ 

__ ~ 

NA NA N A  PCRCE NT 0 P A C 1  T Y 

FEE0 ;.AT:. PiTON/Hi. ND ND ND- ND 
- 

I 

TT. c T 77'- & l z H  

I 

I 
I 
I 

I 

E(G 49.) 1967.5 3 5 7 3 . 4  1 1 9 i . a E .  

HG/hCE - 15.3 569.i 1237.1 512.G I 
M G / C f l  - 1 3 . 8  r B E . 1  1C53.5 451. e 

K G / h k  - 0 . 0  c . 7  1.6 5 . 6  

KG/KTCN F E E D  
- - - ND ND ND ND 

PERCENT 1 ; IF iE IGkF  CATCH . 3  . G  .G .i 

NA - N o t  A p p l i c a b l e  I 
ND NO D a t a  

~ ~~ ~~ ~ ~ / 
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Samole P a r t i c u l a t e  Calculat ions 

1. 

2. 

3 .  

4. 

5 .  

6. 

Volume of dry gas sampled a t  s tandard condi t ions(a) ,  dscf 

17.7 x 90.8 (29.64 + 13.6) 'm 1.10 17.7 x V (Pb + -) 
= 90.1 dscf a m 13.6 = 

'"s t d (Tm + 460) ( 70 + 460) 

Volume of water vapor a t  standard condi t ions ,  sc f  

',gas 
= 0.0474 x Vw = 0.0474 x 58.8 = 2.8 scf  

Moisture i n  s t ack  gas,  percent  

100 x V" 
= 3.0 gas = 100 x 2.8 

7 a = v  + v  90.1 + 2.8 
% t d  Wgas 

Mole f r a c t i o n  of dry gas 
. .  

100 - *XM = 100 - 3.0 = o.97 
100 100 M i  = 

Molecular weight of  dry s tack  gas 

(%CO, x -) 44 + (%02 x -) 32 + [(%CO + %NZ) x = ) I  28 = 
100 100 

100 100 100 
( 0 . 1  x -) 44 + ( 2 0 . 8 ~  -) 3 2  + 7 9 . 0 ~  -) 28 = 28.8 

Molecular weight of wet s tack  gas 

EIW = Wd X Ma + 18(1 - M ) = 28.8~0.97 + l8(l -0.97) = 2 8 . 5  
d 

(a) Standard condi t ions a t  70 F, 29.92 in .  Hg. 

. . . ~ .  . .~ . .. . .. . .. -. . . 
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7. Stack gas velocity at stack conditions(b), fpm 

= 
11 2 * 4,360 AP x (Ts f 460)  ps 1 ~ 

vS S 

8. Stack gas volumetric flow rate at standard conditions, dscfm 

‘s *s “ s  I 0.123 x 1842 x 707 x 0.97 x 29.57 
Qs = Ts + 460 111 + 460 

= 8043 dscfm 

I 
I 
I 
I 
1 
I 
I 

9. Stack gas volumetric flow rate at stack conditions, acfm 

I 
I 

(T + 460) 0.G5645 x 8043 (111 + 460)  = 9035 acfm =-  s s  
29.57 x 0.97 P 

P x Md 
S 

Qa 

10. Percent isokinetic 

1,032 (T, + 460)  x V I 
I 

mstd = 1,032 (111+ 460)  x 90 .1  
2 1 8 4 2 x  1 4 4 ~ 2 9 . 5 7  x 0 . 9 7 ~  ( 0 . 2 7 0 2  XI = 

V x Tt x Ps x Md x (Dn) 
8 

I 
I 

11. Particulate concentration based on probe, cyclone, and filter catch, gr/dscf 

1210.7 = 0.207 gr/dscf 0.0154 x - mf = 0.0154 x 
mstd 

‘an V 

12.. Particulate concentration based on total catch, gr/dscf 
m 

= 0.0154 x - 1210’7= 0.207 = 0.0154 x 7 
mstd 

gr/dscf 9 0 . 1  ‘a0 

I 
I 

(b) JAP, x (Ts + 460)  is determined by averaging the square root of the I 
I 

product of the velocity head (AP,) and the absolute stack temperature 
(Ts) from each sampling point. 

I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
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13. P a r t i c u l a t e  concentration based on probe, cyclone, and f i l t e r  catch,  
a t  s tack  condi t ions,  g r lacf  

g r l ac f  17.7 x 0.207 x 2 9 . 5 7 ~  0 . 9 7  = 0 . 1 8 4  1 7 . 7  x Can x P x Md 
‘at (Ts + 4 6 0 )  ( 1 1 1  + 4 6 0 )  

- - S = 

14. P a r t i c u l a t e  concentrat ion based on t o t a l  catch,  a t  s t ack  condi t ions,  g r l ac f  

3 17’7 ao Md - - 17.7  x 0 . 2 0 7  x 2 9 . 5 7  x 0 . 9 7  = o.184 grlacf 
‘au (Ts + 4 6 0 )  ( 1 1 1  + 4 6 0 )  

15. P a r t i c u l a t e  emissions based on probe, cyclone, and f i l t e r  catch,  l b /h r  

C = 0.00857 x Can x Q = 0.00857 x 0 . 2 0 7  x 8043 = 1 4 . 2 6  l b /h r  aw S 

1 6 .  P a r t i c u l a t e  emissions based on t o t a l  ca tch ,  lb /hr  

I 
= 0.00857 x Cao x Qs = 0.00857 x 0 . 2 0 7  x 8043 = 1 4 . 2 6  l b / h r  

ax 



I 
I 
I 

I 

I 
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APPENDfX D 

GASEOUS HYDROCARBON FIELD DATA AND 
CALCULATED EMISSIONS AT EACH SAMPLING POINT 

Tabu la t ed  Data ! D-1 

C a l c u l a t i o n  Procedures  D-14 

Copies of F i e l d  Chart D-17 



1 NO NO ND N 1  21 R ND 
~ ~ N D L - . - - N r ) 1 9 4  KO 

3 NO NO NO NO 194 NO 
-1- N O N O  18-9 NO 

5 NO NO NO N 1  1 8  4 NO 
fi NO NO MD N@ 2 2  6 ND 
7 NO NO NO NO 21 3 N 3  - NO NO NO 2i.o- NO 
9 NO NO NO NO 20 5 NO 

ll! N O 0  NO N0-p2G_5 NO 
11 NO N O  NO NO 20 4 NO 
i2 NO NO NO NO 2 1  4 NO 
1 3  NO ND NO NO 2 2 2  NO 
1 L  1 9 2 4 L P 6 7 - .  OP..54...5-23 0 e-0-3 
15 1 9 2 8  69.0 81.@ 76.6 243  - 0 5  

i F , . 3 . 2  5-6 ... 5~.0..-0~~.8.,.0. 23-9 . 0 3  
17 1936 52.4 54.7 52 e6 21 8 . 0 3  
I 8  i93q 5 1 . 5  53.0 52.2 21 9 . 0 3  
19  NO NO NO NO 247  NO 
7fl Nn No N L F I O  2k6 ND 
2 1  NO NO NO NO 24 6 NO 

- N n N L N D - - N D  L4.6 NO 
23 NO NO NO NO 242 NO 
7 L  ?a03 7 8 . 8  dLJ; 84.0 2 4 2  . 
2 5  2007 79.5 80 - 2  79.9 23 9 .@5 
7h 71191 7h. 8 8 L L 7 - 8 . .  Lpp2Z.4 -..G5 . 

77.4 79.2 78.4 22 6 - 0 4  
7 8  7 0 1 q  79.5 79.5 7 - 8 . 9 2 1 . 7  e . 0 4  
27 2 @ 1 5  

29 NO ND NO NO 20 8 NO 
7 n  Nfl  Nn VO  NO^ ?17 NO 
31 NO NO NO NO 2 1 7  N 3  
37 7034 R 0 . 5  8 8 . ~ 0 4 . .  4 2 2.6 *&5 
33 2 0 3 8  67.0 7 8 . 0  7 2  .l 3 4 3  .o 4 
3lb 3l lL7 7 0 . 5  7 Z * . G 2 . L p 2  5 4 C O S  
35 NO NO NO NI) 25 0 NO 
3h NO ND.  NO Nn 247 NO 

A VG 6 8 . 3  74.2 71.1 22 4 .Ob 
- 

UT. A V G  ( @ A S E O  ON 1 3  VAL10 R E P O I N G S )  71.3 Q PM\ 
TOTAL VOLUMEI OSCFY 8 0 6 4  

GASEOUS E H I S S I O N  OPTA: ( G R / r ) S C F l  ,021 

1.45 ( L 8 S /H R') 

(KG/HQ1 e66 

-. . I- --- ~ . .  . . . . . .- ,.. . . ~ . ~. ... . . . .- ...~.~.. . .. . _. .. . .. ..- 
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I 
I 
I 
I 
1 
I 
I 
i 
I 
I 
I 
f 
I 
3 
1 
I 
I 
I 
I 
1 
I 
I 

V&L HC 
DSCFM L B l H R  

S A H P L F  YEPN H Y n ROC A 9 9 0 N, PP M V0.L 
M I N  M A X  AVG P O I N T  TIME 

,I . 
', 

.. . 
1 N O  N O  NO r i  o 227 NO 

3 1 4 1-2 5 x-. 6 54.0 53. II  214  - 0 3  
2 1 4 0 9  47.2 53.0 50.4 214 .03 

4 1416 55.0 56.2 55.5 7 2 5  .03 
5 1 4 2 0  54.9 5 5 . 4  55.1 221 . 0 3  

N n N O  NO NO 2 1 0  NO 6 
7 NO N O  Nl7 NO 19A N O  
8 ND NO NO NO 19A NO 
9 Nn NO h'0 NO 2 0 6  NO 

1 n  NO NO N 0 NO 2 0 2  NO 

r 
I. 

(: 
11 162R 71.. 9 76.5 75.7 2 0 2  I 0 4  
12 1632 7 5 . 5  76.5 76.1 204 . 0 4  

N n  N O  ND NO 7 2 1  NO 

16 1735 he. 0 67.4 66.9 2 3 4  - 0 4  
17 1 7 3 9  65.4 sn.0 67.0 2 2 3  . 0 4  

2 0  NO N!l  ND NO 2 4 0  NO 

13 

14 NO NO NO NO 2 3 5  NO 
---I5 N~ 0 NU N O  ND 2 k 2  NO 

I A  1743 67.7 69.0 5 9 . 4  2 1 2  - 0 4  c 19 NO NO ~ ND NO .- 2 4 1  NO 

__ 2 1  KO N O  NO NO 2 4 6  NO 
2 2  N O  NO NO NO 2 4 6  NO 
2 3  PI n FI n NO NO 24h  NO 
2 4  NO NO NO NO 2 3 2  NO 

c,; 
<- 

25 NO NO NO NO 2 3 4 ---NOp- (:.: 

7 6  NO NO NO NO 2 g 2  NO 

8. . 2 9 19 2.3 74.5 76.0 75.2 217 . 04  
2s 1927 73.5 74.2 74.0 217 IO4 
30 1 3 3 1  74.5 77.0 75.9 217 . 0 4  

77. 77.6 77.4 217 . 0 4  I .. 3 1  1- 
32 1834 77.5 77.6 77.5 217 IO4 

N D  NO NO NO 217 NO 33 
34 NO NO NO NO 219 NO c; 

NO NO NO ? l l R  NO 3 5 Nn 

36 ND NO 'N O NO 2 0 6  NO c,. 

NO N O  NO NO 7 1 2  NO 77 :.. 

- 
A V G  66.9 68.5 67.8 220 .n4 

[~'' .. . 

H T .  AVS f90SEO ON 14 VALTO P E P O T N 2 S )  67.7 
(''. 
\. 

GASEOUS E W I S S I O N  O d T 4 :  fG4/OSCF) . O ? O  
.-- 
.,. ( L B S / H Q )  1.33 

I YG/HQ 1 - 6 0  

1, 

c.: - 



I D-4 

2 l R l 8  84. P 99.0 86.2 460 .ll 
7 1 8 7 3  ~ 5 .  n RR-5 K . B A  4 

-. 4 1 8 2 R  R ? .  0 R 9 . 0  88.0 4R2 .ll 
5 1 R3? R5. n 07 .n  9 R . 3  497  . 
6 1 9 0 0  50.5 54.5 52 - 3  5 0 1  - 0 7  
7 1 9LE 53.5 55-7 
R 1 9 0 7  5 4 . 5  55.0 54.9 
a 

I 1 0  1 9 1 n  55.0 59.0 57.5 

(-  5 4 . 7  5n1 . I 
isin 55.0 55.0 55.Q 4 

5;; kR2 %-----l 
11 t 9 7 ?  51.5 56.0 49.0 c; . 
1 2  19?3 5 0 . 0  56.2 53.9 4 9 7  - 0 7  1 r .  t 3 3  k8.5 52.- 5 -.5 k 9 L 4  

c. '. 2 1 9 5 5  6R.5 71.0 59.5 4 8 4  .09 

1 4  1 9 3 8  5 0 . 5  56.2 53.5 4 0 2  - 0 6  . f 
5 2011 h3.5 66.0 64.8 5 0 6  . o q  I 

' (1: R 2 0 2 6  53. n 54.5 63.R 5 0 3  .09 1. 
. .. I 1  2 0 4 1  57.0 53.n  60.7 5 1 2  . 08  I 

- 1 9 5 1  hq. 5 7 5 . 0  73.0 4 3 9  

3 2 0 0 1  67.5 5 9 . 0  57.7 4 9 5  .09 
. .  4 2 0 0 6  6 4 . 0  65.2 64.7 5 0 7  .09 

6 2 0 1 5  fi?. 5 67.0 64.R 4R 1 .on 
7 2 0 2 1  64. C 69.0 66.3 4 5 6  . 0 8  

1 c::. 
.:' . .. ( " 

9 2031 62. 3 63.0 67.R 5 0 1  . o a  
1 0  7 0 3 6  58.7 62.5 61.1 5 0 7  .08 

12 294f i  59. n 62.0 60.3 5 0 0  .on 
1 3  2 0 5 1  5 0 . 0  K3.5 61.7 494 .OB 

,--. 

1 4  2 0 5 6  63.0 67.0 65.5 4 7 3  .on I -'. 
~.... 

4 VG 63.4 66.9 65.1 4.94 . O R  

! WT. b V G  (¶ f i?ED ON 2 8  V A L I D  Q E A D I N G S )  64.9 I 
G P S E O U S  ENTSSTON D A T 4 t  ( G D / D S C F )  .019 

( L R S / H R )  2.19 

. I K ; / H 4 )  .99 

1 
I 



I 
1 
I' 
I 
I 
I 
1 
I 
I 
1, 
I 
1 
I 
I 

- 

D-5 

,... 
t. I . U D  NO 365  NQ 

2 NO NO N O  Nn k 6 7  N O  
a 7  5 7  LL. 5 q-.- 7 7 2. -114 r'. 4 1 3 0 2  25.0 28.0 26.5 472  .03  

(.-.' 7 1 3 1 7  ?4. !I ?4.5 24.3 4 R R  . 0 3  

5 1 3 0 7  31. I) 7 1 . 5  31.3 4 2 1  . 0 4  
6 1 3 1 2  25.5 27 .0  26.3 474  .03  

R 1 3 2 2  ?3.0 2 4 . 0  23.5 5 0 0  .03 
9 AX7 7 2 L.-n 2 6 , O P 3 . - - 5 0 2 - . - 0 3  

10 1 3 3 2  73. n 23.5 27.3 5 0 6  .03 
I1 1 3 3 7  7 7 .  n 75.0  7 7 . 6  5 0 3  . a 3  
1 2  1 3 4 2  2b. 5 27.5 2 5 . 7  4 4 3  . 0 3  
1 3  1 3 4 7  2k.5 27.0 25.7 k q a  .-!I 3 
1 4  N O  NO NO NO 470  N O  
1 1 4 2  3 30.5 32.0 7 1-. 5 415 . 0 3  

1 4 2 8  27.0 30 .0  2 8 . 2  4 5 2  . 0 3  7 

I --__ 
i .. 

,' ~ 

3 1433 76. rl 23.5 27.2 466  . 03 
k 1 4 3 8  72.5 25 .0  23.8 4 7 8  - 0 3  .~~ ~~ ~ 

~ ~. c: 5 1 4 4 3  71.5 73.5 27.5 4 7 9  . 0 3  
6 1 4 4 R  21. 0 22.5 2?.0 4 9 0  . a 3  
7 1 4 5 3  21 .0  24.0 22.5 k8R . 0 3  

(.: R 1458  23.5 27.0 25.3 486  -03 
9 1 5 0 3  23.0 25.0 ?4.2 497  .03  

... 1 0  1 5 0 8  2 3 . 0  24 .0  23.5 5 0 9  . 0 3  

c:;: 
21.0 22.0 ? l_.I 5 1 9  .03 - i..: 11 1513 

12 151R 73.5 76.0  24.3 510  . 0 3  
,... - 13 1523 27.0 28.5 27.5 5nn . 0 4  
t.... 14 1 5 2 8  25.5 29.5 27.2 47R . 0 3  

- i ,, 1 A VG 74.2 26.4 25.3 47R .03  

GASEOUS EMISSION 134T4:  IG4/0SCF) .OD7 
i I I LES/H") . R4 
< ( Y G / H Q )  .38 

i I 

i;. .. 

2 . .. . - .  .. . . ~~ I - . - ... - . 



. . . . .  I 
I 

w 
HYD!?OCPQ!lO_N, PPHV-gL Va d 

_- . - . ~ .  ~ - .  . 

____ !F. 

c' 
D-6 

C F Q T D T N  - T C F O  , SH bKflPFF.HTNN T P - 3  O I I N  Nn 1 T N I  F T  q/q 
0 4 7 6  AVFPPGED OUPTNCJ 3 MINUTE I N T E Q V P L  r 

SPMPLF HFDN 
C'. ~ P O I N T  T I % F  H I N  H 4 X  A V G  OSCFH LR/HR 

.. 
1 NO N n  NO \I 9 L5!2 FI n 1 
2 NO NO NO NO 159 
3 NO wL.AtL2D-N:-# 
5 
4 1 9 2 3  2 6 5 . 0  2A5.0 2 7 7 . 0  

6 

8 NO N n  NO NO 159 NO 
9 

10 NO NO NO NO 1 4 R  NO 
11 NO FI 0 Nn N O  1 6 0  N n  

. 12  NO N 0 NO N O  1 6 0  NO 
1 3  No 

1 7 1  . 1 3  , 

1876, 7 5 5 .  fl 75R.0 7 6 6 . 0  1 K 7  . 
1 8 3 2  
1 8 2 9  2 6 0 . 0  265.0 ? 6 2 . 0  167 .12 

,-. NO NO KD YD 1 5 0  N n  

7 3 6 n .O.U.L. o 1 5 q  , !  I 
I 

I 
, ! 14 1 

' .  I'. I 
._. I 

1 
.. 1 

1 
I 
I 
I 

. .  1 
( K S / H R )  1.26 I 

. 
\ 

N O  NO NO 155 N D  I 
14 NO N O  N O  NO 1 6 3  NO 
1 5  Nr! FI n N O N O  F74 NO 

NO NO Nn NO 17A NI l  
16 NO N 0 NO NO 1 7 4  N O  
17  

N I! Nr) NO ND 178 NO 1 n  
NO NO NO NO 167 NO 

___ 22  NO N O NO NO 1-NO 
22 NO NO NO FIO 176 NO 

( - I  

I '. 

. . . . . .  
(, .: 2n N n  PI rl  NO NO 1 6 3  NO 

73 NO N O  N n N O  1 7 6  N O  
, .. 7 4  1944 107.0 124.0 i i 2 . r )  1 R 3  .05 

.... 77 1953 170.9 172.0 131 .0  167 - 0 6  

1459 135.0 1 3 5 . 0  135.0 151 . 0 5  2s 
NO NO NO NO 1 5 1  NO ,- 30 

-__L 3 1  

37 NO NO NO NO 167 NO 

. _, 

... 

?5 1947 1 2 9 . 0  130.0 129,o 1 8 3  - 0 6  
26  1 9 5 0  130.0 132.0 131.0 1 7 2  .06 

, ,  

i .  

~. . 2R 1956  1 3 2 . 0  135.0 134.0 159 -06 1 
.... NO NO NO NO 1 5 9  NO 

. .  3 3  NO NO Nn  NO 16fl NO 
3 4  FI O NO ND NO 164 N O  

NO Ft n Nn NO 1 6 4  NO 35 

,... 36 NO NO NO NO 160  NO 
N O  NO NO ND 156 NO 3. ,- - 37 

2 0 2 3  1 0 2 . 0  122.0 113.0 139 .04 3A 
1, ? 5  ._a 13s . '15 . .  39 2 o . ? L . - l a * d l  1 3 0.0 

2 0 2 9  130.0 135.0 133.0 139 - 0 5  4 0  I . I  . .  

. .  
.... 

D. V t  1 6 6 . 1  173.5 169.9 163 .07  
,' . 

, I  

. . .  ' \-.! . WT. A V G  ( B b S E D  O N  13 V A L I D  ~ E 4 0 I N G S I  1 7 1 . 2  

i . 053  j f , \  GASEOI IS  EMISSION O A T P :  (GRIOSCF) 
i L' - . -  

( L ~ S / H F )  2 .77  

(1; 



! 

~ - - ? i A f l J ? C F N E 4 N p  HVOD0.C_4eBoN, PPYVQL Vnl H C  
D O I N T  T I M E  nrv u4x AVG DSCFM L S / H Q  I ( -  

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

- i N n F I D  N r) N D - N D  
/ -  

7 NO ND NO NO 1 6 4  NO - 
7 w & L D D  N!l 1711 un 
4 NO NO N n  NO 179 NO 
5 Nrl  N n  Nr) NO 1 7 6  NO 
K NO N!l N i l  NO 1 7 6  N O  

R 1302 112.0 112.0 112.0 1 fi4 . 0 5  

10 1308 1 1 6 . 0  1 1 R . f l  117.0 1 5 5  .n5  

< 

'7 17-59 1 n 1 . 9 i F a L o - U R  I 

9 1305 1 1 3 . 0 1 1 5 . 0 i 4 . . 0  155 .115 
I 

7 1  1311 11R. 0 170.0 1iQ.Q 15Q . 
12 1314 l?l.fl 123.0 122 .0  1 5 4  -05 
13 1317 t ? n . f l  1 7 0 . - L l a . - O -  6 0 5  
1 4  1320 1 2 0 . 0  1 7 3 . 0  121.0 1 6 6  .os 
15 NO NO NO ND 177  NO 

1. 1 5  NO NO NO NO 1 7 7  NO 
17 Nn ND N 9  NCJ i n i  NO 
19 NO ND NO NO i n 1  NO 

20 ND NO NO NO 1 6 6  NO 

f '  \.. 22 NO N!l NO V O  188 NO 

I' 

(:: iq N O  N n N n NO 1 7 4  NO 

2 1  NO NO NO NO i n i  J O  ( .. 

? 3  NO N i l  NO NO 1 8 4  NO 
2 4  NO N D  N n  NO 1 9 5  NO 

i 25 NO NO NO NO 191 NO 
7 5  NO hI 0 NO N 0 1 8 7  NO 
27 NU N n  N n  N O  1 7 6  N O  

( 2n 1 5 0 3  l C 8 . 0  110.0 1 0 9 . 3  1 7 1  .05 
2 9  i s 0 6  1 n u . 0  1 1 0 . 0  lOR.7 15R - . o s  
30 1 5 0 9  P 4 . 0  lOU.0 95.5 1 6 2  .04 

___ 31 is12 e0.0 100.0 90.0 1 6 8  .04 
32 1515 102.0  1 0 9 . 0  105 .3  1 6 7  . o s  
3 3  NO NO NO NO 1 7 0  NO 
74 NO ND NO NO 1 7 0  ND 
35 NO U D  NO NO 1 7 3  NO 
36 N!l NO NO NO 1 7 3  NO 

' ( %  37  NO PI 0 NO NO 1 7 0  NO 
3 8  NO N O  NO NO 1 6 6  NO 
39 NO NO N i l  NO 15R ND 

I. 40 NO NO NO NO 15R NO 

..- 
4 v5 1ns.2 1 1 3 . 5  110.9 170 .05 

,- 

_. WT. , A V G  ( 3 A S E O  ON 1 3  V A L I D  DEAr ) I? lGS)  1 1 0 . 8  

GASEOUS E M I S S I O N  D A T 4 :  (GQ/OSCF)  . 0 3 3  

.---... . . , . .. . . -. - - - __ 



r' 

I -  

f 

i. 

i 

.... 

