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1 INTRODUCTION 

On March 12.  1390. I n t e r o o l l  Labora tor ies  personnel conducted a dust  

c o l l e c t o r  performance t e s t  on t h e  No. 1 Crusher Pr imary Dust C o l l e c t o r  a t  

t h e  Cyprus Northshore Min ing  F a c i l i t y  loca ted  i n  Babb i t t ,  Minnesota. On- 

s i t e  t e s t i n g  was performed by Ed Trowbridge. Mark Kaehler, Cur t  Mosser and 

E r i c h  Stefanyshyn. Coord ina t ion  between t e s t i n g  a c t i v i t i e s  and p l a n t  

opera t ion  was prov ided by Mat t  Baudek of Cyprus Northshore Mining. The 

t e s t  was not  wi tnessed by a member o f  t h e  Minnesota P o l l u t i o n  Contro l  

Agency. 

The Pr imary Dust C o l l e c t o r  t e s t e d  i s  a A l l i s  Chalmers Model #70-3 

dus t  c o l l e c t o r  equipped wi th a cyc lone precleaner.  The m u l t i c l o n e  

c o l l e c t s  dust  from t h e  No. 1 Crusher which has a ra ted  capac i t y  of 3000 

TON/HR. 

Eva lua t ions  were performed i n  accordance wi th €PA Methods 1 - 5 CFR 

T i t l e  40, P a r t  60, Appendix A ( rev i sed  J u l y  1, 1988). A p r e l i m i n a r y  

de terminat ion  o f  t h e  gas l i n e a r  v e l o c i t y  p r o f i l e  was made a t  each t e s t  

s i t e  before t h e  f i r s t  p a r t i c u l a t e  de terminat ion  t o  a l l ow  s e l e c t i o n  of the  

appropr ia te  nozz le  diameter requ i red  f o r  i s o k i n e t i c  sample wi thdrawal .  

I n t e r p o l 1  Labs sampl ing t r a i n s  which meet o r  exceed s p e c i f i c a t i o n s  i n  the  

above-ci ted re fe rence were used t o  e x t r a c t  p a r t i c u l a t e  samples s imul ta-  

neously a t  t h e  dus t  c o l l e c t o r  i n l e t  and o u t l e t  by means o f  heated glass- 

l i n e d  probes. 

Tes t ing  on t h e  dus t  c o l l e c t o r  i n l e t  was conducted from a s e t  o f  f o u r  

t e s t  p o r t s  l oca ted  4'-11" downstream and 1'-9" upstream o f  any f l ow  

disturbances. A 24-point  t rave rse  was used t o  c o l l e c t  rep resen ta t i ve  

p a r t i c u l a t e  samples. Each t rave rse  p o i n t  was sampled 2.5 minutes t o  g ive  

a t o t a l  sampling t i m e  o f  60 minutes per  run. 

Tes t ing  on t h e  dus t  c o l l e c t o r  o u t l e t  was conducted from two t e s t  

1 
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p o r t s  o r i e n t e d  a t  90 degrees on the  s tack and loca ted  3 . 4  s tack diameters 

downstream o f  anv f low d is turbance and 2.0 diameters upstream of t h e  stack 

e x i t .  A 24-point t rave rse  was used t o  c o l l e c t  rep resen ta t i ve  p a r t i c u l a t e  

samples. Each t rave rse  p o i n t  was sampled 2 . 5  minutes t o  g i ve  a t o t a l  

sampling t ime o f  60 minutes per run. A v i s i b l e  emission de terminat ion  was 

no t  performed due t o  i n t e r f e r e n c e  from t h e  secondary crusher .  

The impor tant  results o f  the t e s t  a r e  summarized i n  Sect ion  2 .  

Deta i l ed  r e s u l t s  are presented i n  Sec t ion  3. F i e l d  data and a l l  o the r  

suppor t ing  i n fo rma t ion  are  presented i n  t h e  appendices. 

2 



2 SUMMARY AND DISCUSSION 

The r e s u l t s  o f  t h e  dus t  c o l l e c t o r  performance t e s t  a re  summarized i n  

Table 1. As w i l l  be noted, the  p a r t i c u l a t e  removal e f f i c i e n c y  averaged 

7 2 . 1 % .  A v i s i b l e  emission determinat ion cou ld  no t  be performed due t o  

i n te r fe rence  from t h e  secondary crusher.  

No d i f f i c u l t i e s  were encountered i n  t h e  f i e l d  o r  i n  t h e  l abo ra to ry  

eva lua t i on  o f  t h e  samples. On the bas i s  o f  t h i s  f a c t  and a complete 

review o f  t h e  e n t i r e  data and resu l t s ,  it i s  our  o p i n i o n  t h a t  t h e  r e s u l t s  

repor ted he re in  a re  accurate and c l o s e l y  r e f l e c t  t h e  a c t u a l  va lues which 

e x i s t e d  a t  the  t ime t h e  t e s t  was performed. 

3 
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3 RESULTS 

The r e s u l t s  o f  a l l  f i e l d  and labo ra to ry  eva lua t ions  are  presented i n  

t h i s  sect ion.  Gas composi t ion (Orsat  and moisture) a re  presented f i r s t  

fo l lowed by t h e  computer p r i n t o u t  of t h e  p a r t i c u l a t e  and opac i t y  r e s u l t s .  

An Orsat ana lys i s  was no t  performed on t h e  exhaust gas, s ince  o n l y  ambient 

a i r  i s  exhausted from t h e  process. The composi t ion o f  the  gas repo r ted  i s  

the  average geophysical composi t ion o f  a i r .  The mois tu re  conten ts  

repor ted were measured as per  EPA Method 4 .  Pre l im ina ry  measurements 

i n c l u d i n g  t e s t  p o r t  l o c a t i o n s  a r e  g iven i n  t h e  appendices. 

The r e s u l t s  have been c a l c u l a t e d  on a personal computer us ing  

programs w r i t t e n  i n  Extended B A S I C  s p e c i f i c a l l y  f o r  source t e s t i n g  ca l - '  

cu la t i ons .  EPA-published equat ions have been used as t h e  bas i s  o f  t h e  

c a l c u l a t i o n  techniques i n  these proarams. The p a r t i c u l a t e  emission r a t e  

has been ca l cu la ted  us ing  t h e  product  o f  t h e  concent ra t ion  t imes  f l o w  

method. 



3.1  Resul ts  o f  Orsat  and Moisture  Analyses 
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T e s t  
No .  

Resu 

D a t e  

No .  1 
C r u s h e r  P r  i ma r y  

t s  o f  O r s a t  B Uo 

o f  run  

I D r y  b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e  . ........... 
o x y g e n .  . . . . . . . . . . . . . . . . . . .  
c a r b o n  m o n o x i d e  . . . . . . . . . . .  
n i t r o g e n  . . . . . . . . . . . . . . . . . .  

Wet b a s i s  ( o r s a t  

c a r b o n  d i o x i d e  

o x y g e n  ......... 
c a r b o n  m o n o x i  d 

I n t e r p o l 1  L a b s  R e p o r t  N O .  1 - 3 2 5 7  
C y p r u s  N o r t h s h o r e  M i n i n g  

S i l v e r  B a y .  H i n n e s o t a  

o u s t  C o l l e c t o r  I n l e t  

s t u r e  A n a l y s e s - - - - - M e t h o d s  3 B 4 ( t v / v )  

. . . . . . . . . . .  

. . . . . . . . . . .  

........... 
n i t r o g e n  . . . . . . . . . . . . . . . . . .  
w a t e r  v a p o r .  . . . . . . . . . . . . . .  

D r y  m o l e c u l a r  w e i g h t  . . ...... 
Wet m o l e c u l a r  w e i g h t  . . . . . . . .  
S p e c i f i c  g r a v i t y . .  . . . . . . . . . .  
W a t e r  mass f l o w  . ..... (LB/HR) 

Run 1 
0 3 - 1 2 - 9 1  

0 . 0 3  

2 0 . 9 0  

0.00 

7 9 . 0 7  

0 . 0 3  

20.77 

0.00 

7 8 . 5 8  

0 . 6 2  

2 8 . 8 4  

2 8 . 7 7  

0 . 9 9 4  

5 2 9  

Run 2 Run 3 
0 3 - 1 2 - 9 1  0 3 - 1 2 - 9 1  

0 . 0 3  

2 0 . 9 0  

0 .00 

7 9 . 0 7  

0 .03  

2 0 . 7 9  

0.00 

7 8 . 6 6  

0 . 5 2  

2 8 . 8 4  

2 8 . 7 8  

0 . 9 9 4  

435  

0.03 

2 0 . 9 0  

0.00 

7 9 . 0 7  

0.03 

2 0 . 7 9  

0.00 

78.66  

0 . 5 2  

2 8 . 8 4  

2 8 . 7 8  

0 . 9 9 4  

435 

FO 
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I n t e r p o l 1  Labs  R e p o r t  No. 1 - 3 2 5 7  
C y p r u s  N o r t h s h o r e  M i n i n g  

S i l v e r  B a y .  M i n n e s o t a  

T e s t  N o .  1 
No. 1 C r u s h e r  P r i m a r y  D u s t  C o l l e c t o r  S t a c k  

R e s u l t s  o f  O r s a t  8 M o i s t u r e  A n a l y s e s - - - - - M e t h o d s  3 8 4(tv/v) 

D a t e  o f  r u n  

D r y  b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e  . ........... 
o x y g e n  .................... 
c a r b o n  m o n o x i d e  . . . . . . . . . . .  
n i t r o g e n  . . . . . . . . . . . . . . . . . .  

