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A. Background Information 

@ PM-10 CO @ NO, voc Pb @ 
Others (list) : f l f~rde,s  

Process overview: 
diagram of the unit operations and associated air 
pollution control systems at the facility. Identify 
process tested with letters from the beginning of the 
alphabet (A, B, C, etc.) and APC systems with letters 
from end of alphabet (V, W, X, etc.) . Also identify test 
locations with Arabic numerals (1,2,3, ... ) .  Using the 
ID symbols from that sketch complete the table below that 
identifies processes or unit operations tested. 

On an attached page provide a block 

I I 
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B. process Information 

1. Provide a brief narrative description of the process. 
With as much detail as possible, (e.g., if a furnace or 
conveyor system is used, identify the type of unit) 
describe the equipment used for those operations tested. 
(Note: If process description provided in test report is 
adequate, attach copy or reproduce here.) 

Figure 1 shows how mineral wool i s  produced a t  the Spring Hope p lant  o f  
h e r i c a n  Rockwool. Inc. A cupola i s  used t o  melt a combination o f  rock and 
slag. The molten product which e x i t s  t h e  b o t t m  of the cupola i s  directed , 
onto a hor izontal  axis spinning disc. The resu l tan t  f i be rs  are then 
co l lected i n  a blow chamber *here o i l  I s  used t o  control  dust. The f i be rs  
pass through a tumbler t o  remve unwanted par t ic les,  then t o  a bagger. 

Large, spherical p a r t i c l e s  (shot), produced by the spinning head, are 
conveyed t o  a p i t  under the  cupola us ing a small f l ow  of water. 
Occasionally unwanted s lag i s  tapped frmn t h e  bottom of t he  cupola d i r e c t l y  
i n t o  the p i t  containing the  'shot.. 

Emissions from the cupola are con t ro l l ed  by a spark box and baghouse. A l l  
a i r  frm the mater ia l  c o l l e c t i o n  and handl ing port ions of t he  operation i s  
scrubbed by a water spray system. 

The p lant  u t l l i z e s  two cupolas each equipped w i t h  i t s  mn fume control  
system. A f t e r  being co l lected by the fume contro l  system. the  gases are 
passed through t h e i r  respective spark box and baghouse. After e x i t i n g  the  
baghouse the gas streams are conbined i n t o  a cDrrmOn stack before being 
emitted t o  t h e  atmosphere. 

' 

.. FIGURE 1 

MINERAL WOOL - FLOW DIAGRAM 

- s n w u  0- 
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\ C A T C H  B A S I N  
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2. For each process tested list feedstock materials and 
products. Indicate if activity factors are for feed (F) 
rate or product (P) rate. 

Basis for data: ?q. 3 
"(Indicate page/table Noe. in test report) 

For each process or operation tested and each test run 
note process capacity and operating rate during test. 

3 .  
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c. Air Pollution Control Systems Tested 

1. For each air pollution control system pollution control 
system identified in A.8, note the following 

~Mmufectursr I Model No. 

Note: Be as specific as possible in identifying APCD. For 
example, indicate "pulse jet fabric filter" rather than simply 
"fabric filter. 

2. For each system identified above, provide a narrative 
description. For fugitive system describe capture 
techniquee as well as the removal techniques (use a 
separate page if necessary) 
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3 .  Using the attached parameter list for guidance complete 
the table below. (Use additional pages a8 needed.) 
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D. Sampling and Analysis Methods 

1. Complete the following table 

I I I Y M  I Y n i  II 
YM Yni  
YM YM 
YM YM 
Y M  . YM 

I I I Y M  I YM II 
YM Y M  
YM YM 
YM Y M  
Y N  YM 
YM YM 

YM Y M  
YM YM 
YM Y M  
Y N  YM 

I I I I 

I I I YM I YM II 
I I I YM I Yni  II 

Y M  Y M  
YM Yni  
Y M  YM 
YM YM 
YM YM 
Y M  YM 
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2. If a method used was not a reference or conditional 
method, provide a narrative discussion including any data 
manipulation needed to make results correspond to 
reference or conditional method results. 

/bkfh& 40-4 W Q S  CLfIf by EP/4 a& %e Skfe of de,. 
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E. Emission Data Documentation 

1. Tabulate the following stack gas data from the test 
report. (Use additional pages as needed.) 

I I 1 I valuea reported I1 
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2. Tabulate pollutant mass flux rates 

I I I 
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3. Present example 

f M  (2.4 t2 I I + 1 I 6 '> 

emission factor calculations below. 
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4. Tabulate emission factors 

I I I Avenge emisaim &tor 

II I II 

b3006-4/971130 
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ATTACBYLENT A 
Akm PARAmTEIzs 

Fabric filter r 
Venturi (or other high 

energy) scrubber 

Packed-bed scrubber 

Carbon absorber 

Parametem 
Cleaning mechanism 
Bagtype 
Cleaning frequency 
Air to cloth ratio (NC) 
Pressure drop 
Inlet temperature 

Type (wet or dry) 
Number of fields 
Rapping cycle (if dry) 
Specific Collection Area (SCA) 
Particulate resistivity (if known) 
spark late 
Current and power levels 
pnssure drop 
LiquWgas (UG) ratio 
Misteliminatortype 

packing depth 
UG ratio 
caustic use (Y/N) 
PH 
Misteliminatortype 

Bed depth 
Superficial gas velocity 
Bed temperature 
Desorption mechanism (media) 
Flue-gas moisture 
Cycle length 
Tie-on-line after brealdhrough 
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NC NRDC 
A i r  Q u a l i t y  Sec t i on  
P.O. Box 27687 
Ra le igh ,  NC 27611 

AIR QUALITY TECH SERVICES 

. .- 

A t t n :  M r .  Robert Wooten 

RE: AMERICAN ROCKWOOL, S P R I N G  HOPE, NC, E M I S S I O N  CALCULATIONS 

Dear M r .  Wooten: 

As  per  your  request,  t h i s  l e t t e r  demonstrates how s u l f u r  d i o x i d e  and 
f l u o r i d e  emissions were c a l c u l a t e d  from t h e  1988 Feburary compliance 
t e s t i n g  a t  American Rockwools Spr ing  Hope, NC, f a c i l i t y .  Run 4, 1988 
February 5, has been chosen f o r  s p e c i f i c  examples. A l l  re fe renced data can 
be found i n  t h e  compliance r e p o r t ,  Report  #93-88-003. 1988 February 26, o r  
i n  t h e  attachment. 

S u l f u r  D iox ide  - S u l f u r  d i o x i d e  emissions were determined u s i n g  EPA 
Method 6. 

The equat ion  used f o r  mass emission o f  SO2 
- l b / h r  SO = Mso ( Q s t d )  1 l b  I 

W d  [453600 mg - 1 
i s  as f o l l o w s :  

Where: 

3 Mso = T o t a l  mass o f  SO c o l l e c t e d .  = 781 mg. 
Vms?d = Dry gas volume mztered, c o r r e c t e d  t o  s t d  = 45.84 f t  

Q s t d  = Standard vo lumet r i c  f l o w  r a t e  o f  gas i n  = 46360 dscfm 
cond i t i ons .  

stack.  

l b / h r  SO2 = 781 mg -46360  m3'1 (1 l b  60 min = 104.5 1b/hrSO2 
45.84ft3 1 min J 1453600 m i  [ 1 h r  ] 

The d r y  gas volume (Vmstd) and t h e  s tandard i zed  vo lumet r i c  f l o w r a t e  ( Q s t d )  
a re  from t h e  t e s t  method data. The mass o f  SO (M ) recovered from t h e  
sample t r a i n  i s  ob ta ined  th rough l a b o r a t o r y  an$ lys fP20f  t h e  conten ts  and 
r i n s e  o f  t h e  second, t h i r d  and f o u r t h  imp ingers .  
t h e  sampling crew q u a n t i t a t i v e l y  recovered t h e  conten ts  of t h e  
aforementioned impingers.  
were then r i n s e d  q u a n t i t a t i v e l y  and t h i s  wash was combined w i t h  t h e  
o r i g i n a l  con ten ts .  T h i s  0.625 1 sample was then submit ted t o  
A lcoa 's  A n a l y t i c a l  Chemistry D i v i s i o n  f o r  a Standard Method 6 T i t r a t i o n  
Anal y s i  s . 

A f t e r  Run 4 was complete, 

These imp ingers  and t h e i r  connect ing  glassware 
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From t h i s  0.625 1 sample, a 10 m l  a l i q u o t  was removed. The 10 m l  a l i q u o t  
was then  taken t o  a s tandard  volume o f  100 m l  w i t h  d i s t i l l e d ,  de ion i zed  
water. From t h i s  s tandard  volume, a 5 m l  sample was taken f o r  t i t r a t i o n .  
T h i s  5 m l  sample rece ived  20 mls  o f  100% isopropano l  and a few drops o f  
t h o r i n  i n d i c a t o r .  T h i s  m i x t u r e  was t h e n  t i t r a t e d  t o  a p i n k  endpo in t  w i t h  
2.00 mls  o f  bar ium pe rch lo ra te .  The sampl ing  crew a l s o  ob ta ined  a "b lank"  
sample o f  t h e  imp inger  chemicals which were analyzed i n  t h e  same manner as 
t h e  "Run 4" chemicals. T h i s  was t o  assure t h a t  no contaminants  were 
present  i n  t h e  absorb ing  s o l u t i o n .  The "b lank"  chemicals  were t i t r a t e d  t o  
a p i n k  endpoint  w i t h  0.05 mls. T h i s  va lue  was sub t rac ted  f rom t h e  sample 
value. 

The equ iva len t  SO 
f o l l o w i n g  equat iogs :  

p resen t  i n  t h e  i n i t i a l  sample was c a l c u l a t e d  p e r  t h e  

Where: 

= Volume o f  bar ium p e r c h l o r a t e  used for  sample = 2.00 m l  
= Volume o f  bar ium p e r c h l o r a t e  used f o r  b lank  = 0.05 m l  
= Norma l i t y  o f  bar ium p e r c h l o r a t e  t i t r a n t  = 0.01N i t b  

V = T o t a l  volume o f  s o l u t i o n  which c o n t a i n s  SO2 = 100 m l  
vao ln  = Volume o f  sample a l i q u o t  = 10 m l  
K = Conversion cons tan t  = 32.03 mg/meg 
V = Volume o f  SO2 c o n t a i n i n g  sample t i t r a t e d  = 5 m l  

Vt 

SO2 mg/l = (2.00m1-0.05m1)(0.01) = 1249.77 mg/l 

( 5  rnl) 

Remembering t h a t  t h i s  i s  t h e  c o n c e n t r a t i o n  o f  SO2 per  l i t e r  and t h e  
recovered sample and r i n s e  volume was 0.625 1: 

= 1249.17 mq SO2 (0.625 1 )  = 780.7 o r  781 t o t a l  mg SO2 
MSo2 1 1  

So, a n a l y s i s  y i e l d s  781 t o t a l  mg o f  SO2 f o r  t h e  Run 4 - Method 6 sample. 

F l u o r i d e  Emissions - F l u o r i d e  emiss ions were determined u s i n g  Alcoa 
Sampling Method 4075A coupled w i t h  Alcoa A n a l y t i c a l  Methods 4076A and 
4076B. The equa t ion  used f o r  mass emiss ion  o f  F i s  as fo l low's:  
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A l l  of t h e s e  te rms s h o u l d  b e  f a m i l i a r  t o  t h e  r e a d e r  excep t  M . The t e r m  MF 
s tands  f o r  t h e  t o t a l  mass o f  f l u o r i d e  recove red  f rom t h e  Metkod 4075-A 
sampl ing  t r a i n .  
f l u o r i d e  - t h e  nozz le ,  t h e  t h i m b l e  and t h e  imp ingers .  P a r t i c u l a t e  f l u o r i d e  
i s  c o l l e c t e d  i n  t h e  n o z z l e  and t h i m b l e  w h i l e  gaseous f l u o r i d e  i s  c a p t u r e d  
i n  t h e  imp ingers .  
f rom t h e  i m p i n g e r  s o l u t i o n  were d i r e c t l y  d i s t i l l e d  ( s u l f u r i c  a c i d  
d i s t i l l a t i o n )  t o  500 m l  volume. They were t h e n  d i r e c t l y  ana lyzed  b y  
S p e c i f i c  I o n  E l e c t r o d e  ( S I E )  and t h e  i m p i n g e r  v a l u e  was c o r r e c t e d  f o r  a 
t e n - f o l d  d i l u t i o n .  The c o n t e n t s  o f  t h e  t h i m b l e  had CaO added, were ashed 
and t h e n  fused  w i t h  NaOH b e f o r e  b e i n g  d i s t i l l e d  ( s u l f u r i c  a c i d  
d i s t i l l a t i o n )  f o r  a n a l y s i s  by SI€. ( R e f e r  t o  Methods 4076A and 40768.) 

Fo r  an S I E  a n a l y s i s ,  a c a l i b r a t i o n  i s  comple ted  w i t h  known c o n c e n t r a t i o n s  
o f  f l u o r i d e .  
m i l l i v o l t  r e a d i n g  i s  p l o t t e d  vs. t h e  l o g  o f  t h e  F c o n c e n t r a t i o n .  The F 
c o n c e n t r a t i o n  o f  an unknown i s  de te rm ined  from t h i s  graph ( o r  by t h e  
e q u a t i o n  o f  t h e  l i n e )  by  r e a d i n g  t h e  Y-ax is  v a l u e  f o r  t h e  c o r r e s p o n d i n g  
X-axis vo l tage .  The c o n c e n t r a t i o n  o b t a i n e d  i s  t h e n  f a c t o r e d  f o r  d i l u t i o n  
( i n  t h i s  case, a l l  o f  t h e  c o n c e n t r a t i o n s  a r e  m u l t i p l i e d  by  t h e  a l i q u o t  
volume (10 m l )  and c o n v e r t e d  t o  t o t a l  f l u o r i d e  by  m u l t i p l y i n g  by  t h e  
o r i g i n a l  sample volume. Sample c a l c u l a t i o n s  f o r  t h e  n o z z l e  wash, t h i m b l e  
and imp inger  ( F  , Ft and F.,  r e s p e c t i v e l y )  F c o n t e n t  f o l l o w .  P lease n o t e  
t h a t  t h e  t o t a l  f iass o f  f l u h i d e  (MF) c o l l e c t e d  by  t h i s  t r a i n  i s  equa l  t o  
t h e  sum o f  Fn, Ft and Fi. 

T h i s  p a r t i c u l a r  t r a i n  has t h r e e  areas  t h a t  c o l l e c t  

F o r  a n a l y s i s ,  t h e  n o z z l e  wash and a 50 m l  sample 

From t h e  m i l l i v o l t  read ings ,  a l i n e  can be de te rm ined  and t h e  

The nozz le :  
Y X LOG Y 

.Gal i b r a t i o n s :  2 mg F/1 917 mV 0.301 
20 mg F/1 325 mV 1.301 

200 mg F/1 -258 mV 2.301 
0.20 mg F/1 1490 mV -0.699 

These va lues  can e i t h e r  be p l o t t e d  (X vs l o g  Y )  o r  an e q u a t i o n  can be 
deve l  oped : 

Y = 10 mxtb where m = s l o p e  
b = i n t e r c e p t  

The #4 sample n o z z l e  wash sample produced an S I E  m i l l i v o l t  r e a d i n g  o f  1355 
mV which corresponded t o  a c o n c e n t r a t i o n  o f  0.35 mg F/1. 
d i s t i l l a t i o n  volume was 500 m l  (0.5 1 ) :  

Fn = (0.35 mg F /1)  (0.5 1 )  = 0.175 mg F 

C a l i b r a t i o n  p l o t s  can be found  i n  t h e  a t tachments .  

S i n c e  t h e  

The Thimble:  
Y X LOG Y 

C a l i b r a t i o n s :  2 mg F/1 906 mV 
20 mg F/1 321 mV 

0.20 mq F/1 1486 mV 

0.301 
1.301 

-0.699 
200 m i  F/I -263 mV 2.301 
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S I E  f o r  t h e  #4 t h i m b l e  sample gave a read ing  o f  512 mV which corresponded 
t o  a c o n c e n t r a t i o n  o f  9.43 mg F/1. There fore ,  t o t a l  f l u o r i d e  f o r  t h e  
t h i m b l e  i s  equal t o :  

FT = (9.43 mg F/1)  

The Impingers : 

(0.5 1 )  = 4.72 mg F 

Y X LOG Y 

C a l i b r a t i o n s :  2 mg F/1 904 mV 
20 mg F/1 314 mV 

0.20 mg F/1 1483 mV 
200 mg F/1 -275 mV 

0.301 
1.301 

2.301 
-0.699 

S I E  f o r  t h e  #4  impinger  sample gave a r e a d i n g  o f  1632 mV which 
corresponded t o  a c o n c e n t r a t i o n  o f  1.070 mg F/1. 
i n  Method 6, c o n t a i n s  t h e  glassware r i n s e  as w e l l  as t h e  o r i g i n a l  
chemicals, was 0.525 1. Therefore,  t o t a l  f l u o r i d e  f o r  t h e  impingers i s  
equal t o :  

FI = (1.070 mg F/1) (0.525 1 )  = 0.56 mg F 

The imp inger  volume, as 

T o t a l  F l u o r i d e :  

M 

Therefore,  equat ion  (C) y i e l d s :  

= Fn + F t  + FI = 0.351119 + 4.72 mg t 0.56 mg = 5.63 mg F. 
F 

3 ]  [ i51bO0 m i  n 
r?] = 0.7 l b  F /hr  

Review o f  t h e  l a b o r a t o r y  d a t a  i n  t h e  at tachment shows QA/QC measures 
(sp iked samples, d u p l i c a t e  samples and b lanks)  t h a t  have been taken. 