SAKPLF YEAN H Y UKl!XE'&_ep_tl_vQI vnL H I :  
P O T 4 1  T I M F  P I N  M 4 X  4 V G  OSCFH LS/HR I 

2 ' N n  N n  N n  NO 1 7 2  NO 
3 NO ~1 n Nn 
(I NO N O  NO N f l  1 7 4  NO 

N n 1 K K  N n  
- 

5 N n  n N n  Nn 1 7 4  Nn 
6 Y O  NO NO NO 1 7 0  NO 
7 NO un N n  un L6fi NO 
9 NO N n  NO NO 1 6 2  NO - N n NO NO 1 7 n  vn 

I 
10 i 6 i n  112.0  115.0 113.3 1 7 9  . 0 5  I 
1 1  1 6 7 1  i 7 n . n  i 3 n . n  1 7 n . n  1 7 8  . 
1 2  1 6 2 4  123.0 124.0 123.3 1 7 7  .06 

1 4  N C) N O NO NO 1 8 1  
15 NO NC) NO 

1 7  Nfl NO vn N n  195 NO 
1 9  NO N O  NO NO 2 0 3  NO 
10 NO hI 0 NO N O  197 NO I1 
20 NO NO N O ND 1 7 9  NO 
22 NO N f l  NO NO l R 2  NO 

2 3  1 7 5 7  1@0.0 1n4.0 102.0 196  . 0 5  
7(. i s n s  105.0 111o.n 107.0 1 9 5  - 0 6  
?5 1903 1 o n . 0  i i 0 . n  109.0 1 9 1  .06 5 
2 5  i n 0 6  1 1 0 . 0  110.0 110 .0  if35 .05 

-677 114.0 1 7 7 . 0 I L 9 . 0 7  . I 
N L - . - i n n  .&I 

22 1 7 5 4  95.0 1 0 0 . 0  q9.3 l R 9  . 05  1 

16 NO NO ND NO i 9 n  

~ 

?7 1 8 0 9  ii0.n 110.0 110.0 1 7 7  . 0 5  
7 9  i n 1 2  110.0 110.0 110 .0  1 7 7  . 0 5  I - -. _ -  
2 9  1915 1 1 0 . 0  1 1 o . n  110.0 1 6 6  . 0 5  
7 0  NO N O  NO ND 1 6 6  NO m 
31 NO NO NO Nf l  1 7 0  NO I 
32 NO N O  NO N O  1 7 0  NO 
37 NO Y O  NO NO 1 7 0  NO 
?4 NO N D  NO NO 1 7 0  NO I 
35 N i l  N n  NO NO 1 7 3  NO 
7 6  ND V O  NO NO 1 7 7  NO 
77 NO N O  Nf l  NO 1 7 3  NO 
3') NO NO NO NO 1 6 6  NO 
39 N9 ND NO Nfl  1 4 9  
LO NO N@ NO NO 1 4 9  

1 

4 VG 109.8  111.9 110.9 176 . 0 5  I 
I 
1 

W T .  AV; (easE3 ON 1 2  VALID RE~DIN:S) 110.7 

GASEOUS E V I S S I O N  DPTA: ( G R / O S C F )  . 0 3 3  

( C S S / H R )  1.94 
- 

I I Y G / H ? )  . R R  



s 
1 
I 
1 

I 
I 
I 
I 

SAHPLFI ME4N HYflRQCApBON. PPHVOL \Lo L HI: 
P O I N T  T I M E  N IV M A Y  A V G  OSCFV Lefnr! 

I- 

1 1&12 81.6 R 5 . 5  R3..7 3 7 3  . n e  
2 1 R Z O  p2. 0 R3.5 93.0 405 .09 .- .~ 3 1 9 2 5  R O . 5  85.0 97.6 440 
4 193'J '1. 0 R7.0 94.0 4 5 9  .10 ~ ~. 
5 Nn N n  NO NO 45R N n 
6 1 9 0 2  74. R 77.0 75.7 4 6 8  . n9 

8 1 9 1 2  79.0 P4.0 90.3 47R .10 
9 1 9 1 7  RO. 6 R3.5 9?-. n 4 6 5 - 1 0  .~ 

in I 9 2 2  fig. 0 R4.5 74.R 4 6 4  .os 1 ~ ' ' ~  -__ 
11 I q ? 7  54.5 R6.0 77.7 4 9 1  . 

.. 12 1932 00.0 7 2  .s 54.2 480 .on 

c 7 1 Q 0 7  76.2 77.R 77.2 468 .- 

1 9 3 7  SR.5 fit.- 9 5 4 6 0 ~ 0 7  
1 4  1841 60. 2 73.0 65.7 4 4 3  .OR 

--- 1 5  2aO 7 7 4 .do 7 5 . 2  7 4h 5 3 6 5 . 4 -  c 16 2 0 1 2  76. n 79.8 77.9 476 .os .- . ~ .  

1 7  ? I l l 7  7a. 7 RD.3 79.3 477 . 
18 2 0 2 2  u1.5 8 4 . 0  9 2 . 6  471 . 1 0  

i... 1 Q  2 0 2 7  Pi. ? R5.0 83.5 4 7 1  .10 
20 2 0 3 2  PO. 0 n5.5 8?.9 470 -10 
2 i  Z(137 73.0 R4.2 79.7 4 9 2  . 1-0 c. 22 2 0 4 2  66.3 a3.0 74.6 48 3 .io 
23 2 0 4 7  ? l*?  R t . 9  92.1 4 R 2  .ll 
?4 2 0 5 2  74.0 R4.5 81 .o 4 7 2  . 1 0  

C.' . 2 5  2 0 5 7  83. 0 9 4 . 2  93.7 4 8 2  .I1 
?f5 ZlO? 64.5 n2.7 75.7 4 7 2  .10 

(:.' 

27 2 1 0 7  64.7 9 0 . 0  73.9 4 6 3  .ns 
( 2 R  2112 uz. 0 8 5 . 0  83 .7  426 .10 

I 

4 V G  74.2 R1.4 78.0 4 5 6  . ns 
- WT. A V G  ( S A S E D  ON 2 7  V A L I D  Q E A O I N G T )  79.0 

GPSEOUS E Y T S S T O N  O d T A I  ( 5 ? / O S C F I  - 0 2 4  
L 

(LOS/HR)  2.47 

( Y G / H R )  1.12 
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b __ L N D  ND N Q Y D O  NO 
3 N'1 NO NO NO 4 4 7  NO - 
3 NO ri n "D 4 6 8  
4 1 3 0 4  P4.0 90.0 87.0 4 7 6  
5 i 3 n s  P?. 5 9 6 . 0  84.2 l,qq . 
5 1 3 1 4  34.2 R9.5 86.7 4 9 7  .ll 
7 1319 93, 0 89.0  85.9 4 9 8  *11_____ 
n 1 3 2 4  83. 0 87.2 3 5 . 1  4 9 7  .ll I 

1 
32 q P 1.-5 9 k . 5  s3.. 3 4 9 ~ ~ u - I  

10 1 3 3 4  R5.0 9 6 . 5  35.9 5 0 0  .ll 
1 1  1339 8i .O P 7 . 0  A4.2 491 . 
1 2  1 3 4 4  R3. 0 8 7 . 0  94.7 5 0 2  . I t  
a3 1 3 4 9  74.0 nq.5  s'r.7 4R4 . L L  
1 4  N D  NO NO Nr) 4 6 6  NO 
15 N D  N n  NO NO 4 4 2  NO 
16 1 4 3 1  75.0 75.5 75.8 4 3 1  .oq 
17  1 4 3 6  c.q. 5 7 1 . 0  63.7 470 .OR 
19 1 4 4 1  <a. n 6 5 . 0  6 1 . 7  4 7 s  . 08 I 

: L.. i q  1446 57.  n 6 1 . 5  5 9 . 3  4 8 e  .OR I 
7 0  1451 5 6 .  S 62.0 60.0 4 9 6  - 0 8  - . .  

2 1, 1 45fi 63.0 75.5 70.8 4 9 7  .139 
27 1501 71.5 92.0 77.2 488 .10 I 
2 3  1'06 79. n so .5 79.8 4 8 7  .10 
2 4  is11 68.0 83.0 75.3 4 n q  - 1 0  8 - 
25 1 5 1 6  71.0 8 0 . 5  77.2 5 0 0  .10 8 
26 1 5 2 1  Pi. 4 R7.5 3 4 . 0  4 9 0  .ll 
27 1 5 2 6  72.5 R6. 0 78.5 4 7 0  .10 
2s lq31 fiq. 5 7 2 . 5  70.7 4 4 5  . O R  € 

- _- 1 
WT. AV: ( q a E E n  ON 2 3  VhLTO PEAOTNGS)  77.7 I 

A V G  7 4 . 3  90.9 77.6 b 7 8  . 1 0  

GASEOUS E V I S S I O N  O A T A :  ( G R / O S C F )  

( L B S / H P )  2.58 

f Y t / t J Q )  1.17 1 
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t N n ! J - -  L 1 7  KO 
2 1410 65. n 6 7 . 5  66.2 4 6 2  . O R  

- L L u . . o . L  0 477 . 
4 1420 64.  0 5 5 . 5  6 4 . 8  4 R 3  . 0 8  
5 Nn vn NO Nr) 497 ND 
h 1616 5 5 .  n 6 9 . 0  67.0 4 7 1  . O R  

9 1 6 2 6  Kl. 0 6 5 . 0  63 .3  4 6 0  . 0 8  
9 1 7 7 1  fi5, 0 6 3 5  5 Z . L l r 7 0 . O R  

1 0  NO vn NO NO 4 8 3  N O  
11 NO FI n h l 0  ND 483 un 
l ?  NO N n  M 0 NO 481 NO 
1 7  N O  Nn FI 0 NO 4 R 7  N D  
1 4  NO NC) N D  NO b73 N O  

7 1 6 7 L  6 8 . 5  7 7 . J d 9 . . 3  9 5  . 

a vs 6 4 . 8  FJ7.6 65.2 665 - 0 9  

WT. A V G  (Ra5ECl O N  7 V P L I O  PEAOINGS)  65 .1  ,-.. 

.... L, 
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C a l c u l a t i o n  P rocedure  f o r  De te rmin ing  
Averages ,  Weighted Averages ,  and T o t a l  Mass Emiss ions  

.Averages  

1 
I 
I 

Average v a l u e s  f o r  hydrocarbon l e v e l s  i n  a d u c t  ( i n  ppm) were I 
I 
I 

c a l c u l a t e d  f o r  minimum, m a x i m u m ,  and a v e r a g e  v a l u e s  f o r  e a c h  sampl ing  p o i n t  

u s i n g  a r i t h m e t i c  a v e r a g i n g  p r o c e d u r e s .  A r i t h m e t i c  a v e r a g e s  of  volume f low 

p e r  s ampl ing  p o i n t  and mass e m i s s i o n s  p e r  sampl ing  p o i n t  were a l s o  c a l c u -  

l a t e d .  The c a l c u l a t e d  v a l u e s  are r e p o r t e d  on t h e  a t t a c h e d  romputer  p r i n t o u t  
! 

s h e e t s .  

Weighted Average Hydrocarbon Values  

Weighted a v e r a g e  hydroca rbon  

each  r u n  u s i n g  t h e  f o l l o w i n g  p rocedure  

i 
' I  

i 

1 - 
weighted  a v e r a g e  = HC = 

f (V0li) 

i = 1  

where HC = a v e r a g e  hydroca rbon  c o n c e n t r a t i o n  a t  t h e  i t h  sampl ing  p o i n t .  
1 i 

I n  t h e  above c a l c u l a t i o n  volume f low d a t a  were invo lved  f o r  o n l y  t h o s e  

ave  . 

c o n c e n t r a t i o n s  were c a l c u l a t e d  f o r  

1 
I 
I 
I 

I I 
sampl ing  p o i n t s  f o r  which hydroca rbon  d a t a  were a v a i l a b l e . '  Using t h e  weighted  

a v e r a g e  hydroca rbon  v a l u e ,  t he  t o t a l  mass of hydroca rbon  e m i s s i o n s  was 

c a l c u l a t e d  as  f o i l o w s :  

T o t a l  e m i s s i o n s  ( l b / h r )  = E (ppm, d r y )  . Volave, dry ( f t - l m i n )  . 2.4836 . 
) 

-6 min . l b  
10 ( 

f t  h r  i 
I ( a )  - 

where HC ppm, d r y  = E ppm . 1.018 
- 

I 
I 

.. - -- I 

HC ppm = w e i g h t e d  a v e r a g e  hydroca rbon  c o n c e n t r a t i o n  ( a s  measured)  

"lave, d r y  = a r i t h m e t i c  a v e r a g e  volume f low (dscfm), f o r  a l l  sample 
I 

! 
I 

( a )  The r a t i o  o f  t h e  s p e c i f i c  volume o f  moi s t  a i r  ( s a t u r a t e d  a t  15.5 C) 
t o  t h a t  o f  d r y  a i r  i s  1.018 ( b o t h  o f  2 1 . 1  C and 29.92 i n c h e s  o f  
mercu ry ) .  .. . 



1 

D-16 

I 

p o i n t s  times t h e  number of  sampling p o i n t s  ( f low v a l u e s  f o r ;  each segment 

a r e  determined from p i l o t  t ube  and thermocouple r e a d i n g s ,  s t a c k  moi s tu re  

v a l u e s  from Method 5 ,  and segment a r e a s ) .  

and 2.4836 ' i s  d e r i v e d  from 

3 60 (min/hr)  . 28.317 ( l / f t  ) . 16 ( g  molecu la r  w e i g h t  o f  C H 4 )  

2 2 . 4  ( l / g ram molecular  weight a t  O°C) 

273 . - 
2 9 4 . 1  ' 6  

I 

. 453.59 ( g / l b )  f 10 

Hydrocarbon emiss ions  a t  each sampl ing  p o i n t  ( O K  segment) are ca l cu -  
. ,  

l a t e d  in t h e  same manner excep t  t h a t  ave rage  hydrocarbon c J ' ncen t r a t ions  and 

,flow v a l u e s  f o r  o n l y  t h a t  p o i n t  are used. . .  . . . . . . . . . . . . . . . . . .  . .  . . .  , ' I . .  . . . . .  ~ . - ~  ... 

1 
1 
I 
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FID STRIP CHARTS - CERTAIN TEED - SHAKOFEE,’ MINNESOTA 
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Run No. 2 - Storage O u t l e t ,  TP5 
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APPENDIX E 

CO FIELD Aim LABORATORY DATA 

SO2 and NO, 
Work-up 

S t r i p  Char t s  and 
S h e e t s  . . . . . . . . .  

S t r i p  Charts and Work-up S h e e t s  f o r  
Ins t rumen t  Checkout a t  Bat te l le .  

CO F i e l d  Data . . . . . . . . . . . 
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EPA DRAFT METHOD FOR DETERMINATION OF PARTICULATE AND 
TOTAL GASEOUS HYDROCARBON EMISSIONS FROM 

THE ASPHALT ROOFING INDUSTRY 
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APPENDIX F 

EPA DRAFT METHOD FOR DETERMINATION OF PARTICULATE AND 
TOTAL GASEOUS HYDROCARBON EMISSIONS FROM 

THE ASPHALT ROOFING INDUSTRY 

1. P r inc ip l e  and App l i cab i l i t y  

1 .1  P r inc ip l e .  P a r t i c u l a t e  ma t t e r  and gaseous hydracarbons 

a r e  withdrawn ! sok ine t i ca l ly  from t h e  source and c o l l e c t e d  on 

g l a s s  f i b e r  f i l t e r  rilaintained a t  temperatures  of no g r e a t e r  than 

50°C (122OF). 

a f t e r  removal of  uncombjn2d water  and so lven t .  Hydrocarbons a r e  

determined from a sinal1 s i d e  stream ex t r ac t ed  a f t e r  the f i l t e r  

and analyzed by a flame ion iza t ion  d e t e c t o r  (FIO) ana lyzer .  

1 .2  App l i cab i l i t y .  T h i s  method i s  app l i cab le  f o r  the 

The  p a r t i c u l a t e  mass is determined g r a v i m e t r i c a l l y  

dc tez ln ; t ic ,n  c f  p:rt lcalzte ar,d p . s c ~ u s  hp!xcerbcn m i s s i o n s  

from the  a spha l t  roofing indus t ry .  

2. Apparatus 
* 

2.1 Sampling t r a i n .  A schematic of t h e  sampling t r a i n  used 

Commercial madels of  t h e  i n  t h i s  method :s shown i n  Figure F-1 .  

p a r t i c u l a t e  t r a i n  a r e  ava i l ab le .  However, i f  one d s i r e s  t o  

bui ld  his own, complete cons t ruc t ion  d e t a i l s  a r e  descr ibed i n  

APTD-0581; f o r  changes from the APTD-0581 document and f o r  a l lowable  

modif icat ions t o  Figure F-1, see the fol lowing subsec t ions .  

Corciiicccial FID ana lyzer  s y s t e m  a r e  a l s o  ava i l ab le .  

The opera t ing  and maintenance prccedures fer t h e  p z r t i c u l a t e  

sanlpling t r a i n  a r e  descr ibed i n  APTD-0576. 

i s  important i n  ob ta in ins  v a l i d  r e s u l t s ,  a l l  users  should rezd 

the APTO-0576 document and adopt t h e  opera t ing  m d  maintenance 

Since c o r r e c t  usage 
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procedures outlined in i t ,  unless otherwise specified herein. 

ibnufacturers'  ins t ruct ions should be followed fo r  the_ 

gaseous hydrocarbon measurement system, unless otherwise specified - 
herein. 

2.1.1 Probe nozzle--Stainless s tee l  (316) w i t h  sharp, 

tapered leading edge. The angle of taper shal l  be 2 30' 

and the taper shall  be on the outside t o  preserve a constant 

internal diameter. The probe nozzle shal l  be of tha b u t t o n -  

hook or elbow design, unless .otherwise approved by the Admini 

The nozzle shall  be constructed from seamless s t a in l e s s  s tee l  

t r a t o  

tubing. Other configurations and construction material may be 

used subject t o  approval from the Administrator. 

A range of s izes  sui table  for  i sokine t ic  sampling should be 
. .  available,  e.g. .  0.32 cm.(1/8 in . )  up t o  1.27 cm ( 1 / 2  i n . )  

inside diameter (ID) nozzles ( o r  larger i f  higher volume sampling 

t ra ins  are used) in increments of 0.16 cm (1./16 i n . ) .  

nozzle shall  be cal ibrated acccrding to  the procedures outlined 

i n  the cal ibrat ion section. 

Each 

2.1.2 Probe--Borosilicate or quartz glass  tubing w i t h  a 

heating or cooling system capable o f  maintaining a gas tempera- 

ture a t  the e x i t  end of the f i l t e r  during sampling of no grea te r  

than-50°C ( 1 2 2 O F ) .  

is suf f ic ien t  t o  maintain the desired temperature. 

a tors ,  i t  may be necessary t o  use water cooled probes. 

case. s t a in l e s s  steel (316) probes may be used. 

. 

In most cases,  ambient cooling o f  the  probe 

After inciner-  

In this 



2.1.3 P i t o t  tube--Type S ,  o r  o t h e r  device approved by 

tile Administrator,  a t tached  t o  probe t o  a l low cons tan t  moni- 

tor ing of the s t ack  gas  ve loc i ty .  

p i t o t  tube and the probe nozzle shall  be ad jacen t  and p a r a l l e l  

t o  each o the r ,  not  necessa r i ly  on t h e  same p lane ,  during 

sampling. 

s h a l l  be a t  l e a s t  1 .9  cm (0.75 i n . ) .  The f r e e  space s h a l l  be 

se t  based on a 1 . 3  cm (0.5 i n . )  ID nozzle.  

t r a i n  i s  designed f o r  sampling a t  h igher  flow r a t e s  than 

t h a t  descr ibed i n  APTD-0581, t h u s  n e c e s s i t a t i n g  t h e  use of 

l a r g e r  s i zed  nozz les ,  t h e  l a r g e s t  s i zed  nozzle s h a l l  be used 

t o  set the free space.  

- 
The face  openings of  the 

The f r e e  space between the nozzle  and p i t o t  t u b e  

I f  t h e  sampling 

The p i t o t  tube  must a l s o  meet the  c r i t e r i a  s p e c i f i e d  i n  

Method 2 and c a l i b r a t e d  according t o  the procedure i n  the 

c a l i b r a t i o n  sec t ion  of t h a t  method. 

2.1.4 D i f f e r e n t i a l  pressure gauge--Inclined manometer 

capable of measuring ve loc i ty  head t o  w i t h i n  10% of the 

m i n i m u m  measured value o r  - + 0.013 mm (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  

Gelow a d i f f e r e n t i a l  p re s su re  of  1 .3  mm (0.05 

0.013 mm (0.0005 i n . )  should be used. 

ar_e.not easj ly .  adaptab le  t o  f i e l d  condi t ions  and a r e  not  

However, micromanometers 
1 

easy t o  use w i t h  pu lsa t ing  flow. Thus ,  methods o r  o t h e r  

devices  acceptab le  t o  t h e  Adminis t ra tor  may be used when 

condi t ions warrant.  

2.1.5 P a r t i c u l a t e  and moisture  cyclone p reco l l ec to r - -  

Optional f o r  use when s t a c k  gas o i l  and moisture  concent ra t ions  

! I  
I 
I 
1 
1 
I 

1 
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are high and would cause l iquids  t o  seep through the glass  

f i l t e r  mat. Above 10% moisture content w a t e r  vapor will condense 

and saturate  the f i l t e r  mat to  prevent l iqu id  carry-over, a 

cyclone col lector  i s  recommended (o ther  devices may be used with 

approval from the Administrator). 

constructed o f  borosi l icate  glass.  

cyclone (see Figure F-1 )  contains a known weight of glass  wool 

t o  t r a p  the condensed o i l  and/or water. 

Erlenmyer col lect ing f lask o f  borosi l icate  glass is  connected t o  

the cyclone t o  hold any condensate. 

- 

The col lector  shall  be 

The top section of the 

A 125 ml, o r  l a rge r ,  

2.1.6 F i l t e r  holder--Borosilicate glass  with a glass  f r i t  

f i l t e r  support and a s i l icone rubber gasket. 

ccnstruction m y  be vsed vrith approve1 frm the Administrator, 

e.g., i f  probe l i n e r  i s  s ta in less  s t e e l ,  t h e n  f i l t e r  holder may 

be s ta inless  s t ee l .  The holder design shall provide a posi t ive 

seal against leakage from the outside or around the f i l t e r .  

Other materials of 

2.1.7 F i l t e r  temperature control system--Any system capable 

of maintaining a temperature of gas exi t ing the f i l t e r  holder 

d u r i n g  sampling of no greater  than 5OoC (122OF). A temperature 

gauge capable of measuring temperature t o  within 3OC (5 .4OF) 

shall  be instal led ( w i t h  sensor t i p  within 2 . 5  cm o r  1 i n .  o f  the  

f i l t e r  f r i t ) .  such tha t  the gas temperature a f t e r  the f i l t e r  can 
\ 

be regulated and monitored d u r i n g  sampling. 

2.1.8 Total gaseous hydrocarbon measurement system--To 

remove and analyze a portion of the f i l t e r e d  gas for  to ta l  

hydrocarbons ( see  Figure F-1 ). 

. 2.1.8.1 Heated Sample line--FEP fluorocarbon tubing heated 

I 
I . a  
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I 
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t o  maintain gas temperature eJ1tering the FID analyzer t o  s l i g h t l y  

above f i l t e r  e x i t  temperature. The tubing length should be kept 
- t o  a minimum t o  reduce transport  delay time. 

2.1.8.2 Flame ionization de tec tor  analyzer--Commercially 

available systems with a gas pump and flow regulation device fo r  

conveying a known amount  of sample gas t o  the detector c e l l .  

The operating temperature i s  about 5OoC (122'F); therefore ,  

e i ther  ambient or heated cell FID instruments may be used. 

Operating instruct ions and cal ibrat ion pr0cedure.s a re  given in  

l a t e r  sections.  

2.1.8.3 Data Recorder-- That portion of the measurement 

system t h a t  provides a permanent record o f  the o u t p u t  s ignal 

terms of concentration units. I 

2.1.9 Condenser--Any system t h a t  cools the sample gas 

in 

'stream and allows measurement o f  the water condensed and moisture 

leaving the condenser, each t o  within 1 ml  or 1 g .  

means are t o  measure the condensed water e i the r  gravimetrically 

or  volumetrically and t o  meas ure the moisture leaving the condenser 

( 1 )  by monitoring the tempera ture and  pressure a t  the e x i t  of the 

condenser and using Dalton's law or ( 2 )  by passing the sample gas 

stream th rough  a tared s i l i ca  gel t rap  w i t h  ex i t  gases kept below 

20% (68OF) and below 380 m Hg (15  i n .  Hg)  vacuum and determining' 

Acceptable 

- .  
the weight gain. 

If means other t h a n  s i l i c a  gel a r e  used t o  determine the 

m o u n t  of moisture leaving t h e  condenser, i t  i s  rxommended tha t  

s i l i c a  gel s t i l l  be used between the condenser system a n d  pump t o  

Prevent moisture condensation in the pump and  metering devices. 

i ' I  
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Unless otherwise specified by the Administrator, f l e x i b l e  

vacuum l ines  may be used to  connect the f i l t e r  holder t o  the 

condenser. - 
2.1.10 Metering system--\lacuum gauge, leak-free pump, 

thermometers capable of measuring temperature t o  within 3OC 

(5.4OF), dry gas meter w i t h  2% accuracy, 2nd re la ted equip- 

ment, or  equivalent, as required t o  maintain an i sokine t ic  

sampling r a t e  and t o  determine sample volume. 

t ra ins  u t i l i z ing  metering systems designed fo r  higher flow 

ra tes  t h a n  t h a t  described in APTD-0581 o r  APTO-0576 may be 

used provided t h a t  the specif icat ions i n  section 2 of t h i s  

method are met. 

t i o n  with a p i to t  tube, the system sha l l  enable checks of 

' 

Sampling 

When the metering system i s  used i n  conjunc- 

isokinet ic  ra tes .  

2.1 . l l  Barometer--Mercury, aneroid, or other barometers 

capable of measuring atmospheric pressure t o  w i t h i n  2.5 mm 

Hg (0.1 in. Hg).  

be obtained from a nearby weather bureau s t a t ion ,  i n  which 

case the s ta t ion  value (which i s  the absolute barometric 

pressure) shal l  be requested and an  adjustment fo r  elevation 

differences between the weather s t a t ion  and sampling point 

shal l  be applied a t  a r a t e  of minus 2.5 mm Hg (0.1 in .  Hg) 

per 30 m (100 f t )  elevation increase or vice versa fo r  

elevation decrease. 

In many cases, the barometric reading may 

- . e  

2.1.12 Gas density determination equipment--Temperature 

and  pressure gauges and  gas analyzer a s  described in  Methods 

2 and 3.  
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2.1.13 Temperature and pressure  gauges--If  Dal ton ' s  

law is used, t o  monitor temperature and pressure  a t  condenser 

o u t l e t .  