Wet b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e  . . . . . . . . . . . .  
o x y g e n . .  . . . . . . . . . . . . . . . . . .  
c a r b o n  m o n o x i d e  . . . . . . . . . . .  
n i t r o g e n  . ................. 
w a t e r  v a p o r  . . . . . . . . . . . . . . .  

D r y  m o l e c u l a r  w e i g h t  . . . . . . . .  
Wet m o l e c u l a r  w e i g h t  . . ...... 
S p e c i f i c  g r a v i t y  . . . . . . . . . . . .  
W a t e r  mass f l o w  . . . . . .  ( L B / H R )  

Run 1 Run 2 Run 3 
03-12-91 03-12-91 03-12-91 

0.03 

20.90 

0.00 

79.07 

0.03 

20.79 

0.00 

78.64 

0.55 

28.84 

28.78 

0.994 

4 80 

0.03 

20.90 

0.00 

79.07 

0.03 

20.76 

0.00 

78.53 

0.69 

28.84 

28.77 

0.994 

570 

0.03 

20.90 

0.00 

79.07 

0.03 

20.75 

0.00 

78.50 

0.72 

28.84 

28.76 

0.994 

666 

F O  0.000 0.000 0.000 
8 
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3.2 Results o f  Particulate Loadinq Determinations' 
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I n t e r p o l 1  Labs  R e p o r t  N o .  1 - 3 2 5 7  
C y p r u s  N o r t h s h o r e  M i n i n g  

S i l v e r  B a y .  M i n n e s o t a  

I 
I 

I 
1 
I 
I 
1 
I 
I 
1 
'I 
I 
I 
1 
I 

T e s t  No. 1 
No. 1 C r u s h e r  P r i m a r y  D u s t  C o l l e c t o r  I n l e t  

R e s u l t s  o f  P a r t i c u l a t e  L o a d i n g  D e t e r m i n a t i o n s - - - - - - -  M e t h o d  5 

D a t e  o f  r u n  

T ime r u n  s t a r t / e n d . .  . . .  (HRS) 

S t a t i c  p r e s s u r e  . . . . . .  (1N.WC) 
C r o s s  s e c t i o n a l  a r e a  (SQ.FT)  
P i t o t  t u b e  c o e f f i c i e n t  ...... 
W a t e r  i n  samp le  g a s  

c o n d e n s e r  . ............ ( M L )  
i m p i n g e r s  . . . . . . . . . .  (GRAMS) 
d e s i c c a n t  . . . . . . . . . .  ( G R A M S )  
t o t  a1 . . . . . . . . . . . . . .  (GRAMS) 

T o t a l  p a r t i c u l a t e  m a t e r i a l . .  
. . . . . . . . .  . c o l l e c t e d ( g r a m s )  

Gas m e t e r  c o e f f i c i e n t  
B a r o m e t r i c  p r e s s u r e . .  
Avg.  o r i f . p r e s . d r o p . .  
Avg.  gas  m e t e r  t e m p . .  

...... 
I N .  H G )  
1N.WC) 
DEF-F) 

Volume t h r o u g h  g a s  m e t e r . . . .  
a t  m e t e r  c o n d i t i o n s  ... ( C F )  
s t a n d a r d  c o n d i t i o n s . ( D S C F )  

T o t a l  s a m p l i n g  t i m e  . . . . (  M I N )  
N o z z l e  d i a m e t e r  . . ....... ( I N )  
A v g . s t a c k  g a s  t e m p  . . (DEG-F)  

V o l u m e t r i c  f l o w  r a t e . .  . . . . . .  
a c t u a l  . . . . . . . . . . . . . .  ( A C F M )  
d r y  s t a n d a r d  ....... (DSCFM) 

I s o k i n e t i c  v a r i a t i o n  . . . . .  ( 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 . .  . 
a c t  u a 1 . ........... ( G R / A C  F') 
d r y  s t a n d a r d  . . . . .  (GR/OSCF) 

P a r t i c l e  mass r a t e  ... ( L B / H R )  

Run 1 
03-12-91 

830/ 937 

-3.90 
12.39 
.840 

0.0 
0.0 
6.0 
6.0 

8.2009 

0.9942 
28.62 
1.99 
68.0 

47.20 
45.10 

60.00 
.240 

41 

30315 
30083 

98.6 

2.78328 
2.80584 

723.499 

Run 2 
03-12-91 

954/1059 

-3.90 
12.39 
.840 

0.0 
0.0 
5.0 
5.0 

5.3199 

0.9942 
28.62 
2.02 
79.5 

48.35 
45.22 

60.00 
.240 

42 

30027 
29762 

99.9 

1.79867 
1.81541 

463.110 

Run 3 
03-12-91 

1553/1658 

-3.90 
12.39 
.840 

0.0 
0.0 
5.0 
5.0 

3.4445 

0.9942 
28.62 
2.00 
70.4 

47.70 
45.37 

60.00 
.240 

49 

30528 
29848 

100.0 

1.14485 
1.17141 

299.693 

10 



I n t z r p o l l  Labs  R e p o r t  No.  173257 
C y p r u s  N o r t h s h o r e  M l n l n g  

S i l v e r  B a y .  M i n n e s o t a  

T e s t  NO. 1 
No. 1 C r u s h e r  P r i m a r y  D u s t  C o l l e c t o r  S t a c k  

R e s u l t s  o f  P a r t i c u l a t e  L o a d i n g  D e t e r m i n a t i o n s - - - - - - - n e t h o d  5 

D a t e  o f  r u n  

T ime  r u n  s t a r t / e n d . .  . . .  (HRS) 

S t a t i c  p r e s s u r e  . . . . . .  ( 1 N . W C )  
C r o s s  s e c t i o n a l  a r e a  (SQ.FT)  
P i t o t  t u b e  c o e f f i c i e n t  . . . . . .  
W a t e r  i n  sample  g a s  

c o n d e n s e r  . . . . . . . . . . . . .  (ML)  
i m p i n g e r s . .  . . . . . . .  . ( G R A M S )  
d e s i c c a n t  . . . . . . . . . .  ( G R A M S )  
t o t a l  . . . . . . . . . . . . . .  ( G R A M S )  

T o t a l  p a r t i c u l a t e  m a t e r i a l . .  
. . . . . . . . . .  c o l l e c t e d ( g r a m s )  

Gas m e t e r  c o e f f i c i e n t  . . ..... 
B a r o m e t r i c  p r e s s u r e . .  ( 1 N . H G )  
Avg.  o r i f . p r e s . d r o p .  . ( I N . W C )  
Avg.  gas m e t e r  temp. . (DEF-F)  

Volume t h r o u g h  g a s  m e t e r . . . .  
a t  m e t e r  c o n d i t i o n s . .  : ( C F )  
s t a n d a r d  c o n d i t i o n s .  (DSCF) 

T o t a l  s a m p l i n g  t i m e . .  . 
N o z z l e  d i a m e t e r . .  . . . . .  
A v g . s t a c k  gas  temp .. 
V o l u m e t r i c  f l o w  r a t e .  

a c t u a l  . . ........... 
d r y  s t a n d a r d  . . . . . . .  