I hope t h i s  l e t t e r  addresses y o u r  needs regard ing  l a b o r a t o r y  
c a l c u l a t i o n s .  I f  I can be o f  any f u r t h e r  ass is tance,  p lease do n o t  
h e s i t a t e  t o  c a l l .  

"JAMES v. APICELLA 

CC:  L. C. Blayden, ATC-C 
R. G. Small ,  P i t t s b u r g h  23 
D. Weeter Associates,  L o u i s v i l l e ,  TN 
B. W. Bromley, American Rockwool, S p r i n g  Hope, NC. 
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1988 J u l y  13 

NC NRDC 
A i r  Q u a l i t y  S e c t i o n  
P.O. Box 27687 
R a l e i g h ,  NC 27611 

A t t n :  M r .  Rober t  Wooten 

s+? 4 -... .......... , ......... ..--.. ._-  

Re: R e v i s i o n  - American Rockwool, S p r i n g  Hope, NC, E m i s s i o n  C a l c u l a t i o n s  - 
o f  1988 J u l y  11 

Dear M r .  Wooten: 

P lease d i s c a r d  t h e  o r i g i n a l  l e t t e r  and a t tachment  cove r  page and r e p l a c e  w i t h  
t h e  i n c l u d e d  l e t t e r  and a t tachment  cove r  page. There a r e  no c o r r e c t i o n s  f o r  
t h e  a t tachment  i t s e l f .  The new l e t t e r  and a t tachment  c o v e r  page i n c l u d e  t h e  
f o l  l o w i n g  r e v i s i o n s :  

a )  

b )  Under t h e  T o t a l  F l u o r i d e  s e c t i o n ,  Page 4 ,  t h e  v a l u e  f o r  Fn was e r r o n e o u s l y  

The imp inger  a n a l y s i s  on Page 4 has been c l a r i f i e d .  

r e p o r t e d  as 0.35 mg F. It has been c o r r e c t e d  t o  t h e  p r o p e r  v a l u e  o f  
0.18 mg F. 

On t h e  a t tachment  c o v e r  page, t h e  LSN/ID# f o r  t h e  t h i m b l e  and i m p i n g e r  
were i n te rchanged .  They a r e  now c o r r e c t .  

c )  

S i n c e r e l y ,  

" 
James V.  A p i c e l l a  

JVAfmm 

Attachments 

cc :  L. C. Blayden, ATC-C 
R. G. Smal l ,  P i t t s b u r g h  23 
D. Weeter A s s o c i a t e s ,  L o u i s v i l l e ,  TN 
B. W. Bromley, American Rockwool, S p r i n g  Hope, NC 
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1988 J u l y  13 

NC NROC 
A i r  Q u a l i t y  S e c t i o n  
P.O. Box 27687 
Ra le igh ,  NC 27611 

A t t n :  M r .  Rober t  Wooten 

RE: R E V I S I O N  - AMERICAN ROCKWOOL, SPRING HOPE, NC, E M I S S I O N  CALCULATIONS 

Dear M r .  Wooten: 

As p e r  y o u r  r e q u e s t ,  t h i s  l e t t e r  demonst ra tes  how s u l f u r  d i o x i d e  and 
f l u o r i d e  emiss ions  were c a l c u l a t e d  f rom t h e  1988 Feburary  comp l iance  
t e s t i n g  a t  American Rockwools S p r i n g  Hope, NC, f a c i l i t y .  Run 4, 1988 
February  5, has been chosen f o r  s p e c i f i c  examples. 
be found i n  t h e  comp l iance  r e p o r t ,  Repor t  #93-88-003, 1988 Februa ry  26, o r  
i n  t h e  a t tachment .  

S u l f u r  D i o x i d e  - Su l fu r  d i o x i d e  e m i s s i o n s  were de termined using €PA 
Method 6. 

The e q u a t i o n  used f o r  mass emiss ion  o f  SO2 i s  as f o l l o w s :  

A l l  r e f e r e n c e d  d a t a  can 

l b / h r  SO2 =[,so G ? d  ] ( Q s t d )  [l 453600 l b  mg ] [-I ( A )  

Where: 

Mso = T o t a l  mass o f  SO2 c o l l e c t e d .  = 781 mg. 
Vmsgd = Dry  gas volume metered ,  c o r r e c t e d  t o  s td  = 45.84 f t  

Q s t d  = S tandard  v o l u m e t r i c  f l o w  r a t e  of gas i n  = 46360 dscfm 
c o n d i t i o n s .  

s t a c k .  

l b / h r  SO2 = [781 mq ]p6360 d;,;t3] [' l b  ] p 6 ]  = 104.5 1b/hrSO2 
45 .84 f t3  453600 mg 

The d r y  gas volume (Vmstd) and t h e  s t a n d a r d i z e d  v o l u m e t r i c  f l o w r a t e  ( Q s t d )  
a r e  f r o m  t h e  t e s t  method da ta .  The mass o f  SO ( M  ) recove red  f r o m  t h e  
sample t r a i n  i s  o b t a i n e d  t h r o u g h  l a b o r a t o r y  an%lys?P2of  t h e  c o n t e n t s  and 
r i n s e  o f  t h e  second, t h i r d  and f o u r t h  imp ingers .  
t h e  sampl ing  c rew q u a n t i t a t i v e l y  recove red  t h e  c o n t e n t s  o f  t h e  
a fo remen t ioned  i m p i n g e r s .  
were t h e n  r i n s e d  q u a n t i t a t i v e l y  and t h i s  wash was combined w i t h  t h e  
o r i g i n a l  c o n t e n t s .  T h i s  0.625 1 sample was t h e n  s u b m i t t e d  t o  
A l c o a ' s  A n a l y t i c a l  Chemis t r y  D i v i s i o n  f o r  a S tandard  Method 6 T i t r a t i o n  ALCoA 

A f t e r  Run 4 was complete,  

These i m p i n g e r s  and t h e i r  c o n n e c t i n g  g lassware  

Anal y s  i s . I R 1 1 , ~ I U  

I O Q Q  
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From t h i s  0.625 1 sample, a 10 m l  a l i q u o t  was removed. The 10 m l  a l i q u o t  
was t h e n  t a k e n  t o  a s t a n d a r d  volume o f  100 m l  w i t h  d i s t i l l e d ,  d e i o n i z e d  
water .  From t h i s  s t a n d a r d  volume, a 5 m l  sample was t a k e n  f o r  t i t r a t i o n .  
T h i s  5 m l  sample r e c e i v e d  20 m ls  o f  100% i sop ropano l  and a few drops  o f  
t h o r i n  i n d i c a t o r .  T h i s  m i x t u r e  was t h e n  t i t r a t e d  t o  a p i n k  e n d p o i n t  w i t h  
2.00 m ls  o f  ba r ium p e r c h l o r a t e .  The sampl ing  crew a l s o  o b t a i n e d  a " b l a n k "  
sample o f  t h e  i m p i n g e r  chemica ls  wh ich  were ana lyzed  i n  t h e  same manner as 
t h e  "Run 4" chemica ls .  T h i s  was t o  assu re  t h a t  no contaminants  were 
p r e s e n t  i n  t h e  a b s o r b i n g  s o l u t i o n .  The " b l a n k "  chemica ls  were t i t r a t e d  t o  
a p i n k  e n d p o i n t  w i t h  0.05 m ls .  
va lue .  

The e q u i v a l e n t  SO2 p r e s e n t  i n  t h e  i n i t i a l  sample was c a l c u l a t e d  p e r  t h e  
f o l l o w i n g  e q u a t i o n s :  

T h i s  v a l u e  was s u b t r a c t e d  f rom t h e  sample 

Where: 

= Volume of b a r i u m  p e r c h l o r a t e  used f o r  sample = 2.00 m l  
= Volume of b a r i u m  p e r c h l o r a t e  used f o r  b l a n k  = 0.05 m l  
= N o r m a l i t y  o f  b a r i u m  p e r c h l o r a t e  t i t r a n t  = 0.01N 
= T o t a l  volume o f  s o l u t i o n  wh ich  c o n t a i n s  SO2 = 100 m l  

= 10 m l  = Volume of sample a l i q u o t  

"t 
i t b  

:2o1 n 

K = Convers ion  c o n s t a n t  = 32.03 mg/meg 
V = Volume of SO2 c o n t a i n i n g  sample t i t r a t e d  = 5 m l  

SO2 mg/l  = (2.00m1-0.05m1)(0.01) 100 m l  32.03 mq 1000 m l  = 1249.77 mg/ l  [ET-][ meo I[ 1 3 
( 5  m l )  

Remembering t h a t  t h i s  i s  t h e  c o n c e n t r a t i o n  o f  SO2 p e r  l i t e r  and t h e  
recove red  sample and r i n s e  volume was 0.625 1: 

r - 
= 1249.17 mg SO2 (0.625 1 )  = 780.7 o r  781 t o t a l  mg SO2 

MSo2 1 1 1 

So, a n a l y s i s  y i e l d s  781  t o t a l  mg o f  SO2 f o r  t h e  Run 4 - Method 6 sample. 

F l u o r i d e  Emiss ions  - F l u o r i d e  emiss ions  were de te rm ined  u s i n g  A lcoa  
Sampl ing Method 4075A coup led  w i t h  A lcoa A n a l y t i c a l  Method 4076A. The 
e q u a t i o n  used f o r  mass e m i s s i o n  o f  F i s  as f o l l o w s :  



- 3 -  

A l l  o f  t h e s e  te rms shou ld  be f a m i l i a r  t o  t h e  reader  except  M . 
stands  f o r  t h e  t o t a l  mass o f  f l u o r i d e  recove red  f rom t h e  MetLod 4075-A 
sampl ing  t r a i n .  T h i s  p a r t i c u l a r  t r a i n  has  t h r e e  areas t h a t  c o l l e c t  
f l u o r i d e  - t h e  nozz le ,  t h e  t h i m b l e  and t h e  imp ingers .  
i s  c o l l e c t e d  i n  t h e  n o z z l e  and t h i m b l e  w h i l e  gaseous f l u o r i d e  i s  c a p t u r e d  
i n  t h e  imp ingers .  
from t h e  imp inger  s o l u t i o n  were d i r e c t l y  d i s t i l l e d  ( s u l f u r i c  a c i d  
d i s t i l l a t i o n )  t o  500 m l  volume. 
S p e c i f i c  I o n  E l e c t r o d e  ( S I E )  and t h e  i m p i n g e r  v a l u e  was c o r r e c t e d  f o r  a 
t e n - f o l d  d i l u t i o n .  
and t h e n  fused  w i t h  NaOH b e f o r e  b e i n g  d i s t i l l e d  ( s u l f u r i c  a c i d  
d i s t i l l a t i o n )  f o r  a n a l y s i s  by S I € .  ( R e f e r  t o  Method 4076A.) 

F o r  an SIE a n a l y s i s ,  a c a l i b r a t i o n  i s  comple ted  w i t h  known c o n c e n t r a t i o n s  
o f  f l u o r i d e .  From t h e  m i l l i v o l t  read ings ,  a l i n e  can be d e t e r m i n e d  and t h e  
m i l l i v o l t  r e a d i n g  i s  p l o t t e d  vs. t h e  l o g  o f  t h e  F c o n c e n t r a t i o n .  The F 
c o n c e n t r a t i o n  o f  an unknown i s  de te rm ined  f rom t h i s  graph ( o r  by  t h e  
e q u a t i o n  o f  t h e  l i n e )  by  r e a d i n g  t h e  Y -ax i s  v a l u e  f o r  t h e  c o r r e s p o n d i n g  
X-axis vo l tage .  The c o n c e n t r a t i o n  o b t a i n e d  i s  t h e n  f a c t o r e d  f o r  d i l u t i o n  
( i n  t h i s  case, a l l  o f  t h e  c o n c e n t r a t i o n s  a r e  m u l t i p l i e d  by  t h e  a l i q u o t  
volume 
o r i g i n a l  sample volume. Sample c a l c u l a t i o n s  f o r  t h e  n o z z l e  wash, t h i m b l e  
and i m p i n g e r  (Fn, Ft and F . ,  r e s p e c t i v e l y )  F c o n t e n t  f o l l o w .  P lease n o t e  
t h a t  t h e  t o t a l  mass o f  f l u b i d e  (MF) c o l l e c t e d  by t h i s  t r a i n  i s  equa l  t o  
t h e  sum o f  Fn, Ft and Fi. 

The t e r m  MF 

P a r t i c u l a t e  f l u o r i d e  

F o r  a n a l y s i s ,  t h e  n o z z l e  wash and a 50 m l  sample 

They were t h e n  d i r e c t l y  ana lyzed  by 

The c o n t e n t s  o f  t h e  t h i m b l e  had CaO added, were ashed 

(10  m l )  and c o n v e r t e d  t o  t o t a l  f l u o r i d e  by m u l t i p l y i n g  by  t h e  

The nozz le :  
Y X LOG Y 

C a l i b r a t i o n s :  2 mg F/1 917 mV 0.301 
20 mg F/1 325 mV 1.301 

200 mg F/1 -258 mV 2.301 
0.20 mg F/1 1490 mV -0.699 

These va lues  can e i t h e r  be p l o t t e d  ( X  
deve loped:  

Y = 10 mx+b where m = 
b =  

The #4 n o z z l e  wash sample produced an 

vs l o g  Y )  o r  an e q u a t i o n  can be 

s l o p e  
i n t e r c e p t  

wh ich  corresponded t o  a c o n c e n t r a t i o n  
d i s t i l l a t i o n  volume was 500 m l  (0.5 1 ) :  

SIE m i l l i v o l t  r e a d i n g  o f  1355 mV 
o f  0.35 mg F/1. S ince  t h e  

Fn = (0.35 mg F /1)  (0.5 1 )  = 0.175 mg F o r  0.18 mg F 

C a l i b r a t i o n  p l o t s  can be found i n  t h e  a t tachments .  

The Th imb le :  
Y X LOG Y 

C a l i b r a t i o n s :  2 mg F/1 906 mV 0.301 
20 mg F/1 321 mV 1.301 

200 mg F/1 -263 mV 2.301 
0.20 mg F/1 1486 mV -0.699 
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SI€ f o r  t h e  #4 t h i m b l e  sample gave a r e a d i n g  o f  512 mV wh ich  cor responded 
t o  a c o n c e n t r a t i o n  o f  9.43 mg F/1. T h e r e f o r e ,  t o t a l  f l u o r i d e  f o r  t h e  
t h i m b l e  i s  equal  t o :  

F t  = (9.43 mg F /1 )  

The Imp ingers :  

(0.5 1 )  = 4.72 mg F 

Y X LOG Y 

C a l i b r a t i o n s :  2 mg F/1 904 mV 0.301 
20  mg F /1  314 mV 1.301 

200 mg F/1 -275 mV 2.301 
0.20 mg F/1 1483 mV -0.699 

The a n a l y s i s  o f  t h e  imp ingers  d i f f e r s  f r o m  t h a t  o f  t h e  n o z z l e  and 
t h i m b l e .  The n o z z l e  and t h i m b l e  ana lyses  make use o f  t h e  e n t i r e  
submi t ted  sample. 
( V f  =.0.525 1 )  o n l y  a 50 m l  a l i q u o t  (Va)  i s  used fo r  a n a l y s i s .  T h i s  
f l u o r i d e  c o n t a i n i n g  a l i q u o t  i s  d i s t i l l e d  by s u l f u r i c  a c i d  d i s t i l l a t i o n  t o  
a f l u o r i d e  c o n t a i n i n g  d i s t i l l a t e  volume (V,) o f  500 m l .  
e q u i v a l e n t  t o  a t e n f o l d  d i l u t i o n  i n  t h e  f l u o r i d e  c o n c e n t r a t i o n  because 
t h e  same mass o f  f l u o r i d e  t h a t  was o r i g i n a l l y  i n  t h e  50  ml  a l i q u o t  i s  now 
i n  t h e  500 m l  d i s t i l l a t e .  From t h e  d i s t i l l a t e  a 10 m l  a l i q u o t  i s  t a k e n  
f o r  SIE a n a l y s i s  where i t  produced a r e a d i n g  o f  1632 mV. 
cor responded t o  a d i s t i l l a t e  f l u o r i d e  c o n c e n t r a t i o n  (Cd) o f  0.1070 mg 
F/1 .  The d i s t i l l a t e  c o n c e n t r a t i o n  i s  n o t  equal  t o  f i e l d  sample 
c o n c e n t r a t i o n  (Ca). 

T h e r e f o r e :  

Ca = (Vd/Va) Cd = (500 m1/50 m l )  (0.1070 mg F/1) = 1.070 mg F/1 

S ince  t h e  f i e l d  sample volume was 0.525 1 and i t s  c o n c e n t r a t i o n  was 1.070 
mg F/1, t h e  same as t h e  50 m l  a l i q u o t ,  t h e  t o t a l  mass o f  f l u o r i d e  
c o n t a i n e d  i n  t h e  imp ingers  ( F i )  e q u a l s :  

F i  = V f  Ca = (0.525 1 )  (1.070 mg F /1)  = 0.56 mg F. 