(2OF). The pressure  gauge sha l l  be capable  of measuring 

pressure  t o  w i t h i n  2.5 mm Hg (0.1 i n .  Hg). 

used i n  t h e  condenser s y s t m  the temperature  and pressure 

The temperature gauge s h a l l  have an accuracy - of l 0 C  

I f  s i l i c a  gel i s  

must be measured before  t h e  s i l i c a  gel component. 

2.2 Sample recovery.  

2.2.1 Probe l i n e r  and probe nozz le  brushes--Nylon 

b r i s t l e s  with s t a i n l e s s  s t e e l  wire  handles .  

sha l l  have ex tens ions ,  a t  l e a s t  a s  long as  t h e  probe, of 

s t a i n l e s s  s t e e l ,  nylon, t e f l o n ,  o r  s i m i l a r l y  i n e r t  m a t e r i a l .  

Both brushes s h a l l  be properly s i zed  and shaped t o  brush o u t  

the probe l i n e r  and nozzle.  

The probe b r u s h  

I 

2.2.2 Glass wash bottles--Two. 

2.2.3 Glass sample s to rage  containers--Chemically 

r e s i s t a n t ,  b o r o s i l i c a t e  g l a s s  b o t t l e s ,  f o r  l , l , l - t r i c h l o r o e t h a n e  

washes, 500 ml o r  1,000 ml. Screw cap c losu res  s h a l l  be 

t e f l o n  rubber-backed l i n e r s  ' o r  of such cons t ruc t ion  so a s  t o  

be l eak  f r e e  and prevent  chemical a t t a c k  from t h e  l , l , l -  

t r i ch lo roe thane .  (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 t o  leakage.)  Other types of con ta ine r s  

must be approved by t h e  Adminis t ra tor .  3. 

2.2.4 P e t r i  dishes--For f i l t e r  samples,  g l a s s ,  un less  

otherwise s p e c i f i e d  by the  Adminis t ra tor .  

' '  2.2.5 Graduated cy l inder  and/or  balance--To measure 

condensed water t o  w i t h i n  1 ml o r  1 g.  Graduated c y l i n d e r s  

s h a l l  have subdiv is ions  no g r e a t e r  than 2 ml. Most labora-  

; I  I 
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balances a r e  capable  of  weighing t o  the nea res t  0 .5  g o r  

l e s s ,  

i n  s ec t ion  2.3.4. 

Any of t h e s e  balances a r e  s u i t a b l e  f o r  use here  and 
- 

2.2.6 P l a s t i c  s to rage  conta iners - -Air  t i g h t  c o n t a i n e r s  

I 

I 

' 1  
i 
I 
I 
! 

t o  s t o r e  s i l i c a  gel. 

2.2.7 Funnel and rubber policeman--To a i d  i n  t r a n s f e r  

o f  s i l i c a  gel t o  con ta ine r ;  no t  necessary i f  s i l i c a  gel i s  

weighed i n  t h e  f i e l d .  

the 

the 

. ..: 
2.3 Analysis.  

2.3.1 Glass weighing d ishes .  

2 .3 .2  Desiccator .  

2.3.3 Analyt ical  balance--To measure t o  w i t h i n  0.1 mg. 

2.3.4 Balance--To measure t o  w i t h : n  0.5 g .  

2.3.5 Beakers--250 ml . 
2.3.6 Hygrometer-'-To measure t h e  re1 a t i v e  humidi  t y  of 

laboratory environment. 

2.3.7 Temperature gauge--To measure t h e  temperature  of 

labora tory  envi ronrnen t. 

3. Reagents 

3.1 Sampling. 

3.1.1 F i l t e r s - -Glas s  f i b e r  f i l t e r s ,  without  o rgan ic  

binder  exhib i t i f lg  a t  l e a s t  99.95% e f f i c i e n c y  ( 5  0.05% 

pene t r a t ion )  on 0 .3  micron d ioc ty l  ph tha la t e  smoke p a r t i c l e s .  

The f i l t e r  e f f i c i e n c y  t e s t  sha l l  be conducted i n  accordance 

w i t h  ASTM s tandard  method D 2986-71. Test da ta  from the 

s u p p l i e r ' s  q u a l i t y  cont ro l  program i s  s u f f i c i e n t  f o r  t h i s  

purpose. 

1 

-*.. . . . ., e;?-- -,. - . " ...- 
1 
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3.1.2 Precollector glass wool--Glass fibers, No. 7220, 

Pyrex brand, or equivalent. - 
3.1.3 Silica gel--Indicating type, 6-16 mesh. If pre- 

viously used, dry at 175OC (350'F) for 2 hours. New silica gel 

may be used as received. 

3 .1.4 Water. 

3.1.5 Crushed ice. 

3.1.6 Zero Gas--A grade of compressed zero air containing 

less than 1 ppm hydrocarbon as methane. 

3.1.7 Calibration Gas--A compressed gas mixture of a known 

concentration of methane or prspane in air. Nominal concentrations 

of 50% and 90% of the instrument full scale range are required. 

The higher concentration gas mixture i s  used ta set and check the 

instrument span and is referred to as the span gas. 

3.2 Sample recovery. 

3.2.1 l,l,l-Trichloroethane (TCE)--Reagent grade, 5 0.001% 

residue, in glass bottles. TCE blanks shall be run prior to 

Field use and only TCE with low blank values (2  0.001%) shall be 

used. 

3.3 Analysis. 

3.3.1 l,l,l-Trichloroethane--Same as 3.2.1. 
I 

-3.3.2 Des i ccant--Anhydrous cal ci um sulfate, indicating 

type. 

4. Procedure 

4.1 Sampling. The sampling shall be conducted by competent 

Personnel experienced with this test procedure. 

i l  
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4.1 . I  Pretest  preparation--All the components sha l l  be 

maintained and cal ibrated according to  the procedure described 

in APTD-O57G, unless otherwise specif ied herein. ; 

i 
t 

- 
Weigh approximately 200-300 g of s i l i c a  gel in a i r  t i g h t  j 

! 

containers t o  the nearest  0 . 5  g r  Record the to ta l  weight, 
I 

b o t h  s i l i c a  gel and container,  on the container.  More s i l i c a  

gel may be used b u t  care should be taken during sampling t h a t  

.As an 

! 

i t  i s  n o t  entrained and carr ied out from the impinger. I 

al ternat ive,  the s i l i c a  gel may be weighed d i rec t ly  i n  the 

impinger or  i t s  samplina holder just prior t o  the t r a i n  

assembly . 
Check f i l t e r s  visual ly  against  l i g h t  f o r  i r r e g u l a r i t i e s  

and flaws or pinhole leaks. 

on the back s ide near the edoe using numbering machine ink. 

As an a l te rna t ive ,  label the shipping container and keep the 

f i l t e r  in t h i s  container a t  a l l  times except d u r i n g  sampling 

and weighing. 

Label a f i l t e r  o f  proper diameter 

Desiccate the f i l t e r s  and  glass wool a t  20 2 5.6"C 

(68 + 10°F) and ambient pressure for a t  ' l e a s t  24 hours and 

weigh a t  6 o r  more hour intervals  t o  a constant weight, i . e . ,  

- c . 3 . 5  mg change from previous weighing, and record r e su l t s  t o  

the nearest 0.1 rng. Dur ing  each weighing the f i l t e r  o r  glass  

wool must not be exposed t o  the laboratory atmosphere f o r  a 

period greater  than 2 minutes and a r e l a t ive  humidity above 

50%. Clean and preweigh the precollector (cylcone) to  the 

nearest 0.1 mg. I n s t a l l  a preweighed amount  o f  glass wool 

and seal the openings of precoll ector .  
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4.1.2 Preliniinsry deter i i i i na t ions- -Se lec t  the sampling s i t e  

and the  minimum number of sampling po in t s  according to..Method 1 

o r  a s  spec i f i ed  by the Adminis t ra tor .  

p ressure ,  temperature ,  and the range of ve loc i ty  heads u s i n g  

Method 2 and moisture  content  using Approximation Method 4 o r  i t s  

a l t e r n a t i v e s  f o r  t h e  purpose of making i s o k i n e t i c  sampiing r a t e  

c a l c u l a t i o n s .  Estimates may be used. However, f i n a l  results 

will be based on ac tua l  measurements made d u r i n g  t h e  t e s t .  Note: 

A por t ion  of flow w i l l  go t o  t h e  FID ana lyzer .  This flow r a t e  

must be included when e s t a b l i s h i n g  i s o k i n e t i c  sampling r a t e s .  

See sec t ion  6.3.1 f o r  t h i s  c a l c u l a t i o n .  

S e l e c t  a nozzle s i z e  based on t h e  range of v e l o c i t y  heads 

Determine the s t a c k  
- 

s u c h  t h a t  i t  is  not  inecessary t o  change the  nozzie s i z e  i n  o r d e r  

t o  maintain i s o k i n e t i c  sampling r a t e s .  During the r u n ,  do not 

change t h e  nozzle  s i z e .  Ensure t h a t  the d i f f e r e n t i a l  p re s su re  

gauge i s  capable of  measuring t h e  minimum v e l o c i t y  head value t o  

w i t h i n  1077, o r  as  spec i f i ed  by t h e  Administrator:  

S e l e c t  a t o t a l  sampling time g r e a t e r  than o r  equal t o  t h e  

m i n i m u m  t o t a l  sampling time s p e c i f i e d  i n  the  t e s t  procedures f o r  

the s p e c i f i c  i ndus t ry  such t h a t  the sampling time per  po in t  i s  

not  less than 2 min. o r  some g r e a t e r  time in t e rva l  a s  s p e c i f i e d  

by the  Adminis t ra tor  and the sample volume t h a t  w i l l  be taken 

will  exceed t h e  requi red  minimum t o t a l  gas sample volume s p e c i f i e d  

i n  the  t e s t  procedures f o r  the s p e c i f i c  indus t ry .  

based on an approximate average sampling r a t e .  

the minimum t o t a l  sample volume i s  cor rec ted  t o  s tandard cond i t ions .  

The l a t t e r  i s  

Note a l s o  t h a t  

I ‘  
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
1 
I 



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

F-13 

I t  i s  reconmended t h a t  l / 2  o r  an i n t e g r a l  number o f  minutes 

be sampled a t  each p o i n t  i n  order  t o  avo id  timekeepitig ._ e r r o r s .  

I n  some circumstances, e.g., ba tch  cycles,  i t  may be necessary 

t o  sample f o r  sho r te r  t imes a t  t h e  t r a v e r s e  p o i n t s  and t o  o b t a i n  

s m a l l e r  gas sample volumes. I n  these cases, the A d m i n i s t r a t o r ' s  

approval must f i r s t  be obtained. 

4.1.3 Prepara t ion  o f  c o l l e c t i o n  t ra in - -Dur ing  p repara t i on  

and assembly o f  t h e  sampling t r a i n ,  keep a l l  openings where 

contaminat ion can occur covered u n t i l  j u s t  p r i o r  t o  assembly o r  

u n t i l  sampling i s  about t o  begin. 

? lace  100 m l  o f  water i n  each o f  t h e  f i r s t  two impingers,  

leave the t h i r d  impinger  empty, and p lace  approximately 200-300 

g or Eore, i f  necessary, o f  p r w e i s h e d  s i l t c ;  921 iii th2 f o u r t h  

impinger. Record the weight o f  the  s i l i c a  ge l  and con ta ine r  t o  

the  nearest  0.5 g. 

l a t e r  use i n  the  sample recovery. 

Place the  con ta ine r  i n  a c lean p lace  f o r  

Using a tweezer o r  c lesn  d isposable su rg i ca l  g loves, p lace  

the  labe led  ( 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 lder .  

Be sure t h a t  the  f i l t e r  i s  p roper l y  centered and t h e  gasket  

p roper l y  p laced so as t o  n o t  a l l o w  t h e  sample gas stream t o  

c i rcumvent t h e  f i l t e r .  

completed.. . - 
Check f i l t e r  f o r  t ea rs  a f t e r  assembly i s  

Assemble t h e  f i l t e r  ho lder  and a t t a c h  the p r e c o l l e c t o r  

cyclone ahead o f  t h e  f i l t e r  when the  p r e c o l l e c t o r  i s  t o  be used. 

When g l a s s  l i n e r s  a re  used, i n s t a l l  se lected nozz le  us ing  a 

V i t o n  A O-r ing ,when stack temperatures are  l ess  than 26OoC 
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(500OF) or a n  asbestos s t r ing  gasket when temperatures are 

higher. 

s t a l l ed  as a seal where the nozzle i s  connected to  a glass  l i n e r .  

The Viton A O-ring and asbestos s t r ing  gasket a re  in- 

See APTD-0576 fo r  de t a i l s .  When metal l iners  o r  water cooled 

probes 

d i rec t  mcchanical connection. Mark probe with heat r e s i s t a n t  

tape or by some other method t o  denote the proper distance in to  

the stack or duct for  .each sampling point.  

are used, i n s t a l l  the nozzle a s  above or by a leak f ree  

Unless otherwise specified by the Administrator, a t tach a 

temperature probe t o  the metal sheath of the sampling probe so 

tha t  the sensor does n o t  touch any metal. 

about 1 . 9  t o  2.54 cm (0.75 t o  1 i n . )  from the p i to t  tube and 

probe nozzle t o  avoid interference w i t h  the gzs flow. 

I t s  position should be 

Set up  the t r a i n  as. in Figure F-1 ,  using no s i l icone  

grease on ground glass  j o in t s  ahead o f  the f i l t e r .  

grease i s  soluble in T C E ,  therefore,  clean glassware w i t h  only 

water seals  shall  be used. 

Si l icone 

Place crushed ice  around the impingers. 

4.1.4 Leak check procedure--If a Viton A O-ring or o ther  

leak free connection i s  used in assembling the probe nozz.le to 

the probe l i n e r ,  leak check the t r a i n  a t  the sampling s i t e  b y  

plugging the 'noizle  and pulling a 380 rrso Hg ( 1 5  in. Hg) vacuum. 

(Note: 

during the t e s t . )  

the probe to  the t r a i n  during the leak check. 

check the t ra in  as.above by f i r s t  plugging the i n l e t  to the 

A lower vacuum may be used provided tha t  i t  i s  n o t  exceeded 

If an  asbestos s t r i n g  i s  used, do n o t  connect 

Instead, leak 
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the f i l t e r  holder. 

check a t  a b o u t  25 mm Hq (1 in. Hg) vacuum. 

excess of 42 of the average sampling r a t e  or 0.00057 m / m i n .  

(0.02 c f m ) ,  whichever i s  l e s s ,  i s  unacceptable. The gaseous 

hydrocarbon system may be shut off fo r  the leak check. However, 

a l l  f i t t i n g s  on the analyzer system should be checked t o  insure 

they are properly tightened. 

Then connect the  probe t o  the t r a i n  and  leak 

A leakage r a t e  i n  
3 .  

The following leak check ins t ruc t ions  fo r  the sampling t r a i n  

described in APTD-0576 and APTD-0581 may be helpful.  

pump with by-pass valve fu l ly  open and coarse a d j u s t  valve 

completely closed. 

slowly close the by-pass valve u n t i l  380 mm Hg (15 i n .  Hg) vacuum 

i s  reached. Do not reverse direct ion of by-pass valve. This 

will cause water t o  back u p  in to  the  f i l t e r  holder. 

(15 in. Hg)  i s  exceeded, e i the r  leak check a t  t h i s  higher vacuum 

or end the leak check as shown below and s t a r t  over. 

S t a r t  the 

Par t ia l ly  open the coarse adjust  valve and  

I f  380 m Hg 

When the leak check i s  completed, f i r s t  slowly remove the 

plug from the i n l e t  t o  the probe o r  f i l t e r  holder and imed ia t e ly  

turn off  the vaciium 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 into the th i rd  impinger. 

This prevents the water i n  the impingers 

Leak checks shall  be conducted as described whenever the 

t ra in  i s  disengaged, e .g . ,  fo r  s i l i c a  gel or f i l t e r  
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changes d u r i n g  the  t e s t ,  p r i o r  t o  each t e s t  r u n ,  and a t  the 

completion of each t e s t  r u n .  

t h e  gaseous hydrocarbon measurement system. 

found to be i n  excess  of  the a c i e p t a b l e  r a t e ,  the t e s t  w i l l  

be considered i n v a l i d .  To reduce l o s t  t ime due t o  leakage 

occurrences,  i t  i s  recornended t h a t  leak  checks be conducted 

between p o r t  changes a t  the  hi(jhest vacuum reading drawn 

d u r i n g  t h a t  sampling t r ave r se .  

Close t h e  flow cont ro l  valve o f  - 
I f  leaks a r e  

4.1.5 P a r t i c u l a t e  t ra in ,opera t ion- -Dur ing  the  sampling 

run, i s o k i n e t i c  sampling r a t e  t o  w i t h i n  l o % ,  o r  a s  s p e c i f i e d  

by t h e  Adminis t ra tor ,  of t r u e  i s o k i n e t i c  and the  temperature  

o f  the gas e x i t i n g  the f i l t e r  of no g r e a t e r  than 50°C (122°F)  

s h h l l  be maintained. . 

For each run, record the da ta  requi red  on the  example 

data shee t  shown i n  Figure F-2. 

i n i t i a l  dry gas meter reading. Record t h e  dry gas meter 

readings a t  the beginning and end of  each sampling time 

increment, when changes i n  flow r a t e s  a r e  made, and when 

sampling is  ha l t ed .  

once a t  each sample po in t  d u r i n g  each t ime increment and 

addi t iona l  readings when s i g n i f i c a n t  changes (20% v a r i a t i o n  

i n  ve loc i ty  k a f  readings)  n e c e s s i t a t e  addt ional  adjustments  

i n  flow r a t e .  Level and zero. the  manometer. 

Be sure t o  record t h e  

Take o t h e r  da ta  po in t  readings a t  l e a s t  

Clean t h e  por tholes  prior t o  the  t es t  run to  minimize 

the chance of  sainplipg the  deposi ted m a t e r i a l .  Allow time f o r  
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. I  

hydrocarbon analyzer operation to  s t a b i l i z e  a d  for the heated 

hydrocarbon sample l i n e  t o  reach the required temperature. To 

begin sampling, remove the nozzle cap, verify tha t  the f i l t e r  and  

probe are a t  the proper temperature, and tha t  the p i t o t  t u b e  and 

probe are properly positioned. Posit ion the nozzle a t  the f i r s t  

traverse point with the t i p  pointing d i r ec t ly  into the gas 

stream. Immediately s t a r t  the pump and adjust  t he  fTow to  

isokinetic conditions. 

t r a ins  using type  5 p i to t  tubes with 0.85 2 0.02 coe f f i c i en t  and 

when sampling in a i r  o r  a stack gas with equivalent densi ty  

(molecular weight equal t o  29 + 4 ) ,  which aid in the rapid 

adjustment of the isokinet ic  sampling r a t e  without excessive 

computations. APTD-0576 d e t a i l s  the procedure f o r  using these 

nomographs. I f  C and Mi are  outside the above s ta ted  ranges, do 

not use the nomograph unless appropriate steps (see Reference 

7.7) a re  taken to  compensate for the deviations. 

- 

Nomographs are avai lable  fo r  sampling 

P 

After s t a r t i ng  and adjusting the flow of the sampler pump, 

s t a r t  the flow of  sample gas through the hydrocarbon analyzer and 

allow a constant regulated amount of g a s  t o  go t o  the hydrocarbon 

analyzer. The flow r a t e  o f  the hydrocarbon system should be 

preset  t o  no more than 1 .0  l i t e r s  per minute. 

the flow of’ga; not passing th rough  the  sample t r a in  meter should 

be made. 

nomograph should be corrected by converting the flow r a t e  of gas 

th rough  the hydrocarbon analyzer t o  a psuedo moisture content and 

A correction f o r  

To permit accurate isokinet ic  flow r a t e  s e t t i n g s  the 
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add t h i s  amount  t o  the actual inoisture content when se t t i ng  the 

nomograph reference points,  see section 6.3.1. 

When the stack i s  under s ign i f icant  negative stack pressure 

take care t o  close the coarse.adjust valve before inser t ing  the 

probe into the stack t o  avoid water backing into the f i l t e r  

holder. If necessary, the pump may be turned on with the coarse 

adjust  valve closed. 

When the probe i s  in posit ion,  block o f f  the openings 

around the probe and porthole t o  prevent unrepresentative d i lu t ion  

of the gas  stream. 

Traverse the stack cross sec t ion ,  as required by Method 1 o r  

as specified by the Administrator, being careful not t o  bump the 

probe nozzle into the stack walls when sampling near the walls or 

when removing o r  inserting the probe throu'gh the portholes to  

minimize chance of extracting deposited material. 

hydrocarbon value f o r  each traverse point,  b o t h  on the analyzer 

char t  recorder and on a form. 

Note the 

During the t e s t  run, make periodic adjustments t o  keep the 

temperature of gas exi t ing the f i l t e r  holder a t  the proper 

temperature and add more ice  a n d ,  i f  necessary, s a l t  t o  maintain 

a temperature o f  l e s s  than 20°C ( @ O F )  a t  the condenser/si l ica 

gel ou t l e t  t o  avoid excessive moisture losses.  

check the level and  zero of the manometer. 

Also, per iodical ly  

I f  a yellow-brown color forms on the f i l t e r  o r  the condensed 

moisture begins t o  f i l l  the precol lector ,  the precol lector  and 

the f i l t e r  shall  be replaced in the midst of a sample run. 
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I t  i s  recommended t h a t  another complete precollector and f i l t e r  

assembly be used rather  t h a n  attempting t o  change the'-fil t e r  

i t s e l f .  

check. The par t iculate  weight shall  include the summation of a l l  

f i l t e r  assembly catches. 

After the new assembly i s  ins ta l led  conduct a leak 

A single  t r a in  shall  be used for  the en t i r e  sample r u n ,  

except for  precollector,  f i l t e r  and s i1  ica gel changes. However, 

i f  approved by the Administrator, two or more t r a ins  may be used 

f o r  a single t e s t  r u n  when there are  two or more ducts or sampling 

ports. 

catches. 

The r e su l t s  shall  be the to ta l  of a l l  sampling t r a in  

A t  the end o f  the sample run  shut of f  the flow o f  sample gas 

t o  the hydrocarbon system, t u r n  off  the sample t ra in  pump, remove 

the probe and nozzle froin the stack, and record the f ina l  dry gas 

meter reading. 

greater t h a n  the maximum reached during sampling. 

percent isokinetic ( see  calculation sect ion)  to determine whether 

another t e s t  run should be made. 

maintaining isokinet ic  ra tes  due t o  source conditions, consult 

w i t h  the Administrator for  possible variance on the i sokine t ic  

* 

Perform a leak check a t  a vacuum equal t o  o r  

Calculate 

I f  there i s  d i f f i cu l ty  in 

'. rates.  . -  
4.2 Hydrocarbon analyzer operation. .. 

4.2.1 Ins ta l l  the hydrocarbon analyzer system as close as 

possible to  the probe and f i l t e r  apparatus. 

sample l i ne  t o  above the f i l t e r  temperature t o  prevent condensation 

Heat the fluorocarbon 



of hydrocarbons. Note: Due t o  the  design o f  most FID ana lyze r s ,  

i t  will  be necessary t o  p r o t e c t  the ins t rument  from t h e  ambient 

environment ( r a i n ,  d u s t ,  extreme hea t  o r  co ld ,  e t c . ) .  Check f o r  

s t a b l e  e l e c t r i c a l  power; vo l tage  f l u c t u a t i o n s  can cause instru-  

ment d r i f t  i n  some ana lyzers .  

span concent ra t ion ,  zero a i r  and one o t h e r  upscale  concent ra t ion  

of methane i n  a i r  t o  check l i n e a r i t y  o f  system. 

b ra t ion  sec t ion  5 . 2  f o r  d e t a i l s  of  t h i s  procedure.  

- 

C a l i b r a t e  the ana lyzer  us ing  a 

Refer t o  c a l i -  

Af te r  t h e  p a r t i c u l a t e  sanipling t r a i n  i s  opera t ing  a t  t h e  

f i rs t  t r a v e r s e  po in t ,  the gaseous hydrocarbon sample pump s h a l l  

be s t a r t e d  and the  flow regulated so t h a t  the  ana lyzer  func t ions  

properly.  The average hydrocarbon ana lyze r  reading s h a l l  be 

recorded f o r  each t r a v e r s e  poin t .  A s t r ip  c h a r t  o r  o t h e r  da t a  

recorded can a l s o  be used. to  monitor t h e  analyzer  o u t p u t .  

A t  the  conclusion of  the t e s t  s h u t  o f f  the hydrocarbon 

system before s topping t h e  p a r t i c u l a t e  sampling t r a i n  pump. The 

hydrocarbon ana lyzer  sha l l  be r e c a l i b r a t e d  a f t e r  t h e  t es t  so t h a t  

zero and c a l i b r a t i o n  gas d r i f t  can be determined. 

4.2.2 “Zero d r i f t ”  i; the change i n  ana lyzer  o u t p u t  d u r i n g  

the performance of the t e s t  when the i n p u t  t o  the measurement 

system i s  a zero grade a i r  ( ze ro  g a s ) .  The maximum zero d r i f t  

f o r  measurement systems used i n  this method i s  - + 2% of  the 

spec i f i ed  instrument span. The zero  d r i f t  c a l c u l a t i o n  i s  t o  be 

made f o r  each t e s t .  I t  i s  determined from the  zero concent ra t ion  

values measured a t  t h e  s t a r t  and f in i sh  of each t e s t .  