. ( M I N )  

. . ( I N )  
DEG-F) 

. . . . . .  
(ACFM) 
DSCFH) 

I s o k i n e t i c  v a r i a t i o n  . . . . .  ( % )  

P a r t i c u l a t e  c o n c e n t r a t i o n  . . .  
a c t u a l  . . .......... ( G R / A C F )  
d r y  s t a n d a r d  . . . . .  (GR/DSCF) 

P a r t i c l e  mass r a t e  . . .  (LB/HR) 

Run 1 
03-12-91 

830/ 932 

0.45 
14.05 
.e40 

0.0 
0.0 
5.0 
5.0 

1.6422 

1.0053 
28.62 
1.62 
58.4 

43.51 
42.78 

60.00 
.245 

41 

30980 
31075 

98.5 

0.59396 
0.59238 

157.783 

Run 2 
03-12-91 

954/1056 

0.45 
14.05 
.840 

0.0 
0.0 
6.0 
6.0 

1.3105 

1.0053 
28.62 
1.56 
72.5 

42.77 
40.93 

60.00 
.245 

42 

29379 
29374 

99.7 

0.49379 
0.49406 

124.394 

Run 3 
03-12-91 

t553/1655 

0.45 
14.05 
.840 

0.0 
0.0 
7.0 
7.0 

1.1013 

1.0053 
28.62 
1.84 
49.4 

45.62 
45.67 

60.00 
.245 

49 

33346 
32861 

99.4 

0.36655 
0.37210 

104.809 
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I 
1 
1 
I 
1 
1 
I 
I 
I 

I n t e r p o l 1  Labs  R e p o r t  N o .  1 - 3 2 5 7  
C y p r u s  N o r t h s h o r e  M i n i n g  

S i l v e r  B a y .  M i n n e s o t a  

T e s t  No.  1 
No.  1 P r i m a r y  C r u s h e r  

EPA M e t h o d  9* R e s u l t s  o f  O p a c i t y  O b s e r v a t i o n s  --------------- 

P e r c e n t  O p t i c a l  R e l a t i v e  
O p a c i  t v D e n s i  t v  F r e a u e n c v ( t )  

0 . 0000 
5 .0223 

10 . 0 4 5 8  
1 5  . 0 7 0 6  
2 0  . 0 9 6 9  
2 5  . 1 2 4 9  
3 0  . 1 5 4 9  
35  . 1 8 7 1  
4 0  . 2 2 1 9  
4 5  . 2 5 9 6  
5 0  . 3 0 1 0  
5 5  . 3 4 6 8  
6 0  . 3 9 7 9  
6 5  . 4 5 5 9  
7 0  . 5 2 2 9  
7 5  . 6 0 2 1  
80 . 6 9 9 0  
8 5  . a 2 3 9  
9 0  1.0000 
9 5  1 . 3 0 1 0  
9 9  2.0000 

O b s e r v e r :  C .  M o s s e r  
C e r t .  D a t e :  1 0 - 1 7 - 9 0  
D a t e  o f  O b s e r v a t i o n :  0 3 - 1 2 - 9 1  

* I n t e r f e r e n c e  f r o m  t h e  s e c o n d a r y  c r u s h e r  made i t  
i m p o s s i b l e  t o  p e r f o r m  t h i s  t e s t .  

13 
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I 
I 
I 
I 
1 
I 
1 
1 
I 
1 
3 
I 
3 
J 
I 
I 

I n t e r p o l 1  L a b s  R e p o r t  No . 1 - 3 2 5 7  
C y p r u s  N o r t h s h o r e  M i n i n g  

S i l v e r  Bay  . M i n n e s o t a  

T e s t  No . 1 
No . 1 C r u s h e r  P r i m a r y  D u s t  C o l l e c t o r  I n l e t  

R e s u l t s  o f  V o l u m e t r i c  F l o w  R a t e  Determination....... n e t h o d  2 

D a t e  o f  D e t e r m i n a t i o n  . ........... 
T ime o f  D e t e r m i n a t i o n  . . . . . . .  ( H R S )  

B a r o m e t r i c  p r e s s u r e  . ...... (1N.HG) 

P i t o t  t u b e  c o e f f i c i e n t  . . . . . . . . . . .  

Number o f  s a m p l i n g  p o r t s  . . . . . . . . .  
T o t a l  number  o f  p o i n t s  . . . . . . . . . . .  
Shape o f  d u c t  .................... 
D u c t  w i d t h  . . . . . . . . . . . . . . . . . . .  ( I N )  

D u c t  l e n g t h  .................. ( I N )  

D u c t  a r e a  . ................ (SQ.FT)  

D i r e c t i o n  o f  f l o w  . . . . . . . . . . . . . . . .  

S t a t i c  p r e s s u r e  ........... (1N.WC) 

Avg . g a s  temp ............. (DEG-F) 

M o i s t u r e  c o n t e n t  . . . . . . . . . .  ( t  V/V)  

Avg . l i n e a r  v e l o c i t y  . . . . .  (FT/SEC)  

Gas d e n s i t y  . . ............ (LB/ACF)  

M o l e c u l a r  w e i g h t  ...... (LB/LBMOLE) 

Mass f l o w  o f  g a s  . ......... (LB/HR)  

V o l u m e t r i c  f l o w  r a t e  . ............ 
a c t u a l  . . ................. (ACFM) 
d r y  s t a n d a r d  . . . . . . . . . . . .  (DSCFM) 

0 3 - 1 2 - 9 1  

800 

2 8 . 6 2  

. 84 

4 

24 

R e c t a n g u l a r  

4 3  

41 .5  

12.39 

U P  

- 3 . 9  

4 0  

0 .62  

4 0 . 1  

. 07472  

2 8 . 8 4  

133804  

29846 
29659  

J A- 1 
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INTERFOLL LABORATORIES € P A  MElHOD 5 i i 7 S A i i F i E  L E G  SHEET 

J o b  c///x x M C > M  Data 3-/2 . y /  T e s t  / Run 
.- -?surc& N # /  @,t"dr,4 //,HAL~/ No. of t r a v e r s e  p o i n t s  4 ,4 
Method 5 F i l t e r  hold&-: y''d&Cf F i  1 t e r  t y p e :  / " ~ / , + S S  F/d<X 

S a m p l e  T r a i n  Leak Check: 

& F r e t e s t :  ( 0.02 cfm a t  15 i n .  H g .  ( v a c )  
P o s t e s t :  - cfm a t  s n .  Hg. ( v a c )  

P a r t i c u l a t e  C a t c h  Data: 

N0.s of f i l t e r s  usEd: R e c o v e r y  s o l v e n t  ( 5 )  

a c e t o n e  
o t h e r  (5) 

/ 
F 0 

No. of p r o b e  wash bottles: 
Sample r e c o v e r e d  by: E- 

C o n d e n s a t e  Data: 

Weight  (g) 

Impinger  N o .  3 

I! 
L . . .. . . . ... ._ ._ .. .. .. .. . . . . . ... . . . . . _ _  ... . _ _  . .. ... . . . .. . ... . . ._ .. .. . . . . . . 

--.-̂ "--.1--1-.--_.-_ r̂____ "̂ -XII*..l.."."-ll.l̂ -I I- .,I_"_.. .... ... ". ... . . . .. . . .. . .. . . . . .. .. . . . .. . . .... .. . . . . . .. . . .. Total 

I n t e g r a t e d  G a s  Sampl ing  Data: 

Bag Pump No. Box N o .  rJ /A Bag No. 

Bag Haterial:  % l a y e r  Alumin ized  T e d l a r  Sire: 4 3  

Fretest leal :  check :  cc /min  a t  i n .  Hg. 

T i m e  s t a r t :  ( HRS ) Time end:  ( HRS ) 

Sampl ing  rate:  c c i m i n  O p e r a t o r :  

S i N  of Or. a n a l y z e r  u s e d  t o  m o n i t o r  t r a i n  o u t l e t :  - 
CF-023 

S-0046RR L-L - 
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INTEHFOLL LfiBORATORIES E F A  METHOD 5 /17  SAMPLE LOG SHEET 

Sample  T r a i n  L e a k  Check: 

F r e t e s t :  { O.OZ.cfm a t  x;. Hg. ( v a c )  
P o s t e s t :  - 4 ' c f m  a t  . Hg. ( v a c )  

F a r t i c u l a t e  C a t c h  D a t a :  

No.s of f i l t e r s  used:  Recove ry  s o l v e n t  (5) 

NO. Of p r o b e  w a s h  b o t t l e s :  / 

Sample  r e c o v e r e d  b y :  E? 

C o n d e n s a t e  Data: 

. . .. . . . . ...... .. -. . . .. ._ _ _  . .. . . _ _  . .- .. . . .. . . .. ... .. 
~ ~ , ,  i-j j; :;;.";::;.-.;;---.~-:; ~ iii: ... .. . . . .. ... .... .. . . . . .. . .. . . -. .. .. .. _...~*(. ".̂ ."._ ..̂ ., ~-." --.-" -___- ". T o t a l  

I n t e g r a t e d  G a s  Sampl ing  Data: 

Hag Pump No. B o x  No. Hag No. 

Hag Material: 5 - l a y e r  FIlLiminized T e d l a r  S i z e :  

Fretrst leal: check:  cc /min  a t  i n .  Hg. 