Due t o  t h e  l a r g e  volume o f  t h e  i m p i n g e r  f i e l d  sample 

T h i s  i s  

T h i s  v a l u e  

T o t a l  F l u o r i d e :  

M 

There fo re ,  e q u a t i o n  (C) y i e l d s :  

= Fn + F t  + F i  = 0.18 mg + 4.72 mg + 0.56 mg = 5.46 mg F. F 

[i5;ko0 .9] p;p.in] = 0.7 I b  F / h r  
47.21 d s f t  
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Review o f  t h e  l a b o r a t o r y  d a t a  i n  t h e  a t tachment  shows QA/QC measures 
( s p i k e d  samples, d u p l i c a t e  samples and b l a n k s )  t h a t  have been taken.  

I hope t h i s  l e t t e r  addresses y o u r  needs r e g a r d i n g  l a b o r a t o r y  
c a l c u l a t i o n s .  
h e s i t a t e  t o  c a l l .  

I f  I can be o f  any f u r t h e r  ass i s tance ,  p l e a s e  do n o t  

S i n c e r e l y ,  .r ' 
' i  

I US Q i d  
W 
JAMES V. APICELLA 

At tachments  

CC:  L. C. Blayden, ATC-C 
R. G. Smal l ,  P i t t s b u r g h  23 
D. Weeter Assoc ia tes ,  L o u i s v i l l e ,  TN 
8. W. Bromley, American. Rockwool, S p r i n g  Hope, NC. 
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Test Ob jec t ive  

The emission r a t e s  f o r  p a r t i c u l a t e  mat ter ,  s u l f u r  d iox ide  and f l u o r i d e s  as 
we l l  as  opac i ty  were determined f o r  the- k serv ineAmer ican 
Rockwool's two cupolas and t h e i r  baghouses. The emissions were determined 
f o r  two separate cond i t ions :  

1. Zero s u b s t i t u t i o n  f o r  coke (Background) 1988 February 3-4 
2. 710 l b  SPL*/hr/cupola (710 SPL) 1988 February 5 

*SPL i s  an aluminum smel t ing  c e l l  by-product which was s u b s t i t u t e d  f o r  coke 
on a l b  carbon/ lb  carbon basis.  

Summary o f  Test  Resu l ts  

Resul ts  f r o m  t h e  t e s t  program are summarized and compared t o  A i r  Permit No. 
3578R6 l i m i t s  i n  Table 1. 

TABLE I 

Average Emissions vs. Permit L i m i t s  
Cupol a/Baghouse Common Stack 

P a r t i c u l a t e  Mat ter  
l b / h r  F luo r ide  S u l f u r  D iox ide  Opaci ty 

Cond i t ion  F r o n t  H a l f  T o t a l *  1 b/hr  1 b/hr  lb/mm B tu  % 

Background 2.1 3.0 0.23 144.1 1.1 
710 SPL 3.8 4.0 0.86 111.0 0.9 

<5 
<5 

A i r  Permit 
No. 3578R6 10 -- 6.0 100.0 2.3** <20*** 

*Total  inc ludes  p a r t i c u l a t e  from impinger t r a i n .  Back h a l f  repor ted bu t  no t  
counted aga ins t  permi t .  

***Cannot exceed more than 20% opac i t y  when averaged over a s i x  minute per iod.  
except t h a t  s i x  minute per iods averaging no t  more than  twenty percent 
opac i t y  may occur no t  more than once i n  any hour nor  more than f o u r  t imes 
i n  any 24-hour per iod.  

**North Caro l ina  A i r  P o l l u t i o n  Contro l  Regulat ions 466:0516 

P a r t i c u l a t e  mat ter ,  f l u o r i d e s  and opac i t y  are we l l  w i t h i n  pe rm i t ted  l i m i t s .  
While SO exceeds t h e  Maximum A f t e r  Control  Emissions l i m i t  o f  100 l b / h r  by 
44.1 lb/t?r (Background) and 11.0 l b / h r  (710 SPL), t h e  c a l c u l a t e d  SO 
emissions from t h e  f u e l  are we l l  w i t h i n  t h e  l i m i t  c1.1 l b  SO /mm B t 2  
(Background) and 0.9 l b  SO /mn Btu (710 SPL) vs. 2.3 l b  SO /h Btu  ( l i m i t ) ]  
de f ined by t h e  Nor th  Carol?na A i r  P o l l u t i o n  Control  Regulaeions T i t l e  15. 
Chapter 2. Subchapter 20, Sect ion .0516 "Sul fur  D iox ide  Emissions from Fuel 
Burn i n g I ns t a 1 1 a t  i on s " . 
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t h e  Spr ing  Hope p l a n t  o f  
a combinat ion o f  rock and 

o f  t h e  cupola i s  d i rec ted  
f i b e r s  a r e  then 

c o l l e c t e d  i n  a blow chamber where o i l  i s  used t o  con t ro l  dust .  The f i b e r s  
pass through a tumbler  t o  remove unwanted p a r t i c l e s ,  then t o  a bagger. 

Large, spher ica l  p a r t i c l e s  ( sho t ) ,  produced by t h e  sp inn ing  head, are 
conveyed t o  a p i t  under t h e  cupola us ing a small f l ow  o f  water. 

i n t o  t h e  p i t  con ta in ing  t h e  "shot" .  

a i r  from t h e  ma te r ia l  c o l l e c t i o n  and hand l ing  po r t i ons  o f  t h e  opera t ion  i s  
scrubbed by a water spray system. 

The p l a n t  u t i l i z e s  two cupolas each equipped w i t h  i t s  own fume c o n t r o l  
system. The emissions from bo th  are combined i n t o  a connnon stack a t  t h e  
baghouse o u t l e t s .  

The cupolas are charged a t  an average r a t e  of 3.6 charges per  hour o f  t h e  
f o l l o w i n g  composi t ions:  

Occasional ly unwanted s lag  i s  tapped from t h e  

Emissions f r o m  t h e  cupola are c o n t r o l l e d  by a 

t h e  cupola d i r e c t l y  

and baghouse. A l l  

Background 
Charge l b  

710 l b / h r  SPL 
Charge - l b  

Coke 385-400 Coke 260 
SPL 0 SPL 225 
Ouquesne S1 ag 1300 Duquesne S1 ag 1300 
Trap Rock 1100 Trao Rock 1100 
Lime 
Steel  
Tennessee S1 ag 

50 Lime 50 
400 Steel  400 
400 Tennessee S1 ag 400 

SAMPLING PROCEDURES 

Tes t ing  was done accord ing t o  t h e  proposal submit ted by J. E. Gibb dated 
1988 January 05. 

Sampling Locat ions - The 6 f t  1.0. stack has two sampling p o r t s  90" apart .  
S ix  po in ts  were sampled per  p o r t .  
t o t a l  sampling t i m e  of 60 minutes. 
downstream and 6 diameters upstream from any disturbance. 
sampling l o c a t i o n s  a r e  shown i n  F igu re  2. 

Each p o i n t  was sampled-5-~inutes f o r  a 
The sampling l o c a t i o n  w Z 3  8 diameters 

The s tack 
No cyc lon i c  f l o w  was present.  

P a r t i c u l a t e  Mat te r  - S u l f u r  D iox ide  - Opaci ty  - The de terminat ion  o f  these 
emissions fo l lowed procedures o u t l i n e d  by t h e  U.S. Environmental P ro tec t i on  
Agency (EPA) i n  T i t l e  40 of t h e  Code of Federal Regulat ions (CFR), Pa r t  60, 
Appendix A. 
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o Method 1 - 
o Method 2 - 
o Method 3 - 
o Method 4 - 
o Method 5 - 
o Method 6 - 
o Method 9 - 

"Sample and V e l o c i t y  Traverses f o r  S ta t ionary  Sources" 
"Determinat ion o f  Stack Gas Ve loc i t y  and Volumetr ic  Flow 
Rate (Type S P i t o t  Tube)" 
"Gas Ana lys is  f o r  Carbon Dioxide, Oxygen, Excess A i r  and Dry 
Molecular  Weight" 
"Determinat ion o f  Mois ture Content i n  Stack Gases" 
"Determinat ion o f  P a r t i c u l a t e  Emissions from S ta t i ona ry  
Sources", See F igure  3 
"Determinat ion o f  S u l f u r  D iox ide  Emissions from S ta t i ona ry  
Sources" 
"Visual  Determinat ion o f  t h e  Opacity o f  Emissions from 
S ta t i ona ry  Sources" 

F luo r ide  Emissions - F l u o r i d e  Emissions were determined us ing Alcoa Method 
3015A (approved by t h e  Sta te  o f  North Caro l ina  and Federal EPA) i n  
con junc t ion  w i t h  t h e  necessary Federal Methods (1 through 4) t o  ob ta in .  
i s o k i n e t i c  sampling f o r  t o t a l  p a r t i c u l a t e  and gaseous f l u o r i d e .  The method 
requ i res  a c e l l u l o s e  th imb le  t o  remove p a r t i c u l a t e  f l u o r i d e  and i c e  cooled 
impingers o f  1.ON sodium hydroxide f o r  scrubbing gaseous f l u o r i d e  (see 
F igu re  4. 

Raw Ma te r ia l s  - Samples o f  t h e  r a w  m a t e r i a l s  were taken from each charge. 
They were accumulated i n  separate 55 g a l l o n  drums over t h e  t h r e e  day t e s t  
per iod.  D i f f e r e n t  types  o f  raw m a t e r i a l s  were not  s to red  i n  t h e  same 
drums, nor were they al lowed t o  mix a t  any t ime  dur ing  s i z e  reduc t i on  
and/or analys is .  Th is  procedure ne t ted  composite samples between t h r e e  and 
four hundred pounds for  each o f  t h e  r a w  ma te r ia l s .  A minera l  company, 
Kennedy Van Sam, Inc., handled t h e  s i z e  reduc t i on  process which inc luded 
t h e  f o l l o w i n g  steps f o r  each ma te r ia l .  

F i r s t  t h e  e n t i r e  contents  o f  t h e  b a r r e l  were crushed t o  minus 3/8 i n c h  and 
homogenized. 
minus 40 mesh. 
reduced t o  minus 4 mesh and again homogenized. 
pounds were s p l i t  out ,  reduced t o  minus 10 mesh, once again homogenized and 
f i n a l l y  one quar te r  o f  a pound was reduced t o  minus 60 mesh. 
thoroughly  mixed, f i n e l y  ground sample was then submit ted f o r  ana lys i s  by 
A1 coa' s Ana ly t i ca l  Chemistry D iv is ion .  

From t h i s  mix  f o r t y  pounds were s p l i t  out  and reduced t o  
A f t e r  homogenization, t h i r t y - f i v e  pounds were s p l i t  out ,  

From t h i s  sample f i v e  

Th is  

ANALYTICAL PROCEDURES 

P a r t i c u l a t e  Emissions 

P a r t i c u l a t e  emissions were determined f o l l o w i n g  procedures o u t l i n e d  i n  EPA 
Method 5. P a r t i c u l a t e  samples c o l l e c t e d  on Reeve Angel 934 AH g lass f i b e r  
f i l t e r s  were analyzed g r a v i m e t r i c a l l y .  
w i t h  acetone. The wash was t r a n s f e r r e d  t o  ta red  beakers and evaporated t o  
dryness. This  res idua l  weight was i nc luded  i n  t h e  ana lys is .  The back h a l f  
was washed w i t h  80% isopropanol  and c o l l e c t e d  w i t h  t h e  isopropanol  used 
du r ing  t h e  t e s t  i n  t a r e d  beakers. The res idua l  weight was determined a f t e r  
t h e  beakers were evaporated t o  dryness. 

The probe and nozz les were washed 
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F luo r ide  and S u l f u r  Emissions 

A lcoa 's  Ana ly t i ca l  Chemistry D i v i s i o n  (ACD) used Alcoa Method 4076A ( a  
combination o f  ashing, fus ion,  s u l f u r i c  ac id  d i s t i l l a t i o n  and s e l e c t i v e  i o n  
e lec t rode)  t o  measure p a r t i c u l a t e  and gaseous f l uo r ide .  ACD used 
procedures o u t l i n e d  i n  EPA Method 6 t o  measure t h e  t o t a l  s u l f u r  i n  t h e  
source samples. Grav imetr ic  ana lys is  (a  combination o f  fus ion ,  t i t r a t i o n  
and p r e c i p i t a t i o n )  was used t o  measure s u l f u r  i n  the raw mate r ia l s .  

Btu Content 

The Btu content o f  coke and SPL was determined by standard Alcoa Method 
1121 which uses a P a r r  Bomb calor imeter .  

Opaci ty 

A c e r t i f i e d .  q u a l i f i e d  observer was used as per EPA Method 9 
spec i f i ca t i ons .  The c e r t i f i c a t i o n  i s  inc luded i n  Appendix C. 

QUALITY CONTROL PROCEDURES 

Q u a l i t y  con t ro l  procedures were fo l lowed f o r  a l l  aspects o f  f i e l d  sampling 
i n c l u d i n g  sample preserva t ion  and ho ld ing  t ime;  reagent q u a l i t y ;  a n a l y t i c a l  
method; analyst  t r a i n i n g ;  and instrument c leaning,  c a l i b r a t i o n  and sa fe ty .  
These procedures are cons is ten t  w i t h  EPA gu ide l ines  documented i n  " Q u a l i t y  
Assurance Manuals f o r  A i r  P o l l u t i o n  Measurement Systems," Vol. 3, 
"S ta t ionary  Source S p e c i f i c  Methods" (EPA-600/4-77-027b). 

RESULTS 

A composite o f  r e s u l t s  f rom t h e  t e s t  program i s  presented i n  Tables 2 and 3 
o f  t h i s  repo r t .  Complete r e s u l t s ,  p roduc t ion  data, raw data, c a l i b r a t i o n  
data and labo ra to ry  r e s u l t s  are g iven i n  t h e  Appendices. 

DISCUSSION 

A se r ies  o f  precompliance t e s t s  were run  a t  t h e  background cond i t ion ,  
350 l b  SPL/hr per  cupola and 700 l b  SPL/hr per  cupola a t  t h i s  f a c i l i t y  
1988 January 13-17. 
Comparison o f  precompliance r e s u l t s  t o  t h e  r e s u l t s  o f  t h e  compliance t e s t  
shows exce l l en t  agreement. 
AssurancelQual i ty Contro l  procedures and approved methods presented f o r  t h e  
1988'February 3-5 t e s t s  were a l so  enforced f o r  t h e  1988 January 13-17 
t e s t i n g  program. 

Table 4 inc ludes  a summary o f  a l l  t e s t  data.  

It should be noted t h a t  a l l  o f  t h e  Q u a l i t y  

Tes t ing  

The t e s t  program went smoothly w i t h  o n l y  minor  mod i f i ca t ions .  
encountered was t h e  v o l a t i l i z a t i o n  o f  t h e  isopropanol i n  t h e  Method 6 
t r a i n .  

One problem 

Even packed w i t h  i ce ,  accurate determinat ions o f  s tack gas mois tu re  
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were n o t  always p o s s i b l e  f rom t h i s  t r a i n .  S ince  t h e  4075A t r a i n  d i d  n o t  
have t h i s  p rob lem and t h e  t e s t s  were s imu l taneous,  Method 4075A m o i s t u r e  
d e t e r m i n a t i o n s  were used f o r  some Method 5 c a l c u l a t i o n s .  I n  re fe rence  t o  
EPA Method 3, F y r i t e s  were s u b s t i t u t e d  f o r  an Orsa t  a n a l y s i s .  Wh i le  t h i s  
i s  accep tab le  f o r  carbon d i o x i d e ,  i t  was j u s t i f i e d  f o r  oxygen because t h e  
exhaust  was m o s t l y  ambient a i r  n o t  combust ion  a i r ,  and t h e  t e s t s  o n l y  
r e q u i r e d  p e r c e n t  oxygen f o r  m o l e c u l a r  w e i g h t  c a l c u l a t i o n s .  
F y r i t e s  t o  an accuracy  w i t h i n  one -ha l f  p e r c e n t  i n t r o d u c e s  n e g l i g i b l e  e r r o r  
i n t o  t h e  m o l e c u l a r  we igh t  and ensu ing  c a l c u l a t i o n s .  

Process 

The p l a n t  r a n  f a i r l y  c o n s i s t e n t  o v e r  t h e  t e s t  t i m e s  w i t h  o n l y  a m i n o r  upse t  
i n  one o f  t h e  cupo las  d u r i n g  Run 6. 
6 was i n c l u d e d  i n  t h e  r e s u l t s  because t h e  upse t  was r e l a t e d  t o  e x c e s s i v e  
t a p p i n g  o f  t h e  c u p o l a  bottoms. T h i s  d i d  n o t  a f f e c t  gaseous emiss ions  
because combust ion  o f  charged m a t e r i a l s  was n o t  i n t e r r u p t e d .  P a r t i c u l a t e  
emiss ions  t e m p o r a r i l y  i n c r e a s e d  ( b y  a p p r o x i m a t e l y  1 l b / h r )  b u t  t h a t  was due 
t o  t h e  f a s t e r  r a t e  o f  descent  among t h e  components i n  t h e  cupo la .  

A l though  t h e  average charge f lows ( l b / h r )  were n o t  a lways  c o n s i s t e n t  w i t h  
t h e  p e r m i t  s p e c i f i c a t i o n s ,  t h e  w e i g h t  c o m p o s i t i o n  ( l b  m a t e r i a l / c h a r g e )  was 
c o n s i s t e n t  w i t h  t h e  predetermined goa l  ( s e e  Appendix B). 

Reading 

There fo re ,  Run 7 was undertaken. Run 
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MEMORANDUM 

DATE: August 25, 1988 

TO: Ken Schuster/Jerry Clayton 

FROM: Robert Wooten 

SUBJECT: Revision of Review of Emission Test Report for American Rockwool, 
Inc., Spring Hope, Nash Co., N.C., performed May 17-19, 1988. 