I 
11 1 
1 
1 
1 
1 
I 
1 
I 
1 
I 
1 
1 
1 
I 
1 
I 
I 
1 
1 



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

F-21 

Calculate the difference between these readings expressed i n  

concentration uni ts .  

percentage of the instrument s p a n ,  using a form s imi la r  t o  Figure 

Record the data and  report  zero d r i f t  a s  a 

- 
F-3. 

4 . 2 . 3  "Span d r i f t "  i s  the change in analyzer o u t p u t  during 

the performance o f  the t e s t  when the i n p u t  to the measurement 

system i s  span gas. 

systems used in t h i s  method i s  - + 2% of the specified instrument 

spaii. 

each test. 

instrument when s p a n  gas mixture i s  introduced into the system a t  

the s t a r t  and f i n i sh  of each t e s t .  Calculate the difference 

between these readings expressed in concentration u n i t s .  

values should be corrected for the corresponding zero d r i f t  

during t h a t  period. 

in Figure F-3. 

centage of the instrument span, using a form similar t o  Figure 

The maximum span d r i f t  fo r  measurement 

The span d r i f t  calcuiation i s  t o  be made fo r  each gas for 

I t  i s  determined by measuring the response of the 

These 

The correction f o r  zero d r i f t  i s  explained 

Record the data and  report  span d r i f t  a s  a per- 

F-3. 

4.2.4 "Response time" i s  defined as the time interval  from 

a step change in pol lutant  concentration a t  the system i n l e t  t o  

the time a t  which 95% of the f ina l  value i s  reached as displayed 

on o u t p u t  ricording system. The maximum response time f o r  a 

hydrocarbon analyzer meeting the requirements of t h i s  method 

! 
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i s  one minute. To determine response time, f i r s t  introduce zero 

gas t o  the system until  the reading i s  s t ab le  and  then introduce 

the spsn gas t o  the system. 

recorded as the upscale response time. 

duced and the time t o  951 f inal  response i s  recorded as the 

downscale response time. This procedure i s  t o  be followed three 

times, the readings averaged and the upscale or downscale response 

tinie, whichever i s  greater ,  shall  be reported as the "response 

time." Record t h i s  data on .a form s imi la r  t o  Figure F-4. This 

t e s t  shall  be conducted prior t o  the i n i t i a l  t e s t  and repeated i f  

changes are made t o  the measurement system. . 

- 
The time to  the 95% f inal  value i s  

Zero gas i s  then intro-  

. .  

4 . 3  Sample recovery. Proper cleanup procedure begins as 

soon as the probe i s  r s v e d  frcm the :tack a t  the en.' o f  the 

sampling period. 

When the probe can be safely handled, wipe off a l l  external 

o i l  par t icu la te  matter near the t i p  of the probe nozzle and  place 

a cap over i t  t o  prevent losing or gaining par t iculate  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  o f  the  probe. Be careful 

not t o  lose any condensate, i f  present.  Remove the umbilical 

cord from the . last  impinger and  cap the impinger. 

l i n e  i s  used between the f i r s t  impinger or condenser and  the 

f i l t e r  holder, disconnect the l i n e  a t  the f i l t e r  holder and l e t  

any condensed water or l iquid drain in to  the impingers 

I f  a f l ex ib l e  
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o r  condenser. Cap o f f  t h e  . f i l t e r  ho lder  o u t l e t  and impinger 

inlet. 

c lose  t h e s e  o p e n i n g s .  

must not  r e a c t  w i t h  TCE. 

Ei the r  Teflon o r  ground g l a s s  s toppe r s  may be ,used  t o  

I f  : p l a s t i c  o r  rubber ‘caps a r e  used, they - 

Transfer  t h e  probe and f i l t e r  impinger assembly t o  the 

cleanup area.  

wind so t h a t  the  chances of contaminating o r  l o s ing  the sample 

will be minimized. 

T h i s  a rea  should  be c l ean  and pro tec ted  from t h e  

Save a po r t ion  of t h e  iCE used f o r  cleanup a s  a blank. 

Place about  200 m l  of t h i s  7C€ taken d i r e c t l y  from the wash 

b o t t l e  b e i n g  used i n  a g l a s s  sample con ta ine r  labe led  “TCE 

blank. “ 

Inspec t  t h e  t r a i n  prior t o  and d u r i n g  disassembly and note  

any abnormal conditions;  Trea t  the  samples a s  fol lows:  

Container  No. 1. Carefu l ly  remove t h e  f i l t e r  from the 

f i l t e r  holder  and p lace  i n  i t s  i d e n t i f i e d  p e t r i  d i s h  con ta ine r .  

Use a p a i r  of tweezers and/or  clean d isposable  su rg ica l  gloves t o  

handle the  f i l t e r .  

such t h a t  the p a r t i c u l a t e  cake i s  i n s i d e  the fo ld .  

remove any p a r t i c u l a t e  ma t t e r  and/or  f i l t e r  which adheres  t o  the 

f i l t e r  holder  by c a r e f u l l y  u s i n g  a dry nylon b r i s t l e  b r u s h  and/or 

I f  i t  i s  necessary t o  f o l d  t h e  f i l t e r ,  do so 

Quan t i t a t ive ly  

, .  
a sharp-edged blade and p lace  i n t o  this  con ta ine r .  Seal t h e  

conta iner .  
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Container No. 2 .  rlemove'the c o l l e c t o r  f l a s k  from t h e  

cyclone u s i n g  g l a s s  o r  o t h e r  nonreac t ive  caps ,  sea l  'ends - of  

cyclone and s t o r e  f o r  shipment t o  t h e  labora tory .  

Container No. 3 .  Taking c a r e  t o  see  t h a t  mater ia l  on t h e  

ou t s ide  of the probe o r  o t h e r  e x t e r i o r  su r faces  does not  g e t  i n t o  

the  sample, q u a n t i t a t i v e l y  recover p a r t i c u l a t e  mat te r  o r  any 

condensate from t h e  probe nozzle,  probe f i t t i n g ,  probe l i n e r ,  

cyclone c o l l e c t o r  f l a s k  and f r o n t  h a l f  of  t h e  f i l t e r  holder  by 

washing these  components w i t h  TCE and placing t h e  wash i n t o  a 

g l a s s  con ta ine r  i n . t h e  following manner. 

Carefu l ly  remove the probe nozzle  and clean the i n s i d e  

su r face  w i t h  a nylon b r i s t l e  brush. 

no v i s i b l e  p ? r t i c l e s ,  o r  d i s c o l o r a t i o n  a f t e r  which make a fine! 

r i n s e  of t h e  inside sur facg  w i t h  T C E .  

Brush u n t i l  I C E  r i n s e  shows 

Brush and r i n s e  w i t h  TCE the i n s i d e  p a r t s  of t h e  Swagelok 

f i t t i n g  i n  a s i m i l a r  way un t i l  no v i s i b l e  p a r t i c l e s  remain. 

Rinse t h e  probe l i n e r  w i t h  TCE by t i l t i n g  t h e  probe and 

s q u i r t i n g  TCE i n t o  i t s  upper end, whi le  r o t a t i n g  t h e  probe so 

t h a t  a l l  i n s i d e  su r faces  wi l l  be r in sed  w i t h  TCE. Let t h e  TCE 

dra in  from the lower end i n t o  t h e  sample conta iner .  

be used t o  a id  i n  t r a n s f e r r i n g  l i q u i d  washes to  t h e  con ta ine r .  

Follow the TCE r i n s e  w i t h  a probe brush. Hold the probe i n  an 

inc l ined  pos i t i on ,  squirt TCE i n t o  the upper end a s  the probe 

b r u s h  is  being pushed w i t h  a tw i s t ing  ac t ion  through t h e  probe, 

h o l d ' a  sample conta iner  underneath the lower end of  the probe, 

A funnel may 

. 
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and catch any TCE and  par t icu la te  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 

until  no v i s ib l e  par t icu la te  matter i s  carr ied o u t  with the I C E  

o r  remains in the probe l iner- on visual inspection. 

s teel  o r  other metal probes, run the b r u s h  th rough  in  the above 

prescribed manner a t  l e a s t  s ix  times s ince metal probes have 

small crevices in which par t icu la te  matter can be entrapped. 

Rinse the brtish w i t h  TCE and quant i ta t ive ly  co l l ec t  these washings 

in  the sample container. After th.e brushing make a f ina l  acetone 

(reagent grade) r inse  of the probe a s  described above. This rinse 

i s  t o  promote d r y i n g  o f  the equipment and i s  n o t  retained fo r  

analysis. I t  i s  recomniended tha t  two people be used t o  clean the 

probe to  minimize losing the sample. Between smpl ing  runs,  keep 

brushes clean and protected from contamination. 

- 

k'ith s t a in l e s s  

Clean the inside.of  the cyclone col lect ion f lask  and  the 

front half of the f i l t e r  holder by rubbing the surfaces with a 

nylon b r i s t l e  brush and rinsing w i t h  TCE. 

three times or more i f  needed t o  remove v i s ib l e  pa r t i cu la t e  and  

condensed moisture. Make a f inal  r inse  of the brush, f l a sk  and  

f i l t e r  holder. 

collected in the sample container,  t ighten the l i d  on the sample 

container so t h a t  TCE will not leak o u t  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  n o t  leakage occurred d u r i n g  t ransport .  Label container 

t o  c lear ly  ident i fy  i t s  contents. 

glassware a f inal  r inse  of the components with acetone i s  recommended. 

This r inse  should not be saved fo r  analysis .  

Rinse each surface 

After a l l  TCE washings and par t icu la te  matter a re  

To promote the drying of the 
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Container No. 4.  Note color of ndicating s i l i c a  gel t o  

determine i f  i t  has been completely spent and  inake a notation 

of i t s  condition. 

impinger to  the original container and sea l .  

Transfer the s i l i c a  gel from the ' four th  

A funnel may make 

i t  eas ie r  t o  p o u r  the s i l i c a  gel w i t h o u t  sp i l l i ng .  

policeman may be used as an  aid in  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 par t ic les  t h a t  may adhere to  the  walls and  are d i f f i c u l t  

t o  remove. Since the gain i n  weight i s  t o  be used for moisture 

calculations,  do n o t  use any water o r  other l iquids t o  t ransfer  

the s i l i c a  gel. I f  a balance i s  available in the f i e l d ,  follow 

the procedure under analysis.  

A rubber 

Impinqer water. Treat the impingers or condenser as 

follows: Make a notation o f  any color or film i n  the l iquid 

catch. Measure the l iquid which i s  in the f i r s t  three impingers 

t o  within - + 1 ml by using a graduated cylinder o r ,  i f  avai lable ,  

t o  within - + 0.5 mg by using a balance. 

weight of l iqu id  present. This information i s  required to  

calculate the moisture content of the e f f luent  gas. 

Record the volume or 

If  a d i f fe ren t  type of condenser i s  used, measure the 

amount o f  moisture condensed e i t h e r  volumetrically o r  gravi- 

metrically. I 

4 . 4  Alialysis. Record the data required on the example 

sheet shown in Figure F-5. Handle each sample container as 

fol lows : 
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(For  the purpose of t h i s  sec t ion '4 .4 ,  t h e  term "cons tan t  - 
weight" means a difference o f  no more t h a n  10X between two 

weighings 24 hours apar t .  

calculations i s  the  average of these two values.)  

The "f inal  weight" to  be used in 

Container No 1 .  Leave in shipping container or t r ans fe r  the 

f i l t e r  from the sample container t o  a tared glass weighing dish 

and desiccate fo r  24 hours in 2 desiccator containing anhydrous 

calcium sulfate .  

t h i s  r inse  w i t h  t he  contents of Container 3 .  

weight and  report  the r e su l t s  t o  the  nearest  0.1 mg.  

Rinse t h e  f j l t e r  container with TCE and combine 

Neigh.to a constant 

Container No. 2 .  Clean the  outside of the cyclone, remove 

caps, and desiccztc. f a r  24 hcurs or unt i l  any condensed water h a s  

evaporated. Weigh the cyclone with the o i l  and glass wool p>ug 

inplace. 

of glass wool. 

tared weighing dish.  Desiccate the  cyclone for  24 hours and 

reweigh the cyclone. 

within 10 mg of the i n i t i a l  w e i g h t  of the clean cyclone, the 

calculated o i l  weight will be considered val id .  I f  the weight 

difference i s  greater ,  t h e n  the ,cyclone wil l  be assumed damaged 

and  the  o i l  inust be extracted from the glass  wool and  t h i s  o i l  

solution added to  Container 3 .  Note: This procedure i s  subject  

t o  e r ror  i f  the glass  wool f ibers  are n o t  kept o u t  of the o i l  

solution. 

Subtract the weight of the  cyclone and the t a r e  weight  

Clean o u t  the  o i l  and  g lass  wool with TCE in to  a 

i f  the f inal  weight of the clean cyclone i s  
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Container No. 3 .  Note leve l  of l i q u i d  in conta iner  and  

confirm on a n a l y s i s  sheet whether or n o t  leakage occurred d u r i n g  

t r anspor t .  

c a l l y  t o  2 1 ml o r  g rav ime t r i ca l ly  t o  - t 0.5  g .  I f  t h e  volume of 

condensed water appears l a r g e r  than 5 ml i t  wi l l  be necessary t o  

sepa ra t e  t h e  oil-TCE f r ac t io r .  from the water .  

done w i t h  a s epa ra to ry  funnel .  Additional rinses of  the water  

f r a c t i o n  shal l  be made w i t h  25 ml por t ions  of TCE u n t i l ,  by 

visuzl observa t ion ,  the TCE does no t  remove, any add i t iona l  

organic  ma te r i a l .  The remaining water  f r a c t i o n  sha l l  be evaporated 

t o  dryness a t  200°C, dess ica ted  f o r  25 hours and weighed t o  the  

nea res t  0.1 my. 

Measure the  l i q u i d  i n  t h i s  conta iner  e i the r  volunictri- 

This should be 

Trea t  t h e  TCE f r a c t i o n  w i t h  the  fol lowing procedure. 

Transfer  t h e  TCE and o i l  t o  a t a r e d  250 ml beaker,  and evaporate  

a t  ambient temperature a'nd pressure.  The terms dryness and 

constant  weight are n o t  appropriate f o r  l i q u i d  o i l  samples which 

cont inue t o  loose  weight t h r o u g h  evapora t ion .  The volume of TCE 

required t o  

es t imated.  When i t  appears t h a t  i t s  volume has been evaporated 

the sample should be des icca ted  and weighed a t  24 hour i n t e r v a l s  

t o  obta in  a "cons tan t  weight." The " f i n a l  weight" i s  t h e  sum of  

t he  evaporated p a r t i c u l a t e  weight f r a c t i o n s  for TCE-oil and 

water.  Report  t h e  r e s u l t s  t o  the  n e a r e s t  0.1 mg. 

remove the o i l  from t h e  sample t r a i n  should be 

Container No. 4.  Weigh t h e  spent  s i l i c a  gel t o  t h e  nea res t  

This step may be conducted i n  t h e  f i e l d .  0.5 g using a balance.  

I 
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"TCE Blank" Container.  Measure TCE in  this  con ta ine r  e i t h e r  
_. 

volumetr ica l ly  o r  g rav ime t r i ca l ly .  

250 ml beaker and evaporate  t o  dryness a t  ambient temperature  a n d  

pressure.  

Report t h e  r e s u l t s  t o  the  nea res t  0.1 mg. 

Transer  the TCE t o  a t a r e d  

Desiccate  f o r  24 hours and weigh t o  a "cons tan t  weight." 

5. Ca l ib ra t ion  

5.1 P a r t i c u l a t e  Sampling Equipment .  Maintain a l a b o r a t o r y  

log  of a l l  c a l i b r a t i o n s .  

5.1.1 Probe nozzle--Using a micrometer, measure the inside 

diameter of the  nozzle to  t h e  nea res t  0.025 mm (0.001 i n . ) .  Make 

3 sepa ra t e  measurements using d i f f e r e n t  diameters each t ime and 

o b t a i n  t h e  average of the measurements. The d i f f e r e n c e  between 

t h e  h i g h  and low numbers sha l l  not exceed 0.1 mm (0.004 i n . ) .  

When nozzles  become nicked, dented,  or corroded, they  s h a l l  

be reshaped, sharpened, and r e c a l i b r a t e d  before  use. 

Each nozzle s h a l l  be permanently and uniquely i d e n t i f i e d .  

5.1.2 P i t o t  tube. The p i t o t  tube  s h a l l  be c a l i b r a t e d  

according t o  t h e  procedure ou t l ined  i n  Method 2 .  

5.1.3 Dry gas meter and o r i f i c e  meter .  Both meters s h a l l  

be c a l i b r a t e d  according t o  the procedure ou t l ined  i n  APTD-0576. 

When a diaphragm pump i s  used, a s su re  t h a t  t he re  is  no l eak .  

5.1.4 Probe hea te r  c a l i b r a t i o n .  The probe hea t ing  system ' '  

s h a l l  be c a l i b r a t e d  according t o  t h e  procedure contained i n  APTD- 

0576. Probes constructed according t o  APTD-O5S1 need not  be 

c a l i b r a t e d  i f  the c a l i b r a t i o n  curves i n  APTD-0576 a r e  used. 
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5.1.5 Temperature gauges.' C a l i b r a t e  d i a l  and l i q u i d  f i l l e d  

bulb thermometers and thermocouple-potentiomoter systems a g a i n s t  

mercury-in-glass thermometers. Ice  bath and boi l ing  water  ( c o r -  

rec ted  f o r  barometric pressure)  a r e  accept3bl e re ference  p o i n t s .  

For o the r  devices ,  check w i t h  the  Adminis t ra tor .  

5.2 Ca l ib ra t ion  of Gaseous Hydrocarbon System. P r i o r  t o  

- 

t h e  conduct of the t e s t ,  the  hydrocarbon measurement system s h a l l  

be ca l ib ra t ed  according t o  the  procedures descr ibed in  t h i s  

paragraph. 

s t r u c t i o n s  a r e  a l s o  t o  be followed a s  requi red .  

The manufacturer 's ,  opera t ion  and c a l i b r a t i o n  in-  

5.2.1 The Geasurement system s h a l l  be p u t  i n t o  opera t ion  

and allowed t o  warm up  un t i l  s t a b l e  condi t ions  a r e  achieved. 

Zero gas ,  span 93.5; and a mid-scaie gas  mixture corresponding t o  

approximately 50% of  span s h a l l  be introduced i n t o  the  ana lyzer .  

The response t o  these  gases sha l l  be used t o  e s t a b l i s h  a c a l i -  

b ra t ion  curve o r  v e r i f y  the  manufacturer ' s  c a l i b r a t i o n  curve.  

The data  obtained i n  these  procedures s h a l l  be recorded on a form 

s i m i l a r  t o  Figure F-6. I f  the  manufac turer ' s  c a l i b r a t i o n  curve ,  

o r  t h e  expected response curve cannot be a t t a i n e d  a t  the mid- 

s c a l e  point  w i t h  an accuracy of less  than 2% of f u l l  s c a l e ,  t h e  

c a l i b r a t i o n  s h a l l  be considered i n v a l i d  and c o r r e c t i v e  measures 

I 
s h a l l  be taken. -The c a l i b r a t i o n  procedure sha l l  be repeated 

usiag only zero gas and span gas a t  the conclusion o f  t e s t  t o  

c a l c u l a t e  the  instrument zero and span d r i f t .  

5.2.2 Hydrocarbon (HC) c a l i b r a t i o n  gas mixtures s h a l l  be 

c e r t i f i e d  accu ra t e  by the gas manufacturer t o  within 2 2% o f  
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the indicated concentration. The ca l ibra t ion  analysis shal l  be 

ce r t i f i ed  traceable t o  a National Bureau o f  Standards c e r t i f i e d  

gas  concentration. 

6. Calculations - 
- 

Carry o u t  calculat ions,  retaining a t  l e a s t  one extra  decimal 

Round off f igures a f t e r  f igure beyond tha t  of the acquired data.  

f ina l  calculation. 

6.1 Nomenclature 

*" 
*S 

Bws 

B w t  

ca 

cS 

I 

"'n 

. Mw 

"'a 

'bar 

2 = Cross sectional area o f  nozzle, m2 ( f t  

= Cross sectional area o f  s tack ,  m ( f t  ) 

= Water vapor in the gas stream, proportion by 

2 2  

volume 

= water vapor  in the sample gas stream, proportion 

by volume 

= TCE blank resi'due concentration, mg/g 

= Concentration of par t icu la te  matter in stack gas, 

corrected to  standard conditions,  g/dscm (g /dscf )  

= Percent of isokinet ic  sampling 

= Total amount o f  par t icu la te  matter col lected,  

"'g . 
= Molecular weight of water, 18 g/g-mole (18 

- lb/lb-mole) 

Mass of residue o f  TCE a f t e r  evaporation, 

"'g . 
= Barometric pressure a t  the sampling s i t e ,  mm 

Hg ( in .  Hg) 

= 
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= P o l l u t a n t  mass r a t e ,  g / h r  ( l b / h r )  ’mr 

PPmv 

pS 

- 
= Parts per mi l l ion  by volume 

= Absolute s tack-gas  pressure, mm Hg ( i n .  Hg) 

= Standard absolu te  p re s su re ,  760 mm Hg (29 .92  ‘std 
i n .  Hg) 

= Flow r a t e  t h r o u g h  hydrocarbon ana lyze r ,  cm/min ‘ h  
(cfm) 

R = Ideal gas cons t an t ,  0.06236 mm Hgm3/0K-mole 

(21.83 i n .  Hb-ft3/oR-1b-n,ole) 

= Absolute average dry gas  meter temperature Tm 
( see  Figure F-2) ,  OK (OR) 

= Absolute temperature o f  hydrocarbon sample a t  Th 
f low meter,  O K  (OR) 

= Absolute average s t ack  gas temperature (see Ts 
Figure F-2) ,OK ( O R ) .  

= Standard absolu te  temperature ,  293’K (528’R) 

= Volume o f  TCE, blank ml 

= Volume of TCE used i n  wash, ml 

= Volume of hydrocarbon sample gas ,  cm ( c f )  

= Total volume of l i q u i d  c o l l e c t e d  in  impingers 

Ts td  

va 

’h 

v l C  
and s i l c a  gel  ( s e e  F i g u r e  F-5, ml . )  

v m  = Volume of gas  sample a s  measured by dry gas  
1,. 

meter, dcm ( d c f )  

: I -I ‘ 1  
i .  
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= Volume of gas sample measured by the dry gas 

meter corrected t o  standard conditions,  - dscm 

(dscf ) .  

"m ( s t d  ) 

- 
= Volume of water col lected in  par t icu la te  catch,  

"PC 
m l  

= Volume of water vapor in  the  gas sample 'w( s t d )  
corrected t o  standard 'conditions,  scm ( s c f ) .  

"wt(s td)  = Volume of water vapor i n  sample gas corrected 

vS 

'a 
AH 

pa 

P W  

0 

13.6 

60 

100 

t o  standard conditions,  scm, ( s c f )  

= Stack gas velocity,  calculated by Method 2 ,  

Equation 2-7 using data obtained by th i s  method, 

m/sec ( f t / s e c )  

= Weight' of residue i n  TCE wash, mg 

= Average pressure d i f f e ren t i a l  across the o r i f i c e  

meter (see Figure F-Z), mm H20 ( i n .  H20) 

= Density of TCE, mg/ml (see label on b o t t l e )  

= Density of water, g/ml (0.00220 lb/ml) 

= Total sampling time, min. 

= Specif ic  gravity of mercury 

= sec/min 

= Conversion to  percent ! *  
6.2 i a r i i c u l a t e  Calculations. '. 

6.2.1 

pressure d r o p .  

Average dry  gas meter temperature and average o r i f i c e  

See data sheet (Figure F - 2 ) .  
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6.2.2 t lydrocarbon Ana lyze r  Sample  Volume 

v h  = (9,) (') (-) T s t d  (-) 'bar (1-BWs) - 
Th ' s td  

'bar - 
Th 

= Z (Qh)(o) (-) ('-Ews) *Equat ion  F-1 

where :  

Z = ,386 metric uni ts  

= 17.65 e n g l i s h  units 

*Note: E q u a t i o n  F-1. The term must be e s t i m a t e d .  Use 
Equa t ion  F-4-1 fo r  Bws and assume V h  t o  be  d r y  gas. 

6.2.3 Dry g a s  volume. Correct the sample  volume measured  

by the d r y  g a s  meter t o  s t a n d a r d  c o n d i t i o n s  (20' C ,  760 mm Hg o r  

68' F, 29.92 i n .  H q )  b y - u s i n g  E q u a t i o n  F-1. 

+ A H  

' s td  

ba I- 
T s t d  13.6 ) t V h  

'm(std)  = "in (T) ( 

Pbar + AHi13.6 
Equa t ion  F-2 = K V, Tm ) "h 

where:  

K = 0,3856 'K/mm Hg fo r  metric un i t s  

= 17.65 O R / i n .  Hg f o r  E n g l i s h  units 

6.2.4 Volume o f  w a t e r  v a p o r .  

' 1  
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pvt RT *Equation F-3-1 
"wt(s td)  = ( V l c  + Vfh) (7) % 

- 
where: 

3 

3 
K = 0.00134 m /in1 foe  metric u n i t s  

= 0.0472 f t  /ml for Eng l i sh  u n i t s  

y jo t e :  Equation F-3-2 f o r  use when t h e r e  i s  \.rater conden- 

sat ion i n  t h e  n a r t i c u l a t e  ca t ch .  

6.2.5 Moisture conten t .  

"w( s t d  1 Equat ion F-4-1 - v  j "m( std 1 + ("w(std)  n 
E 

Bws 

- "wt(s td)  
B,t - Y!l(std! + V w t  

6.2.6 TCE b l a n k  concent ra t ion .  
"a = -  

'a "a pa 

.*Equation F-4-2 

Equation F-5 

6.2.7 TCE wash b l a n k .  

'a = ( 'a) ( Vaw) f'd 

6.2.8 Total  p a r t i c u l a t e  weight.  

Equation F-6 

Determine the t o t a l  p a r t i c u l a t e  

ca tch  from the  sum of t h e  weights obtained from con ta ine r s  1 a n d  2 I less 

the  TCE blank (see Figure F-5). 