T i m e  s t a r t :  (HRS) T i m e  end :  ( HRS ) 

Sampl ing  rate:  ccimin O p e r a t o r :  

S/N of 0, Analyze r  used to m o n i t a r  t r a i n  o u t l e t :  - 

I 

c-4 
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INTERPOLL LABORATORIES EPA METHOD 5/17 SAMPLE LOG SHEET 

Sample T r a i n  Leak Check: 

P r e t e s t :  ( 0.02 cfm a t  I S  in .  Hg. (vac)  
Fos tes t :  - & cfm a t  d i n :  Hg. (vac)  

P a r t i c u l a t e  Catch Data: 

No.5 of f i l t e r s  used: Recovery s o l v e n t  ( 5 )  

&.acetone 

No. of p robe w a s h  b o t t l e s -  / 

0 o t h e r t s )  
2 99/ 

Sample recove red  by: . - 
Condensate Data: 

I 

I1 I I I 

6- . . . . . .. . .. .. . .. . . . . . .. . . 
-I--- -.-.-...--.-. Î.”..,.”.-II-.-”-. 

... . . . .. . .- . ...- .. . . _ _  . . . . . _ _  __ . . .- ._ ._ . . . . . . 

. . . . . . . -. .. . .. . . .. . . .. . . . - _. . - T o t a l  

I n t e g r a t e d  Gas Sampling Data: 

Bag Pump No. 

Rag M a t e r i a l :  % l a y e r  A lumin i zed  Ted la r  S ize:  5 
P r e t e s t  1eak ChEC):: cc /min  a t  in.  Hg. 

Time s t a r t :  (HRS) Time end: (HRS) 

Sampling r a t e :  cc/’mi n Operator:  

S/N of 0, Analyzer  used t o  mon i to r  t r a i n  o u t l e t :  - 

Box No. M/#Bag No. 

CF-(:lZS 

S-0046RR C-6 
. .  

~~ ~ - 
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J 
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INTERPOLL LABOHATORIES €PA METHOD 2 FIELD DATA SHEET 

<.l; i k a e  ,/ .g+dL .u A", 

Source Mn I f/- Gr*shrf l  

S t a c k  dimen. 5 0 . 7 <  IN. 
T e s t  1 Run D a t e  3 - / L - f /  

Dry b u l b  '?/ "F Wet bulb- OF 

Manometer: M H e g .  0 Exp. 0 E l e c .  

B a r o m e t r i c  p r e s s u r e  28.62 i n  Hg 

S t a t i c  p r e s s u r e  i .YS' i n  WC 

o p e r a t o r s  &eLller L. /yln r re/ 

F i t o t  No. 2 4 V - 5  CP A 
Schematic of. 
Cross S e c t i o n  

5-392.1 f? G r  n o t h i n g =  r e g .  manometer: S= expanded: E = e l e c t r o n i c  
C-R 



I 
I 
1 
I 
1 
I 
1 
1 
I 
I 
I 
3 
1 

I 
i 
1 
I 

I 
1 

F i n a l  Tare 

Impinger No. 1 

INTERFOLL LMiOHATOHIES €PA METHOD 5/17SFIMPLE LOG SHEET 

D i f f e r e n c e  

Sample Tra in  Leak Check: 

I 
N 9  5 Desiccant 

P Pretest :  < 0.02 cfm a t  15 in. Hg. (vat) 
Postest: - A cfm a t  in. H a .  (vac) 

s- 

P a r t i c u l a t e  Catch Data: 

No.s of f i l t e r s  used: Recovery so lvent  (5) 

30x1 W acetone 
o the r (6 )  

No. of probe wash b o t t l e s :  I 
Sample recovered by: 1 

Condensate Data: 

(1 Impinger NO. 2 1 I I H 
Impinger No. 3 

Condenser 

... ::.: .... 1. ..:?.. .. ... .......... :. ..... ?: 
/ ............. .................. ..... _ _  ._ .- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. ..: z .  I__._I" l̂ .___l.---l-.-. _~.lXI__._."_I-..".." -.......,.......... -.,. Tota l  ... 

In tegrated Gas Sampling Data: JJ& 
Eag Fump No. B o x  No. Bag No. 

Bag Ma te r ia l :  5- layer Aluminized Tedlar Size: 3 
Pretes t  leal: check:: cc/min a t  in. Hg. 

Time s t a r t :  ( w s  ) Time end: (HRS) 

Sampling r a t e :  cc imin  Operator: 

S/N o f  0, Analyzer used t o  monitcjr t r a i n  o u t l e t :  - 
CF-u:hZZ 

c- 9 
S-0046RR 
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-. INTERFOLL LABORATORIES EPA METHOD .5/17__SAMPLE L O G  SHEET 

Sample Train Leak Check: 

Pretest: { 0.02 cfm at 15 in. Ha. (vac) 
PO5tE5t: - cfm at in. Hg. (vac)  

Particulate Catch Data: 

N0.5 of filters used: R E C O V E r y  Solvent (5) 

acetone 
0 other(s) 

307g 

No. of probe wash bottles: 1 
Sample recovered by: A, /(-. I w 

Condensate Data: 

6 .. .. .... . .. .:_ .. . . -. . . . . - .. .. _ _  . . . . . . . . . .. . . . . . ... . . . . . . . . . --.I ~1.1."" .I... "T.:~,-.-...I-...X.- __.._.̂ ".-I....." ...I..,...-.-" _-. . . ... . . . . . .  Total 

Integrated Gas Sampling Data: M A- 

Bag Pump No. B o x  No. Bag No. 

Bag Material: 5-layer Aluminized Tedlar Size: 4 3  

F'retest leak Check: cc/min at in. Hg. 

Time ;tart: oqfi (HRS) Tifie End: (HRS) 

Sampling rate: ccimin Operator: 

S/N or 0, Analyzer used t o  monitor train outlet: - 
CF-C:QS 

S-0046RR c-11 
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- INTERFOLL LABORATORIES EPh METHOD 5 / 1 7 S A M P L E  LOG SHEET 

Item 
Final Tare 

lmpinger No. 1 

Impinger No. 2 

Impinger No. 3 

Sample Train Leak Check: 

Difference 

Pretest: < 0.02 cfm at 15 in. Hg. (vac) 
Postest: - 0 cfm at 7 in. Hg. F 

ICandenL- 

Parti,culate Catch Data: 

II 

No.s of filters used: Recovery solvent (5)  

,& acetone 
0 other(5) 

3079 

No. of probe wash bottles: 1 
Sample recovered by: M, /&&&?-. c. 4 f o s w 4  

............. i _ _ _ _ L _  .... ~ -=.. ~ ....... ~ ............ ~ l.. . .......... - .................................. -.--..ll.LIII-... _-I_ -.._ ... ." _^I._ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
----.----.-...__.I.... I... ". ............ Total 7 

Condensate Data: 

I 
~ 

Condenser 1 
Desiccant 7 

Integrated Gas Sampling Data: &A 
Bag Pump No. BOX No. Bag No. 

Rag Material: 5-layer filuminized Tedlar Size: 4% 

Pretest leal: check: cc /min at in. Hg. 

Time start: ( HRS ) Time end: ( HRS ) 

Sampling rate: cc/min Operator: 

S/N of O1. Analyzer used to monitor train outlet: - 

CF-ii2.7 

S-0046RR C- 13 
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Interpol1 Laboratories 
(612)786-6020 

Visible Emissions Form 

ESCRIEE EMISSION POI 

Source Lsyour Sketch Draw Nonh Arrow 

RANGE OF OPACITY READINGS 
Sun Location Line 

C-15 S-0079R 
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I n t e r p o l  1 L a D ~ r i t o r l E s  
($12)  ? S ~ - C A ? G l  

EPCI M e t h o d  5 D a t a  R e p o r t i n g  Sheet 
Probo/Cyclone Wash 

>\< h\v7'LG . .  soL;rce {dopi Cwhe ,  0&\.',N 
T 0 5 t  S 1 t e  "Ln\rs 

D a t e  S u b m i t t e d  ?-l.c;qC 
T e s t  NO. \ No. o f  Huns C o m p l e t e d  3 
C a t s  o f  C n a l y s i s  3-15-71 Technic  i an 
T F a n s p u r t  Leakage $.None m l  Sol.+'ent A < e  k-e 

C a t 2  of T e s t  312--'+( 

k g j m  2. I l u q  

3 

1 

2 

3 

4 

c d 

0.M27 0- 1 

T e s t  R u n a  
F i e l d  61anl: 
Lug ? l u m b e r  Z-f$-6 -01 
'dol. of S o l v e n t a m 1  

C i s h  t lo-  93 
D i s h  T a r e  U t .  49. m i  9 
C i s h + S a m p l e  W t .  Y' i ,?003 9 
S a m p l e  W t .  O . U & l  9 

*Solvent  H e s i d u e / . 3 u g / m l  

D i s h  No. y 7  T e s t  R u n 1  
vol .  of S o l v e n t i m l  D i s h  T a r e  W t .  p:Qro'i '3 
Log P l u m b e r  - @ A  D i s h + S a m p l e  U t .  533*3 14 9 
C o i n m e n t s  S a m p l e  W t .  3. L / l O  9 