The subject report was received July 1, 1988 with additional information 
received August 8, 1988. The test was performed by personnel of the Aluminum 
Company of America (ALCOA). 
fluoride emissions when producing rockwool with spent pot linings (SPL) salvaged 
from ALCOA's aluminum production operations. It was desired to show to what 
extent fluoride emissions increase when SPL is substituted for coke. It was 
also desired to show to what extent the addition of lime decreases fluoride 
emissions. The filter used for fluoride testing was weighed for particulate 
determination. Sulfur dioxide was also measured. 

The method used for particulate determination involved weighing the sampling 
thimble used to collect particulate fluorides. 
cellulose, it tended to gain atmospheric moisture readily which made the 
accuracy of the weighings slightly uncertain. 
washings were omitted. 
than a properly performed Method 5 test. 

The particulate emission test is insufficient to determine compliance. EPA 
Method 5 should be performed on the cupola stack and the duct scrubber stack. 
To meet the requirement o f  condition 5 of the permit, it will be necessary to 
determine the input to the blow chamber, the cleaning process transfer cyclone, 
and the bagging process transfer cyclone. 

Sulfur dioxide emissions were determined using a method said to be like EPA 
Method 15. None of the necessary supporting data was provided. It is not 
possible to accept the SO 
procedures were followed.' Also, the heat input is undetermined and SO2 may come 
from other than fuel. 

The method used for fluoride measurement was ALCOA Method 4075A. This method is 
similar to EPA Method 138. 
method with Gary McAllister of the EPA, I have concluded that Method 4075A 
should give accurate results ,for this source. 

The attached table summarizes the fluoride emissions for the three operating 
conditions tested. 
Table 1 on page 2 of the report should be regarded as only nominal. I computed 
SPL, Lime, and coke charge rates from the production records covering the shift 
during which testing was performed. 
verify my numbers as their production records as reproduced i n  the report are a 
little confusing. 

The main purpose of the test was to determine 

Due to the filter being 

Also, probe and filter holder 
The particulate values should be somewhat less accurate 

results since there is nothing to show that correct 

After discussing certain details of the the test 

The charge makeup and number of charges per hour given in 

You may wish to have American Rockwool 
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The f i r s t  t e s t  run  o f  c o n d i t i o n  B showed lower f l u o r i d e s  than the  n e x t  t h r e e  
runs. I t  i s  n o t  poss ib le  t o  say i f  t h e  t e s t  run  i s  f lawed.  I f  i t  i s  om i t ted ,  
t h e  average f l u o r i d e  emission r a t e  increases 23% (7.84 l b s / h r  t o  9.67 l b s / h r ) .  

Only two f l u o r i d e  runs w e r e  performed f o r  c o n d i t i o n  D due t o  process problems. 
I accept t h e  r e s u l t s  o f  the two t e s t  runs performed. 

For c o n d i t i o n  A,  I ca lcu la ted  an emission f a c t o r  o f  .000259 l b  F/ l b  coke. F o r  
c o n d i t i o n  8, I go t  ,00557 l b  F/ l b  SPL (us ing  7.41 l b  F /h r ) .  Th i s  i s  21.5 t imes 
g rea te r  than f o r  coke pound f o r  pound. Since more than a pound o f  SPL w i l l  
rep lace  a pound o f  coke, the  ac tua l  f l u o r i d e  inc rease should be g rea te r .  

f o r  c o n d i t i o n  0, I found ,00205 l b  F/ I b  SPL w i t h  ,107 l b  l i m e /  l b  SPL. The 
emission f a c t o r  f o r  SPL w i t h  l ime  i s  7.9 t imes t h a t  f o r  coke. N o t e  again t h a t  
m o r e  SPL w i l l  be used than t h e  weight  o f  coke reduced. 

The f l u o r i d e  emission s tandard f o r  t h i s  source i s  g iven  i n  c o n d i t i o n  11 o f  
P e r m i t  # 3578R7. The use o f  1420 l b s / h r  o f  SPL i n  both cupolas combined i s  
al lowed. The f l u o r i d e  emissions must n o t  inc rease over 2.8 l bs /h r  ( t o t a l )  when 
us ing  SPL compared t o  what t h e  f l u o r i d e  emissions would be w i thou t  SPL. 

Test c o n d i t i o n  8 shows a f l u o r i d e  increase o f  7.11 l b / h r  over c o n d i t i o n  A w i t h  
an SPL i n p u t  o f  1329.8 l b / h r  (90 l b / h r  less t han  t h e  maximum al lowed) .  I f  t h e  
f i r s t  t e s t  run  i s  omi t ted ,  t h e  inc rease i s  8.94 l b / h r .  The B c o n d i t i o n  t e s t  
shows t h a t  t h e  cupolas v i o l a t e  t h e  pe rm i t ted  f l u o r i d e  increase l i m i t  s e t  i n  t h e  
pe rm i t  when SPL w i t h o u t  l i m e  i s  used. 

Test  c o n d i t i o n  D was a l lowed by pe rm i t  f o r  a l i m i t e d  t i m e  t o  e s t a b l i s h  emissions 
i f  l ime i s  added a long w i t h  t h e  SPL. Cond i t i on  D shows a f l u o r i d e  inc rease o f  
4.37 l b / h r  over  c o n d i t i o n  A w i t h  a SPL i n p u t  o f  2382 l b / h r .  I f  t h e  emission 
f a c t o r  found f r o m  t h i s  t e s t  i s  a p p l i e d  t o  t h e  1420 l b / h r  SPL a l lowed by t h e  
pe rm i t ,  t h e  f l u o r i d e  emission due t o  SPL i s  2.911 l b / h r .  
used, i t  replaces coke a t  somewhat more than a pound o f  SPL per  pound o f  coke. 
I f  i t  were a pound f o r  a pound, t h e  f l u o r i d e  inc rease would be .001791 l b F / l b  
SPL o r ,  f o r  1420 l b  SPL/hr, 2.54 lbF/hr  inc rease which i s  w i t h i n  t h e  2.8 l b / h r  
increase a l lowed.  

As I understand i t , t h e  c o n d i t i o n  D t e s t  was n o t  in tended t o  determine 
compliance w i t h  Permi t  # 3578R7 opera t i ng  c o n d i t i o n s  and emission l i m i t s .  The 
r e s u l t s  a re  use fu l  f o r  p r e d i c t i n g  f l u o r i d e  emiss ions when l ime  i s  added t o  the  
cupolas i n  t h e  p r o p o r t i o n s  used f o r  t h e  Cond i t i on  D t e s t .  

According t o  Ken Schuster,  t h e  r e a l  f l u o r i d e  concern i s  t h a t  ac tua l  f l u o r i d e  
emissions n o t  exceed s i x  ( 6 )  pounds per  hour and t h a t  t h e  annual f l u o r i d e  
inc rease due t o  us ing  SPL n o t  exceed t h r e e  tons .  The s i x  l b / h r  f i g u r e  comes 
f r o m  model ing.  
assumptions (apparen t l y  i n c o r r e c t )  about pre-SPL f l u o r i d e  emissions and t h e  s i x  
l b / h r  model ing value. 

Attachment 

cc: Mike A ld r idge  

O f  course, when SPL i s  

The 2.8 l b / h r  inc rease f i g u r e  i n  t h e  pe rm i t  comes f r o m  

Cent ra l  F i l e  v i a  Lee Danie l  
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1988 August 4 

NC NRDC 
A i r  Q u a l i t y  S e c t i o n  
P.O. Box 27687 
R a l e i g h ,  NC 27611 
A t t n :  M r .  Rober t  Wooten 

R E :  1988 MAY AMERICAN ROCKWOOL, SPRING HOPE, NC, E M I S S I O N  CALCULATIONS 

Dear M r .  Wooten: 

As p e r  y o u r  r e q u e s t ,  t h i s  l e t t e r  demonst ra tes  how f l u o r i d e  emiss ions  were 
c a l c u l a t e d  f r o m  t h e  1988 May t e s t i n g  a t  American Rockwools S p r i n g  Hope, NC, 
F a c i l i t y .  Run 1, 1988 May 1 7 ,  has  been chosen f o r  s p e c i f i c  examples. A l l  
r e f e r e n c e d  d a t a  can be found i n  t h e  f o r m a l  r e p o r t ,  #93-88-005, da ted  1988 May 
14 ,  o r  i n  t h e  a t tachmen t .  

F l u o r i d e  Emiss ions  - F l u o r i d e  emiss ions  were de termined u s i n g  A lcoa Sampling 
Method 4075A coup led  w i t h  A lcoa A n a l y t i c a l  Method 4076A. The e q u a t i o n  used f o r  
mass e m i s s i o n  o f  F i s  as f o l l o w s :  

l b / h r  F = _M,- (Qstd) [I I b  ] [6; ;:n] ( A )  
Vmstd 453600 mg 

I n  e q u a t i o n  (A)  Vmstd i s  t h e  d r y  s t a n d a r d  volume o f  s t a c k  gas sampled d u r i n g  
Run 1 and Q td i s  t h e  d r y  s t a n d a r d  v o l u m e t r i c  f l o w  r a t e  f o r  t h e  s tack  gas 
d u r i n g  Run 3. 
t h e  Method 4075-A samp l ing  t r a i n .  T h i s  p a r t i c u l a r  t r a i n  has t h r e e  areas  t h a t  
c o l l e c t  f l u o r i d e  - t h e  n o z z l e ,  t h e  t h i m b l e  and t h e  imp ingers .  

c a p t u r e d  i n  t h e  imp ingers .  For  a n a l y s i s ,  t h e  n o z z l e  wash and a 100 m l  sample h,- 
from t h e  i m p i n g e r  s o l u t i o n  were d i r e c t l y .  d i s t i l l e d -  ~ ( s u 1 . f u r i c - a c i d  .dist i l lat ioC); ’ i !*. ,  

I o n  E l e c t r o d e  
(SIE]a?Ththe- impinger v a l u e  was c o r r e c t e d  f o r  a d i l u t i o n .  
t h i m b l e  had CaO added, were ashed and t h e n  fused w i th  NaOH b e f o r e  b e i n g  
d i s t i l l e n s u l f u r i c  a c i d  d i s t i l l a t i o n )  for  a n a l y s i s  by SI€. 

The t e r m  MF s tands  f o r  t h e  t o t a l  mass o f  f l u o r i d e  recovered f rom 

P a r t i c u l a t e  
f l u o r i d e  i s  c o l l e c t e d  i n  t h e  n o z z l e  and t h i m b l e  w h i l e  gaseous f l u o r i d e  i s  IC” 

-Lo. 500 m l  volume. They were t h e n  d i r e c t l y  ana lyzed by  S p e c i f i c  ,b - A )  .,!:; 
The c o n t e n t s  o f  t h e  p- ’  

( R e f e r  t o  Method 
4076A.) A v.y:LfL ; ? & r T : < & , d  ’ 1 - L  - . . j  sfl,,,vc,&, 

il fifM~,f--,. 9 7 5  , d r W &  OL 
F o r  an SIE a n a l y s i s ,  a c a l i b r a t i o n  i s  ComDleted wid known c o n c e n t r a t i o n s  
( a n a l y t i c a l  s t a n d a r d s )  o f  f l u o r i d e  s o l u t i o n s .  
y i e l d s  a s p e c i f i c  m i l l i v o l t  read ing .  From t h e  m i l l i v o l t  read ings  and t h e i r  
r e s p e c t i v e  f l u o r i d e  c o n c e n t r a t i o n s  a l i n e  can be determined. The m i l l i v o l t  
r e a d i n g  i s  p l o t t e d  vs t h e  l o g  o f  t h e  F c o n c e n t r a t i o n .  The F c o n c e n t r a t i o n  o f  a 
sample s o l u t i o n  ( u s u a l l y  a 10 m l  a l i q u o t  f rom t h e  H SO d i s t i l l a t e )  i s  
de te rm ined  f r o m  t h i s  g raph ( o r  by t h e  e q u a t i o n  o f  t i e  f i n e )  by t a k i n g  t h e  
a n t i l o g  o f  t h e  Y-ax is  v a l u e  f o r  t h e  co r respond ing  X-ax is  v o l t a g e .  The f l u o r i d e  
c o n c e n t r a t i o n  o b t a i n e d  i s  t h e n  f a c t o r e d  f o r  d i l u t i o n  (when a p p l i c a b l e )  and 
c o n v e r t e d  t o  t o t a l  f l u o r i d e  mass. Sample c a l c u l a t i o n s  f o r  t h e  n o z z l e  wash, 

For  each f l u o r i d e  s o l u t i o n  SIE 

-\I.CO\ t h i m b l e  and i m p i n g e r  (F,, Ft and Fi, r e s p e c t i v e l y )  F c o n t e n t  f o l l o w .  !.,. :. . . 

,l9;;8 
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P lease n o t e  t h a t  t h e  t o t a l  mass o f  f l u o r i d e  (MF) c o l l e c t e d  by  t h i s  t r a i n  i s  
equal  t o  t h e  sum o f  Fn, Ft and Fi. 

The nozz le :  
Y X L O G  Y 

C a l i b r a t i o n s :  2 mg F/1 828 mV 0.301 
20 mg F / l  244 mV 1.301 

200 mg F/1 -346 mV 2.301 
0.20 mg F /1  1341 mV -0.699 

These va lues  can e i t h e r  be p l o t t e d  ( X  vs l o g  Y) o r  an e q u a t i o n  can be 
developed: 

Y = 10 mx+b where m = s l o p e  
b = i n t e r c e p t  

The Run 1 n o z z l e  wash sample produced an SI€ m i l l i v o l t  r e a d i n g  o f  1205 mV wh ich  
corresponded t o  a c o n c e n t r a t i o n  o f  0.395 mg F/1. S ince  t h e  d i s t i l l a t i o n  volume 
w a s  500 m l  (0.5 1 ) :  

Fn = (0.395 mg F /1)  (0.5 1 )  = 0.198 mg F o r  0.20 mg F 

C a l i b r a t i o n  p l o t s  can be found i n  t h e  a t tachments .  

The Thimble:  
Y X L O G  Y 

C a l i b r a t i o n s :  2 mg F/1 844 mV 
20 mg F/1 266 mV 

0.20 mg F/1 1357 mV 
200 mg F/1 -327 mV 

0.301 
1.301 

2.301 
-0.699 

S I E  f o r  t h e  Run 1 t h i m b l e  sample gave a r e a d i n g  o f  728 mV wh ich  corresponded t o  
a c o n c e n t r a t i o n  o f  3.175 mg F/1. 
equal t o :  

F t  = (3.175 mg F /1)  

T h e r e f o r e ,  t o t a l  f l u o r i d e  f o r  t h e  t h i m b l e  i s  

(0.5 1 )  = 1.588 mg F o r  1.59 mg F 

The Imp ingers :  

Y X L O G  Y 

C a l i  b r a t i o n s  : 2 mg F/1  898 mV 
20 mg F/1 308 mV 

0.20 mg F/1 1420 mV 
200 mg F/1 -219 mV 

0.301 
1.301 

2.301 
-0.699 

The a n a l y s i s  o f  t h e  imp ingers  d i f f e r s  from t h a t  o f  t h e  n o z z l e  and t h i m b l e .  The 
n o z z l e  and t ~ m b l  e w j s e  o f  t h e  e n t i r e  s u b m i t t e d  sample. 
t h e  l a r g e  volume o f  t h e  i m p i n g e r  f i e l d  sample (Vf = 0.510 1 )  o n l y  a 100 m l  
a l i q u o t  (Va) i s  used f o r  a n a l y s i s .  
d i s t i l l e d  b y  s u l f u r i c  a c i d  d i s t i l l a t i o n  t o  a f l u o r i d e  c o n t a i n i n g  d i s t i l l a t e  
volume (V ) o f  500 m l .  T h i s  i s  e q u i v a l e n t  t o  a f i v e - f o l d  d i l u t i o n  i n  t h e  
f l u o r i d e  g o n c e n t r a t i o n  because t h e  same mass o f  f l u o r i d e  t h a t  was o r i g i n a l l y  i n  
t h e  100 m l  a l i q u o t  i s  now i n  t h e  500 m l  d i s t i l l a t e .  

Due t o  

T h i s  f l u o r i d e  c o n t a i n i n g  a l i q u o t  i s  
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From t h e  d i s t i l l a t e  a 10 m l  a l i q u o t  i s  t a k e n  f o r  SIE a n a l y s i s  where i t  produced 
a r e a d i n g  o f  1238 mV. T h i s  va lue  corresponded t o  a d i s t i l l a t e  f l u o r i d e  
c o n c e n t r a t i o n  (Cd) o f  0.479 mg F/1. 
t o  f i e l d  sample c o n c e n t r a t i o n  (Ca). 

The re fo re :  

Ca = (Vd/Va) Cd = (500 m1/100 m l )  (0.479 mg F /1 )  = 2.395 mg F/1 

S ince  t h e  f i e l d  sample volume was 0.510 1 and i t s  c o n c e n t r a t i o n  was 2.395 mg 
F/1, t h e  same as t h e  100 m l  a l i q u o t ,  t h e  t o t a l  mass o f  f l u o r i d e  c o n t a i n e d  i n  
t h e  imp ingers  ( F i )  equa ls :  

F i  = V f  Ca = (0.510 1 )  (2.395 mg F /1 )  = 1.22 mg F. 

The d i s t i l l a t e  c o n c e n t r a t i o n  i s  n o t  equal  

T o t a l  f l u o r i d e :  

MF = Fn + F t  + F i  = 0.20 mg + 1.59 mg + 1.22 mg = 3.01 mg F. 