6.2.9 P a r t i c u l a t e  concent ra t ion .  

= (0.001 g/mg) (mn/Vm(, td)  1 Equation F-7 
cS 

*l{ote: Equation -F-4-2 for use when t h e r e  i s  water condensat ion I n  
the p a r t i c u l a t e  ca t ch .  
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6.2.10 Conversion fac tors :  

To From - 
3 scf ni 

Mult iply by 

0,0283 
- 

- 

g/f t3 g r / f t3  15 .4  - 
g / f t 3  1 b / f t 3  2.205 x 10-3 

g / f t 3  g/m3 35.31 

6.2.11 Isokinetic v a r i a t i o n .  

6.2.1.1 Calcu la t ions  from raw d a t a .  

Equation F-8 

where: 
3 ' K = 0.00346 nun Hg-m / m l - " K  f o r  me t r i c  units 

3 
= 0,00267 i n .  Hg-ft / m l - " R  f o r  English units 

6.2.11.2 Calcu la t ions  from in te rmedia te  values .  

100 Ts 'm(std) 'std I =  v F) A n  Ps  60 ( l -Bw)  Tstd s 

where: 

K = 4.323 f o r  metr ic  units 

= 0.0944 f o r  English uni t s  
. .. . 
'B, = Bws o r  B w t ,  as  appropr ia te  

Equation F-9 
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6.2.11.3 Acceptable r e su l t s .  If 90% - < I - < 110%, the 

resu l t s  are acceptable. 

the standards and  I i s  beyond the acceptable range, the Administrator 

may option t o  accept the r e su l t s .  

judgments. Otherwise, r e j ec t  the r e su l t s  and repeat the t e s t .  

I f  the resu 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 to  set  isokinet ic  flow i s  necessary 

because the hydrocarbon sample gas does n o t  pass t h r o u g h  the 

o r i f i ce  meter in the sampling t r a in .  

must be compensated for  or  the i sokine t ic  sampling veloci ty  will 

not be correct.  

t o  be sampled by the hydrocarbon system (V, )  and to  add t h i s  

volume t o  t h e  vaiume o f  moisture to  be collected by the sampling 

t r a in .  The hydrocarbon .sample gas, s imilar  t o  moisture content,  

does n o t  pass t h r o u g h  the o r i f i c e  meter. 

water volume i s  used i n  the calculat ion t o  determine the iso-  

kinetic sampling r a t e .  

moisture content used in C fac tor  nomograph (Figure 22 of APTD- 

0576) can be calculated.  

improved upon. a f t e r  an i n i t i a l  t e s t .  

The o r i f i c e  meter volume 

The simplest apprgach i s  t o  determine the volume 

The result ing pseudo 

If the nomograph i s  used, the pseudo 

This estimated moisutre content can be 

6.3.2 Average the ppm by volume readings o f  gaseous hydro- 

carbons f o r  each t raverse  point and calculate  the average concen- 

t ra t ion.  

be used t o  calculzte  the mass emission r a t e  of  hydrocarbons as 

methane by using Equation F-8. 

The stack area and the velocity data from Method 2 can 

pmr = 0.67 x lo6 (FV) (v, )  ( A S )  Equation F-10 
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. . .  Zero'zrd %:n Dr i f t  C a t a '  

. .  
. . .  - ' @ e r a t o r  S i t e  Location 

. . . .  . . . .  I Date:' 
I 

x 100 ' 

Absolu:;? ':?i!i? o f  Ci.f?erence 
Instruzent Span 

o f  Span = 

*Corrzctcd :or z w o  dri::, i . e . ,  i f  zcrb ciri:t over test per iod  i s  + 2  c?n 
t h e n  2 c x  s S a l l  be s u b t r z c t z d  from t h e  d i f f e r e n c e  be twen t h e  i n i t i a l  
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- . .  . ' .  . .  
De?.? o f  T e s t  

- 
Analyzer Tyc? S/N 

S?<:n G;.s C:r,cci:ti-c!tiX 0 pn 
. .  

. . .  . .  

Analyr2r S p n  S e t t i c g  FPm 

. .  . 1  seconds 

seconds 

. .  

. .  

. . . .  
Upscale 2 

3 secocds . , 

Averzge upscale.  rcsponse seconds 

. . . .  
. .  . .  

. . . .  . .  
. .  . ': 1 seconds ,.. 

. .  

. .  

. .  Doxnscal e ,~ 2 seconds 

3 seconds . . . .  

Average 6ov;nscal e response seconds 
. .  

Systca response t i ~ 2  = s1ov:er averace t im = seconds. 

. . .  .. 

I 
I 

.. 
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WEIGHT OF PARTICULATE COLLECTED, 
CONTAINER mg 

NUMBER ~ 

FINAL WEIGHT TARE WEIGHT C'EIGHT GAIN 

1 . . .  

2 

3 

. .  
Ruii NO. I 

FINAL 

INITIAL 

LIQUID COLLECTED 

TOTAL VOLURlE COLLECTED 

IMPINGER SILICA GEL 
VOLUME, WEIGHT. 

ml. 9 

9' ml 

Weight. o f  par t icu la te  
Less acetone b l a n k  

VOLUME OF LIQUID 1 ' WATER COLLECTED 
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Da :e 
- . .  

Analyzer Type S/ll 

Hi$] R s ~ g e  Cks Conc. . % F u l l  S c a l e  

K i d  Ranse Gas Coni.  . %  F u l l  S z a l ?  

Lo:.r RanSe G P S  Conc. ' % F u l l  S c a l e  

Zero Gas % F u l l  S c a l e  
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POM FIELD DATA AND CALCUJATED EMISSIONS 

POM Sampling and Analyses  Using 
t h e  S p e c i a l  POM Sampling T r a i n  G- 1 

POM F i e l d  and Laboratory Data G- 14 

C a l c u l a t e d  Sampling Resul ts  f o r  
POM Runs G-25 
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APPENDIX G 

POM S A M P L I N G  A X D  A N A L Y S I S  USING T H E  
S P E C I A L  POM SAILIPl.ING TRAIN 

Background 

Several years ago. the need for sampling and analysis of polycyclic organic material (POM) 
arose on several programs at Battelle. At that time the best available technology for sampling for 
POM appeared to be some version of the EPA Method 5 particulate sampling train. Use of the 
Method 5 sampling train produced inconsistent POM emission data and led Battelle staff to ques- 
tion the suitability of using this train for POM sampling. As a result, Battelle developed a POM 
sampling train that retains many of the features and components of the Method 5 train, but which 
incorporates an additional element that serves to collect the majority of the POM in the gas 
sample. 

Sampling for POM with the POM Sampling Train should be a straightforward procedure for 
those already familiar and skilled with the operation of a Method 5 train for particulate collection. 
The POM sampling procedure utilizes the existing Method 5 train, but  also includes a 
chromatographic adsorbent device (referred to as the adsorbent sampler). This additional compo- 
nent, and its auxiliary equipment, increases the time required for setup. and requires some ad- 
ditional precautionary measures over those associated with particulate sampling alone. but the ad- 
ditional effort and skill required to obtain a meaningful POM sample is not appreciable and the 
reliability of the POM data ohtained is significantly increased. 

Sampling System 

The POM Sampling Train, as shown in Figure G-I, consists of a Method 5 train with an ad- 
sorbent sampler located between the filter and the impingers. Immediately after leaving the hot 
filter, the gas sample passes into the cooling coil (120 x 0.8 cm) of the adsorbent sampler, and then 
passes through a Pyrex frit and into a cylindrical column of Tenax adsorbent (7 x 3-cm diameter). 
The cooling coil and Tenax adsorbent are maintained above the water dewpoint by means of a 
thermostated circulating water bath. Thus, the incoming gases are cooled to maintain adsorbent ef- 
ficiency, yet the adsorbent is maintained at a temperature which precludes condensation of water 
vapor present in all combustion effluents. The gases leaving the sampler are drawn through im- 
pingers and a Drierite trap, dry gas meter. and leakless vacuum pump (as in Method 5 sampling). 

With the system, POM emissions can be determined from the analysis of the probe wash. filter 
catch, and adsorbent sampler catch. The impingers are only used to cool and dry the stack gases 
before they enter the dry-gas meter. Laboratory tests. reponed later. have shown that the probe. 
filter, and adsorbent sampler retain a l l  the POM. and that the POM can be recovered during 
analysis. 
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Details of POM Absorber 

A schematic representation of the adsorbent sampler is shown in Figure G-3. The heat ex- 
changer section consists of 120 cm (4 feet) of 8-mm Pyrex tubing wound in approximately eight 
coils. The adsorbent is retained by an  extra coarse Pyrex frit and a spring loaded glass wool plug, 
as shown; Tenax (35/60 mesh) is routinely used in the adsorbent trap of the adsorbent sampler. 
The dimensions of the adsorbent section are 15-mm radius and 70-mm length. The 28/12 Pyrex 
joint on the inlet to the sampler is compatible with the fittings commonly used in commercial EPA 
Method 5 sampling trains; the 15-mm Solv-Seal joint at  the sampler outlet provides an  efficient 
vacuum seal during sampling. ( A  28/ 12 Pyrex joint could be used at the sampler outlet.) A vacuum 
hose coupling between the front sampler outlet and the impinger inlet is sufficient. 

Adsorbent Sampler Temperature 

The collection efficiency of the adsorbent sampler is dependent on the temperature of the ad- 
sorbent material. The optimum temperature of the adsorbent should be as low as possible without 
condensing large quantities of water vapor (present in most stack gases) and plugging the adsor- 
bent device. Generally, this temperature is 20 to 25 F ( I O  to 15 C) above the dewpoint of the stack 
gases. For sampling gases that would consist primarily of vented air or products of combustion of 
fossil fuels it has been found that 125 F to 130 F (52 to 55 C) is a satisfactory adsorbent 
temperature. Of course. the adsorbent temperature is to be maintained at the predetermined 
temperature throughout the run to insure a continuous high POM collection efficiency. 

Auxiliary Equipment 

To maintain the adsorber at a temperature above the dewpoint. a thermostated controlled 
water bath is used. A IO-P/min pump circulates water to the absorbent sampler from a 4-P reser- 
voir. An acquastat is used to control a 450-watt heating element to maintain the water 
temperature. For stack gas temperatures u p  to at least 550 F (300 C) and sampling rates of 0.6 
scfm (0.017 NmJ/min) to 0.75 scfm (0.021 Nm”/min), the heat loss from the water circulating loop 
to the ambient surroundings generally is greater than the heat gain from the stack gases to the 
water, so i t  usually is necessary to supply auxiliary heat to the water loop. Although unlikely. 
depending upon the conditions under which a sample is collected (at high stack temperatures 
and/or  high ambient temperature), it may be necessary to cool the circulating water to maintain 
the desired temperature. A simple calculation of the heat transfer between the gas sample and rhe 
circulating water will determine whether or not cooling is needed. If cooling is needed. an  ad- 
ditional cooling coil could be inserted between the adsorbent sampler and the reservoir. 
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Sampling 

Sampling with the P O M  Sampling Train i s  conducted in essentially the same manner as 
sampling with the EPA Method 5 sampling train. The one difference between operation of these 
two sampling trains is that, in using the Battelle P O M  Sampling Train. i t  i s  desired to maintain the 
probe and filter temperature at 350 F (versus the 250 F when using the €PA sampling train). 
Maintaining the probe and filter at 350 F prevents condensation and/or adsorption of SO3 and 
P O M  on these components (followed by destructive reaction o f  SO3 with POM). Instead o f  being 
caught by the probe and filter. the P O M  passes through these components and is retained in tho 
absorbent sampler. 

When sampling for POM. the stack gases are sampled isokinetically as described in Method 5 .  
(Isokinetic sampling i s  desired because some o f  the P O M  may be physically associated with par- 
ticulate in the gas stream.) The pressure drop associated with the flow of stack gases through the 
adsorbent device may interfere with maintaining an isokinetic sampling rate throughout the run. 
therefore it i s  usually a good idea to reduce the calculated nozzle size in order to reduce the flow 
rate and. thus, the pressure differential across the sampler. 

Sample Recovery in the Field 
and Sample Preservation 

Polycyclic organic materials are readily photooxidized in the presence of ultraviolet light (and 
possible visible light). Thus, the sampling train should be protected from sunlight and a l l  other ul- 
traviolet sources. both during and alter sample collection. Also, some organic compounds which 
are collected by the adsorbent sample may have an appreciable vapor pressure. and care must he 
exercised to minimize losses of such materials. T o  prevent loss of POM by photooxidation. ;I 

heavy dark cloth i s  placed over the exposed sampling train glassware during sampling. Immediatc- 
l y  after sample collection i s  completed. the adsorbent sampler is sealed with ball-joint and Solv- 
Seal stoppers and the f i l ter  and adsorbent sampler are stored in  a cool light-l‘rec container for 
transport to the analytical lab. 

The probe and glassware up to the filter (including the l i l tc r  holdcr) i ire wished with acetone 
followed hy methylone chloridc’: these solvcnts :ire ‘I)istillcd-in-(ilass’ quality or hcttcr. ‘I‘he solu- 
t ion and p;trticulate in i i t ter  from the prohc riiisc arc stored i n  a dark (aniher) $l;iss hottlc prior to 
analysis and kept cool. 

*To minimize evaporative sample loss during solvent extraction. solvents with very low hoiling poinls arc uscd 
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Sample Extraction and Recovery 

Sample recovery from the POM Sampling Train for POM analysis involvcs cxtriiction (11 
three separate portions of the total sampling train: 

(I) Probe and glassware up to the filtcr 
(2)  Filter 
( 3 )  The adsorbent sampler. 

Initial recovery of Item (I) is done in the field (Le.. the probe is washed as descrihcd abovc). whilc‘ 
Items (2) and (3)  are most conveniently cxtracted in the laboratory. 

Sample Recovery from the Probe Wash 

The probe wash (a solvent and particulate mixture) is agitated for I hour in an ultrasonic bath 
before filtering off the solvent with a Whatman No. 40 filter. 

Sample Recovery from the Filter I 

Organic material is extracted from the filter by means of Soxhet extraction with methylene 
chloride (‘Distilled-in-Glass’). or by ultrasonic agitation with methylene chloride followed by filtra- 
tion using a Whatman No. 40 filter. While both methods have been found to be equally sdtisfac- 
tory, ultrasonic extraction is somewhat faster. 

Sample Recovery from the Adsorbent Sampler 

Great care must be taken not to expose the adsorbent sampler to polar solvents such as 
methylene chloride or acetone, since the Tendx adsorbent is readily soluble in these solvents. Our 
experience has shown that is it preferable to extract the adsorbent sampler with a low boiling point 
hydrocarbon such as pentane (‘Distilled-in-Glass’). 

T o  extract the adsorbent sampler, the two stoppers are first removed, and the extraction ap- 
paratus assembled, as shown in Figure G-4, under yellow safe-lights. A double surface water cooled 
condenser is preferred, the distilling flask is of 250-ml capacity. The adsorbent sampler is extracted 
with ‘Distilled-inGIass’ pentane. An initial volume of 180 ml is usually necessary since there is an 
appreciable solvent holdup during extraction. The samplers are extracted with the continuous ex- 
traction apparatus for 24 hours, and it is normal to experience a small loss of pentane during this 
period. The extraction apparatus is then disassembled and the pentane extract stoppered and 
stored in darkness. 
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Thus. three extracts are obtained from the adsorbent sampler-Method 5 sampling train: 

(I) Acetone and methylene chloride probe extract 
(2) Methylene chloride filter extract 
(3) Pentane adsorbent sampler extract. 

These extracts are sealed and kept in darkness while awaiting analysis. 

Reactivation of Adsorbent Sampler 

Following extraction, air is drawn through the sampler with an aspirator to remove most of 
the remaining pentane solvent. The sampler is then dismounted by withdrawing the stainless steel 
spring with a hooked spatula. removing the stainless steel perforated disk. discarding the glass 
wool plug, and emptying the almost dry Tenax into a clean glass container. The adsorbent sampler 
body is cleaned by blowing with compressed air to remove any trace materials and then rinsed with 
the following solvents in the order given: 

(I) Methylene chloride 
(2) Chromic acid 
(3) Water 
(4) Acetone 
(5) Methylene chloride 
( 6 )  Pentane. 

The sampler is then sealed with clean stoppers prior to refilling with activated Tenax. 

Used pentane extracted Tenas may be reactivated and thoroughly cleaned by placing it in an 
oven at 200 C under nitrogen flow in a glass tube for 24 hours. New Tenax may be similarly 
prepared by first Soxhlet extracting with pentane for 24 hours and then heating under nitrogen. I t  
is generally desirable to maintain a small supply of activated Tenax, and to reactivate the adsor- 
bent from six or more samplers at one time. 

An adsorbent sampler is prepared by filling the adsorbent section with activated Tenax to 
within 3/4 inch of the top of the sampler while agitating the sampler with an electrical vibrator. A 
clean glass wool plug is then inserted into the neck, followed by a perforated stainless steel disk 
and the stainless steel retaining spring. The sampler is then sealed with the appropriate 28; I 2  ball- 
joint and 15-mm Solv-Seal stoppers and is ready to use. 

Analysis of Extracts 

The three extracts from the probe, filter, and absorbent samples, may be analyzed separately 
for POM compounds. or they may be combined and a single POM analysis performed on the total 
sample. 

Internal standards are added to the combined extracts from each sampling train prior to 
volume reduction by rotary evaporation and Kuderna-Danish evaporation. The extract is sub-  
jected to a Rosen-type liquid chromatography separation' in order to isolate the POM fraction 
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before carrying out gas chromatographic-mass spectrometric (GC-MS) analysis. Gas 
chromatographic separation is achieved using a 14-foot x 2-mm. 2% perccnt. Dcxil 300 column 
programmed from 170 C to 350 C at 4 C m i n ~ ' .  Separation of the benzpyrene isomers is routinely 
accomplished using a one loot I % N.N'-Bix (p-methoxy-benzylidene)-a,a'-bi-p-toluidine column 
isothermal at 130 C. Mass spectrometric analysis is carried out with a Finnigdn 1015 quadrupole 
mass spectrometer with a chemical ionization source: methane is routinely used as the carrier and 
reagent gas. Data acquisition is accomplished with a System Industries 150 data acquisition 
system, and quantification of the POM compounds present is accomplished using a Digital PDP8 
computer. 

This mass spectrometric-computer quantification procedure makes use of specific absolute ion 
currents. The bases for the quantification procedure is to initially obtain the computer 
reconstructed gas chromatogram and mass spectrum in the normal fashion: this reconstructed gas 
chromatogram is then displayed on the CRT terminal and an overlay for the protonated molecular 
ion of the POM of interest is superimposed. This overlay represents the ion current corresponding 
to that specific POM molecular weight plus I mass unit. I f  there is an area in the reconstructed gas 
chromatogram where the overlay indicates that this mass number is prevalent. the mass spectrum 
of this peak is displayed on the CRT unit, and the presence of the POM may be confirmed. If the 
POM is found to be present at a correct relative retention time to the internal standards. the com- 
puter then sums the ion current due to all important ions in the POM's mass spectrum which 
represents the area of the peak of interest. Quantification of each POM is achieved by ratioing its 
ion current to that of an internal standard of known concentration. The relative ionization efficien- 
cies of the internal standards and many POM species were previously determined. and the ap- 
propriate factor is used in quantification. 

This quantification technique overcomes the problems associated with interfering or overlap- 
ping peaks and poor base-line separations since these interfering species usually have different 
molecular weights. Isomeric compounds such as pyrene and fluoranthrene which have the same 
molecular weight can be quantified easily since they are very adequately separated by gas 
chromatography and their order of elution is known. 

In order to obtain optimum sensitivity during the gas chromatographic-mass spectrometric 
analyses, the ionization voltage must ge adjusted at various stages during the analysis. This adjust- 
ment necessitated the incorproation of three internal standards so that an internal standard would 
elute between each ionization adjustment. The internal standards chosen were 9-methylanthrdcene, 
9-phenylanthracene, and 9.10-diphenylanthracene. It  was fortuitous that 9,IOdiphenylanthracene 
elutes almost coincident with the benz(a)pyrene/ benz(e)pyrene isomers, giving a very accurate 
marker when searching for these important compounds. The relative retention times of other POM 
species to  one or more of the internal standards are generally sufficiently well known to permit 
specific compound identification when the mass spectra are displayed. 

This ion integration technique has proven to be far superior to GC for the analysis and quan- 
tification of POM due to its very high selectivity; it also offers a very significant advantage in speed 
of data handling. 
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Laboratory Validation Studies 

Preliminary experiments were 'carried out in order to determine the most suitable solvent for 
extraction of the adsorbent sampler. Extraction was attempted with methylene chloride. acetone, 
methyl alcohol, p-dioxane. pentane, cyclohexane. benzene, and toluene; only saturated hydrocar- 
bons proved entirely suitable, on account of partial Texan solubility in more'polar solvents. Pen- 
tane was found to be the most suitable solvent, its high volatility minimized sample loss during ex- 
traction. The relatively low extraction efficiency of pentane is overcome by means of continuous 
solvent extraction for a period of over 24 hours, as described above. 

Laboratory validation studies were performed on the absorbent sampler component of the 
POM Sampling Train. These validation studies involved setting up an  adsorbent sampler, to 
collect air drawn through a 500 F (260 C) tube furnace. A precisely measured quantity of 
polynuclear compounds in a few microliters of methylene chloride solution was then injected into 
the inlet of the adsorbent sampler, and heated air was passed through the system for at  least an 
hour. Following solvent extraction of the sampler, a suitable internal standard was added, and 
analysis for the spiked polynuclear compound was made by GC-MS analysis. 

initial validation experiments involved sampling and recovery of measured quantities of 
anthracene; during this work the temperature of the sampler was allowed to rise to approximately 
200 F (93 C), but quantitative anthracene recovery was always obtained. 

Subsequent validation experiments were carried out with the sampler at 130 F (55  C) using 
pyrene, chrysene, perylene, benz(ghi)perylene, and coronene; these compounds are representative 
of commonly encountered POM species. Ten thousand ng of each of these compounds was 
separately sampled over a 2-hour time period; following pentane extraction and addition of inter- 
nal standard, each POM compound was quantified by GC-IMS using specific absolute ion current 
integration, The results of several representative laboratory validation experiments are given in  
Table G-I. 

TABLE G-I. RECOVERY OF POM FROM ADSORBENT SAMPLER 
Integration by CC-MS 

Sample #1 Sample #2 Sample #3 
Soiked Average Average Average 

I I - 
POM (ng) % Recovery % Recovery % Recovery 

Pyrene 10,000 91 t 3  98 i 4  104 t 4 

Chrysene 10,000 90 t 5 92 t 5 106 t 5 

Perylene 10.000 91 2 4  105 +_ 5 102 t 6 

Benz(ghi)perylene 10.000 101 t I O  IO6 I I O  103 t 7 

Coronene 10,000 80 t 7 92 t 8 100 t 14 
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As part of an EPRI-supported programI2’, a further series of validation runs was conducted. 
Clean air was passed through a Pyrex chamber that was electrically heated to about 392 F (200 C). 
So2, No,, and water vapor were added to the air stream a t  each of several selected concentrations. 
Quantities of pyrene, chrysene, benzoic acid, terephthalic-acid, I ,  2, 3, 4-tetrachloronaphthalene 
(TCN), and 2, 2’, 5, 5’-tetrachlorobiphenyl were added to the air stream. The entire gas stream was 
passed through the sampler, which was operated at three temperatures: 13 I F (55 C), 154 F (68 C), 
and 180 F (82 C), and the percent recovery of the spiking material was determined. 

For the two POM compounds included in this study (pyrene and chrysene), the average per- 
cent recovery for all tests was 73 and 63, respectively. The range of individual values for percent 
recovery was 20 to 100 for pyrene and 18 to 337 for chrysene. For both compounds the average 
percent recovery decreased slightly, with increasing temperature of the adsorbent column as 
follows: 

Column Temperature 
154 F (68 C) 131 F (55  C) 180 F (82 C) 

Pyrene 71 73 69 
Chrysene 69 65 61 

Thus, results of this study showed that adsorbent column temperature did not have a significant 
effect on POM collection. 

Field Calibration of Higher Adsorbent Column Temperature 

Because the high moisture content of the exhaust stream from one asphalt roofing plant blow- 
ing still required that the adsorbent column be run at 175 F (79 C) to avoid condensation, a 
parallel run with two sampling trains was made on the exhaust stream from an asphalt roofing 
plant saturator. Comparing the results of the POM data from these parallel runs showed that the 
high-temperature column (175 F, 79 C) did not collect nearly as much POM as was collected in the 
low-temperature column (130 F, 54 C). The ratios of POM collected in the low-temperature 
column to that collected in the high-temperature column are: 

Compound 
Anthracene/ pnenanthrene 
Methyl anthracenes 
Fluoranthene 
Pyrene 
Methyl pyrenelfluoranthene 
Chrysenei benz(a)ant hracene 
Methyl chrysenes 
Benzo fluoranthenes 
Benz(a)pyrene 
Benz(e)pyrene 
Perylene 

Ratio 
57 

585 
160 
60 
59 
25.4 
2.34 
0.94 
I .24 
0.95 
0.053 

These data (from only one run) suggest column temperature is an important factor in POM sam- 
pling, and also that a higher-temperature column will retain heavier (higher molecular weight) 
POM compounds more effectively than light POM compounds. 
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A N A L Y T I C A L  DATA , 

COMINENTS: 

SAhlPLlNG LOCATION 

LABORATORY RESULTS I 

C0NTAI:iER c ACETOHE WASH OF I iOZZLE. PROBE. CYCL0:IE (BYPASS), 
FLASK, FRONT HALF O F F I L T E R  HOLDER 

J->l9> 

tare 0.j7L FO g 
FILTER HUUBER 

ne t  

CONTAINER rg 

i 

FRONT H A L F  SUBTOTAL r g  

BACK H A L F  r 

IhIPIfiGER CONTENTS AH0 YiATER YlASH OF 
IMPINGERS, COtitIECTORS, AliO BACK 
HALF OF FILTER HOLDER 

ACETONE \'/ASH OF I!APIfiGERS, COf!IIECTORS. 
AND BACK H A L F  OF FILTER HOLDER 

CONTAINER rS 
ETHER-CHLOROFORld 

EXTRACTiON r 5  

CONTAINER r: 

BACK H A L F  SUBTOTAL r? 
I I 

I 1 T O T A L  I'IEIGHT rg 
Rinse 

m l  m l  volumes 
FA0 I STU R E 

. m l  m l  -1 

7 .  D 
9.z . .  