D i s h  No. .3? T e s t R u n  2, 
V O ~ .  of ~ o l v e n t  1 D i s h  T a r e  W t .  ' /q.q?qq 

C o m m e n t s  

T e s t  I R u n  3 

D i s h c S a m p l e  L 4 t . G / . b f O 5  9 
S a m p l e  W t .  2 . 1 7 1 1  9 

Log N u m b e r  -22l 
D i s h  No. 7 5  

V O ~ .  of SolventJ,.$&ml D i s h  Tare  W t .  Y7 .  -lBO[ 9 
Lag r 4 u m b e r  -07 D i s h + S a m p l e  W t .  Y8 .0727  c_l 
Commen t 5 S a m p l e  W t .  L'. PI Lg 9 

~ ~ ~~ 

T e s t  - R u n  ___ D L s h  No. 
V o l .  of Solvent- m l  C i s h  T a r e  W t .  ¶ 

Log Number D i s h + S a m p l e  W t .  ¶ 
C o m m e n t s  S a m p l e  W t .  Y 

D i s h  rb.  T e s t  R u n  
'.'al. of Solvent- m l  D i s h  Tare Ut. 
Log N u m b e r  D i  s h + S a m p l  e W t  . 
C = r ; n m e n t s  S a m p l e  W t .  
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Interpol 1 LaS=ratories 
(512) 7E5-&cl?D 

EPA Method 5 Data Repor t ing Sheet 
F i  1 t e r  Gravi  metr i cs 

J o b  C,,&,,d /&,.!- <hj/e M 9 ? >  Source Mu 1 C@-aheri '-,.*,,, 
Team Leader E7 Test S i t e  r, I+ 
Date Submitted 3 - , 3 - *  Date of Test - / z-+/ 

Date of f ina lys is  3,/5-'7f Technician 6 

- 

Test No. I No. o f  Runs Completed 

T e s t l R u n k  FI 1 t e r  No. zci4 z 
F i e l d  Blank F i  1 t e r  Type 4.. &C 
Log N u m b e r  ~ 0 6 - 0 2  F i l t e r  Tare W t .  6'*43&L 9 
Comments F i l ter+Sample W t .  d,'?36Y 9 

Test l R u n /  F i  1 t e r  No. 29 2d 
Log Number - 09 F i  1 t e r  Type LP 'Sf 
Comments F i  1 t e r  Tare W t .  u19305 9 

F i l t e r tSamp le  W t .  ! % 3 w s  9 
Sample W t .  4.39ULJ 9 

Sample W t .  9 

Test & R u n L  F i  1 t e r  No. 274 0 
Log Number 4 6  F i  1 t e r  Type Y"Gf 
Comments F i l t e r  Tare W t .  0 4 3 1 k  9 

F i l t e r tSamp le  W t .  Y.oEO9 9 
Sample W t .  3 I Y Y O  9 

Test L R u n  3 F i  1 t e r  No. z44 I 
Log Number -uK F i  1 t e r  Type Y"GF 
Comment s F i l t e r  Tare W t .  0 04.3 IS 9 

Fi l ter+Sample W t .  Y.de33 9 
Sample W t .  3, I S lg  9 

Test - R u n  - F i l t e r  No. 
Log Number F i  1 te r  Type 
Comments F i  1 t e r  Tare W t  - 9 

F i  1 ter+Sampl e W t  . 9 
Sample W t .  9 

~ 

Test - Run ___ F i  1 t e r  No. 
Log Number F i l t e r  Type 
Comments F i l t e r  Tare W t .  9 

Fi l ter+Sample W t .  9 
Sample W t .  9 

R e s u l  t s : 
F i e l d  Elk. R u n  1 R u n  2 Hun 3 R u n  4 Run 5 

F i e l d  E l k .  Run 1 Run 2 R u n  3 R u n  4 Run 5 

I 8.ZOUCl I 5 . 3 / 4 4  1 3, ' /4r5  I 1 
LSC-02PR 

0- 2 
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I U, q . /44  I D-3 /, VO(i0 f, 1645 

I n t e r p o l l  L a b o r - t o r l e s  
($12)  7 ~ & . - & ~ ~ ~  

EPCI M e t h o d  5 D a t a  R e p o r t i n g  S h e e t  
P r o b o / C y c l o n e  Wash 

SC-01 Y R 

3 

1 

2 

- 
2 

4 

5 

T e s t  ___ R u n  0 E i s h  rlo. 
F i e l d  Ylanl: Dish Tare Llt. Y 
Lo9 ? l u m b e r  D l  sh+Samp 1 e U t .  ’3 
‘dol. of S o l v e n t -  m l  Sample W t .  9 
*So lven t  R e s i d u e  f.3 u q / m l  

Tes t  / R u n /  D l 5 h  NO- 9 
VOI. of S o l v e n t 3 . d  D i s h  T a r e  W t .  47.475-1 4 
Log N u m b e r  24616 - 6‘Y 01 s h + S a m p l  e W t  - Y4,3wY 9 
C o m m e n t s  S a m p l a  W t .  /, YM-3 4 

T e s t  ! R u n 1  D i s h  rlo. /OL 
‘201 - of Solvent?<iOrnl D i s h  T a r e  U t .  43.0\ 

D i s h t S a n p l e  ?Jt.qJ. 
Log Comment  N u m b e r  5 - I /  Sample W t .  A: 

D i s h  rlo. 910 T e s t  I R u n 3  
VOL.  of  SolventJ.Q-rn1 D i s h  T a r e  Ut .  4q.71a3 9 
Log N u m b e r  -13 Di s h + S a m p l e  W t .  ’66L73 q 
Comment  5 Sample W t .  @* 4 /y6 q 

D i s h  No. T e s t  R u n  - 
‘“‘01. of Solvent- m l  D i s h  T a r e  W t .  9 
Log N u m b a -  D i s h + S a m p l e  W t .  9 
C o m m e n t s  S a m p l e  W t .  9 

Tes t  Run- D i s h  No. 
‘201. of Solvent- m l  D i s h  T a r e  W t .  Y 
Log N u m b e r  D i  sh+Sampl e W t  . g 
Cclinman t 5 S a m p l e  W t .  ‘3 



I n t e r p o l l  L a S - r a t c r : e s  
( 5 1 2 )  79h-5Q2'3 

EPA Method 5 Data Repor t ing  Sheet 
F i l t e r  G r a v i m e t r i c s  

a.l-_3 3 L  L'.IV/L3 

I 
i 

I 
I 
I 
1 
I 
1 
I 
.I 
1 :: 

I 
.I 
.I 
3 
I 
1 
I 

u. IF&? 

Job Cy@ r uJ / d o  / f &  Sho*c  Pl.'?. Source N d . 1  Pr, r?s. l ,  CrU31,r" 
Team Leader m I< T e s t  S i t e  
Date Submitted 
Test  No. 1 
Date of h n a l y s i s  3 - J S - 4 1  Techni c i  an 

siz, CK - 
3 - ) 3 - i 1  Date of Test 3-12-41 

No. o f  Suns Completed 3 
A&....L 

T e s t  - R u n  0 F i  1 t e r  No. 
F i e l d  61anl: F i l t e r  Type 
Log Number F i l t e r  T s r e  W t .  9 
Comments F i l t e r+Samp le  W t .  9 

Sample W t .  9 

F i l t e r  No. 3 6 /  
Comments F i l t e r  Tare W t .  b434LJ 9 

F i l t e r+Samp le  W t .  1,1722- 9 
Sample W t .  0.23 9 

F i  1 t e r  No. 3078 

Comments /z F i l t e r  Tare W t .  d ,?3f% 9 
F i  1 ter+Samp 1 e W t  -1.0 7 90 
Sample W t .  0, / V / b  9 

Y "C-c 
T e s t A R u n I  
Log Number 21.'&6 '@ F i l t e r  Type 

T e s t l R u n  2 
Log Number zT- F i l t e r  Type Y"6L 

9 

T e s t - R u n L  Fi1 t e r  No. 3d7 CI 
Log Number .... IY F i l t e r  Type Q I * G F  

F i l t e r  Tare W t .  0.7 Lx 
F i l t e rcSamp le  W t .  -9 

Comments 

Sample W t .  o,i k64 9 

F i l t e r  No. Test- R u n  - 
Log Number F i l t e r  Type 
Comments F i l t e r  Tare W t .  9 

F i l te r+Sample  W t .  9 
Sample W t .  9 

Test  - R u n  - F i  1 t e r  No. 
Log Number F i l t e r  Type 
Comments Fi 1 t e r  Tare W t  - 9 

F i 1  ter+Sample W t .  9 
Sample W t .  9 

?erul t s : 
: i e l d  B lk .  R u n  1 R u n  2 Hun 3 R u n  4 R u n  5 



Interpol 1 Laboratories 
(612) 796-6020 

Chain of Custody 
Sample Deposition Sheet 

A?/ sed &&v 
Test Site 

Date Submitted 3 - - / 2 - P /  . a -  Date of Test 3 -1 2 -y/ 
7 Test No. ,/ No. of Runs Completed , , 

No. o+ 
iampl es 

D 

Type of Sample ' Analysis Required 

.'robe Wash: 

OD.'. Water 

M s  per €PA M-5 
pther 

-ilter: 
G.F. % .S. Thimble 

02' 5" G .  F. 
n47 m m  G.F. 