There fore ,  e q u a t i o n  (A )  y i e l d s :  

= 0.39 l b  F / h r  
m i  n 

l b / h r  F = 3.01 mg F3 
38.28 d s f t  

Review o f  t h e  l a b o r a t o r y  d a t a  i n  t h e  a t tachment  shows QA/QC measures 
samples, d u p l i c a t e  samples and b l a n k s )  t h a t  have been taken. 

I hope t h i s  l e t t e r  addresses y o u r  needs r e g a r d i n g  l a b o r a t o r y  c a l c u l a t  
I can be of any f u r t h e r  a s s i s t a n c e ,  p l e a s e  do n o t  h e s i t a t e  t o  c a l l .  

S i n c e r e l y ,  

At tachments 

CC:  L. C. Blayden, ATC-C 
R. G. Smal l ,  P i t t s b u r g h  23 
0. Weeter Assoc ia tes ,  L o u i s v i l l e ,  TN 
B. W. Bromley, American Rockwool, S p r i n g  Hope, NC. 

s p i k e d  

ons. I f  
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T e s t  O b j e c t i v e  

The emiss ion  r a t e s  f o r  p a r t i c u l a t e  m a t t e r ,  s u l f u r  d i o x i d e  and f l u o r i d e s  
were de termined f o r  t h e  comnon s t a c k  s e r v i n g  American Rockwool ’s t w o  
cupo las  and t h e i r  baghouses. Emiss ions  were de termined f o r  t h r e e - . d i f f e r e n t  
charges o r  c o n d i t i o n s .  The c o n d i t i o n s  cor respond t o  I t e m  16 o f  A i r  
P e r m i t  No. 3578R7. 
T a b l e  1. 

The approx imate  c o n s i s t  o f  each charge i s  l i s t e d  i n  

TABLE 1 

Average Charge Makeup Per Cupola 

1988 Mav 19  

0 
1988 Mav 1 7  1988 Mav 18 

Charge ( l b )  C o n d i t i o n  A C o n d i t i o n  B C o n d i t i o n  D i >l  

QL? \ 2 7 , %  g:& 
Lime 0 ’ I’J. .;,t/hr’ 50 1 4 Y . f  *i$ 
SPL* 0 210 7-11) 450 q W . 0  t i . q L  

Coke 385 5W.l (e?.! 260 
Duquesne S1 ag 1300 1300 1300 
T r a p  Rock 1100 1100 1100 
S t e e l  S lag  400 400 400 
Tennessee S1 ag 400 400 400 

Avg. t c h a r g e s j h r  3.5 3.4 3.0 

140 , ~ < . 7  &&. O I L c 7 i . .  

*SPL i s  an aluminum s m e l t i n g  c e l l  byp roduc t  ( S C B )  which i s  s u b s t l t u t e d  f o r  
coke on a l b  c a r b o n / l b  carbon b a s i s .  

Summary o f  T e s t  R e s u l t s  

R e s u l t s  f rom t h e  t e s t  program a r e  summarized i n  Tab le  2. 

TABLE 2 

Average T o t a l  Emissions f o r  
Cupola/Baghouse 

P a r t i c u l a t e  M a t t e r  
l b / h r  F l u o r i d e  S u l f u r  D i o x i d e  

C o n d i t i o n  F r o n t  H a l f *  1 b / h r  l b / h r  

A 
E 
D 

1.2 
1.8 
1.8 

0.73 
7.84 
5.10 

104.7 
95.2 
57.1 

*Method 4075A does n o t  account f o r  p a r t i c u l a t e  m a t t e r  c a p t u r e d  i n  t h e  back 
h a l f  o f  t h e  i m p i n g e r  t r a i n .  
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PROCESS DESCRIPTION 

F i g u r e  1 shows how m i n e r a l  wool i s  p roduced a t  t h e  S p r i n g  Hope p l a n t  o f  
American Rockwool, Inc .  A cupo la  i s  used t o  m e l t  a comb ina t ion  o f  r o c k  and 
s l a g .  The m o l t e n  p r o d u c t  wh ich  e x i t s  t h e  bo t tom o f  t h e  cupo la  i s  d i r e c t e d  
o n t o  a h o r i z o n t a l  a x i s  s p i n n i n g  d i s c .  
c o l l e c t e d  i n  a b low  chamber where o i l  i s  used t o  c o n t r o l  dus t .  The f i b e r s  
pass t h r o u g h  a t u m b l e r  t o  remove unwanted p a r t i c l e s ,  t h e n  t o  a bagger. 

Large, s p h e r i c a l  p a r t i c l e s  ( s h o t ) ,  p roduced by t h e  s p i n n i n g  head. a r e  
conveyed t o  a p i t  under t h e  c u p o l a  u s i n g  a s m a l l  f l o w  o f  wa te r .  
O c c a s i o n a l l y  unwanted s l a g  i s  tapped f r o m  t h e  bo t tom o f  t h e  c u p o l a  d i r e c t l y  
i n t o  t h e  p i t  c o n t a i n i n g  t h e  " s h o t " .  

Emiss ions  f rom t h e  cupo la  a r e  c o n t r o l l e d  by  a spark  box and baghouse. A l l  
a i r  f rom t h e  m a t e r i a l  c o l l e c t i o n  and h a n d l i n g  p o r t i o n s  o f  t h e  o p e r a t i o n  i s  
scrubbed by  a wa te r  spray  system. 

The p l a n t  u t i l i z e s  two  cupo las  each equ ipped  w i t h  i t s  own fume c o n t r o l  
system. A f t e r  b e i n g  c o l l e c t e d  by t h e  fume c o n t r o l  system, t h e  gases a r e  
passed t h r o u g h  t h e i r  r e s p e c t i v e  spa rk  box and baghouse. 
baghouse t h e  gas streams a r e  combined i n t o  a common s t a c k  b e f o r e  b e i n g  
e m i t t e d  t o  t h e  atmosphere. 

The r e s u l t a n t  f i b e r s  a r e  then 

A f t e r  e x i t i n g  t h e  

SAMPLING PROCEDURES 

The t e s t i n g  procedures  f o l l o w e d  were e s s e n t i a l l y  t h o s e  proposed by J. E. 
Gibb on 1988 January  05, r e f e r e n c e  Or. Weete r ' s  1988 May 02 l e t t e r  t o  Ken 
Schus te r .  

Sampl ing L o c a t i o n  

The s t a c k  sampl ing  l o c a t i o n  was des igned  8 d iamete rs  downstream and 6 
d iamete rs  upstream f rom t h e  n e a r e s t  d i s t u r b a n c e .  
1.0. s t a c k  t h e r e  a r e  two 4 i n .  p o r t s  90' a p a r t .  T h i s  i s  i l l u s t r a t e d  i n  
F i g u r e  2. Fo r  i s o k i n e t i c  sampl ing ,  s i x  p o i n t s  were sampled p e r  p o r t  a t  
f i v e  m i n u t e s  p e r  p o i n t .  
i n s e r t e d  a t  a p o i n t  o f  average v e l o c i t y .  There  was no c y c l o n i c  f l o w  a t  
t h i s  l o c a t i o n .  

F l u o r i d e  Emiss ions  

F l u o r i d e  Emiss ions  were de te rm ined  u s i n g  A lcoa Method 4075A (approved b y  
t h e  S t a t e  o f  N o r t h  C a r o l i n a  and Federa l  EPA) i n  c o n j u n c t i o n  w i th  t h e  
necessary  Federa l  Methods (1 t h r o u g h  4 )  t o  o b t a i n  i s o k i n e t i c  samp l ing  f o r  
t o t a l  p a r t i c u l a t e  and gaseous f l u o r i d e .  The method r e q u i r e s  a c e l l u l o s e  
t h i m b l e  t o  remove p a r t i c u l a t e  f l u o r i d e  and i c e  c o o l e d  i m p i n g e r s  o f  1.ON 
sodium h y d r o x i d e  f o r  sc rubb ing  gaseous f l u o r i d e  ( s e e  F i g u r e  3) .  

P a r t i c u l a t e  Emiss ions  

P a r t i c u l a t e  emiss ions  were de termined f r o m  t h e  f r o n t  h a l f  o f  t h e  Method 
4075A sampl ing  t r a i n .  T o t a l  p a r t i c u l a t e  w a s  c o l l e c t e d  by  t h e  c e l l u l o s e  
t h i m b l e  wh ich  had been t a r e d  b e f o r e  use. 

A t  t h i s  p o i n t  i n  t h e  6 f t  

F o r  gas chromatography, a t e f l o n  p robe  was 



S u l f u r  D i o x i d e  Emiss ions  

S u l f u r  d i o x i d e  emiss ions  were de te rm ined  by  gas chromatography and f l a m e  
p h o t o m e t r i c  d e t e c t i o n  (GC-FPD). The samp l ing  method p a r a l l e l e d  EPA Method 
15. 
b u l b .  They were hea ted  or i n s u l a t e d  as necessary  t o  p r e v e n t  condensa t ion  
i n  the  sample l i n e  and b u l b .  
t h r o u g h  t h e  b u l b  ( a  pu rge  t o  i n s u r e  o n l y  t h e  s t a c k  gas i s  p r e s e n t )  i t  was 
i m e d i a t e l y  t a k e n  t o  t h e  GC-FPD f o r  a n a l y s i s .  

Raw M a t e r i a l s  

Samples o f  Duquesne S lag ,  Tennessee S l a g  and Spent P o t l i n i n g  (SCB) were 
t a k e n  f rom each charge. They were accumula ted  i n  separa te  55 g a l l o n  drums 
ove r  t h e  t h r e e  day t e s t  p e r i o d .  D i f f e r e n t  t y p e s  o f  raw m a t e r i a l s  were n o t  
s t o r e d  i n  t h e  same drums, n o r  were t h e y  a l l o w e d  t o  m i x  a t  any t i m e  d u r i n g  
s i z e  r e d u c t i o n  and/or  a n a l y s i s .  T h i s  samp l ing  p rocedure  y i e l d e d  f o u r  drums 
o f  each t y p e  o f  s l a g  and t h r e e  drums o f  SC8. These drums were t h e n  sh ipped 
t o  Kennedy Van Saun f o r  s i z e  r e d u c t i o n .  Each drum o f  SCB was reduced 
i n d i v i d u a l l y  a c c o r d i n g  t o  t h e  d e s c r i p t i o n  be low b u t  t h e  s l a g s  were f i r s t  
compos i ted  as f o l l o w s :  One q u a r t e r  o f  t h e  c o n t e n t s  f o r  each drum o f  
Duquesne S lag  was p l a c e d  i n t o  a new drum a f t e r  t h e  c o n t e n t s  o f  t h e  o r i g i n a l  
drums were t h o r o u g h l y  mixed. A f t e r  t h e  f o u r  drums were used t o  c r e a t e  t h i s  
new compos i te  drum, t h e  compos i te  drum w a s  t r e a t e d  t h e  same as t h e  SCB. 
T h i s  p rocedure  w a s  a l s o  f o l l o w e d  f o r  t h e  Tennessee Slag. 

F i r s t  t h e  e n t i r e  c o n t e n t s  o f  t h e  b a r r e l  a r e  c rushed t o  minus 3/8 i n c h  and 
homogenized. From t h i s  m i x  f o r t y  pounds a r e  s p l i t  o u t  and reduced t o  minus 
40 mesh. A f t e r  homogen iza t ion ,  t h i r t y - f i v e  pounds a r e  s p l i t  o u t ,  reduced 
t o  minus 4 mesh and a g a i n  homogenized. 
s p l i t  ou t ,  reduced t o  minus 10 mesh, once a g a i n  homogenized and one q u a r t e r  
o f  a pound i s  reduced t o  minus 60 mesh. T h i s  t h o r o u g h l y  mixed, f i n e l y  
ground sample i s  s u b m i t t e d  f o r  a n a l y s i s  by  A l c o a ' s  A n a l y t i c a l  Chemis t ry  
D i v i s i o n .  

The s t a c k  gas was drawn t h r o u g h  a t e f l o n  p robe  i n t o  a g l a s s  sample 

A f t e r  d r a w i n g  t e n  t i m e s  t h e  b u l b ' s  volume 

From t h i s  sample f i v e  pounds a r e  

ANALYTICAL PROCEDURES 

F l u o r i d e  Emiss ions  

A l c o a ' s  A n a l y t i c a l  Chemis t r y  D i v i s i o n  (ACD) used A lcoa  Method 4076A ( a  
comb ina t ion  o f  ash ing .  f u s i o n ,  s u l f u r i c  a c i d  d i s t i l l a t i o n  and s e l e c t i v e  i o n  
e l e c t r o d e )  t o  measure p a r t i c u l a t e  and gaseous f l u o r i d e .  

P a r t i c u l a t e  Emiss ions  

P a r t i c u l a t e  emiss ions  were de te rm ined  g r a v i m e t r i c a l l y .  
' t h e  Mefh-od 4075A t h i m b l e s  were heated ,  d e s i c c a t e d  and t a r e d .  The t a r e  
w e i g h t s  were recorded.  
d e s i c c a t e d  and weighed b e f o r e  b e i n g  t u r n e d  i n  f o r  p a r t i c u l a t e  f l u o r i d e  
a n a l y s i s .  
o f  t h e  t h i m b l e s .  

P r i o r  t o  t e s t i n g ,  

A f t e r  t e s t i n g ,  t h e  t h i m b l e s  were once a g a i n  heated, 

P a r t i c u l a t e  emiss ions  were de te rm ined  f r o m  t h e  n e t  we igh t  g a i n  
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SUMMARY 

Compliance Report Summary 

Company: American Rockwool, Inc. 
P.O. Box 880 
Spr ing Hope, NC 27882 

Source Tested and Date: 
Common Baghouse Stack f o r  Cupolas 1 and 2 
1988 February 3-5 

Test Crew: Aluminum Company o f  America's 
Environmental Contro l  Laboratory  

Test Crew and Observers: 

Testers  

J. E. Gibb 
Sr.  Environmental S c i e n t i s t  

L. C. Blayden 
Manager 

J. V. A p i c e l l a  
Environmental Sc ient1 s t  

5. J. Robuck 
Senior Engineer 

L. D. Penix 
Environmental Technic ian 

B. G. B re i s inge r  
Sr .  S t a f f  Technic ian 

.Nancy F re r i chs  
Mechanical Engineer 
Tennessee Operat ions 

A n a l y t i c a l  F a c i l i t i e s :  

Method 5 Ana lys is  
Environmental Contro l  Laboratory 
Alcoa Technical Center 
Alcoa Center, PA 
I.. D. Penix. Analyst  

Method 4076A Ana lys is  
A n a l y t i c a l  Chemistry D i v i s i o n  
Alcoa Technical Center 
Alcoa Center, PA 
S. Deiseroth,  Analyst  

Observer 

E rn ie  F u l l e r  
S ta te  o f  Nor th Caro l ina  
Dept. o f  Natura l  Resources 

Method 6 Ana lys is  
A n a l y t i c a l  Chemistry Div. 
Alcoa Technical Center 
Alcoa Center, PA 
J. W. Cashell. Analyst  

Elemental Su l fu r  Ana lys is  
A n a l y t i c a l  Chemistry D i v i s i o n  
Alcoa Technical Center 
Alcoa Center. PA 
J. W. Cashell. Analyst  

i 

Btu Analys is  
A n a l y t i c a l  Chemistry D i v i s i o n  
Alcoa Technical Center 
Alcoa Center, PA 
A. J. Kochanowski, Analyst  
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Test Object ive 

The emission r a t e s  f o r  p a r t i c u l a t e  mat ter ,  s u l f u r  d iox ide  and f l u o r i d e s  as 
wel l  as opac i ty  were determined f o r  the,common stiu- k Serv ineAmer ican 
Rockwool's two cupolas and t h e i r  baghouses. The emissions were determined 
f o r  two separate cond i t ions :  

1. Zero s u b s t i t u t i o n  f o r  coke (Background) 1988 February 3-4 
2. 710 l b  SPL*/hr/cupola (710 SPL) 1988 February 5 

*SPL i s  an aluminum smel t ing  c e l l  by-product which was s u b s t i t u t e d  f o r  coke 
on a l b  carbon/ lb  carbon basis.  

Summary o f  Test Resu l ts  

Resul ts  from t h e  t e s t  program are  summarized and compared t o  A i r  Permit  No. 
3578R6 l i m i t s  i n  Table 1. 

TABLE 1 

Average Emissions vs. Permit  L i m i t s  
Cupola/Baghouse Common Stack 

Background 2.1 3.0 0.23 144.1 1.1 <5 
710 SPL 3.8 4.0 0.86 111.0 0.9 <5 
A i r  Permit 

No. 3578R6 10 -- 6.0 100.0 2.3** <20*** 

*Total  inc ludes  p a r t i c u l a t e  from impinger t r a i n .  Back h a l f  repor ted  bu t  no t  

***Cannot exceed more than 20% opac i t y  when averaged over a s i x  minute per iod,  

counted aga ins t  permi t .  

except t h a t  s i x  minute per iods averaging not  more than twenty percent 
opac i ty  may occur no t  more than once i n  any hour nor  more than f o u r  t imes 
i n  any 24-hour per iod.  