SILICA GEL 
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-7: :? FINAL WEIGHT 5cJ;z E e 
--- e .  e 

NET WClCllT zq.r e e. TOTAL i,';I)ISTURE 3 j-6 .. r 
INITIAL GEIGIIT g 

EPA ihi) 231 
4/12 
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A N A L Y T I C A L  DATA 

UAlt 

SAlrlPLlNG LOCATION . 

SAIAPLE BOX NUEBER ’ 

,, I 
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I - 
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FLASK, FRONT HALF OF FILTER HOLDER 

JUL-60 
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net 

FILTER tIUiilBER 

( 

BACK H A L F  

IhlPItIGER CONTENTS AN0 BATER WASH OF 
IIAPINGERS, COIIHECTORS. AIiO BACK 
HALF OF FILTER HOLDER 

ACETONE \‘(ASH OF ILiPII:GERS, COIINECTORS, 
AND BACK HALF OF FILTER HOLDER 

Rbse 

I LABORATORY RESULTS 

CONTANER r?! 

I 
CONTAINER =g 

‘g 1 FRONT H A L F  SUBTOTAL 

CONTAIHER 
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EXTRACTIOII 1 
CONTAINER c: 

BACK H A L F  SUBTOTAL r! I 
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T O T A L  Y/EIGtIT rz ‘ 1 

1 

I 
I 

ml L l  . m l  ml m l  yolurPes- 
MDl STU RE 

6 ml 3 2 m 1  - . m l  4 5  6 m e1 ..& 1 INPINGERS 1 JJ+ 2 
FINAL voLur,;E 1/8, m l  
INITIAL VOLUSE r n ~  d a 
NETVOLUI,:E Ik m l  . r n l  ml - ml m l  . --ml 

-- ._ . 

SILICA GEL 
FINAL BiElGHT I / q q , - ’ P  g K 
INITlAl. KEICIIT q7r g - e  .--E 
NET WEIGHT 2 q.Lg E e. TOTAL IXJISTURE c‘ .. I 

EPA (Ouri 231 
4 /72  
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Polycvclic Orrsnic i k t t e r  Lnzlyses 

correspondence i s  the best  approach t o  analyzing the to t a l  number of 
polycyclic organic matter (PO:,;) samples. 
needed in  other  areas of the sample analyses program, we have decided 
on the following POI4 analyses to  be perforned: 

We agreed with you a n d  Pete t h a t  Item 2 o f  ycur October 31, 1975, 

Hor:ever, due to  emphasis I 
Item I.  GC-MS f o r  a l l  POM compounds b u t  reporting the sum 

of Benzo ( a )  pyrene (BaP) and Benzo (e )  pyrene 
(BeP). 

This  analysis  i s  t o  be conducted on the following POM samples: 

';rT-aob -457 1. One i n l e t  PO!4 sample from Celotex, F a i r f i e l d ,  Ala. 
-39 ,  -2. 

~ J , ~ - O O ~  - s o y  -3. 
)/s,5,c~7- -4.  
y 575-340' - , o b  -5.  One o u t t e t  POi.1 sample from Elk Roofing, Stephens, Ark. [ r q J  -'@-dl 

(I-/)-@-.'?) 

( I - ? )  - 6 - q )  
One o u t l e t  POI4 sample from Certain-Teed, Shakopee, Minn.u-u - 7 . i - !  
One o u t l e t  Poi4 sampie from Celotex, F a i r f i e l d ,  Ala. 
One Outlet  Po:t sample from Celotex, Los, Angeles, Calif .( /--J - 0 . 7 '  

One blank POI4 sample from Celotex, Los, Angeles, Cal i f .  
1 ~ ~ , ~ - , ~ ~ - / G - 6 .  One blank PdM sample from E l k  Roofing, Stephens, Ark .  

e j. ,s71-eo7-09b 7 7 .  

Cost of analysis  f o r  each sample i s  estimated t o  range 
between $550 t o  $600. 

Item 11. GC-MS f o r  a l l  POM compounds b u t  reporting BaP and BeP 
as separate polynuclear aromatic hydrocarbons in  
addition t o  t h e i r  sums. 

This analysis  is  t o  be conducted on the following POM samples: 

h'&?--oo6- 111-1.'  One i n l e t  POM sample (POI\!-3) from E l k  Roofing, Stephens, Ark. a-,).--.f--C) 
(2.Z) - { / - 7 )  

One 125" i n l e t  POI! sample from Certain-Teed, . . . . Shakopee, . . I y I i m .  (2-7)- f i ,< '  
One 175" i n l e t  POI4 sample from Certain-Teed, Shakopee, Minn. wd- ".'I 
One blank Poi4 sample from Celotex, Fa i r f i e ld ,  A1.a. 

Cost of  analysis  fo r  each sample is estimated t o  range 

- - s ~ , ~ - ' ~ ~ ~ -  3 . & 7 * . . 4 e . . l ! 3  err-2. One i n l e t  POI4 sample from Celotex, Los Angeles, Calif.. 
- o c b  -J;?.-3. 

Y.575- o'L-'3s - 4 .  
\ / 5 7 $ - ~ 6 -  4 r ~  ';7 5. 

- .  .. --. 
.: ' I  

' between $650 to  $700. 

'I- 

- 
i 

In sumnary twelve (12) runs wi l l  be analyzed f o r  polycyclic 
organic matter a t  an approximate cos t  o f  $7200. dopefully these 
data will support the p ro jec t ' s  needs, however as you have pointed 
out ,  i t  i s  possible t h a t  the EaP r e su l t s  may be below the detectable  
levels, b u t  the  carcinogenic Poi4 l eve ls  may be high, tlius validating 
the need f o r  acquis i t ion of additionai data. , 

Continuous Data Analyses 

1. flame Ionization Detector (FID) Data 

A. Record data from s t r i p  char ts  by sampling loca t ion ,  date ,  
run, por t ,  time, and t raverse  point. A numerical (N )  
average along with a maximum and minimum value sha l l  be 
tabulated fo r  each t raverse  point.  Only data col lected 
d u r i n g  the actual par t icu la te  r u n  t i nes  sha l l  be t rea ted  
i n  this manner and reported i n  the Sumary Section of the 
Report. 

Example: Table FID 



G-22 

quantification EPA Sample 
Notation Number 

I1 

I2 

13 

I4 

I5 

I6 

' I7 

* 2-1 
2 -2 

2-3 

2-4 

2-5 

S75-006-497 

S75-006-341 

S75-006-504 

575-007-056 

575-006-106 

S75-006-155 

S75-007-096 

S75-006-112 
s75-006-113 

s75-007-055 

S75 -006- 329 

S75-006-335 

575-006-489 

c 

* 1/64 of sample analyzed 
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CALCULATED SAMPLING RESULTS FOR POM RUNS 
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POM Computer Test Results 
Summary (English Units) 

Test Point !. 3 
TE'iT 7 C T F  ?/l? 4113 

. _ _  

Metric Units 
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POM Computer Test Results 
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POM Computer Test Results 
(Continued) 
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APPENDIX H 

PARTICLE SIZE TESTING 

Report  of " P a r t i c l e  S i z e  Sampling a t  Asphal t  H- 1 
Roofing P l a n t s "  
(The r e p o r t  reproduced i n  t h e  f i r s t  p a r t  of 
t h i s  appendix was prepared by t h e  Monsanto 
Research Corpora t ion  under a s e p a r a t e  
EPA c o n t r a c t . )  

Sampling T e s t  Log H-48 

Bat te l le  Comments on P a r t i c l e  S i z e  R e s u l t s  H-53 
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SECTION I 

PARTICLE SIZE TESTING 

On September  8 t h r o u g h  1 2 ,  1375, p a r t i c l e  s i z e  d i s t r i b u t i o n  
t e s t s  were c o n d u c t e d  a t  Cer t a in -Teed  C o r p o r a t i o n ,  Shakapee ,  
Minnesota .  The t e s t s  were c o n d u c t e d  b y  D .  L .  Harris o f  
Monsanto Research C o r p o r a t i o n  t o  p r a v i d e  d a t a  f o r  t h e  E m i s -  
s i o n  S t a n d a r d s  and E n g i n e e r i n g  D i v i s i o n ,  Emiss ion  Measurements 
Branch o f  t h e  EPA. 

P a r t i c l e  s i z e  d i s t r i b u t i o n  t e s t s  employing  a Brink@ BMS-11 
cascade i m p a c t o r  were conduc ted  on  t h e  i n l e t  and o u t l e t  o f  one 
c o n t r o l  i n c i n e r a t o r ,  and  t h e  i n l e t  a u c t  o f  a second c o n t r o l  
i n c i n e r a t o r ,  which a re  used  t o  c o n t r o l  e m i s s i o n s  from a s h i n g l e  
s a t u r a t o r  and  c o a t e r  l i n e .  Four r u n s  were conduc ted  a t  t h e  
i n l e t  d u c t  o f  each i n c i n e r a t o r  and a s i n g l e  r u n  was conduc ted  
a t  t h e  o u t l e t  d u c t .  The t e s t  p o i n t s  are i d e n t i f i e d  as T P 1  and 
TP3,  b o t h  i n l e t s ,  and T P 2 ,  an  o u t l e t .  The run t imes r a n g e d  
from f i f t e e n  t o  s i x t y  m i n u t e s  a t  t h e  i n l e t s  and 1 3 0  m i n u t e s  a t  
t h e  o u t l e t .  A summary of t h e  t e s t  r e s u l t s  i s  g i v e n  i n  T a b l e s  
1 t h r o u g h  1 8 .  

It was r e c o g n i z e d  i n  t he  p r e p a r a t i o n s  for t h e  t e s t  t h a t  t h e  

mater ia l  t o  b e  sampled would most l i k e l y  be  a n  a e r o s o l  o f  or- 
g a n i c  mater ia l  r e s e m b l i n g  a l i g h t  motor o i l .  . F o r  t h i s  r e a s o n  
a number o f  aluminum f o i l  c u p s  were f a b r i c a t e d  t o  f i t  t h e  pans  
i n  t h e  Brink@ i m p a c t o r .  These aluminum cups  were preweighed  
i n  t h e  l a b o r a t o r y  and s h i p p e d  t o  t h e  t e s t  s i t e  w i t h  t h e  

1 
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sampl ing  equ ipmen t .  The exposed  pans  were t h e n  hand c a r r i e d  
back  t o  t h e  l a b o r a t o r y  a f t e r  t h e  t e s t  and  r ewe ighed .  It i s  
n o t  known whether  t h e  o r g a n i c  material t h a t  was c o l l e c t e d  was 
s tab le  enough t o  remain i n  t h e  pan u n t i l  r e a c h i n g  t h e  l a b o r a -  
t o r y  t o  be  weighed .  It i s  p r o b a b l e  t h a t  v o l a t i l e  materials 
were l o s t  due  t o  e v a p o r a t i o n .  A s  a r e s u l t ,  t h e  p a r t i c l e  s i z e  
d i s t r i b u t i o n  d a t a  may b e  i n v a l i d .  

Sampl ing  and  A n a l y t i c a l  P r o c e d u r e s  

A t  all t h r e e  t e s t i n g  l o c a t i o n s  t h e  t e s t s  were c o n d u c t e d  b y  

sampl ing  f o r  a g i v e n  p e r i o d  o f  time unde r  i s o k i n e t i c  c o n d i t i o n s  
a t  a s i n g l e  p o i n t  i n  t h e  d u c t .  The sampl ing  p o i n t  i s  s e l e c t e d  
by d e t e r m i n i n g  t h e  a v e r a g e  v e l o c i t y  o f  t h e  d u c t  f rom v e l o c i t y  
t r a v e r s e  d a t a  a n d  s e l e c t i n g  a p o i n t  i n  t h e  d u c t  where t h a t  
a v e r a g e  v e l o c i t y  o c c u r s .  T h i s  i s  r e f e r r e d  t o  as  "probe  i m m e r -  
s i o n  d e p t h "  on t h e  f i e l d  d a t a  shee t s  i n  t h e  Appendix o f  t h i s  

r e p o r t .  I s o k i n e t i c  s ampl ing  r a t e s  a re  e s t a b l i s h e d  a c c o r d i n g  
t o  t h e  i n s t r u c t i o n s  p r o v i d e d ' w i t h  t h e  sampl ing  d e v i c e .  T h i s  
b a s i c a l l y  i s  done by s e l e c t i n g  a n o z z l e  s i z e  t h a t  w i l l  main- 
t a i n  t h e  f l o w  r a t e  t h r o u g h  t h e  sample r  a t  a p p r o x i m a t e l y  . 0 5  
c u b i c  f e e t  p e r  minu te  w h i l e  t h e  v e l o c i t y  t h r o u g h  t h e  n o z z l e  i s  
m a i n t a i n e d  a t  t h e  v e l o c i t y  of t h e  stream b e i n g  sampled .  The 
i m p a c t o r  i t s e l f  i s  a c a l i b r a t e d  o r i f i c e ,  and  a f t e r  a p p r o p r i a t e  
c o n v e r s i o n s  f o r  t he  d i f f e r e n c e  i n  t e m p e r a t u r e  and p r e s s u r e  
between t h e  s t a c k  g a s e s  and t h e  i m p a c t o r  g a s e s ,  t h e  AP ( p r e s -  
s u r e  d r o p  a c r o s s  t h e  i m p a c t o r )  i s  s e l e c t e d  from the  c a l i b r a -  
t i o n  c u r v e .  

1 
i 
I 

L 
I 
I 
s 
d 

a 

P r i o r  t o  t h e  s ta r t  o f  e a c h  s a m p l i n g ,  t h e  s a m p l e r  i s  c l e a n e d  3 
f 
I 

and a s sembled .  The p r o p e r  s i z e  n o z z l e  i s  a s sembled  on a n  
a p p r o p r i a t e  p r o b e  l e n g t h  a n d  t h e  p robe  c o n n e c t e d  t o  t h e  i n l e t  
o f  t h e  glass  c y c l o n e .  The  o u t l e t  o f  t h e  c y c l o n e  i s  c o n n e c t e d  

. . . . . . . . . .  .- ..... . . . . . . . .  
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d i r e c t l y  t o  t h e  f i r s t  s t a g e  o f  t h e  i m p a c t o r ,  and  downstream 
o f  t h e  l a s t  i m p a c t o r  s t a g e ,  an a b s o l u t e  f i l t e r  o f  p y r e x  wool 
i s  i n s t a l l e d .  The a s sembly  i s  t h e n  c o n n e c t e d  t o  t h e  vacuum 
pump. The s a m p l e r  i s  t a k e n  t o  t h e  sampl ing  l o c a t i o n  and  
h e a t e d  t o  p r e v e n t  c o n d e n s a t i o n  o f  moisture  i n  t h e  t r a i n .  The 
n o z z l e  i s  p o s i t i o n e d  a t  t h e  s a m p l i n g  p o i n t  and  sampl ing  i s  
commenced by a d j u s t i n g  t h e  c o n t r o l  v a l v e  t3 m a i n t a i n  the  
p r o p e r  AP on t h e  manometer. After  sampl ing  f o r  t h e  p r e d e t e r -  
mined l e n g t h  o f  t i m e ,  t h e  f l o w  i s  s t o p p e d ,  and  t h e  p robe  re -  
moved f rom t h e  s t a c k .  The sa!npler i s  t h e n  t a k e n  t o  t h e  c l e a n -  
up area. 

The sampl ing  t ime i s  d e t e r m i n e d  by  e x p e r i e n c e  and t r i a l  and 
e r r o r .  The s a m p l i n g  time on t h e  f i ? s t  rvn  i s  estimated and  
when t h e  r u n  i s  f i n i s h e d  t h e  p a n s  are o b s e r v e d  f o r  c o l l e c t e d  
mater ia l .  The sampl ing  t i m e  f o r '  s u b s e q u e n t  runs i s  t h e n  
a d j u s t e d  d e p e n d i n g  on t h e  amount of mater ia l  c o l l e c t e d  on t h e  
f i r s t  run .  If t o o  l i t t l e  mater ia l  i s  c o l l e c t e d  on t h e  i m p a c t o r  
pans  t h e  s a m p l i n g  time must  b e  i n c r e a s e d .  

Clean-up and  sample  c o l l e c t i o n  i s  a c h i e v e d  b y  c o o l i n g  and 
d i s a s s e m b l i n g  t h e  i m p a c t o r ,  removing  t h e  c o l l e c t i o n  p l a t e s  o r  
s u b s t r a t e s ,  and p l a c i n g  them i n  p l a s t i c  c o n t a i n e r s  f o r  s h i p -  
ment back  t o  t h e  l a b o r a t o r y .  The i m p a c t o r  i s  t h e n  c l e a n e d  
t h o r o u g h l y  w i t h  me thy lene  c h l o r i d e  s o l v e n t .  The f i n a l  f i l t e r  
i s  removed and p l a c e d  i n  i t s  c o n t a i n e r  f o r  sh ipmen t .  The 

n o z z l e ,  p r o b e ,  c y c l o n e ,  and  c y c l o n e  c a t c h  b o t t l e  i s  t h o r o u g h l y  
washed w i t h  me thy lene  c h l o r i d e  a n d  a l l  o f  t h e  washings were 
saved  f o r  s u b s e q u e n t  a n a l y s i s .  

Upon a r r i v a l  a t  t h e  l a b o r a t o r y  t h e  aluminum c o l l e c t i o n  pans  
were rewe ighed  t o  d e t e r m i n e  . t h e  amount o f  ma te r i a l  c o l l e c t e d .  
The f i n a l  f i l t e r  was a l s o  weighed and  i t s  we igh t  g a i n  de t e r -  

mined. The me thy lene  c h l o r i d e  washes from t h e  p robe  and 
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c y c l o n e  and s u b s e q u e n t  s tages  were e v a p o r a t e d  i n  a t a r ed  con- 
t a i n e r  and  t h e  we igh t  o f  r e s i d u e  was d e t e r m i n e d .  

D i s c u s s i o n  

f 
1 
f 

The f o u r  r u n s  conduc ted  a t  T P 1  were conduc ted  on September  9 
and  1 0 ,  1975 .  Run TP1-1 was f i f t e e n  m i n u t e s  l o n g .  There 
a p p e a r e d  t o  b e  i n s u f f i c i e n t  mater ia l  c o l l e c t e d  on t h e  sub- 
s t r a t e s ,  and  i t  was d e t e r m i n e d  t h a t  t h e  f i f t e e n  minu te  r u n  
t i m e  was too s h o r t .  Runs TP1-2 and TPl-3 were e x t e n d e d  t o  
t h i r t y  m i n u t e s .  On September  9 ,  s h i n g l e  material  was b e i n g  
p roduced ,  however,  on September  lC, t h e  p r o c e s s  l i n e  was 
changed t o  t h e  p r o d u c t i o n  o f  + i n c h  s rn r t e r  roll r o o f i n g .  The 
d a t a  shown on Run TP1-4 was o b t a i n e d  on September  lo., w h i l e  

t h e  l i n e  was p r o d u c i n g  t h e  roll r o o f i n g  material .  Upon c l e a n -  
up o f  t h i s  r u n  i t  was n o t i c e d  t h a t  t h e  l o a d i n g  i n  t h e  impac- 
t o r  pans  a p p e a r e d  t o  be l i g h t ,  t h e r e f o r e ,  when t h e  o t h e r  
i n l e t ,  T P 3 ,  was sampled t h e  r u n  d e s i g n a t e d  T P 3 - l  was ex tended  
t o  1 h o u r .  I n  c l e a n i n g  t h i s  r u n  i t  was d i s c o v e r e d  t h a t  t h e  
l o a d i n g s  were a l s o  v e r y  l i g h t .  Based on t h i s  p h y s i c a l  o b s e r -  
v a t i o n ,  i t  was d e t e r m i n e d  tha t  i f  t h e  i n l e t s  were l o a d e d  s o  
l i g h t l y  w h i l e  r o l l  r o o f i n g  was b e i n g  p roduced ,  t h a t  i t  might  
take s e v e r a l  h o u r s  of r u n n i n g  on t h e  o u t l e t  t o  g e t  s u f f i c i e n t  
data.  The o u t l e t  was, t h e r e f o r e ,  n o t  sampled w h i l e  r o l l  
r o o f i n g  was b e i n g  p roduced .  It was a l s o  n o t i c e d ,  i n  t h e  two 
i n l e t  r u n s ,  TP1-4 and T P 3 - 1 ,  t h a t  t h e  bot tom s t a g e s  of  t h e  

i m p a c t o r  a p p e a r e d  t o  b e  loaded more h e a v i l y  t h a n  t h e  uppe r  
stages and  t h e y  a l s o  seemed t o  be l o a d e d  more h e a v i l y  t h a n  
p r i o r  r u n s .  T h i s  g e n e r a l l y  i n d i c a t e s  a h i g h e r  l o a d i n g  o f  
smaller p a r t i c l e s .  

On Sep tember  11, TP3-2 ,  TP3-3, and TP3-4  were c o n d u c t e d .  I 
I These r u n s  were conduc ted  w h i l e  s h i n g l e  mater ia l  was b e i n g  
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produced  on t h e  l i n e  and  each were a 30 minu te  d u r a t i o n  r u n  
t ime. A l l  i m p a c t o r  pans  on each r u n  a p p e a r e d  t o  have  c o l l e c t e d  
a weighable amount of mater ia l .  

On September  1 2 ,  Run TPZ-1, on t h e  o u t l e t ,  was c o n d u c t e d .  
After s t a r t i n g  t h e  r u n ,  t he re  were s e v e r a l  shutdowns by the  
p l a n t  t h a t  c a u s e d  l o n g  d e l a y s  i n  t h e  s a m p l i n g .  Dur ing  one 
d e l a y  a t  t h i r t y  m i n u t e s  i n t o  t h e  sampl ing  r u n ,  the  i m p a c t o r  
was cooled and i n s p e c t e d  and there  was a b s o l u t e l y  no a p p a r e n t  
c o l l e c t i o n  on any  of t h e  i m p a - t o r  p a n s .  A t  t h e  c o n c l u s i o n  o f  
t h e  130  minu te  r u n ,  t h e r e  were j u s t  v e r y  s l i g h t  amounts  o f  mate- 
r i a l  o b s e r v e d  on  some o f  t h e  p a n s .  It was c o n c l u d e d  a t  t h i s  
p o i n t  t h a t  a n  u n r e a s o n a b l e  amount o f  time would b e  r e q u i r e d  t o  
c o l l e c t  s u f f i c i e n t  mater ia l  f o r  a n a l y s i s .  No f u r t h e r  s ampl ing  
was, t h e r e f o r e ,  conduc ted  a t  t h i s  o u t l e t .  

The a n a l y s i s  o f  t h e  data i l l u s t r a t e s  some p e c u l i a r i t i e s .  The 
we igh t  o f  material c o l l e c t e d  from t h e  aluminum pans  from a l l  
r u n s  a re  shown i n  T a b l e s  1 - 9 .  The  weip;hts v a r y  be tween 1 t o  
2 . 4  mill igrams o f  material and t h e  m a j o r i t y  a re  i n  t h e  1 . 3  
mill igram r a n g e  and a p p e a r  t o  b e  q u i t e  un i fo rm.  The samples ,  
however,  were o b s e r v e d  a t  t h e  t i n e  o f  t h e i r  c o l l e c t i o n  by 
v i s u a l  o b s e r v a t i o n  t o  v a r y  t o  q u i t e  a n  e x t e n t .  S t r a n g e l y  
enough t h e  h i g h e s t  l o a d e d  pans  were from t h e  run  conduc ted  on 
t h e  o u t l e t  of t h e  i n c i n e r a t o r .  T h i s  r u n ,  however ,  was t h e  one 
t h a t  was observed i n  t h e  f i e l d  t o  be t h e  l e a s t  l o a d e d .  A con- 
c l u s i o n  t h a t  c a n  be drawn f rom t h i s  o b s e r v a t i o n  i s  t h a t  mate- 
r i a l  c o l l e c t e d  on t h e  o t h e r  r u n s  and o b s e r v e d  on t h e  pans  
i m m e d i a t e l y  a f t e r  s a m p l i n g  c o u l d  have been m o s t l y  l i g h t  hydro- 
c a r b o n s  or o r g a n i c  ma te r i a l  that e v a p o r a t e d  o r  was o t h e r w i s e  
l o s t  d u r i n g  t h e  t i m e  be tween s a m p l i n g  and a n a l y s i s  and material 
c o l l e c t e d  from t h i s  r u n  c o u l d  have been  less  v o l a t i l e .  To f u r -  
t h e r  emphas ize  t h i s  h y p o t h e s i s ,  n o t e  t h a t  t h e  t e m p e r a t u r e  o f  
t h e  s t a c k  on t h e  o u t l e t  run was 54OOP wh i l e  t h e  t e m p e r a t u r e  
of t h e  gases a t  t h e  i n l e t s  were 200-220OF. Obvious ly  t h e r e  

5 



would have been fewer  l i g h t  hydroca rbons  c o l l e c t e d  as p a r -  
t i c u l a t e  o r  a e r o s o l  a t  t h e  o u t l e t  s t r e a m  due t o  t h e  h i g h e r  
t e m p e r a t u r e .  S i n c e  h i g h e r  b o i l i n g  m a t e r i a l s  were c o l l e c t e d  
a t  t h i s  sample p o i n t ,  l ess  would have been l o s t  i n  t r a n s i t .  
As p o i n t e d  o u t ,  t h e s e  w e i g h t s  a r e  h i g h e r  t h a n  t h o s e  o f  t h e  

c o l l e c t e d  m a t e r i a l  at  t h e  i n l e t s .  These f a c t o r s  e n f o r c e  o u r  
b e l i e f  t h a t  t h e s e  data  are n o t  u s e f u l .  