5 per EPA M-5 ?$ per EPA M-17 
nother 

Lmpinger Catch: 
OD.'. Water 

HzOr 
04M5 Hg Only 
04H5 Metals 
01-0 N NaOH 
DOther 

r ~ "  Protocol 
p J 1  Protocol 
OEPA M-6 or  8 
W c i d  Gases 
OFormal dehyde 
petals 
OOther 

[ n t egrated 
;as sample 

OAs per EP& M-3 
FAs per EPA M - l Q  
pther 

13n5 per EPA M-?A hides of 
U i  trogen (NO, ) nother 

0 Fuel Sample 
0 Aggregate 

)article Size 

OAttached fuel Form 
#S-Q16SHHH 

OX-Hay Sedigraph 
OHahco Method 
OOther 

audit Samples 

iource I n f o r m a t  i o n  

/I Comments 

H 
II 

1) T pe of Source: [7 Boiler 0 Asphalt Plant 0 Incinerator 0 Dryer 

2 )  k : 0 Coal 0 Wood 0 Gas [I O i l  0 RDF 0 Other 
Z) Is sample combustible? 0 No 0 Yes 
4) Does sample need special handling? 0 No 0 Yes If y e s ,  explain 

Other 



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

I n te rpo l  1 Laborator ies 
(512) 795-6B20 

Chain of Custody 
Sample Deposit ion Sheet 

Job y. source- - 
T e a m ~ ~ ~ ~ e r ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~  '" ', Test S i t e  % G h  

Date Submitted 3 - l L - 9 /  Date of Test 3,/2-9/ 
Test No. I No. o f  Runs Completed 7 

Comments i Type of Sample Analysis Required No. of 
,amp1 es 

@s per EPA M - 5  
p t h e r  

F'robe Wash: 
p c e t o n e  
gD.1- Water 

F i  1 te r :  P'' G.F. 
0S.S-  Thimble 
02.5'' G - F . 
047 mm G.F. 

@s per €PA M-5 
p s  per EPA M-17 
nother 

p l N  Protocol  
PI Protocol  
oEPA M - 6  or 8 
p c i d  Gases 
Forma l  dehyde 
p e t a l s  
OOther 

Imp i nger Catch : 
00.1. Water 
0"" HzOr. 
u4M5 Hg O n l y  
0 4 M 5  Metals 
01.0 N NaOH 
OOther 

In tegra ted  
Gas sample 

I 
L. 

Y 

OAs per EPA M-3 
p s  per €PA M-18 
p t h e r  

p s  per EPA M - 7 6  
nother 

Oxides of 
Ni t rogen (NO,) 