**North Caro l ina  A i r  P o l l u t i o n  Contro l  Regulat ions 466:0516 

P a r t i c u l a t e  mat ter ,  f l u o r i d e s  and opac i t y  a re  we l l  w i t h i n  pe rm i t ted  l i m i t s .  
While SO exceeds t h e  Maximum A f t e r  Cont ro l  Emissions l i m i t  o f  100 -1b/hr by  
44.1 l b / i r  (Background) and 11.0 l b / h r  (710 SPL). t h e  c a l c u l a t e d  SO 
emissions from t h e  f u e l  a re  we l l  w i t h i n  t h e  l i m i t  C1.1 l b  SO /m B t 8  
(Background) and 0.9 l b  SO /inn Btu (710 SPL) vs. 2.3 l b  SO /&I B tu  ( l i m i t ) ]  
def ined by t h e  Nor th Carol?na A i r  P o l l u t i o n  Control  Regula?ions T i t l e  15, 
Chapter 2, Subchapter 20. Sect ion .0516 " S u l f u r  Diox ide Emissions from Fuel 
Burning I n s t a l l a t i o n s " .  
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PROCESS DESCRIPTION 

F igure  1 shows how minera l  wool i s  produced a t  the  Spr ing Hope p l a n t  of 
American Rockwool, Inc.  
slag. The molten product which e x i t s  t h e  bottom o f  t h e  cupola i s  d i r e c t e d  
onto a ho r i zon ta l  a x i s  sp inn ing d isc .  
co l l ec ted  i n  a blow chamber where o i l  i s  used t o  con t ro l  dust. The f i b e r s  
pass through a tumbler t o  remove unwanted p a r t i c l e s ,  then t o  a bagger. 

Large, spher ica l  p a r t i c l e s  (shot ) ,  produced by the  sp inn ing head, a re  
conveyed t o  a p i t  under t h e  cupola us ing a small f l o w  o f  water. 
Occasional ly unwanted s l a g  i s  tapped from t h e  bottom o f  t h e  cupola d i r e c t l y  
i n t o  t h e  p i t  con ta in ing  t h e  "shot". 

Emissions from t h e  cupola are c o n t r o l l e d  by a spark box and baghouse. A l l  
a i r  from t h e  ma te r ia l  c o l l e c t i o n  and hand l ing  po r t i ons  o f  t h e  opera t ion  i s  
scrubbed by a water spray system. 

The p l a n t  u t i l i z e s  two cupolas each equipped w i t h  i t s  own fume c o n t r o l  
system. 
baghouse o u t l e t s .  

The cupolas are  charged a t  an average r a t e  o f  3.6 charges per  hour o f  t h e  
f o l l o w i n g  compositions: 

A cupola i s  used t o  me l t  a combination of rock and 

The r e s u l t a n t  f i b e r s  are then 

The emissions from both  are  combined i n t o  a common stack a t  t h e  

Background 
Charge l b  

710 l b / h r  SPL 
l b  Charge - 

Coke 385-400 Coke 260 
SPL 0 SPL 225 
Ouquesne S1 ag 1300 Duquesne Slag 1300 

1100 Trap Rock 1100 
50 Lime . 50 

Trap Rock 
Lime 
Steel  400 Steel  400 
Tennessee S1 ag 400 Tennessee S1 ag 400 

SAMPLING PROCEDURES 

Tes t ing  was done accord ing t o  t h e  proposal submit ted by J. E. Gibb dated 
1988 January 05. 

Sampling Locat ions - The 6 ft I.D. s tack has two sampling p o r t s  90' apart .  
S ix  po in ts  were sampled per  por t .  
t o t a l  sampling t i m e  o f  60 minutes. 
downstream and 6 diameters upstream from any disturbance. The s tack 
sampling l o c a t i o n s  a r e  shown i n  F igure  2. 

Each p o i n t  was sampled_5-minutes f o r  a 
The sampling l o c a t i o n  was 8 diameters 

No cyc lon i c  f l o w  was present. 

P a r t i c u l a t e  Mat te r  - S u l f u r  D iox ide  - Opaci ty  - The de terminat ion  o f  these 
emissions fo l lowed procedures o u t l i n e d  by t h e  U.S. Environmental P ro tec t i on  
Agency (EPA) i n  T i t l e  40 o f  t h e  Code o f  Federal Regulat ions (CFR). Pa r t  60, 
Appendix A. 
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o Method 1 - "Sample and V e l o c i t y  Traverses f o r  S ta t ionary  Sources" 
o Method 2 - "Determinat ion o f  Stack Gas V e l o c i t y  and Volumetr ic Flow 

o Method 3 - "Gas Ana lys is  f o r  Carbon Dioxide, Oxygen, Excess A i r  and Dry 

o Method 4 - "Determinat ion o f  Mo is tu re  Content i n  Stack Gases" 
o Method 5 - "Determinat ion o f  P a r t i c u l a t e  Emissions from S ta t i ona ry  

o Method 6 - "Determinat ion o f  S u l f u r  D iox ide  Emissions from S ta t i ona ry  

o Method 9 - "Visual  Determinat ion o f  t h e  Opaci ty o f  Emissions from 

Rate (Type S P i t o t  Tube)" 

Molecular  Weight" 

Sources", See F igure 3 

Sources" 

S ta t i ona ry  Sources" 

F luo r ide  Emissions - F luo r ide  Emissions were determined us ing  Alcoa Method 
4075A (approved by t h e  Sta te  o f  North Caro l i na  and Federal EPA) i n  
con junc t ion  w i t h  t h e  necessary Federal Methods (1 through 4)  t o  ob ta in  
i s o k i n e t i c  sampling f o r  t o t a l  p a r t i c u l a t e  and gaseous f l u o r i d e .  The method 
requ i res  a c e l l u l o s e  th imb le  t o  remove p a r t i c u l a t e  f l u o r i d e  and i c e  cooled 
impingers o f  1.ON sodium hydroxide f o r  scrubbing gaseous f l u o r i d e  (see 
F igure  4. 

Raw Ma te r ia l s  - Samples o f  the  raw m a t e r i a l s  were taken from each charge. 
They were accumulated i n  separate 55 g a l l o n  drums over t h e  t h r e e  day t e s t  
per iod.  D i f f e r e n t  types o f  raw m a t e r i a l s  were not  stored i n  t h e  same 
drums, nor were they al lowed t o  mix a t  any t i m e  dur ing  s i z e  reduc t ion  
and/or analys is .  Th is  procedure ne t ted  composite samples between t h r e e  and 
fou r  hundred pounds f o r  each o f  t h e  r a w  ma te r ia l s .  A minera l  company, 
Kennedy Van Saun, Inc., handled t h e  s i z e  reduc t i on  process which inc luded 
t h e  f o l l o w i n g  steps f o r  each ma te r ia l .  

F i r s t  t h e  e n t i r e  contents  o f  t h e  b a r r e l  were crushed t o  minus 3/8 i n c h  and 
homogenized. 
minus 40 mesh. 
reduced t o  minus 4 mesh and again homogenized. 
pounds were s p l i t  out, reduced t o  minus 10 mesh, once again homogenized and 
f i n a l l y  one quar te r  o f  a pound was reduced t o  minus 60 mesh. 
thoroughly  mixed, f i n e l y  ground sample was then  submit ted f o r  ana lys i s  by 
A1 coa' s A n a l y t i c a l  Chemistry D iv i s ion .  

From t h i s  mix f o r t y  pounds were s p l i t  out  and reduced t o  

From t h i s  sample f i v e  
A f t e r  homogenization. t h i r t y - f i v e  pounds were s p l i t  out, 

Th is  

ANALYTICAL PROCEDURES 

P a r t i c u l a t e  Emissions 

P a r t i c u l a t e  emissions were determined f o l l o w i n g  procedures o u t l i n e d  i n  EPA 
Method 5. P a r t i c u l a t e  samples c o l l e c t e d  on Reeve Angel 934 AH g lass f i b e r  
f i l t e r s  were analyzed g r a v i m e t r i c a l l y .  The probe and nozzles were washed 
w i t h  acetone. The wash was t r a n s f e r r e d  t o  t a r e d  beakers and evaporated t o  
dryness. This  res idua l  weight was inc luded i n  t h e  analys is .  The back h a l f  
was' washed w i t h  80% isopropanol  and c o l l e c t e d  w i t h  t h e  isopropanol  used 
du r ing  t h e  t e s t  i n  t a r e d  beakers. The res idua l  weight was determined a f t e r  
t h e  beakers were evaporated t o  dryness. 
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F luo r ide  and S u l f u r  Emissions 

Alcoa 's  A n a l y t i c a l  Chemistry D i v i s i o n  (ACD) used Alcoa Method 4076A (a 
combination o f  ashing, fus ion,  s u l f u r i c  ac id  d i s t i l l a t i o n  and s e l e c t i v e  i o n  
e lec t rode)  t o  measure p a r t i c u l a t e  and gaseous f l u o r i d e .  
procedures o u t l i n e d  i n  EPA Method 6 t o  measure t h e  t o t a l  s u l f u r  i n  t h e  
source samples. 
and p r e c i p i t a t i o n )  was used t o  measure s u l f u r  i n  t h e  raw mater ia ls .  

ACD used 

Grav imet r ic  ana lys is  ( a  combination o f  fus ion ,  t i t r a t i o n  

Btu Content 

The Btu content o f  coke and SPL was determined by standard Alcoa Method 
1121 which uses a P a r r  Bomb calor imeter .  

Opacity 

A c e r t i f i e d ,  q u a l i f i e d  observer was used as per  EPA Method 9 
spec i f i ca t i ons .  The c e r t i f i c a t i o n  i s  inc luded i n  Appendix C. 

QUALITY CONTROL PROCEDURES 

Q u a l i t y  c o n t r o l  procedures were fo l lowed f o r  a l l  aspects o f  f i e l d  sampling 
i n c l u d i n g  sample preserva t ion  and h o l d i n g  t ime;  reagent q u a l i t y ;  a n a l y t i c a l  
method; ana lys t  t r a i n i n g ;  and instrument c leaning,  c a l i b r a t i o n  and safety .  
These procedures are  cons is ten t  w i t h  EPA gu ide l i nes  documented i n  " Q u a l i t y  
Assurance Manuals f o r  Air P o l l u t i o n  Measurement Systems," Vol. 3, 
"S ta t ionary  Source S p e c i f i c  Methods" (EPA-600/4-77-027b). 

RESULTS 

A composite o f  r e s u l t s  from t h e  t e s t  program i s  presented i n  Tables 2 and 3 
o f  t h i s  repor t .  Complete resu l t s ,  p roduc t ion  data, raw data, c a l i b r a t i o n  
data and l a b o r a t o r y  r e s u l t s  a re  g iven i n  t h e  Appendices. 

DISCUSSION 

A se r ies  o f  precompliance t e s t s  were run  a t  t h e  background cond i t ion ,  
350 l b  SPL/hr per  cupola and 700 l b  SPL/hr per  cupola a t  t h i s  f a c i l i t y  
1988 January 13-17. 
Comparison o f  precompliance r e s u l t s  t o  t h e  r e s u l t s  o f  t h e  compliance t e s t  
shows e x c e l l e n t  agreement. It should be noted t h a t  a l l  o f  t h e  Q u a l i t y  
Assurance lQua l i t y  Contro l  procedures and approved methods presented f o r  t h e  
1988 February 3-5 t e s t s  were a l so  enforced f o r  t h e  1988 January 13-17 
t e s t i n g  program. 

Test i ng 

The t e s t  program went smoothly w i t h  on l y  minor mod i f i ca t i ons .  
encountered was t h e  v o l a t i l i z a t i o n  o f  t h e  isopropanol  i n  t h e  Method 6 
t r a i n .  

Table 4 inc ludes  a sumnary o f  a l l  t e s t  data. 

One problem 

Even packed w i t h  i ce ,  accurate determinat ions o f  stack gas mois ture 
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were no t  always poss ib le  from t h i s  t r a i n .  Since t h e  4075A t r a i n  d i d  not 
have t h i s  problem and t h e  t e s t s  were simultaneous, Method 4075A mois ture 
determinat ions were used f o r  some Method 5 ca l cu la t i ons .  I n  reference t o  
EPA Method 3, F y r i t e s  were s u b s t i t u t e d  f o r  an Orsat analys is .  While t h i s  
i s  acceptable f o r  carbon d iox ide,  i t  was j u s t i f i e d  f o r  oxygen because t h e  
exhaust was most ly  ambient a i r  not  combustion a i r ,  and t h e  t e s t s  o n l y  
requ i red  percent oxygen f o r  molecular  weight  ca l cu la t i ons .  
F y r i t e s  t o  an accuracy w i t h i n  one-hal f  percent  in t roduces n e g l i g i b l e  e r r o r  
i n t o  t h e  molecular  weight and ensuing c a l c u l a t i o n s .  

Reading 

Process 

The p l a n t  ran  f a i r l y  cons is ten t  over t h e  t e s t  t imes w i t h  o n l y  a minor  upset 
i n  one o f  t h e  cupolas du r ing  Run 6. 
6 was inc luded i n  t h e  r e s u l t s  because t h e  upset was r e l a t e d  t o  excessive 
tapping o f  t h e  cupola bottoms. 
because combustion o f  charged m a t e r i a l s  was no t  in te r rup ted .  
emissions tempora r i l y  increased (by approximately 1 l b / h r )  bu t  t h a t  was due 
t o  t h e  f a s t e r  r a t e  o f  descent among t h e  components i n  t h e  cupola. 

Although t h e  average charge f lows ( l b / h r )  were not  always cons is ten t  w i t h  
t h e  permi t  s p e c i f i c a t i o n s ,  t h e  weight composi t ion ( l b  mater ia l /charge)  was 
cons is ten t  w i t h  t h e  predetermined goal (see Appendix B). 

Therefore,  Run 7 was undertaken. Run 

This  d i d  no t  a f f e c t  gaseous emissions 
P a r t i c u l a t e  
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FIGURE 2 

Sawpl i n g  L o c a t i o n  

72 Inch D i l u t e r  

Traverse Point Distance. In. 
1 3.14 
2 10.54 
3 21.30 
4 50.70 
5 61.46 
6 60.06 

...I-- --.. 
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FIGURE 3 

Combined Method 5/tlethod 6 Sampling T r a i n  
-- 

, 

a,.,:..: I,: 

FIGURE 4 

Method 4075A.Sampling Tra in  
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Nomenclature 
Sample Ca lcu la t ions  



An 

Afi 

I3”U 

XCOZ 

CP 

DH 

DHB 

Dn 

(DP) 1/2 

%I 

Ma 

Mn 

MS 

%O 2 
9 

Pb 

PS 

e 
Tn 

TS 

V l C  

Vn 

V a s  t d 

VS 

V w n  td 

Y d  

n -1 
NOMKNCLATORE 

Arcs c; f  nczz.Le. nq  f t .  

A r f : ; i  011 stack, nq f t .  

Moi.sl,iire con t;en-t of s t a c k  gas 

1Jercenl;agc; of carbon d i o x i d e  i.n stack ga:; 

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

Average pressure d i f f e r e n t i a l  across o r i f i c e  m e t e r ,  
i nches  HzO 

O r i f i c e  pressure d i f f e ren t i a l  t h a t  g i v e s  0.75 c f m  of a i r  a t  
s t anda rd  tempera ture  and p r e s s u r e ,  i nches  H z O  

Nozzle d i ame te r ,  i nches  

Square root of average  p r e s s u r e  d i f f e r e n t i a l  a c r o s s  p i t o - t  t u b e ,  
i nches  H a 0  

Pe rcen t  i s o k i n i c i t y  

Dry  s t a c k  gas molecular  weight ,  lb/lb-mole 

P a r t i c u l a t e  weight i n  grams 

Wet s t a c k  gas molecular  weight .  lb/lb-mole 

Percentage  of oxygen i n  s t a c k  gas 

B a r o m e t r i c  p r e s s u r e ,  i n c h e s  H g  

S tack  p r e s s u r e ,  i nches  H g  

l eng th  of test, minutes  

meter tempera ture ,  deg rees  Fahrenhe i t  

s t a c k  temperature, deg rees  Fahrenhe i t  

volume of l i q u i d  c o l l e c t e d ,  m i l l i l i t e r s  

m e t e r  volume, c u b i c  feet 

d r y  meter volume a t  s t a n d a r d  tempera ture  and p r e s s u r e ,  
c u b i c  feet ( d s c f )  

.ve loc i ty  of s t a c k  gas, fee t / second 

volume of w a t e r  vapor i n  s t a c k  g a s  a t  s t anda rd  tempera ture  and 
p r e s s u r e ,  c u b i c  f e c t  ( n c f )  

Meter fac tor ,  cf/cf 



CALCULATIONS 

\ VOLUME METERED STD - (29.92)  ( 6 8  F )  

VOLUME OF WATER VAPOR - 

Vwstd = (0.0471) (Vlc) 

MOISTURE - 

Bwo = Vwstd 
Vmstd + Vnstd 

% MOISTURE = Bno X 100 

DRY MOLECULAR WEIGHT - 

Md = 0.44(% C02) + 0.32(% 02) + 0.28(% N + % CO) 

WET MOLECULAR WEIGHT - 

MS = Md(l-Bn0) + 18(BWO) 

VELOCITY - 

Vm = 05.49 x (CP) ( 

% ISOKINICITY - 

%I = f0.0945)(460 + Ts)(Vmstu 
(Ps)(Vs)(An)(e)(l-Bwo) 

VOLUUE OUT OF STACK - 
ACFM = 60 X Vs X As 

DSFM = ACFM (2E;92) ( 528 ) (1-Bno) 
460 + Ts 

GR/DSCF - 

LB/HR - - 
7 0 0 0  



APPENDIX B 

Fuel  A n a l y s i s  
P r o d u c t i o n  Records  

I 



_ _  . - . . . . . .. .. .. .. ... . . . .~ . . . . . 7 ... . .  