To f u r t h e r  e n f o r c e  t h e  a s sumpt ion  t h a t  h i g h e r  b o i l i n g  l i q u i d s  
were c o l l e c t e d . a t  t h e  o u t l e t  o f  t h e  i n c i n e r a t o r ,  t h e  data 
from t h e  methylene  c h l o r i d e  e v a p o r a t i o n s  can  be compared. 
These d a t a  a r e  added t o  t h e  pan w e i g h t s ,  i n c l u d e d  i n  t he  c a l -  
c u l a t i o n s ,  and i l l u s t r a t e d  i n  T a b l e s  10-18. If t h e  m a t e r i a l  
p a s s i n g  t h r o u g h  t h e  impac to r  were v o l a t i l e  o r  low b o i l i n g ,  
n o t  a l a r g e  q u a n t i t y  or p e r c e n t a g e  o f  t h e  t o t a l  c a t c h  would 
e x i s t  as  condensat ;  or be d e p o s i t e d  on t h e  walls and c o l l e c t e d  
i n  t h e  washings .  I f ,  however, h i g h  b o i l i n g  l i q u i d s  d i d  e x i s t  
i n  t h e  h i g h  t e m p e r a t u r e  s t a c k ,  more material would be depos- 
i t e d  as a l i q u i d  on t h e  c o o l e r  impacto:. walls. The ave rage  
p e r c e n t  o f  t o t a l  c a t c h  t h a t  was washed f rom t h e  walls o f  t h e  

impac to r  a f t e r  Run TP2-1 was 6 2 % .  The  o v e r a l l  ave rage  p e r c e n t  
c a t c h  i n  t h e  washings from t h e  r e s t  o f  t h e  r u n s  was 4 6 % .  

U n f o r t u n a t e l y ,  t h e  e v a p o r a t i o n  p r o c e d u r e  t h a t  i s  used  on t h e  

wash s o l v e n t  i s  s u s p e c t e d  t o  c a u s e  l o s s e s .  The normal t e c h -  
n i q u e  f o r  p a r t i c l e  mass d e t e r m i n a t i o n  i n  a s o l v e n t  i s  t o  
e v a p o r a t e  t o  d r y n e s s  i n  a t a r e d  c o n t a i n e r  and d e s s i c a t e  t o  a 
c o n s t a n t  w e i g h t .  T h i s  p r o c e d u r e  was fo l lowed  f o r  these sam- 
p l e s .  While t h i s  p r o c e s s  i s  good f o r  n o n s o l u b l e ,  s o l i d  par- 
t i c l e s ,  i t  i s  n o t  conducive  t o , a c c u r a t e  r e s u l t s  when d e a l i n g  
w i t h  l i q u i d  d r o p l e t s  o f  o r g a n i c  m a t e r i a l s .  A b e t t e r  method 
would be  a ch romatograph ic  a n a l y s i s  o f  t h e  l i q u i d s ,  however,  
t h i s  p r o c e d u r e  would be e x t e n s i v e  and time consuming. 
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The data  from t h e  t a b l e s  a l s o  p r e s e n t s  a n o t h e r  i n d i c a t i o n  as 
t o  t h e  i n c o n c l u s i v e  n a t u r e  of t h e  p a r t i c l e  s i z e  data.  It was 
men t ioned  t h a t  t h e  v i s i b l e  i m p r e s s i o n s  o f  t h e  l o a d i n g s  i n  t h e  
p a n s  d i d  n o t  agree w i t h  t h e  measured  r e su l t s  and  t h i s  may be  

due t o  t h e  l o s s  o f  v o l a t i l e  mater ia l s .  However, i f  v o l a t i l e s  
were l o s t ,  t h e  h igher  b o i l i n g  mater ia ls  s h o u l d  r ema in  and the  
amounts  o f  these mater ia ls  s h o u l d  v a r y  wi th  d i f f e r e n t  r u n n i n g  
c o n d i t i o n s  and t imes.  If t h e  t o t a l  d r y  c a t c h  and t o t a l  c a t c h  
i n c l u d i n g  t h e  d r y  ca t ch  and washes o f  a l l  components a re  ca l -  
c u l a t e d ,  we c a n  o b t a i n  t h e  f o l l o w i n g  i n f o r m a t i o n :  

D r y  C a t c h  T o t a l  Catch  Run T i m e  Sampler  Source  
Run No. (mg) (mg) (min)  Temp. O F  Temp. O F  

TP1-1 
TP1-2  

TPl-3 
TP1-4 
TP3-1 
TP3-2 
TP3-3 
TP3-4 
TP2-1 

6 ..05 
7 . 0 4  
6 .70 
6 .07  
6 . 2 3  
6 . 3 9  
6.08 
6 .02  
8 .15  

1 8 . 8 0  
22.92 
15 .94  
35.29 
36.96 
29 .59  
21 .78  
26.42 
36 .65  

i5 
30 
30 
30 
60 
30 

30 
30 

, 1 3 0  

200 

2 0 1  
202  

205 
2 2 5  
230 
2 2 2  
2 2 2  

223 

198 
200 
200 
200  
2 2 0  
220  
2 2 0  
220  

540 

It i s  o f  i n t e r e s t  t o .  n o t e  t h a t  on a l l  i n l e t  r u n s  ( T P 1  and TP3) 
t h e  d r y  c a t c h  i s  a b o u t  t h e  same rega rd le s s  of t h e  sampl ing  
t ime,  which va r i ed  from 15  t o  60 m i n u t e s .  Even i f  e v a p o r a t i o n  
does o c c u r  d u r i n g  t r a n s i t ,  d i f f e r e n t  r u n  t imes s n o u l d  d e p o s i t  
d i f f e r e n t  q u a n t i t i e s  o f  materials and  i f  o n l y  t h e  l ess  v o l a t i l e  
materials r e m a i n ,  t h e  r e s u l t s  s h o u l d  r e f l e c t  t h e  d i f ' f e r e n t  
amounts  of  t h e  mater ia l s .  Run TP2 on t h e  o u t l e t  shows a n  i n -  
c r e a s e  w i t h  r u n  t ime,  however,  t h e  mater ia l  c o l l e c t e d  a t  t h e  
o u t l e t  i s  n o t  t h e  same as a t  t h e  I n l e t .  1 
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The t o t a l  c a t c h  weight  f o r  t h e  i n l e t  r u n s  show a n o t h e r  t r e n d  
i n  t h a t  t h e  w e i g h t s ,  e x c e p t  f o r  TPl-4 and TP3-1  a re  n o t  t o o  
d i f f e r e n t .  The w e i g h t s  f o r  t hese  two r u n s  are a l m o s t  i d e n t i -  
c a l  even  though  TP1-4 was a 30 m i n u t e  r u n  and  TP3-1 was a 
60 minu te  r u n .  Runs TP1-4  and  TP3-1 were t h e  o n l y  r u n s  i n -  
v o l v e d  w i t h  the  roll r o o f i n g  p r o d u c t i o n ,  and t h u s  a d i f f e r e n t  
material  c o u l d  be  e m i t t e d  f rom t h e  p r o c e s s  and  c o l l e c t e d  by 
t h e  s a m p l e r .  

Thus,  based  on b o t h  t h e  d r y  c a t c h  c o l l e c t i o n  and t h e  t o t a l  
amount o f  mater ia l  from b o t h  d r y  c a t c h  and  wash ings ,  t h e r e  i s  
a n  i n d i c a t i o n  t h a t  t h e  amount of material  c o l l e c t e d  and  re -  
t a i n e d  i s  a f u n c t i o n  of  t h e  t y p e  of material and sampl ing  tem- 
p e r a t u r e s  and n o t  t h e  sampl ing  t i m e .  I n  t h e  c o l l e c t i o n  o f  
s i z e  f r a c t i o n a t e d  p a r t i c u l a t e ,  t h e  amount of  material c o l l e c t e d  
i s  p r o p o r t i o n a l  t o  t h e  r u n n i n g  time and t h e  l a r g e s t  p o r t i o n  of  
t h e  material  i s  c o l l e c t e d  o n  t h e  pans  r a the r  t h a n  i n  t h e  wash- 
i n g s .  

To summarize,  
p r o c e s s  e m i t t  

t h e r e  
ng o r  

p l e d  w i t h  a c a s c a d e  

i s  c o n v i n c i n g  e v i d e n c e  t o  i n d i c a t e  t h a t  a 
a n i c  mater ia l  as a n  a e r o s o l  canno t  b e  sam- 
impactor  s y s t e m  as c u r r e n t l y  u s e d .  The 

e v i d e n c e  i n d i c a t e s  t h a t  t h e  f i e l d  r e s u l t s  a r e  no t  r e p r e s e n t a -  
t i v e ,  and c o n s i d e r a b l e  l o s s  o f  v o l a t i l e  mater ia l  may o c c u r  
d u r i n g  s a m p l i n g ,  t r a n s i t  and s a m p l i n g  h a n d l i n g  p r o c e d u r e s .  As 
a r e s u l t ,  t h e  data p r e s e n t e d  i n  t h i s  r e p o r t  i s  n o t  r e p r e s e n t a -  
t i v e  o f  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  of t h e  g a s  streams. 
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Mr. Gene Riley 
Emission Measurement Branch 
Office of A i r  Quality Planning 

U.S. Environmental Protect ion Agency 
Research Triangle Park 
North Carolina 27711 

Dear Gene: 

and Standards 

In reviewing the d r a f t  reports  for  t he  Celotex Plant  a t  F a i r f i e l d ,  Alabama 
and Appendix H (supplied by Monsanto) f o r  Certain-Teed Products a t  Shakopee, 
Minnesota, I find i t  d i f f i c u l t  to  comprehend the t e x t  r e l a t i v e  t o  the 
pa r t i c l e - s i ze  measurements. Trying t o  explain possible  erroneous data  i s  
extremely d i f f i c u l t  with the l imited amount of information avai lable .  

It is apparent i n  reviewing the p a r t i c l e  s i z e  measurement r e s u l t s ,  Table 1 
and Table 2, t h a t  a t  both asphalt  p l an t s ,  most of the mass was col lec ted  
p r i o r  t o  the impactor (which presumably includes the nozzle, probe, and 
cyclone) and therefore  could not be c l a s s i f i e d  according t o  s i ze .  
ingly,  e i t h e r  the pa r t i cu la t e  being sampled f o r  s i z e  c l a s s i f i c a t i o n  was 
extremely large and/or the sample probe was r e l a t i v e l y  cold with respect 
t o  the s tack temperature r e su l t i ng  in vapor condensation. 

To fur ther  subs tan t ia te  the vapor condensation theory, Table 3 shows com- 
parison of mass concentration f o r  t he  two sampling techniques, ( p a r t i c l e  
s i ze  and Method 5). It i s  readi ly  apparent, espec ia l ly  a t  t he  o u t l e t s ,  
TP-2, t h a t  there  is a s ign i f i can t ly  higher mass concentration f o r  the 
p a r t i c l e  s i z e  measurement runs, compared t o  Method 5 d a t a ,  which may be 
a t t r i bu tab le  t o  vapor condensation. (A fac tor  of 22.5 f o r  the Celotex 
plant  and 6 . 7  f o r  Certain-Teed.) In addi t ion t o  possible  vapor conden- 
sa t ion  within the sample probe, i t  appears t h a t  condensation may a l s o  have 
occurred within the impactor. 

For the following discussion it i s  assumed t h a t  the impactor wal ls  did not 
equi l ibra te  t o  s tack  temperature before sampling commenced. I f  one com- 
pares the dry catch and t o t a l  catch data  tabulated i n  Table 4 ,  i t  i s  again 
apparent t ha t  the impactor stages show a s ign i f i can t  increase i n  mass a f t e r  
adding the residue from the wash. ( I t  i s  assumed t h a t  t he  t o t a l  mass i s  
the sum of the pan catch plus the wash residue.) 

Accord- 
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M r .  Gene R i l e y  June 14, 1976 

jYIZE TABLE 1. CERTAIN-TEED PARTIC 
MEASUREMENT RESULTS 

P a n  Catch T o t a l  Catch Run Time Sampler  S t a c k  
Run No. (4 (mg) Wn) Temp. F Temp. F 

TP 1- 1 

TP1-2 

TPL-3 

TP1-4 

TP3-1 

TP3-2 

TP3-3 

TP3-4 

TP2-1 

6.05 

7.04 

6.70 

6.07 

6.23 

6.39 

6.08 

6.02 

8.15 

18.80 

22.92 

15.94 

35.29 

36.96 

29.59 

21.78 

26.42 

36.65 

15 
30 

30 

30 

60 

30 

30 

30 

130 

2 00 

201 

2 02 

2 05 

225 

230 
222 

222 

223 

198 

2 00 

2 00 

200 

220 

220 

220 

220 

540 

TABLE 2. CELOTEX PARTICLE SIZE 
MEASUREMENT RESULTS (b) 

P a n  Catch T o t a l  Catch Run Time Sample r  S t a c k  
Run No. (mp) (a) Temp. F Temp. F 

TP1-1 6.54 19.12 30 115 100 

TP1-2 2.79 12.21 30 130 120 
TP1-3 3.42 19.89 45 130 115 
TP2- 1 0.506 14.15 70 135 135 

TP2-2 0.0 13.42 90 138 135 

TP2-3 0.0 15.38 12 0 140 135 

(a) 

(b) 

Data are from page  H-7 of Monsanto R e s e a r c h  C o r p o r a t i o n  d r a f t  r e p o r t  
t o  EPA. 
Data are f rom C e l o t e x  d r a f t  r e p o r t ,  T a b l e  14. 

. .  - - - .  . ... . . . . .  . . - . . . . . . . . . ~ ~~~ ... ~- I 
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Mr. Gene Riley June 14, 1976 

TABLE 3. COMPARISON OF PARTICULATE 
CONCENTRATION OF K3THOD 5 
AND PARTICLE S I Z E  MEASURE- 
MENT DATA 

Celotex Plant 
Fairfield, Alabama 

(a) Particle Size Measurements 
Run No. griacf 

Method 5 Measurements 
Run No. grlacf 

TP1-1 0.182 

TP1-2 0.115 TP1-1 0.067 
TP1-3 0.125 TP1-2 0.054 

Average 0.141 Average 0.061 

TP2 - 1 0.057 
TP2 -2 0.042 

TP2-3 0.036 
Average 0.045 

TP2-2 0.002 

Average 0.002 

Certain-Teed Products 
Shakopee, Minnesota 

TPL-1 0.301 
TP1-2 
“1-3 

0.183 
0.127 

TP1-1 0.185 
TPL-2 0.114 

I 

TP1-4 0.281 - 

TP2-1 0.087 TP2-3 0.013 
Average 0.223 Average 0.150 

Average 0.087 Average 0.013 

TP3-1 0.162 
TP3-2 

TP3-3 
TP3-4 

0.2‘60 

0.192 
0.233 

TP3-2 0.130 
TP3-3 0.268 

Average 0.2l.2 -Average 0.199 

(a) Particle Size Measurements were made during hut not necessarily 
ccncurrent with Method 5 runs. 
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Mr. Gene R i l e y  H-57 June 1 4 ,  1976 

TABLE 4 .  COMPARISON OF PAN CATCH AND TOTAL 
CATCH AS A FUNCTION OF SAMPLE TIME 

W t  of  P a n  W t  o f  T o t a l  P e r c e n t  of T o t a l  Mass 
S t a g e  C a t c h ,  mg C a t c h ,  mg Associated w i t h  Wash 

Cyclone 0.000 

1 0.940 

2 0.000 

3 0.970 

4 1.990 

5 2.340 

F i l t e r  o.300 
T o t a l  6.540 

Cyclone 

1 
2 

3 

4 

5 

F i l t e r  

Total  

0.000 

0.000 

0.000 

0.000 

0.390 

1.200 

1.200 
2.790 

RUN TP1-1, SAMPLE TIME, 
30 MINUTES 

- 

i o .  800 

1.660 

0.020. 

0.990 

3.010 

2.340 
o.300 
19.120- 

RUN TPl-2, SAMPLE TIME, 
30 MINUTES 

8.700 
0.000 

0.000 

0.720 

0.390 

1.200 

1.200 
12.210 

100.0 

43.4 

100.0 

2.0 

33.9 

0.0 

0.0 

65.8 

100.0 
0.0 

0.0 

100.0 

0.0 

0.0 

0.0 
77.2 

.. ................. 1 ... -. ..... . . -  .... ..- ..... 



Mr. Gene Riley H-58 

TABLE 4 .  (Continued) 

June 14, 1976 

~ 

Wt of Pan Wt of Total Percent of Total Mass 
Stage Catch, mg Catch, mg Associated with Wash 

cyclone 0.000 

1 0.015 

2 0.011 

3 0.008 

4 0.704 

5 1.683 

Filter 1.ooo 
T o t a l  3.421 

RUN TP1-3, SAMPLE TIME, 
45 MINUTES (Continued) 

11.730 

1.140 

0.700 

1.100 

1.720 

2.500 

1.000 
19.890 

100.0 

98.7 

98.4 

99.3 

59.1 

32.7 

0.0 

82.8 

;/ 

RUN TP2-1, SAMPLG TIME, 
70 MINUTES 

Cyclone 0.000 9.730 100.0 
1 0.005 0.700 99.3 

2 0.000 0.790 100.0 

3 0.000 0 6 020 
4 0.001 1.390 

5 0.000 1.020 

100.0 

99.9 

100.0 

Filter o.500 - 0.500 0.0 

Total 0.506 14.150 96.4 
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TABLE 4 .  (Continued) 

June 14,  1976 

Wt of Pan Wt of Total Percent of Total Mass 
Stage Catch, mg Catch, mg Associated with Wash 

Cyclone 

1 

2 

3 

4 

5 

Filter 
Total 

Cyclone 

1 
2 

3 

4 

5 
Filter 
Total 

0.000 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 
0.000 

0.000 

0.000 
0.000 

0.000 

0.000 
0.007 

0.000 
0.007 

RUN TP2-2, SAMPLF, TIME, 
90 MIms 

9.930 
1.390 

0 .390  

0.420 
1.290 

0.000 
0.000 

13.420 

RUN TP2-3, SAMPLE TIME, 
120 MINUTES 

10.800 
0.930 

0.570 
1.070 

1.270 

0.740 
0.000 

15.380 

100.0 
100.0 
100.0 

100.0 
100.0 

0.0 
0.0 

100.0 

100.0 
100.0 
100.0 

100.0 

100.0 
99.1 

0.0 

99.8 

.. . . . . . ... . . ~ . ... ._ -. 
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I t 1 
0 10 20 30 40 50 60 70 80 90 100 110 120 130 

T i m e ,  Minutes 

FIGURE 1. PERCENT OF TOTAL MASS ASSOCIATED 
WITH WALL WASH AS A FUNCTION OF 
TIME 

FIGURE 2 .  IMPACTOR STAGE WHERE CONDENSATION 
STOPS AS A FUNCTION OF TIME 
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M r .  Gene Riley June 14, 1976 

In observing the  d a t a  i n  Table 4, i t  became apparent  t h a t  t h e r e  w a s  a 
poss ib l e  r e l a t ionsh ip  between run t i m e  and t h e  amount of  m a t e r i a l  washed 
from t h e  walls r e l a t i v e  t o  t h e  t o t a l  ca t ch  (percent  of t o t a l  i n  wash). 
Figure 1 is a graph showing t h i s  r e l a t i o n s h i p .  
as time increases  the  percent  of  material on t h e  impactor walls inc reases .  
If  one r e f e r s  to  Table 4 ,  aga in ,  it is a l s o  apparent  t h a t  as mn t i m e  
increases ,  t h a t  the pan and f i l t e r  ca t ches  decrease.  

From t h e  graph i t  appears  

It seems reasonable t o  assume t h a t  when t h e  d ry  catch and t o t a l  ca t ch  a r e  
equal,  f o r  an impactor stage, condensation has  stopped a t  t h a t  po in t  i n  
t h e  impactor. It is then apparent  t h a t  as t i m e  i nc reases ,  t h e  p o i n t  of 
condensation wi th in  t h e  impactor propagates  toward the  f i l t e r .  
dep ic t s  t h e  r e l a t i o n s h i p  between the p o i n t  of condensation and time. 

Conclusion 

It has been hypothesized f o r  i n t e r p r e t a t i o n  of r e s u l t s  t h a t  t h e  impactor 
was not  completely a t  s t ack  temperature when sampling commenced. 
w i t h  t h i s  hypothesis  a r e  t h e  ind ica t ions  t h a t  some vapor condensation on 
the impactor walls and some vapor condensat ion on the  impactor o r  s u b s t r a t e  
pans occurred immediately when sampling commenced. 
t h e  hea t  from the  s t a c k  gases  w a s  qu ick ly  absorbed by t h e  pans and eventua l ly  
was absorbed by the impactor walls. 
g ress ive ly  reached s t a c k  gas temperature as a func t ion  of t i m e .  Any ma te r i a l  
which condensed on t h e  s u b s t r a t e  pans w a s  probably re-vaporized as the pan 
reached s t a c k  gas  temperature and probably recondensed on the coo le r  w a l l s .  

In  conclusion, i t  seems s u f f i c i e n t  t o  say t h a t  t h e  d a t a  a r e  probably i n  
e r r o r  and vapor condensation i n  t h e  probe, cyclone and impactor i s  a 
poss ib l e  reason al though n o t  conclusive at  this  t i m e .  
t o  say what va lue  t h e  d a t a  have but  i f  they  are suspec t ,  i t  is suggested 
that  they not  be included in  any r epor t .  
an at tempt  t o  measure s i z e  d i s t r i b u t i o n  i f  necessary.  

F igure  2 

Cons is ten t  

As time progressed,  

The pan and wall f o r  each s t a g e  pro- 

It i s  d i f f i c u l t  

Perhaps mention could be made of  

Pdul R. Webb 
Combustion Systems Sec t ion  

PRW:kb 

cc: Tom Logan 
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Aldehyde Analytical Data 
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Aldehyde Emissions Sample Calculations 
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Sample Aldehyde Calculations 

[Run, AL-TP3-1 (Inlet)] 

3 1. Volume of dry gas sampled at standard conditions(a), Nm 

x 0.0283 'b 
(T + 460)  = Vm x 17.7 x 
m 'm, std 

29.60 
= 15.60  x 1 7 . 7  x ( 7 4  + 460)  x 0.0283 

3 = 0.433 Nm . 

2. Aldehyde emissions, kg/hr 

MCHO = - HCHO -$& (m x Qs (g) x 60 (*) x (&) "m min hr mg 

= -- 4 ' 5  x 1 9 L ( b )  x 60 x = 0.119 kg/hr 0.433 

(a) 
(b) 

Standard conditions at 70 F, 29 ,92  in. Hg. 
Flow rates were obtained from particulate emission runs. 
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M.11 C U V Z W D  AYNUE CoUrMWS, OHIO 43211 - 

LI.O"AnYl. 
.LL.".T"?I 

I*,TI"U*'S 
S Y L * I D *  

O W S * I I ) L  

A R U  coos 614 

PHONL a a u s s s  
February 6 ,  1976 

FUEL TESTING LABORATORY 
liDTA.l)LI8btLD 1038 

COIL ANALIS18 
WATCR ANALYSIS 
~ A N O A R O  s a u n o w  FOR WATUR ANALYSD 

CERTIFICATE OF ANALYSlS 

LPBORATORY NO. 44667 .DA?I?'Februaj 6 ,  1976 

SUBMRlZD BY Bat te l l e  Memorial Inst i tute ,  Attn: Mr. B i l l  Baytos 

IOEMlFlCATlON Flux (unblown asphalt S75-006-301 
P. 0. No. L-6056 

Task No. 35 
Certain-Teed, Shakope, Minn. 

1 
I 
1 
I 
1 
1 
I 
1 
1 
I CATB RECEIVED AT U30RATORY Uctober 31, 1415 

. I 
I 
I' 
I 
I 
1 
I 
1 
I 

W I N A T E  ANALYSlS 
A 8  ORY 

RECEIVED SAMPLE AIR-DRIED . :FSTJr-IREO.OO < 
TOTAL M O l W J R L  % 0.03. ---- 

% 12.21 12.21 

VOLATILE M A m R  - % 87.48 87.51 

?%E3 C4RBON 

0.28 0.28 ASH 

TOTAL CABBON % 78.3 78.40 
0.31 

--- 7% 

NITBOGEN, KJaDAHL -% 0.51 
9% 3.54 3.54 - r.LPXUn--.-.- __ ---.- 

% 5.44 5.44 

-.. 
HYDROGEN 
5. T. U. PER LB. 
OXYGEN 
TREE SWELLING IiiDZX WASH FRCE--&8.700 

A S H  FUSION TEMPERaTIjRF O F  

18.642 18,648 
% 15.36 15.36 

~ - F t + u l ) y  rubmfm& 
toIBt THB" 

lNlTlAL DEFORMATION ,P a c=r- 2 -  . - T . p !  LCL - ~ t f t u L o ( D I B R  

FLUID TE?+IP!E?ANRF 

D. D. Neveu/dc 
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CEETIFICATE OF ANALYSIS 

LABORATORY NO. 44668 

BUBMlTrED BY BattelIe Memorial Institute, A t t n :  Mr. B i l l  Baytos 

I D ~ ~ F I - T I O N  Saturant Asphalt, S75-006-296 

DATE February 7 .  1976 

P. 0. No. 66056 

Task No. 35 
Certain-Teed, Shakope, Minn. 