0 F u e l  Sample 
0 Aggregate 

c 

H L 
p t t a c h e d  f u e l  Form 
#S-0153RHH 

P a r t i c l e  S i z e  OX-Hay Sedigraph 
OBahco Method 
OOther 

Audi t  Samples 
F u l f u r  Dioxide 
OOxides of  N i t .  
p t h e r  

p s  per EPA M - 5  
0.4s per EPA M-?A 
OOther I 

io ur c e I n  f a r  D a t i a n  

P l a n t  Inc inera tor  0 D r y e r  
Other iZo  

RDF @Other&l,p 

4) Does p J N o  0 Y e s  If yes, exp la in  

D-6 S-279HRRR 
___._ 

~~~~ ~ 
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P a r t i c u l a t e  Loadings and Emission Rates 

The p a r t i c u l a t e  emission r a t e s  were determined per  E P A  Methods 
1-5. CFR t i t l e  40, Pa r t  60 ,  Appendix A ( r e v i s e d  J u l y  1 ,  1987).  I n  t h i s  
procedure. a pre l iminary  v e l o c i t y  p r o f i l e  of the gases  i n  t h e  f l u e  is  
obtained by means o f  a temperature and v e l o c i t y  t r a v e r s e .  On the b a s i s  
of these  va lues ,  sampling nozzles  of  a p p r o p r i a t e  diameter  a r e  s e l e c t e d  
t o  al low i s o k i n e t i c  sampling, a necessary  p r e r e q u i s i t e  f o r  ob ta in ing  a 
r ep resen ta t ive  sampl e. 

The sampling t r a i n  c o n s i s t s  o f  a heated g l a s s  or  s t a i n l e s s  
s t e e l - l i n e d  sampling probe equipped w i t h  a Type S p i t o t  and a 
thermocouple. The probe i s  a t t ached  t o  a sampling module which houses 
the a l l - g l a s s  in  l i n e  f i l t e r  ho lder  i n  a tempera ture  c o n t r o l l e d  oven. 
In a d d i t i o n ,  t h e  sampling module a l s o  houses t h e  impinger case and a 
D r i e r i t e  drying column. The sampling module is  connected by means of an 
umbilical  cord t o  the con t ro l  module w h i c h  houses the d ry  t e s t  gasmeter, 
the  c a l i b r a t e d  o r i f i c e ,  a l e a k l e s s  pump,  two i n c l i n e d  manometers, and 
a l l  c o n t r o l s  requi red  f o r  ope ra t ing  the sampling t r a i n .  

P a r t i c u l a t e  samples were c o l l e c t e d  a s  fo l lows:  The sample gas 
was drawn i n  through t h e  sampling probe i s o k i n e t i c a l l y  and passed 
through a 4-inch diameter  Gelman Type A / E  g l a s s  f i b e r  f i l t e r .  The 
p a r t i c u l a t e s  were removed a t  this p o i n t  and c o l l e c t e d  on the f i l t e r .  
The gases then passed through an ice-cooled  impinger t r a i n  a n d  a 
desiccant-packed dry ing  column which q u a n t i t a t i v e l y  absorb a l l  moisture 
from the  sample gas stream a f t e r  which t h e  sample gas passes through t h e  
pump and t h e  d ry  t e s t  gasmeter which i n t e g r a t e s  t h e  sample gas flow 
throughout the course of t h e  t e s t .  A c a l i b r a t e d  o r i f i c e  a t tached  t o  t h e  
o u t l e t  of  t h e  gasmeter provides ins tan taneous  flow r a t e  da t a .  

A r e p r e s e n t a t i v e  p a r t i c u l a t e  sample was acquired by sampling 
f o r  equal per iods of  t ime a t  the  c e n t r o i d  of a number of equal area 
regions in  t h e  duc t .  The sampling r a t e  i s  ad jus t ed  a t  each s i t e  such 
t h a t  an i s o k i n e t i c  sampling condi t ion  p r e v a i l s .  Nomographs a r e  used t o  
a i d  i n  t h e  rap id  determinat ion of  t h e  sampling r a t e .  



- 
-- 

When sampling i s  complete the  f i l t e r  1s removed w i th  tweezers and 

placed i n  a clean container. The nozzle, p l t o t  tube and i n l e t  s lde O f  t h e  

f i l t e r  holder are quan t l t a t l ve l y  washed with acetone and the  washings are 
stored I n  a second container. A brush i s  o f ten  used i n  the  cleaning Step 

t o  help dislodge deposits. The samples are returned t o  the  laboratory 

where they are logged i n  and analyzed. The volume o f  the acetone r i n s e  

('probe wash') i s  noted and the  r inse  i s  t ransferred t o  a tared 120 cc 

porcelain evaporating dish. The acetone i s  then evaporated o f f  a t  97 - 
105 OF. A t  t h i s  elevated temperature condensation o f  atmospheric moisture 

i s  prevented. The acetone-free sample i s  then dr ied  a t  105 'C for  30 

mlnutes. cooled i n  a desiccator over Dr ie r i t e ,  and weighed t o t h e  nearest 

0.01 mg. The f i l t e r  sample i s  t ransferred t o  a 6 inch watch glass and 

dr ied  a t  105 OC f o r  two hours. The f i l t e r  and watch glass are then cooled 

i n  a desiccator and the  f i l t e r  weighed t o  the nearest 0.01 mg. A l l  

weighings are perfomed In  a balance room where the r e l a t i v e  humidity I s  

maintained a t  less than 50%. Microscopic examination of t he  samples I s  
perfonned i f  any unusual charac ter is t i cs  are observed. The weight o f  the 
acetone r i nse  blank Is subtracted from the  samples. The D r i e r i t e  column 

i s  weighed on-site and the water absorbed by the D r i e r i t e  i s  added t o  the  

condensate t o  give the t o t a l  amount of absorbed water. 

G- 2 
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NETHOD 2 

ii, = 95 .48  

= 60(1  - 3s ,d 

CALCULATION EQUATIONS 

( % P ) a v g  v' 

A 

= 60 vs A Qa 

4 .935  Qs,d Gd 
- - 

9 - 3ws 
f i  

i 

* A l t e r n a t e  e q u a t i o n s  f o r  c a l c u l a t i n g  m o i s t u r e  c o n t e n t  f rom wet b u l b  a n d  
d r y  bu ld  d a t a .  

H- 1 



A 

An 

6,s 

CP 

Ca 

CS 

EA 

Y 

Gd 

I 

Md 

mg 

mP 

MS 

MP 

Pbar 

p9 

SYMBOLS 

Cross sectional area of stack, SQ. FT. 

= Cross sectional area of nozzle, SQ. FT. 

= Water vapor in gas stream, proportion by volume 

= Pitot tube coefficient, dimensionless 

= Concentration of particulate matter in stack gas, 
wet basis, GR/ACF 

= Concentration of particulate matter in stack gas, dry 
basis, corrected to standard conditions, GR/DSCF 

= Excess air, percent by volume 

= Dry test meter correction factor, dimensionless 

= Specific gravity (relative to air), dimensionless 

= Isokinetic variation, percent by volume 

= Molecular weight of stack gas, dry basis, g/g - mole. 

= Mass flow of wet flue gas, LB/HR 

= Particulate mass flow, LB/HR 

= Molecular weight of stack gas, wet basis, g/g, mole. 

= Total amount of particulate matter collected, g 

= Atmospheric pressure, IN. HG. (uncompensated) 

= Stack static gas pressure, IN. WC. 

H-2 

I 



PS = Absolute pressure  o f  s t ack  g a s ,  I i l . H G .  

Pstd = Standard abso lu te  pressure ,  29.92 IN. HG. 

*a = Actual volumetr ic  s t a c k  gas flow r a t e ,  ACFM 

= Dry volumetr ic  s t ack  gas flow r a t e  c o r r e c t e d  t o  s tandard  
.- 

cond i t ions ,  DSCFY 
Qs ,d 

... 
R H  = Rela t ive  humidity,  % 

Td b = Dry bulb temperature  o f  s t a c k  gas ,  OF 

TWS = Wet b u l b  temperature  o f  s t a c k  gas ,  O F  

= Absolute average dry gas meter tem2erature .  O!? Tm (a  v g I 

T,(avg) = Absolute average s t ack  temperature ,  O F  

T s t d  = Standard abso lu te  temperature ,  528 OF (68 O F )  

0 = Total sampling t ime, m i n .  

v1 c = Total volume o f  l i q u i d  c o l l e c t e d  i n  impingers and 
s i l i c a  g e l ,  m l  

V m  = Volume o f  gas sample a s  measured by d r y  gas meter, CF 

Vm(std) = Volume o f  gas sample measured by t h e  dry gas meter 
co r rec t ed  t o  s tandard cond i t ions ,  DSCF 

Vw(std) = \!olume o f  water vapor i n  the  gas sample c o r r e c t e d  t o  
s tandard  cond i t ions ,  SCF 

- 
V S  = Average ac tua l  s tack  gas v e l o c i t y .  FT/SEC 

VPtdb = Vapor pressure  a t  T d b ,  IN. HG.  

(J H- 3 
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“Ptwb = Vapor pressure a t  T,b, I N .  HG 

m = Average pressure d i f f e r e n t i a l  across the  o r i f i c e  
meter ,  I N .  NC. 

A? = ‘ l e l o c i t y  pressure of stack gas. IN. W C .  

Y = Dry t e s t  meter c o r r e c t i o n  c o e f f i c i e n t ,  dimensionless 

P = Actual gas d e n s i t y ,  LS/ACF 

H-4, 



I 

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

CALCULATION EQUATIONS 

METHOD 3 

%EA 

Md 

MS 

Bws 

10O(%O2 - ).5% CO) 
b.264% N2 - %02 + 0.5% CO 

O.44(%CO2) + 

Md 

0.32 

t 0.18 

i 

"w( std) 
'w(std) + 'rn(std) 

Bws 

0.28 (%N2 + %CO) 



CALCULATION EQUATIONS 

METHOD 5 

= 17.65 V,y 'm( s td ) 

= 0.0472 VIS 'w( std) 

! 

- - 'w(std; 
'w(std) + 'm(std) 

V 
= 0.0944 (p Ts(avg) m(std) - 

s "s A" tJ ( I  Bws J 

15.43 M 

'm( std) 
- - 

272.3 M Ps  

Ts(avg) ('w(std) 'm(std)) 
- - 

= 8.5714 x C, Q,,, 

1.3228 x 10-1 Mp A - - 
O A" 

H- 6 



I 
I 
I 
I 
I 
1 
I 
1 
1 
I 
I] 

I 
I 

J 
I 

J 
J 

I 
I 

A 

An 

Bws 

CP 

Ca 

CS 

EA 

Y 

Gd 

I 

Md 

mP 

MS 

MP 

Pbar 

pg 

SYMBOLS 

Cross sectional area of stack, SQ. FT. 

Cross sectional area of nozzle, SQ. FT. 

Water vapor in gas stream, proportion by volume 

Pitot tube coefficient, dimensionless 

Concentration of particulate matter in stack gas, 
wet basis, GR/ACF 

Concentration o f  particulate matter in stack gas, dry 
basis, corrected to standard conditions, GR/DSCF 

Excess air, percent by volume 

Dry test meter correction factor, dimensionless 

Specific gravSty (relative to air), dimensionless 