(3- 1 

SPRING HOPE FUEL ANALYSIS - 
88-02-03 COKE SPL 

LB/HR CHARGE 2820 05-  
BTU/LB I 13140 7870 
mmBTU/HR 1 37.055 0 . 0 0 0  

PERCENT SULFER I 0.74 0.16 
LB/HR SULFER I 20.868 0 . 0 0 0  

EQUIVALENT LBS SO2 1 41.7 0 . 0  

LB S02/mmBTU I 1.1 

- - - - - -______________(__________________ 

_---________________)__________________ 
- - -_________________I__________________ 

t 

----________________)__________________ 

N.C. 466:0516 i2.3 LBS S02/mmBTU 

SPRING HOPE FUEL ANALYSIS 

ANALYSIS 
COKE SPL 

1922 1596 
BTU/LB I 13140 7870 

SPRING HOPE FUEL 
88-02-05 

LB/HR CHARGE 
-------------__-_--_I__________________ 

8 , , I  &tu, /L.. = 
TtW- mmBTU/HR I 25.255 12.561 __---- 

PERCENT SULFER I 0.74 0.16 / 5 ' 7 , Y l * '  
LB/HR SULFER I 14.223 2.554 

EQUIVALENT LBS SO2 I 28.4 5.1 

LB S02/mmBTU '0.9 
--------------__---_I__________________ ---------___________I__________________ 

I 

_------_____________I__________________ 

N.C. 466:0516 12.3 LBS S02/mmBTU 



SPRING HOPE PRGI?!!CTION ZATA 88-G2-03 I 

TIME 10:30AM - 5:30PM BACKGROUND TESTS I 
UNIT 1 lJNIT 2 TOTAL I 

PRODUCT BAGS 
POUNDS 
TIME (hr) 
LB/HR 

COKE POUNDS 
TIME (hr) 
LB/HR 

SPL POUNDS 
TIME (hr) 
LB/HR 

DUQUESNE POUNDS 
TIME (hr) 
LB/HR 

TRAP POUNDS 
TIME (hr) 
LB/HR 

LIME POUNDS 
TIME (hr) 
LB/HR 

STEEL POUNDS 
TIME (hr) 
LB/HR 

TENNESSE POUNDS 
TIME (hr) 
LB/HR 

1764 
51156 

7 
7308 

9464 
7.02 
1348 

0 
7.02 

0 

31201 
7.02 
4445 

26338 
7.02 
3752 

1162 
7.02 
166 

9958 
7.17 
1389 

9669 
7.02 
1377 

1764 
51156 

7 
7308 

10301 
7.00 
1472 

0 
7.00 

0 

34575 
7.00 
4939 

29188 
7.00 
4170 

1317 
7.00 
188 

10970 
7.22 
1519 

10515 
7.00 
1502 

I ACTUAL THEORETICAL 
I AVG CHARGE AVG CHARGE 

14616 I (POUNDS) ( POUNDS) 
I _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - -  

I 392 385-400 
I 

2820 I 
I 

I 
t 

0 

0 :  

I 1303 
I 
I 

9384 : 
I 

1100 

7922 I , 
I 
I 

I 
8 

49 

354 I , 
8 

404 
, 

2908 I , 
8 , 
, 
0 

I 400 

2879 I 

PERCENT RECOVERY 65.7 59.3 62.3 
RAW MATERIAL LB/HR 11128 12319 
TOTAL CHARGE LB/HR 12476 13790 26267 

23447 -t2S2*' 2 

0 

1300 

1100 

50 

400 

400 



SPRI:!!? HOPE PRODUCTIDN PATA 88-02-cl3 
TIME 8:OOAM - 4:OOPM 700tt SPL , I 

UNIT 1 UNIT 2 TOTAL I 
_ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  

PRODUCT BAGS 
POUNDS 
TIME (hr) 
LB/HR 

COKE POUNDS 
TIME (hr) 
LB/HR 

SPL POUNDS 
TIME (hr) 
LB/HR 

DUQUESNE POUNDS 
TIME (hr) 
LB/HR 

TRAP POUNDS 
TIME (hr) 
LB/HR 

LIME POUNDS 
TIME (hr) 
LB/HR 

STEEL POUNDS 
TIME (hr) 
LB/HR 

TENNESSE POUNDS 
TIME (hr) 
LB/HR 

I 

1862 
53998 

8 
6750 

7155 
8 

894 

757 

36435 
8 

4554 

$0468 
8 

3809 

1436 
8 

180 

11343 

1418 

11142 

1393 

a 

a 

1813 
52577 

8 
6572 

8222 
8 

1028 

6715/ 
a 

839) 
.. -' 

39675 
8 

4959 

33aoo 
a 

4200 

1606 

201 

12384 

1548 

12224 
8 

1528 

a 

a 

I 

8 

13322 I 
I -  , 
f 
I 
8 

1922 I 
I 
I 

I 
I 
I 

1596 I 
I 

6 

8 

9514 I 
6 
I 
I 
I 
I 

8009 I , 
8 

, 
380 I 

0 

I 
I 
I 
I 

2966 I 
I 

I 
8 
t 

2921 

ACTUAL THEORETICAL 
AVG CHARGE AVG CHARGE 
(POUNDS) (POUNDS) 

267 260 

222 225 

1321 1300 

1112 1100 

53 50 

412 400 

406 400 



Da're .- 
American Rockwool, Inc. 

Daily Production Report . ': 

Day of Operation 

Chargelcoke Ratio 

Comments: (State reason for downtime. List major inoperative equipment. Explain unusual performance. List major charge 
changes.,State critical materials not on hand). Et?+ +esA.*2 

?% IL1;vc r 4  nGv-5  i b p o u i ,  

f l 2  L#W,C L 7  m1h-i f&poLi-c. 



Steel 

, Ky I I 

+, Charge 

Coke ?W- + 

Lime 

I Steel Y 

Tenn 

Bags per Hour 
Shift ' Product I Plan129 l b l  other( Var. 

I I 

. .  

1 comments: 
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DATE 2-3 -88  SH 

1. 1/39? 1753,  

4. t V o a  I 7 4 4  

1. I I 
1 2. I I 
! 3. I I 
1 4. I I 

10. I I 
I 9. I 7 
20. 

I 

23. I 
14. I I 

I 

27. 

2 8. 

29. 

30. 
?1. 

32. 

33. 

CHARGING SEEET 
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I k 2 3 l  I L 2 ?  







. . _ -  
?-''.J S I N G  SHEET 

11. I 
I I I 

1 4. I ! I 
15. I I I I 
1 6. t ' I  I. 



American Rockwool, lnc. 
. ' D a t e  J / L / /  s' B Dai ly  P roduc t i on  Repor t  

Bags per Line 

Day 01 Operation 

, g Line 1 

Charge (uncorrected) 
~ 

Ct4-r Coke (uncorrected) 

Chargelcoke Ratio 

-. . 