OATB RE:EIVZD AT UBORATQRY October 31. 1975 

aTIdA'E ANALYSIS 
AS DRY 

AIR-DRIED .':'ZfURE 0.00 < REC-D SAMPLE 
0.QO --__ 7CTAL M C f 5 T d R ; ' L  % 

?b 85.14 85.14 

14.67 14.67 

% 0.19 0.19 

78.72 78.72 

3: 1.89 

VOLATILE U A T T X U  I 

FIXED CARBOX - % 

Ab: - 
U . S  

TOTAl CAREON 
MTSOGEN, KJ- 
CULPHL'P 
HYDROGEN 5.40 .d.-id 

9% 
-% 

10 501 18,501 %14165 8.1. 0. PER LB.- 
OXYGEN 14.63 
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CERTIFICATE OF ANALYSIS 

LABORATORY NO. 44669 

SU3MmEiD BY Battelle Memorial Institute, Attn: Mr. Bill Baytos 

.DAfe'February 7, 1976 

P. 0. No. L-6056 
lDEMlFlCATlOHCOating Asphalt , S-75-006-303 

Task No. 35 
Certain-Teed, Shakope. Minn. 

DATE RECZIVEE AT LASORATCRY October 31. 195 

VOLATILE MATYSR - Q 10 83.95 83.95 

F?!xED CARBON- 15.63 15.63 

TOTAL CARBON - % 78.64 78.64 
NITROGEN, KJELDAtP, % 0.09 0.09 
SULPHI.?? 2.86 
HYDROGEN % 5.45 5.45 
3. T. u. PFA tD). 18.068 18.068 
OXYGEN % 15.40 15.40 
FREE SWELLING 1NDEX- PA-.* SH W Z S ~ $ & g  

ns:i FUS~ON TEMPERATURF-~T 
aorpocthity w b m w  

m 
INITIAL DWORMA'IION -F 

FLUID TKMPSRATUR-~H 

D. D. Neveu/dc 
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3-5 - QIwcLLJnuTm 2641 CLMIAND AMNUE CCUJMBUS, OHIO 42211 _. 
LL.OI1.10.. 

I*S.nUex*l. 

AREA COEQ 614 February 6, 1976 
W O N C  L s U S O e  .... UI", 

C * L * I U  
OLAa,v..IIL 

FUEL TESTING LABORATORY 
UITABLISWLD isan 

COAL ANALYSIS 
W A M  ANALYSIS 
OTANOARD 5OLUTIONB FOR WATDR ANALYSI8 

CERTIFICATE OF ANALYSIS 

LABORATORY NO. 44666 ~ ~ f e  Februay 6, 1976 

C J I J B M ~ E L D  BY Batte l le  blemorial Ins t i tu te ,  Attn: Mr. B i l l  Bavtos 

~. -. 
Certain-Teed, Shakope, Minn. 

'OATE RECEIVED AT L480RATOiiY January 17, 1976 

A 8  DRY 
RECEIVED SAWCLE 

TOTAL M0IOTUli"- 5 0.24. ---- 
VOLATILE M A X R  - 88.61 88.82 

mXeD CARBO:I- !% 6.73 6.75 

... rn 4.42 4.43 

74.65 
0.23 0.23 

2.38 2.38 

17,36?1y 
-$ 5.M 

x 15.46 15.50 

->ad __ 10 

-? 74*47 mL 
17,325 El. 7'. U. PER LE. 

OXYGEN 
FREE SWELLING :ND9X M*AS).J F R E O Z , 1 7 2  

ASH FUSION T E M P E R A T U R L ' P  

- 
R n h l I y  rukrltkd. 
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3641 CLEVELAND AVWUE 
AREA 6008 614 
PHONE z e w m a  

COtIJMW, OHIO 43211 
February 2 ,  1976 

C Y U I C A U  
OUSSI.1C 

FUEL TESTING LABORATORY 
COAL AP(AL7BIS 
WATER ANALYSIS 

CERTIFICATE OF ANALYSIS 

LABORATORY NO. 44665 

SUBMIHED BY Battelle Memorial Institute, A t t n :  

.DA7E'Februaj 2. 1976 

Hr. B i l l  Baytos 
P. 0. No. L-6056 

IDENTlFlCATlON Recovery Oil, TP3 Afterburner S-75-M-299 
Certain-Teed, Shakope, a n n .  
Task.No. 35 

DATS RECEIVE3 AT LABORATORY October 31, 1975 

~ WXum .' -ANALYSIS 
* A 8  DRY 

RECEIVED SAMCLE AIR-DI3ED . 'VSTUR€ 0.02 % 

TOTAL M O t m U R L  

'/OLATILE M A m R  

FIXED CARBON 

ASH 

TOTAI CABBON 
NITROGEN. KJeDA& 

HYDROGEN 
B. T. U. PER L B  
OXYGEN 

FREE SWELLING INDEX M-ASH ~ ~ E e J 9 . 1 6 6  

ASH FUSION T E M P E R A T U R P ' p  

% 0.79 --- 
- 95 90.60 99.47 

--- % 0.08 0.08 

SULPHUR - _-- -.- 0 ~ 1 _ 1 5 -  1 . 7 h  

% 0.45 0.45 

-%a 77.38 
0.17 0.17 

5.33 5.37 
J 
% 

% 16.86 16.99 
-- 
R-pcthrliy wbmHkd. 

0. D. Neveu/dc 
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APPENDIX K 

F I E L D  DATA ON PROCESS PARAMETERS 
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APPENDIX K 

Process Calculat ion Procedures 

The es t imate  o f  sh ingle  produced d u r i n g  these tests and the q u a n t i t i e s  
of f e l t ,  s a t u r a n t  and  coa t ing  a spha l t  used were ca l cu la t ed  i n  a number of 
d i f f e r e n t  ways. These were encoded as  follows: 

A. 
8. 

C.  
0. 

The following formulae were used f o r  these ca l cu la t ions :  

A.  S h i n g l e  bundle counter  

Production and usage ca lcu la t ions  u s i n g  shingle bundle counter  readings 
Production and usage ca l cu la t ions  using average l ine speed d u r i n g  
sampling period 
Production and usage u s i n g  f e l t  footage counter readings 
Asphalt usage ca l cu la t ions  u s i n g  a s p h a l t  d e l i v e r i e s  and h e i g h t  
changes of  a s p h a l t  i n  s torage  tanks 

Shingle Production Rate 

60 minfhour 
2000 #/ton X Shingle  bundles 235 # / S q  

3 bundles/Square Operating Period ( m i n )  

Fe l t  Usage Rate 

. Shingle Production Rate (tons/hr) x .116 

Saturant  Asphalt Usage Rate 

. Shingle Production Rate 

Coating Asphalt Usage Rate 

. Shingle Production Rate 

Where: 

tons /hr )  x .198 

t o n s i h r ) . ~  .172 

1 )  Shingle bundles is  bundle count fo r  the t e s t  per iod,  not excluding 
per iods when sampling was not i n  progress 

2) Operating per iod i s  the  sampling time 

3) 235# i s  the design weight of  one square of the s tandard sh ingle  
(actual  weights were not  measured) 

4 )  .116 is  the design weight f r a c t i o n  o f  f e l t  i n  sh ing le  and 
corresponds t o  a weight of .455 pounds per l i n e a r  f o o t  of fe1.t 
(ac tua l  weight as  measured d u r i n g  the t e s t s  were somewhat higher, 
ranging from .476 t o  .50) 

5)  .198 is  the design w e i g h t  f r a c t i o n  of s a t u r a n t  i n  the f in i shed  
shingle 

. 6) . .- .172 . . -. is  the design weight f r a c t i o n  of  un f i l l ed  coat ing a spha l t  
i n  the f in i shed  sh ingle .  



K- 2 

6. Line Speed 

Shingle Production Rate 

x 60 min/hour . Average Line Speed (f t /min)  235 #/s 
60.. F t/.Sq ua re x 2000 #/:on -_ 

F e l t  Usage Rate 

. Shingle Production Rate ( tons /h r )  x .116 

Sa turant  Usage Rate 

. Shingle Production Rate ( tons /hr )  x .198 

Coating Asphalt Usage Rate 

. 
Where: 

Shingle Production Rate ( tons /hr )  x .172 

60 f e e t  i s  the l e n g t h  of 4 f o o t  wide f e l t  required t o  make one 
square (240 square f e e t )  of sh ingle  

C.  F e l t  Counter 

Shingle Production Rate 

60 m i n / h r  
2000 #/ton X 

. Fel t  footage used ( f t )  235 #/sq 
60 f t /sq.  Operating period (minx 

F e l t  Usage Rate 

. Shingle Production Rate ( tons /h r )  x .116 

Sa turant  Usage Rate 

. Shingle Production Rate ( tons /h r )  x .198 

Coating Asphal t  Usage Rate 

. Shingle Production Rate ( tons /h r )  x .172 
- .. ~- ~~ -. 

0. Asohalt Tank .Levels and Del iver ies  

Saturant  Usage Rate 
- . . __.. 

[ ZReduc~t-i ons in -tab k-as . .  p ha1 t 1 eve 1 s- ( f t r ;--E46 gal /f t - -x~-  7.6-#/ga 1 . .  
-- -. __ -. . -. . . ~ 

+ EDeliveries ( # ) I  + 12000 #/ton x Sampling Period (hours)]  
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Coating Asphalt Usage Rate - same procedure 

Where: 

1 )  a l l  in-process tanks a r e  i d e n t i c a l ,  w i t h  each f o o t  o f  tank 

2)  

h o l d i n g  846 ga l .  

Each gal lon o f  aspha l t  ( s a t u r a n t  o r  coa t ing)  i s  assumed t o  weigh 
7.6# a t  s torage  temperatures (420 - SOOOF). 

.. .I .. ;. . . ~.... ~. . .. .. . . . .  .. . 
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TABLE K-9. CHARACTERISTICS OF FELT ROLLS USED DURING 
EMISSIONS TESTS ON SEPTEMBER 10, 1975 

Fe 1 t c h a r a c t e r i s t i c s  

Moisture content  (%) 

Kerosene value 

F l e x i b i l i t y  

Density 

Tens i l e  

F e l t  point by dry w t  

Sca le  w t  of r o l l  ( l b )  

Length ( f t )  

F e l t  w i d t h  ( in . )  

F e l t  grade 

Roll  numbers 
SM 

65898 - 
5.6 

176 

17 

21  

47 

51 

2,242 

6,738 

.36 

50 

SM 
66425 

4.6 
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17 

15 

39 

51.5 

2,028 

5,690 

36 

50 

- 
SM 

61819 

5 . 0  

164 

20 

20 

42 

56 
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5,960 

36 

55 

- 
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64489 - 
4.5  
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14 

14 

- 
52 
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- 
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61816 
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164 

20 

. 20 

42 
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TABLE K-23. CHARACTERISTICS OF ASPKALT USED DURIER; 
SEPTEMBER 9-13, 1975* 

Softening point 
(OF) Penetration 

Saturant lU,"/ 12+1 - 
Unfi l led coating 228 ,a' 229-231kl 16.5,"/ d1 
7. Saturation 157 - 183 ,=I 157 - 17 8, 164- 18 &' 

I 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I - 

I K-43 

. 

~ 

* 

- a /  For September 11, 1975. 
- bl  For September 12, 1975. 
- c l  For September LO, 1975. 
- d l  For September 9 ,  1975. 

Data presented here were obtained from quality control 
personnel a t  plant. No additional data could be obtained. 
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APPENDIX L 

VISIBLE EMISSION DATA 

The r epor t  reproduced i n  t h i s  
appendix was prepared by the 
Monsanto Research Corporation 
under a sepa ra t e  EPA con t r ac t .  
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SECTION I 

INTRODUCTION 

Under the Clean Air Act, as amended, the Environmental Pro- 
tection Agency is charged with the establishment of perfor- 
mance standards for new installations or modifications of 
existing installations in stationary source categories ,which 
may contribute significantly to air pollution. A performance 
standard is a standard for emissions of air pollutants which 
reflects the best emission reduction systems that have been 
adequately demonstrated (taking into account economic con- 
siderations). 

The development of realistic performance standards requires 
accurate data on.pollutant emissions within the various source 
categories. This report presents the results of the testing 
which was performed at the Certain-Teed Corporation in 
Shakopee, Minnesota. 

Monsanto Research Corporation as a contractor to the Environ- 
mental Protection Agency under the "Field Sampling of Atmo- 
spheric Emissions" program was requested to provide visible 
emission data from the Certain-Teed Corporation d u r i n g  the 
period of September 9-12, 1 9 7 5 .  Visible emissions were 
tested at each of two after-burner outlet scaclts which con- 
trol shingle production line emissions and fugitive emissions 
from the saturator-coater enclosure. 

1 

.. . .. r . . .. 



The f i e l d  t e s t i n g  program was unde r  t h e  d i r e c t i o n  o f  John  '$1. 

Brown, F i e l d  T e s t i n g  S e c t i o n ,  Emiss ion  Measurement Branch ,  
EPA. The v i s i b l e  e m i s s i o n s  were o b s e r v e d  and  r e c o r d e d  by  

C h a r l e s  F.  Duncan, observer  #l, and Tommy L .  S t e w a r t ,  ob- 
s e r v e r  # 2 ,  o f  I4OnSanto Research C o r p o r a t i o n .  

The v i s i b l e  e m i s s i o n s  were d e t e r m i n e d  as p r e s c r i b e d  b y  EPA 

Method 9 as  g i v e n  i n  t h e  F e d e r a l  Regis te r ,  V o l .  39 ,  No. 2 1 9 ,  
November 1 2 ,  1 9 7 4 .  T h i s  r e p o r t  p r e s e n t s  a summary o f  t he  
v i s i b l e  e m i s s i o n  da ta  and a l l  f i e l d  d a t a  s h e e t s  a r e  i n c l u d e d  
i n  t h e  a p p e n d i x .  The measurements  made a t  t h e  i n d o o r  l o c a -  
t i o n s  were n o t  i n  e x a c t  compl i ance  w i t h  t h e  F e d e r a l  R e g i s t e r ,  
due  t o  t h e  f a c t  t h a t  i t  d o e s  n o t  make a l l o w a n c e s  f o r  i n d o o r  
r e a d i n g .  

I 
I 
I 
1 
I 
1 
1 
I 
1 
I 
1 

During  t h e  same p e r i o d s  i n  which v i s i b l e  e m i s s i o n  were b e i n g  
o b s e r v e d ,  p e r s o n n e l  from B a t t e l l e  Memorial  I n s t i t u t e  (Colum- 
b u s ,  Oh io )  were c o n d u c t i n g  s a m p l i n &  o f  t h e  e m i s s i o n s  o f  p a r -  
t i c u l a t e  (Method 5 ) ,  gaseous  h y d r o c a r b o n s  and p o l y c y c l i c  
o r g a n i c  mater ia ls .  T h i s  i n f o r m a t i o n  w i l l  b e  p r e s e n t e d  i n  a 
s e p a r a t e  r e p o r t  unde r  t h e  same EMB P r o j e c t  Repor t  No. (76-ARM- 
1 2 ) .  

2 
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SECTION I1 

SUMMARY AND DISCUSSION OF RESULTS 

The v i s i b l e  e m i s s i o n  data was r e c o r d e d  for a t o t a l  o f  n o r e  
t h a n  twen ty  h o u r s  o v e r  a t h r e e  d a y  p e r i o d ,  a t  t h e  f i f t e e n  

, second i n t e r v a l s  as s p e c i f i e d  b y  Method 9 .  Obse rve r  Tommy L. 
S t e w a r t  was c e r t i f i e d  a t  EPA V i s i b l e  Emiss ions  Course  a t  
R e s e a r c h  T r i a n g l e  Pa rk ,  Nor th  C a r o l i n a  on  September  b ,  1 9 7 5 .  
Obse rve r  C h a r l e s  F.  Duncan was r e c e r t i f i e d  a t  t h e  EPA A i -  Po l -  
l u t i o n  T r a i n i n g  I n s t i c u t e  V i s i b l e  Emiss ions  R e c e r t i f i c a t i o n  
c o u r s e  g i v e n  i n  Kansas C i t y ,  Missouri on August 4-6, 1 9 7 5 .  

A summary o f  t h e  t ime o f  o b s e r v a t i o n ,  d i s c h a r g e .  a r ea ,  p e r t i -  
n e n t  d i s t a n c e s ,  w e a t h e r  c o n d i t i o n s  and o p a c i t y  i s  p r e s e n t e d  
i n  T a b l e  1. F i g u r e s  1 and 2 a re  d iag rams  of t h e  s t a c k  and  
s a t u r a t o r - c l o s u r e  l o c a t i o n s .  The o b s e r v e r ' s  l o c a t i o n s  are  
n o t e d  on F i g u r e  1. The p l o t s  o f  t h e  o b s e r v e d  o p a c i t y  a g a i n s t  
e l a p s e d  o b s e r v a t i o n  time a re  g i v e n  i n  F i g u r e s  3 ,  4 and 5 .  
These p l o t s  are of  t h e  s ix -minu te  a v e r a g e s  o f  t h e  o p a c i t y  
r e a d i n g s .  The gaps  i n  t h e  g r a p h  a re  r e a d i n g  i n t e r r u p t i o n s  
due t o  p r o c e s s  d e l a y s  o r  r e a d e r ' s  n e e d s .  

T h e  v i s i b l e  e m i s s i o n s  o f  t h e  a f te r  b u r n e r  s t a c k s  were r e c o r d e d  
a t  zero p e r c e n t  ( 0 % )  f o r  t h e  f i r s t  cwo d a y s  o r  1 2  h o u r s  o f  

t e s t i n g .  It was n e c e s s a r y  t o  move from L o c a t i o n  9 t o  L o c a t i o n  
A t o  comple t e  t h e  r e a d i n g  o f  TP2, i n  o r d e r  t o  have t h e  s u n  a t  
t h e  back  o f  t h e  readers .  A t  L o c a t i o n  B t h e  background was t h e  
w h i t e  b r i c k  wal l ,  and  a t  L o c a t i o n  A t h e  background was b l u e  s k y .  

3 
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The s a t u r a t o r - c o a t e r  e n c l o s u r e  r e a d i n g s  are  p l o t t e d  i n  F i g u r e s  
4 and 5 .  These  measurements were made i n d o o r s  a n d ,  t h e r e f o r e ,  
are i n f l u e n c e d  by t h e  l i g h t i n g  and a i r  movements w i t h i n  t h e  
b u i l d i n g .  The s a t u r a t o r - c o a t e r  e n c l o s u r e  c o n t a i n  a series of  
8 d o o r s  and v i s i b l e  e m i s s i o n s  were o b s e r v e d  when more t h a n  one 
d o o r  was open and t 3 e  f e l t  l i n e  was moving. Door number e i g h t  
was open a l l  of t h e  t ime  t o  a l l o w  o p e r a t o r  a c c e s s  and a i r  
movement i n t o  t h e  e n c l o s u r e .  However, when any o t h e r  door  was 
opened i n  a d d i t i o n  t o  number e i g h t ,  t h e  e m i s s i o n s  were obse rved  
from one  f o o t  a r e a  a t  t h e  t o p  o f  t h e  d o o r .  The o p a c i t y  was 
5-30% from t h i s  s o u r c e  and i t  d i s p e r s e d  i n  1-5 f e e t  from t h e  
s o u r c e .  O p a c i t y  data  was r e c o r d e d  a t  door  number e i g h t  and 
n e a r  any  o t h e r  d o o r  d u r i n g  t h e  time t h a t  such  door  was o p e n .  

The b u i l d i n g  was i l l u m i n a t e d  w i t h  neon and mercury lamps ap- 
p r o x i m a t e l y  35'  above t h e  f l o o r .  The l i g h t s  were e v e n l y  d i s -  
t r i b u t e d  o v e r  t h e  c e i l i n g  area and t h u s  s u f f i c i e n t  i l l u m i n a -  
t i o n  was a v a i l a b l e  for t h e  smoke r e a d e r .  However, t h e  numer- 
ous s o u r c e s  o f  l i g h t  made i t  i m p o s s i b l e  t o  have t h e  l i g h t  
s o u r c e  a t  t h e  r e a d e r ' s  back ,  as i n  o u t d o o r  r e a d i n g  and e f f e c t e d  
t h e  angle and d i r e c t i o n  of  i l l u m i n a t i o n  between o b s e r v e r  and 
f u g i t i v e  e m i s s i o n s  s o u r c e .  Both t y p e s  o f  lamp p r o v i d e  l i g h t  
of d i ' f f e r e n t  i n t e n s i t y  and c o l o r  t h a n  normal d a y l i g h t  and ,  
t h e r e f o r e ,  t h e  d a t a  c a n  b e  h i g h e r  or lower  t h a n  t h o s e  o p a c i t y  
r e a d i n g s  t a k e n  under  normal c o n d i t i o n s  employed f o r  o p a c i t y  
t r a i n i n g  and  q u a l i f i c a t i o n .  
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APPENDIX 

)n i n c  Ides t h e  f i e l d  d a t a  shee ts  or t h e  t h r e e  d a y s  
e m i s s i o n s  o b s e r v a t i o n s .  F o r  each sampl ing  p e r i o d ,  

t h e  summary record o f  & s i b l e  e m i s s i o n  i s  f o l l o w e d  b y  t h e  
r e c o r d  o f  v i s i b l e  e m i s s i o n  d a t a  s h e e t .  
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- Date (1975) 

September 7 

September 8 

September 9 

September 10 

September 11 

September 12 

September 13 

September 14 

APPENDIX M 

BATTELLE SAMPLING CREW TEST MG 

P a r t  of crew a r r ived ;  check and rearrange scaffolding.  

S e t  up lab  clean-up a reas  i n  back of rented t rucks ;  
r e s t  of crew ar r ived .  P lace  equipment on scaf fo ld ing .  
Run prel iminary t r ave r se  and moisture determination. 

Assigned crew r e s p o n s i b i l i t i e s  0900 h r s .  
5 clean-up evaluat ion.  TP-5-1 s t a r t e d  1200 h r s .  A t  
1800 hrs begin runs TP-1-1, TP-2-1, TP-3-1, TP-4-1. 
Continued sampling d e s p i t e  storm a c t i v i t y  i n  a rea  at  
2000 h r s .  Runs completed 2130 h r s .  Closed shop a t  
2045 h r s .  (Plant  processing sh ingles . )  

P lan t  processing r o l l s  between 0800 and 1800 h r s ,  
not  sh ingles .  Conduct sample Runs 2 and 3 a t  TP-5. 
Closed shop a t  2010 h r s .  

Arrived a t  s i t e  0800 h r s .  Run No. 2 s t a r t e d  1100 hrs 
a t  TP-1, TP-2, TP-3, TP-4. Complete Run No. 2 a t  
1600 h r s .  S t a r t  Run No. 4 a t  TP-5 1700 h r s .  Closed 
shop a t  2010 h r s .  

Arrived a t  p l an t  a t  0800 hrs. Clean-up TP-3. EPA 
checking process.  
and TP-4 a t  1400 h r s .  
A t  1900 h r s  end Run 3 a t  TP-1, TP-2, TP-3, and TP-4. 
Get f l a s k  samples (Plan t  process  problems; broken 
f e l t ) .  Closed lab  a t  2130 h r s .  Pack p a r t  of equip- 
ment f o r  r e t u r n  t o  Columbus. P a r t  of crew re tu rns  
t o  Columbus. 

Arrive s i t e  0800 h r s .  Conduct simultaneous POM 
runs a t  TP-1 and TP-2 from 1419-1942 h r s .  Prepare 
f o r  aldehyde samples a t  TP-3 and TP-4, simultaneously. 
End aldehyde samples a t  1555 h r s .  Disassemble and 
pack remaining equipment. 

P a r t  of crew re tu rns  t o  Columbus. Crew t o  sample a t  
Waukegan, I l l i n o i s ,  leave by t ruck ,  c a r  and plane. 

Began Method 

(Plant  processing sh ingles . )  

Begin Run 3 a t  TP-1, TP-2, TP-3, 
Get bag samples f o r  S02/NOX. 
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APPENDIX N 

PROJECT PARTICIPANTS 

Battelle Columbus Laboratories 

R. E. Barrett, Associate Manager 
P. R. Webb, Senior Technologist 
S. E. Miller 
W. C. Baytos 
J. McNulty 
K. W. Turner 
T. C. Lyons 
P. R. Fritter 
H. G. Leonard 
F. L. Rice 
J. L. White 
E. J. Schulz 
D. Hupp 
R. Coleman 
J. A. Stetz 
J. L. Harp 
R. E. Robinson 

Coordinator 
Crew Chief 
Gaseous Measurements 
Clean-up 
Clean-up 
Particulate Measurements 
Particulate Measurements 
Particulate Measurements 
Particulate Measurements 
Particulate Measurements 
Particulate Measurements 
Particulate Measurements 
Particulate Measurements 
Particulate Measurements 
Gas Sample Collection 
Gas Sample Collection 
Gas Sample Collection 

C. E. Riley 
E. Noble 
T. Logan 

K. Ananth 

C. Duncan 
T. Stewart 
D. L. Harris 

Environmental Protection Agency 

Midwest Research Institute 

Monsanto 

Project Officer-Project Coordinator 
Project Officer-Process 
Project Officer-Sampling & Analysis 

Process Monitor 

Visable Emissions 
Visable Emissions 
Particle Size 

.. . . ___ . 