Isokinetic variation, percent by volume 

Molecular weight of stack gas, dry basis, g/g - mole. 

Mass flow of wet flue gas, LB/HR 

Particulate mass flow, LB/HR 

Molecular weight of stack gas, wet basis, g/g, mole. 

Total amount of particulate matter collected, g 

Atmospheric pressure, IN. HG. (uncompensated) 

Stack static gas pressure, IN. WC. 

H- 7 
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= Absolute p re s su re  o f  s t a c k  gas.  I I I .HG.  

= Standard a b s o l u t e  P res su re .  29.92 I N .  HG. 

= Actual volumetr ic  s t a c k  gas flow r a t e .  ACFM 

= Dry volumetr ic  s t a c k  gas  flow r a t e  co r rec t ed  t o  s t anda rd  
condi t ions .  fJSCF?l 

= Rela t ive  humidity,  5. 

= Dry bulb tempera ture  o f  s t a c k  gas.  O F  

= Wet b u l b  t empera ture  o f  s t a c k  g a s ,  O F  

= Absolute average d r y  gas  meter  temperature ,  O.? 

= Absolute average s t a c k  tempera ture ,  OF 

= Standard a b s o l u t e  tempera ture ,  528 O F  (68  O F )  

= T o t a l  sampling t ime ,  m i n .  

= Total volume o f  l i q u i d  c o l l e c t e d  i n  impingers  and  
s i l i c a  g e l ,  m l  

= Volume o f  gas sample a s  measured by dry gas meter, CF 

= Volume of  gas sample measured by t h e  d ry  gas meter  
cor rec ted  t o  s t anda rd  c o n d i t i o n s ,  DSCF 

Volume o f  water  vapor i n  t h e  gas sample co r rec t ed  t o  
s tandard c o n d i t i o n s ,  SCF 

= Average a c t u a l  s t a c k  gas v e l o c i t y ,  FT/SEC 

= Vapor pressure  a t  Tdb. IN. H G .  

H-8 



"Ptwb = Vapor pressure a t  Twb. I N .  HG 

- 
AH = Average pressure differential across the or i f ice  

meter, I N .  UC. 

AP = Velocity pressure of stack gas .  I N .  WC. 

Y = Dry t e s t  meter correction coef f ic ient ,  dimensionless 

P = Actual gas  density, LS/ACF 
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T i  m e  
!min)  

::;iter-pc:.1 1 L a 5 o r a t s r  i 2 %  . i n , .  
( ~ ) ' .Z.<-.,L .-s L .", ,-.c > I . . L . . .  

EFA Method  5 G a s  M e t e r i n q  Svstem 
6 u a l i t y  C o n t r o l  Check  D a t a  S h e e t  

Meter Temp. (OF) 

( C F )  I n l e t  O u t l e t  
V G ~  Lime 

I n s t r u c t i o n s :  O p e r a t e  t h e  c o n t r o l  m o d u l e  a t  a f l o w  r a t e  EqLlal 
to ."H@ for 10 i n i n u t e s  b e f o r e  a t t a c h i n s  t h e  um- 

i n .  W.C. 

C a l c u l a t e  Y,, as f a l l o w s :  

I 7 v- 1 Pa 
Y," - - 1.786 (t, + 460) 

L _I 

I +  Y,, is  n o t  w i t h i n  t h c  r a n g e  of 51.97 t o  1-02, " t h e  v o l u m e  
, l l e te r . ing  s y s t e m  s h o u l d  b e  i n v e s t i g a t e d  b e f o r e  b e g i n n i n g .  

CFH T i t l e  4 0 ,  P a r t  60, A p p e n d i x  A ,  Method 5, S @ c t i o n  4.4.1 
5-432R 
Page 11 1-5 



EFA Method  5 Gas M e t e r i n q  Svstem 
D u a l i t y  C o n t r o l  Check Data  S h e e t  

n a t e  

Modu le  N o .  2 
I n s t r u c t i o n s :  O p e r a t e  t h e  c o n t r o l  m o d u l e  a t  a f l o w  r a t e  e q u a l  

t o  .^.HS f o r  1 0  m i n u t e 5  b e f o r e  a t t a c h i n g  t h e  um- 
b i l i c a l .  R e c o r d  t h e  f o l l o w i n g  d a t a :  

.- 

C a l c u l a t e  Y,, as follows: 

I-: Y,, i s  n o t  w i t h i n  t h e  r a n g e  of 0.97 t o  1-03. " t h e  v o l u m e  
m e t e r i n g  s y s t e m  s h o u l d  b e  i n v e s t i g a t e d  b e f o r e  b e g i n n i n g . "  

CFH T i t l e  4 0 ,  P a r t  60, Append ix  A ,  Method 5 ,  S e c t i o n  4.4.1 

5-432R 
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In terpol1  Laboratories, Inc .  

(612 ) 786-6020 

Nozzle Ca l lbra t ion  

Data Sheet 

I 

Date o f  Cal ibrat ion:  03-12-91 

Technician: E .  Trowbridge 

Nozzle Number 1-4 

The nozzle i s  rotated i n  60 degree increments and the diameter a t  each 

point  i s  measured t o  the nearest 0.001 inch. The observed readings and 

average are shown below. 

Pos i t i  on Diameter 

( 1 nches 1 

1 .240 

2 .241 

Average: .240 

1 1-7 



In terpol l  Laboratories, Inc. 

(612) 786-6020 

Nozzle Calibration 

Data Sheet 

Date o f  Calibration: 03-12-91 

Technician: H. Kaehler 

Nozzle Number 2-4 

The nozzle i s  rotated i n  60 degree increments and the diameter a t  each 

point i s  measured t o  the nearest 0.001 inch. The observed readings and 

average are shown below. 

Position Diameter 

(inches 1 

1 .244 

2 .244 

3 .246 

Average: .245 
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I n t e r p o l l  L a b o r a t o r i e s  
(612)786-6020 

S-Type P i t o t  Tube  I n s p e c t i o n  S h e e t  

P i t o b e  No. ./- r . 1  

P i t o t  t u b e  dimensions:  

, 7/64 I N .  

IN. 
IN. 

1. Ex te rna l  t u b i n g  d i a m e t e r  (Dt) 
2. 
3. 

Base t o  S i d e  A open ing  p l ane  (PA) 
Base t o  S i d e  B open ing  p l a n e  (PB) 

* r'la 
I YL- 

Dis tance  from P i t o t  t o  Probe Components: 

IN. 

IN. 

10. P i t o t  t o  0.500 IN. nozzle , 719 

11. P i t o t  t o  probe s h e a t h  T. Ce-D 
I N .  

, 7.4 ,- IN. 
12. P i t o t  t o  thermocouple  ( p a r a l l e l  t o  probe)  3. Q 

13. P i t o t  t o  thermocouple  ( p e r p e n d i c u l a r  t o  p robe )  

Date  o f  I n s p e c t i o n :  I n s p e c t e d  by: 

2 -/- y/ 

1-9 



I n t e r p o l 1  Laborator ies 
(612 )786-6020 

S-Type P i t o t  Tube Inspec t ion  Sheet 

P i tobe  No. c - 2  / 

P i t o t  tube dimensions: 

3 16 I N .  

, 4LJD IN .  

9% 7 I N .  

1. External  tub ing  diameter (ot) 
2. 
3. 

Ease t o  Side A opening Plane (PA) 

Base t o  Side E opening plane (p,) 

Distance from P i t o t  t o  Probe Components: 

10. P i t o t  t o  0.500 IN. nozz le  ,7d Z IN. 

11. P i t o t  t o  probe sheath T& IN. 

12. P i t o t  t o  thermocouple ( p a r a l l e l  t o  .probe) IN. 

13. 1 7 h & I N .  P i t o t  t o  thermocouple (perpendicu lar  t o  probe) 

Date o f  Inspection: Inspected by: 

. .  
I d -/-// 

I- 10 
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1 
I 
I 
I. 
I 
1 
1 
I 
I 

I 
1 
! 

I 
I 

I 
l -  
I 
I 
J 

Des1 red  Temperature o f  Response of 
Temp (OF) standard o r  Unl t  Under Test 
N a l n a l  Simulated T ~ P  (OF) ( O F ,  

I n t e r p o l l  Laboratories, Inc. 

Temwrature Measurement Devlce 
p l i b r a t l o n  Sheet 

Ib 

U n i t  under test :  

Ser ia l  Number %F 9 
Vendor AAV 
w e  1 J3/0 -A 
Range . 7% /4'?4 @F OF Tkrmcoupl 

Date of Ca l ib ra t ion  /2 / , q / q d  

Devlc 

A t  (%I  

Method o f  Cal ibrat ion:  
0 Comparison 19ainst A S l l l  w r c u r l  i n  glass t h e r i o i e t e r  ur iaq I t h t n o r t a t t t d  and insulated a l u i i n u i  b lock drsignta 

to provide r n i f o r i  tetoeri tur8. I h i  t e l p e r i t u r t  i a  a d j u t e d  by adjusting t h i  roluge on the  block heater 
cartr idge. 
o i q i  #adel EL-300 1 p e  I TbereocouDlg simulator which ororides 21 # r a c i s t  t e i o e r i t n r a  t o u i r i l t n t  n i l l i r o l t  
c i g n a l r .  I b t  CL-300 i c  cold junct ion cwptn ta ted .  E i l i b r a t i o a  (tcuracy i s  f 0.11 of $Din ( 2 l O O ~ l  I degree 
( f o r  n t q i t i v t  t t n ~ e r a t n r t s  idd t 2 deqrces. Tha EL-300 s i t n l a t u  axac t ly  the a i l l i r o l u ~ ~  of I lype 
thermocouple a t  the ind ic i ted  t n o e r a t u r i .  

0 
100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 

-q./ I 
YZ. P I 

I I I 
L .  I I I Averages: 7 # f Z  

OF = o f f  scale response by uni t  under tes t  (%I 
X dev = 100 A t  / (460 + t)  

L7 u n l t  i n  tolerance 
ff u n i t  was not  i n  tolerance; recal ibrated - See new ca l i b ra t i on  sheet. 

5-433 
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:nters!! Lsbrr+nr!es, Inc. 

Temperature Measurement Device 
Cal ibrat ion Sheet 

4 

U n i t  under test: 
Vendor A7Ak-C +# /z 
W e 1  5 /  u r i a l  Nrsnber S J 3 0 3 7 ~  
Range d - 2 Z d O  OF Tkrmocouple Type 

Date of Cal ibrat ion - I l i d 9 1  Technician E Zii#d&?bqP 

Method o f  Calibration: 
Emparim 19rinrt A S M  Nrcury in  glirs theraoieter using I ther ios t r t ted  and insulated i l u i i n u i  block dtsigneo 
t o  provide uniform t c inc r i t u r i .  I b i  t c i p e r i t u r c  i s  t dp r ted  by i d j us t i ng  thc ro l t ige on the block bearer 
cirtridge. 
o i e g i  llodel CL-100 Type 1 Theraocouplc S i i u l i t o r  which provides 22 precise t ewer i t n re  eau i r i len t  i i l l i v o l t  
cigntls. The CL-I00 i s  cold junction coinensited. Ci l i b r i t i on  i t cu r i cy  i s  0.11 of soin ~ 2 l O O ~ l  I degree 
I f o r  ne91tirc tenoerituref 18d i 2 degrees. The CL-100 r i i u l i t c s  81iQlY the ~illivoltige of I Type 1 
theriocouole i t  the indicated teiper i ture.  

Des1 red 
Temp (OF) 

Nominal 

0 
100 
200 
300 
400 
500 
600 
700 
800 
300 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 

Temperature of Response o f  Devl 
Standard or Unit Under Test 

Slnulated ~ ~ m p  (OF) ( O F )  . At 

ion 

( X I  

d e V  = 100 At / (460 + t) 

& Uni t  In tolerance a U n i t  uas no t  i n  tolerance; recal ibrated - See new ca l i b ra t i on  sheet. 

5-433 
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