#l  Wool Good Production 

112 Wool Good Production 
~~ ~~~~ 

Wool Cryo or Pouring 

~ Recovery % 

Percent Efficiency 

~~~~ 

a 0 1  -4 Hour 01 Operation 

I 

@sed ~ Downtime Schedule 

I Downtime Unschedule ! &I 
1 %  Downtime tap out 

~ 

% Downtime 

7~ Charges Used X1 

* 
7 . 4'00 > I .  t/r3 Tenn. 

: Steel yo0 I 

31.935 
. .  

A i  today 1 #2 today 1 today IMTD average I ioday ~ M T D  average 

I I I I I 

I - L ? 7  I 7.73 2 7.7 
c I I 

I 

5-0 3??& I 7.7 30 29 ,393  

;15-,2;3 ,.)hi' i, 
Js,lY% so, v fJ 5- 1'30; 45-7 I 

i 
I! d 

&2,K 7 e 

I * 

S.RAM 11,. 185 L asx //I 47% 
Comments: (State reason lor  downtime. ~ i s t  major inoperative equipment. List major charge 

E, I? A, f i s  +iw5 changes. State critical materials not on hand). 



&, Charge 

10-11 . 

11-12 

Total----------- 

*PROD1 

294 2.4$ 

294 8 s  
\r 

2352 &6$ , 

9-10 294 

Bags per Hour 
Shift Roduct 1 Plan129 lbl othed Var. 

I I I 1 
Comments : 
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10-11 2 94 

I L i m e  I s 0 1  

S t .  Louis i--H 

I=--- L i m e  

F 
1st. Louis 

Tenn - 

2-3 

2 94 

2 
Shi f t  Roduct Plan 

4-5 2 94 

5-6 2 94 

6 -7 294 

2 94 

8-9 fi 294 

9-10 I 294 

10-11 2 94 

11-12 2 94 
L 

r” 

11 

& M;r\ lS 

FORPIAN Bags per Hour 
s h i f t  Roduct Plan 2 9  lb other Var. 

12-1 294 .245 
Comments : 
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\ ? -xy '. p P  I American Rockwool, Inc. 
Daiiy Product lon Repor t  

- 
Dale 2.1 5.1 88 

I Charge/Coke Ratio 

Day 01 Operation 

7.YS - L.7Y I 7 +? 
c 

6S2 7 , ill Wool Good Production 

b2 Wool Good Production - 
- , wool Cryo or Pouring 

- /7y,7B3 B 3 a . 7 0 ~  - - 
*- 

_. - /q 14-2 rog,s9; quag iF 

4 L  
(3 5-0 

- - - - 

I Percent Efficiency 

t-- 

.OS, 41 Sb 7 7 . 7 7  % 
today MTD Total today MTD Total today MTD Total 

I Downtime Schedule 
LC Sed 

I 1 I I I 

I % Downtime tap out 

I % Downtime 

1 Charges Used #1 

I 

I 

b9 MINX SYC m.*'s 5 7 m . a ~  f o S ' r n ~ ~ 3  

u2 today MTD today 
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APPENDIX  C 

C a l i b r a t i o n s  
a. 
b. 

d. 
e. 

C. 

V i  sua1 Emi ss i  ons C e r t i f i c a t e  
Sampl i ng Consoles 
P i  t o t s  
Thermocouples 
Nozzles 



TENNESSEE DEPARTMENT OF HEALTH AND ENVIRONMENT 
CUSTOMS HOUSE 
701 BROADWAY 

NASHVILLE. TENNESSEE 57219.5403 
NOV 1 0  1987 

Nancy F re r i chs  
Rluminum Co. oi  America 
H a l l  hoaa P.CI. Box 9128 
Glcoa. TN 17701 

hE: C e r t i t i c a t e  Number 1130 

Deer Hs. F re r l t hs :  

Enclosed you w i l l  f i n d  :a t ion  car1 and cer f o r  
p c c e s a t u l l y  romDleting rho: Z b e r  20-22. 1087 V i e i b l  ; ions 

va lua t ion  SChOO1 hela i n  Knoxv i l le .  Tennessee. I n  order t o  be ?a as 
a q u a l i f i e d  \ ' is?blC Emisslons Evaluator f o r  a l l  t h e  methods aaarove I the 
Tennessee R i r  r o l l u t i o n  Contro l  Board, one m u s t  meet an i n tens i ve  a r ray  of 
c r  i t e r i a  . 
The ina l v idun l  reading c r i t e r i a  Is a m  follous: 

1 .  €Fa method 0 f6 Hinute  Average) r e q u i r c s  a d e v i a t i o n  of les5  than 
7.5 on wh i te  and black smoke. and t h a t  t he  reader miss no read ino  
by  more than 152 opaci ty .  

2. T P n f i e 6 5 ~  V i s i b l e  Emisslons Eva lua t lon  method 1 (Roads ana 
PdrkinO Areas) requ i res  a worst-two-minute dev ia t i on  of 8.8 o r  
less. 

3. TVEE method 2 ( y r e  a t e  o r  T i m e  Count) has t h e  same c r i t e r l e  
reoulremente AS EP 9 2  He hod 9. 

4. TVEE Method J (Zero Percent Oaacity) reau i res  t h a t  t h e  va lue 
asniqned t o  a zero read ing  d u r i n  a c e r t i f i c a t i o n  run s h a l l  not  
exceed 10% o m c i t y ,  nor s h a l l  ?he combination of o ther  zero 
r e ~ d i n q s  exceed 10% opac i t y  !i.e. t w o  readinqs of f i v e  Percent 

9. 1'Vt.E W?hod 4 ( F u o i t l v e  Dust Emlsslons from Noh-Stack Emission 

Based on these c r l t n r i a  you are  c e r t i f i e d  by t he  Sta te  of Tennessee t o  rend 
E m  mthoa 7 .  ana TVEE methods 1.  2. 3. and 4. 

Th is  r c r t i t i c a t i o n  is v a l i a  u n t i l  A o r i l  21, 1988. 

You must carsDlata the reauirements f o r  r e c e r t i i i c a t i o n  p r i o r  t o  th is 
e x p i r a t i o n  a t e  t o  r e t a i n  your status 65 a o u a l i f l e d  V l s i b l e  Emiosione 

I t  was a ~Iee.%irc hav ina your p a r t i c i p a t i o n  in our V i s i b l e  Eml35ions 
School. Tne tnnneseee D i v i s i o n  04 bir f o l l u t l o n  Contra? would welcome any 
comments, et suaaestions you may have concerning t h e  @@erat ion of t h e  
ifchool , Please i o rward  anv comments t o  tha  D i v i s i o n  a t  (615)741-3931 o r  a t  

mac1 t+), 

Pointy) hds t he  sdmc c r i t e r i a  requirements as €PA Hethod 9. 

Evaluator. 

he above a ~ c ~ r c s s .  

S incere lv  vours. 

o y c e K 4  
Carl Koantz. I n s t r u c t o r  
V l s i o l e  Emiss:. on6 E - s l  ua t ion  School 
D i v i s i o n  at  r i i r  r o l l u t i o n  Control 

E 
:er t  

Enclosure 
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e -5  

E-mxm 

SIDE A 

SIDE B 

SIDE A 

SIDE B 

€TNLEB 

SIDE A 

SIDE B 

SIDE A 

SIDE B 

PStd 
.18 
.18 
.17 

.17 

.17 

.18 

.43 

.42 

.42 

.43 

.43 

.42 

.19 

.18 

.18 

.20 

.20 

.20 

.41 

.40 

.41 

.42 

.41 

.42 

Pstd = standard Pitot Tub 
Ps = S-Type Pitot Tub 

cp = .99= 

PITOT CALIBRATION 
1988 JANUARY 05 

PS 
.25 
.25 
.24 

.24 

.24 

.25 

.60 

.58 

.58 

.60 

.60 

.59 

.26 

.25 

.25 

.28 

.28 

.29 

.58 

.58 

.58 

.60 

.60 

.60 

CP 
.84 
.84 
.83 

AVG. .84 

.. 83 

.83 

.84 
AVG. .835 . 

.84 

.84 

.84 
AVG. .84 

.84 

.84 

.835 
AVG. .84 

.85 

.84 

.84 
AVG. .84 

.85 

.85 

.83 
AVG. .84 

.84 

.83 

. a4 
AVG. .84 

.84 

.83 
, .84 

AX. .a4 

Cp = Pitot Tub Coefficient 
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TEMPERATURE CALIBRATION 

BOILING WATER BATH 

I. 
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MINERAL OIL BATH 
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TEMPERATURE CALIBRATION 

BOILING WATER B A T H  
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TEMPERATURE CALIBRATION 

BOILING WATER BATH 



TEMPERATURE CALIBRATION 

ICL BATH .- 
Hg in Clam GDrmtcd HI 

Tk-C? in Clam Identification No. 
Temperature Tempentorr .Tcmpenmrc 

BOILING WATER BATH 
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TEMPERATURE CALIBRATION 

MINERAL OIL BATH 



- E?% - 0 2 - U b  
Measurement 11 0,  z.93 
Measurement 12 c 2 a  29 
Measurement 13 0. Z'l4 
AVERAGE 0. L9Y 

Post tes 

Measurement 11 3, 2'74 
Measurement it2 0. 
Measurement it3 0. L l ;  3 
AVERAGE e. 2.94 

- 
Date g&, z - 0:;- 

Nozzle 1 FCL- -8t3 
Plant I4-w :Lc:;.(& ) r - r ,  c /l,' i 

Sampling Location S-h;eh 
Calibrated by JJ;? 

Post test - - - Date 8y-L ;L -C 'L  Date 33 -C'Z-C\ 

Measurement P 1  0. L J 3  Measurement it1 0, Z?4 
Li,  rq3 Measurement 1 2  0. L ( 4  

Measurement it3 6. zcs- Measurement 13  0. Ly3 
AVERAGE 0. z L j  L/ AVERAGE 0, z q y  
Measurement it2 



APPENDIX D 

Parameter Sheets 
Raw Data - Hethods 5 /6  
- Nethod 4075A - Method 9 



RUN I METHOD 

UNIT &&? 

- 
0 INLET 
&OUTLET s m k  
START TIME / I  ,. 2 8  @PM 

METER OPERATOR Avfi 
FINISH TIME / " C C B  AM/@ 

METER BOX NO. 2 1  68 
DH @ l r  $ 6  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 

1 4 .  
15 
16 

" Hg 
ywc 
m l  

9 
min 

*w 

Ts 
Vm 
Dll 
As 
Yd 

ALCOA 

J 
FILTER NO. 2 
THIMBLE NO. 

RESULTS 4- 22&, 
Vmstd 4 7 1  4 b d s c f  
Vwstd 0'396 s c f  
BWO 0.00 e 
Bd z % B $  lb/lb-mole 29,06 
Ms 2 8 . 4 4  lb/lb-mole 2-3. c9G 
vs 
% I  

sc SLQ acfm 9340 
dscfm 

Par t l cu l  a te g r l  dscf 
2ifkmE % 160 

l b /h r  
1bq.q l b /h r  

Gaseous F - lb/hr  
Par t i cu la te  F - l b / h r  
Tota l  F - lb/hr  

so2 



*' d 
' I  

t 
S.-. 
p..... 

I 



METER OPERATOR J V K  

METER BOX NO. 21 6 8  
DH C fc8 6 

1 
2 
3 

"9 
"WC 

m l  

9 - 4 M n  

5 9  60 - min 
6 X O ,  1 4  

1 4 ,  Dn 
15 As 
16 Yd 

FILTER NO. 3 
THIMBLE NO. 

&==s%G RESULTS 

Vmstd 46.4 dscf  
Vwstd m s c f  
Em, 
Md 
Hs 
vs 
X I  

0,Vvq 
z9~08 lb/lb-mole 

lbflb-mole 
2 L . W  f t f s  
95-. 3 I/' 

acfm T O O 6 0  
dscfm W 7 3 0  
Part  i cul  a te  grfdscf  

l b /h r  
131.4 l b / h r  

1 b/hr Gaseous F 

Par t i cu la te  F - 1 b/hr 
l b / h r  Tota l  F 

- s02 

- 





! 

0 INLET 
POUTLET S#,& 
START TIME q:4@ @PM 
FINISH TIME /('-w &PM 
METER OPERATOR Jd4 

COMMENTS: 

METER BOX NO. 2168 
DH @ 1.86 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

14 .  
15 
16 

DATA 

02 
X co2 
DH 

CP 

k 
Ts 
Vm 
Dn 
As 
Yd 

/Y 
z 

Y a. 5I- f t 3  
O.UI/ i n  
28. .2? f t 2  
0.o.r c f l c f  

Vmstd 
Vwstd 
BWO 

Hd 

FILTER NO. 
THIMBLE NO. 

RESULTS A5sA.4 &e=- 

4T'.qY dscf 

vs 
X I  

acfm w f z o  
dscfm %24a 
Par t i cu la te  g r ldsc f  

l b l h r  
130.9 l b l h r  

l b /h r  Gaseous F 

Particulate F - 1 b l h r  
l b l h r  Total  F 

- s02 

- 



3 ‘  

5 
=. - 

n 

a w .  



--_. .- - . --. --"*..̂II-..-...L-.-.--* 
b- J 

PARAMETER SHEET 

PLANT 
STATE dC 

ALCOA 
4 METHOD 5- - RUN 

UNIT &?% 
0 INLET 
BOUTLET c j m  

START TIME 7.*4$ @PI4 
FINISH TIME g.'Tvd#PM 
METER OPERATOR 

METER BOX NO. 2/68 
DH @ / < d 6  

DATA 
1- Pb 30, 28 'Hg 
2 Sta t ic  -Q, 22 'wc 
3 Vlc 7,8  m l  

4 M n  ' 9  
5 9  GO min 

6 SO2 (4 
7 z co, 2, 

14 . Dn ~3.244~ i n  
15 As %2427 ft2 

COMMENTS: I n/ 9470 

THIMBLE NO. 
FILTER NO. 5 

Vwstd 0,567 s c f  
Em, 
Md 
Ms 
vs 

0.008 
lbflb-mole 2 4 . 0 E  

a, 44 1 bf 1 b-mol e 2 s .  g L. 

2'3.9~ ftfs 2 a.cd 
X I  9ts.o 
acfm Y3Y60 
dscfm %a w 
Par t i cu la te  grfdscf  

l b f h r  
10'4.5 l b f h r  

l b / h r  Gaseous F 
Par t i cu la te  F - I b f h r  

Tota l  F A l b f h r  

- s02 





c 

n- 5 
PARAMETER SHEET 

PLANT twl 
C I T Y S ~ ~ ~  STATE pJ-C- 
DATE 8 - 0 2 -  0'5- 

RUN - 5 METHOD 5 
UNIT && 
0 INLET 
@OUTLET SmClL 
START TIME /Or3 0 @PM 
FINISH TIME J/ :L(O &PM 
METER OPERATOR 

METER BOX NO. 21 68 
DH @ /, 86 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 
16 

X co2 t 

DH 1.99 "m 
CP . 0.84 

Dn Q29f-i  I n  

Yd 0,QT cf/cf 
As 213,27 ft2 

ALCOA 

I COMMENTS: 1 

Vmstd 
Vwstd 
Em, 
Md 
MS 

vs 
X I  
acfm 
dscfm 

FILTER NO. 6 
THIMBLE NO. 

d5<& 2% 6 RESULTS 
45 31 dscf  
0.127 scf  
0 ,  (3L> 3 

ZimL f t / s  27.83 

2 4 , /  lb/lb-mole 2 9 ,  I 
Zq,a?- lb/lb-mole z&@8 

Par t icu la te  gr/dscf 
lb /hr  

\\%b lb /hr  
1 b/hr Gaseous F 

Par t icu la te  F - 1 b/hr 
1 b/hr Total  F 

- s02 

- 



I 

I 
I 



CITY Sp STATE 
DATE 82, - 0 1 -  

RUN 6 METHOD 5- 
U N I T E  
0 INLET 
C3 OUTLET S1)9 c/( 
START TIME 3 0  AM/@ 
FINISH TIME 2: 3q AM/@ 
METER OPERATOR vfl 

b- b 
PARAMETER SHEET 

ALCOA 

METER BOX NO. 2/6d 
DH @ 1, d 6  

FILTER NO. 
THIMBLE NO. 

DATA 
1 Pb 30, 3z "Hg 
2 Stat lc  - 0, 23 "wc 
3 Vlc / 3 , 7  m l  

4 M n  9 
5 e  60 min 
6 X 0 2  14 
7 2 co2 -L 
8 DH .1.9k? 'm 

RESULTS 
Vmstd '.cq"=7- dscf 
Vwstd 0, 645- scf 

Md 2 4, % 1 b / l  b-mol e 

Ms 2Q.q 3 1 b / l  b-mol e 

BW 0,014 

vs 27.4r f t / s  
X I  99.  9 2 

acfm 43 3Yo 
dscfm 45-6 30 
Part iculate  gr/dscf 

lb/hr 
)00.3 lb/hr - lb/hr Gaseous F 

Par t iculate  F - lb /hr  
Total F - 1 b/hr 

s02 





RUN METHOD 5- 
UNIT &h 
0 INLET 
8 OUTLET S-CK 
START TIME <-: 2 3  AM/@ 
FINISH TIME 6 : 3 1  AM/,@ 
METER OPERATOR . 3 d #  

METER BOX NO. 2 I 6 8  
DH B It $ 6  

DATA 

1 Pb 30, 3 2  "Hg 
2 S ta t i c  -0. 24  "wc 
3 Vlc 4-4 m l  

4 M n  9 
5 e  60 min 

6 % 0 2  14 
7 % co2 Z 
8 DH 1<q3 'm 
9 CP 0. BY 

11 6 0 . r 8 L  6 10 Tm 65- F 

12 Ts ?$ F 
13 Vm Yb,O(- ft3 ~____ 

14 .  Dn 0, 2-44 i n  
15 As 2 8 .  2 7 ft2 

0 - 7  
PARAMETER SHEET 

ALCOA 

COMMENTS : 

FILTER NO. 
THIMBLE NO. 

Vnstd 
Vwstd 
Bm, 
Md 
Ms 
vs 
% I  
acfm 
dscfm 
Par t i cu la te  

Gaseous F 

~ 

0,231 sc f  

29,08 1 b l l  b-mole 29.08 
0.005- 

29toL lb/lb-mole Zd. 8 6  
2J,32 .  f t / s  2 3 ,  y 

91, z %# fY u' 

Y 6  3 a  % 4130 
5!zwL L~Si8C7 

gr ldsc f  
1 b l h r  

lZ10-b l b l h r  - l b l h r  
~~ 

Pa r t i cu la te  F - 1 b l h r  
1 b l h r  Total F L 





RUN - I METHOD q&%-/q 
UNIT 

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

0 INLET 
POUTLET Sr&u 
START TIME 1 -.30 @PM 
FINISH TIME * AM& 
METER OPERATOR SJc2 

METER BOX NO. ( g  qq 
OH @ ( ( 4 0  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Vlc 
Mn 
9 

O2 
x co2 
DH 

CP 

k 
Ts 
Vm 
Dn 
As 
Yd 

DATA 

Pb . m, 29 'Hg 
Sta t ic  -0, 25' 

?.0,3 m l  
9 
min 

14 
2- 

/,ab c f l c f  

ALCOA 

FILTER NO. 

THIMBLE NO. n 

Vmstd 
Vwstd 
Bm, . 

Md 
Ms 
vs 
% I  
acfm 
dscfm 
Par t i cu la te  

s02 
Gaseous F 

RESULTS 
dscf  

0,qzc s c f  

(03 ,3  
som 
LG32.L - grfdscf 

l b / h r  
l b f h r  

0.08 l b / h r  
Par t i cu la te  F 0.21 l b f h r  

Total  F o.a8 l b f h r  

-2_ - 



a 

a 
0 
U 
J. 
r 

z 
P g .  
I3 
u 

I- 



..<.."Y - . i.. . - , -  7 .~.. 
. . . .. . . . ., . . .I. $A2KiuJI-"m, . .......... _..., " . . . . . . . . .  . ... . .  

a-s 

CITY &I STATE p,  C, 
DATE 8 O L - 0 3  

PARAMETER SHEET 
. .  

ALCOA 
0 INLET 

BDUTLET S b  fc 
START TIME 3 .* Tq AM/I@ 

METER OPERATOR s1-e 
FINISH TIME c.*/d AM/& 

METER BOX NO. J8'? L/ 
DH @ I, qa 

DATA 

4 M n  9 
5 0  6 min 
6 % 0 2  / 9  
7 % co, z - 
8 DH 

9 CP 

:: k 
12 T s  
13 Vm 
1 4 .  Dn 
15 As 
16 Yd / r o o  c f l c f  

Vmstd 
Vwstd 
Bm, 
Md 

Ms 
vs 
X I  
acfm 
dscfm 

COMMENTS: 

FILTER NO. 
THIMBLE NO. z 

RESULTS 
4 8 3  6 dscf 

0,WT scf 
0. do4 

z8,4$ lbllb-mole 
2@,33 f t / s  
loy,  8 L 

gr/dscf 
l b l h r  
lb/hr 

Gaseous F 0 O b  lb/hr 
Particulate F 0. \<\ l b l h r  

Particulate - - - 
s02 

Total F o . a o  l b l h r  



a 

a 
0 
U 
J 

33 



RUN 3 METHOD vd75-4 
UNIT- &&I 
0 INLET 
BOUTLET '%&g 

FINISH TIME / I  I d  @PH 
METER OPERATOR sT\2  

METER BOX NO. lL37 y 
DH @ I. 4 0  

DATA 
1 Pb 24.9 7 . ~ g  
2 Sta t ic  -0.24 'wc 
3 Vlc 21. Z m l  
4 M n  9 
5 1 3  LO min 

6 X 0 2  

8 DH 
7 x co2 

9 CP 

:; k 
12 i s  
13 Vm 
1 4 .  Dn 

15 As 
16 Yd 

L 
1#9l "m 
0.84 - 

c f / c f  

PARAMETER SHEET 

ALCOA 

FILTER NO. 
THIMBLE NO. 3 

RESULTS 

Ymstd Y6J4 dscf 
Vwstd 0.9Q4 s c f  
Em, 0.02f 
)4d '24, a 1 b / l  b-mol e 
Ms 2@,8< lb/lb-mole 
vs 27.88 f t / s  
X I  l03.0 J 

acfm 472N 
dscfm 44T40 

so2 

gr/dscf 
l b /h r  
l b /h r  

Gaseous F 0.0b lb /h r  
Par t i cu la te  F 0 .\3 I b /h r  

Total  F o.\q l b /h r  

Pa r t i cu la te  - - - 



a 

a 
0 
U 
J 

g z a  - 
> i. 
I 



PARAMETER SHEET 

PLANT & c k d  
C I T Y  SP STATE N c  
DATE 8G .- o z -05'- 

ALCOA 
0 INLET 
BOUTLET s7yFw 

START TIME T~.qc &PM 
FINISH TIME 8 :g  @/pM 
METER OPERATOR az 

METER BOX NO. /dw 
DH @ I ,  40 

9 CP 0. $4 
10 Tm 60 F 
11 6 o..ce9 +z 
12 Ts 
13 Vm 
1 4 .  Dn 
15 As 

. I  

%?3$ ft3 
0,244 i n  
2%. 23 ft? 

FILTER NO. 
THIMBLE NO. 7 

RESULTS 

Vmstd Y 7 . 2 l  dscf  
Vwstd s c f  

~ 

Bm, 0.01 Q 
bk! 29. 1 b / l  b-mol e 
Ms 2% 0 7 1 b / l  b-mole 
vs 
X I  
acfm 

dscfm 4.i53.0 
Par t i cu la te  - grldsc f  - 

l b l h r  
l b / h r  

Gaseous F 0.00 l b / h r  
Par t i cu la te  F o , W 3  I b / h r  

Tota l  F D.TO l b / h r  

- 
s02 



4 
0 
U 
A. 
4 

I 

c 
0 

P 
a 

0 
a c 
2 
I 
0 
v) 



' 1  
2 
3 
4 
5 

. 6  
7 
8 
9 

10 
11 
12 

13 
1 4 .  
15 
16 

I 

r 
COMMENTS: 

/LCO57* 

i 

DATA 

Pb 30.32. "Hg 
Stat ic  - a.23 
Vlc 19,6 rnl 
M n .  
0 

O2 
% co2 
DH 

CP 

k 
Ts 

Vm 
Dn 

AS 

Yd 

ALCOA 

b-\L 
PARAMETER SHEET 

RUN 5- METHOD 
UNIT && 

40 ?5-- //- 

0 INLET 
Qt OUTLET ST)rl I!! /c 
START TIME / 0 ; 3 0  &pW 

FINISH TIME -@PM 
METER OPERATOR 3 

METER BOX NO. (T04 DH @ I 

RESULTS 

Vmstd Yd,26 dscf 
Vwstd 0.923 scf  
Bm, 0 , O  2- 
Md 29, I lbllb-mole 
Ms 28.88 lbllb-mole 

X I  / 0 3 , 3  
acfm Yb 260 

Part iculate  gr/dscf 

vs 23.2, f t / s  
1 

dscfm X/y$30 

lb /hr  
1 b/hr 

Gaseous F 0 . 0 5  lb /hr  

- - 
s02 

- 
Part iculate  F b.73 Ib /hr  
Total  F 0.- lb /hr  



4 
0 
U 
J 
4 

3 



, 

RUN - 6 METHOD qG?-C - A  
UNIT 
0 INLET 

START TIME / s  I AMICED 
FINISH TIME 2:35 AM/@ 
METER OPERATOR ST12 

METER BOX NO. /& 74  
DH @ f .  4 0  

DATA 

1 Pb 3 2 ’Hg 
2 Stat ic  - 0 . 2 3  ‘WC 

3 Vlc u , 3  m l  

4 M n  g 
5 e  Go min 
6 X 0 2  19 
7 x co2 z 
9 CP 0. $4 
8 DH 1.84 “wc 

10 Tm ’ 3 1  F 
11 6 0,43 
12 Ts 8 6  F 
13 Vm A / / l 6 0 7  ft3 

15 As -23. 27. f t 2  

?--%?3 . .  ’ . 
. .  b -\3 

PARAMETER SHEET 

ALCOA 

Vmstd 
Vwstd 
Bwo 
Hd 
Hs 
vs 
X I  
acfm 
dscfm 

COMMENTS : 

FILTER NO. 
THIMBLE NO. 

Par t iculate  

s02 
Gaseous F 

RESULTS 

0.OY 

2 b , b 7  f t / s  
/ o L  d) 

4C2rO 
4 3 3 w  

gr/dscf 
l b l h r  
1 b/hr 

0.03 l b l h r  
Par t iculate  F o ,q \ Ib /hr  

Total  F 0.93 l b l h r  

- 
\ ’  - 



a 
0 
U 
J a 

0 
i 
8 
h 
- 

a '  
J n 
E 
E 

. 

d z 
8 
2 
LE 



r 

PARAMETER S H E n  

METER BOX NO. /$74 
DH @ I, 4d 

DATA 

1 Pb w, 3 2  "g 
2 S ta t i c  -0,2(( uwt 

3 Vlc /6' 5- m l  

4 M n  9 
5 0  a m i n  
6 XO, 14 
7 X co2 2 
8 DH 2 .0  =w 
9 CP 0.84 

10 
11 
12 
13 

1 4 .  
15 
16 

k 
Ts 
Vm 
Dn 
As 
Yd 

F 

F 

ft3 

ft2 

I n  

c f / c f  

Vmstd 
Vwstd 
BWJ 

Md 
Ms 
vs 
X I  
acfm 
dscfm 

ALCOA 

COMMENTS: 

FILTER NO. 
THIMBLE NO. 

RESULTS 
/.lh,q6 dscf 
0. 3 3 3  s c f  
0.016 
24,08 1 b / l  b-mole 
2 B , 9  1 b / l  b-mol e 

/VI, b ' 
27.44 f t / s  

474m 
ALuL 

Par t i cu la te  - gr/dscf 
l b /h r  
l b / h r  

O.oT l b /h r  Gaseous F 
Par t i cu la te  F 0.93 l b / h r  

Total  F 0 .?0 l b / h r  

- 
c_ 

so2 



! 



F 





. .  

! 
! 

i 

-,. .:.. 
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804241 0 . 2  
539019 BKG 
ND1 OUT 5 3 
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