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MEMORANDUM 

DATE : August 25, 1988 

TO : Ken 

FROM: Robert- Wootsn- 

SUBJECT: Revis ion o f  Review o f  Emission Test  Report  f o r  American Rockwool, 
I nc . ,  Spr ing Hope, Nash Co., N.C., performed May 17-19, 1988. 

The sub jec t  r e p o r t  was rece ived  J u l y  1, 1988 w i t h  a d d i t i o n a l  i n f o r m a t i o n  
received August 8, 1988. The t e s t  was performed by personnel o f  t h e  Aluminum 
Company o f  America (ALCOA). 
f l u o r i d e  emissions when producing rockwool w i t h  spent p o t  l i n i n g s  (SPL) salvaged 
from ALCOA's aluminum p roduc t i on  operat ions.  It was des i red  t o  show t o  what 
e x t e n t  f l u o r i d e  emissions increase when SPL i s  s u b s t i t u t e d  f o r  coke. It was 
a l s o  des i red  t o  show t o  what e x t e n t  t he  a d d i t i o n  o f  l ime  decreases f l u o r i d e  
emissions. The f i l t e r  used f o r  f l u o r i d e  t e s t i n g  was weighed f o r  p a r t i c u l a t e  
determinat ion.  S u l f u r  d i o x i d e  was a l s o  measured. 

The method used f o r  p a r t i c u l a t e  de te rm ina t ion  i n v o l v e d  weighing the  sampling 
th imb le  used t o  c o l l e c t  p a r t i c u l a t e  f l u o r i d e s .  
c e l l u l o s e ,  i t  tended t o  ga in  atmospheric mo is tu re  r e a d i l y  which made t h e  
acc.uracy o f  t he  weighings s l i g h t l y  unce r ta in .  Also,  probe and f i l t e r  ho lde r  
washings were omit ted.  The p a r t i c u l a t e  values should be somewhat l e s s  accurate 
than a p r o p e r l y  performed Method 5 t e s t .  

The p a r t i c u l a t e  emission t e s t  i s  i n s u f f i c i e n t  t o  determine compliance. 
Method 5 should be performed on the  cupola s tack  and t h e  duc t  scrubber stack.  
To meet the  requirement o f  c o n d i t i o n  5 o f  the  pe rm i t ,  i t  w i l l  be necessary t o  
determine t h e  i n p u t  t o  t h e  blow chamber, t h e  c l e a n i n g  process t r a n s f e r  cyclone, 
and the  bagging process t r a n s f e r  cyclone. 

The main purpose o f  t h e  t e s t  was t o  determine 

Due t o  t h e  f i l t e r  be ing 

EPA 

. 

S u l f u r  d i o x i d e  emissions were determined us ing  a method s a i d  t o  be l i k e  EPA 
Method 15.  None o f  t h e  necessary suppor t ing d a t a  was provided. 
p o s s i b l e  t o  accept the  SO2 r e s u l t s  s ince  t h e r e  i s  no th ing  t o  show t h a t  c o r r e c t  
procedures were fo l lowed.  
from o the r  than f u e l .  

It i s  n o t  

Also, t h e  heat  i n p u t  i s  undetermined and SO2 may come 

The method used f o r  f l u o r i d e  measurement was ALCOA Method 4075A. 
s i m i l a r  t o  EPA Method 138. 
method w i t h  Gary M c A l l i s t e r  o f  t h e  €PA, I have concluded t h a t  Method 4075A 
should g i v e  accurate r e s u l t s  f o r  t h i s  source. 

The at tached t a b l e  summarizes t h e  f l u o r i d e  emissions f o r  t he  t h r e e  opera t i ng  
c o n d i t i o n s  tested.  
Table 1 on page 2 o f  t he  r e p o r t  should be regarded as o n l y  nominal. I computed 
SPL, Lime, and coke charge r a t e s  f rom the  p roduc t i on  records cover ing t h e  s h i f t  
d u r i n g  which t e s t i n g  was performed. 
v e r i f y  my numbers as t h e i r  p roduc t i on  records as reproduced i n  the  r e p o r t  are a 
l i t t l e  confusing. 

Th is  method i s  
A f te r  d i scuss ing  c e r t a i n  d e t a i l s  o f  t he  t h e  t e s t  

The charge makeup and number o f  charges per hour g iven i n  

You may w ish  t o  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 t h e  nex t  three 
runs. It i s  n o t  p o s s i b l e  t o  say i f  the  t e s t  r u n  i s  f lawed. I f  i t  i s  omit ted,  
t he  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 were performed f o r  c o n d i t i o n  D due t o  process problems. 
I accept the  r e s u l t s  o f  t h e  two t e s t  runs performed. 

For c o n d i t i o n  A, I c a l c u l a t e d  an emission f a c t o r  o f  .000259 l b  F/ l b  coke. For 
c o n d i t i o n  B ,  I g o t  .00557 l b  F/ l b  SPL (us ing  7.41 l b  F/hr) .  Th i s  i s  21.5 t imes 
g rea te r  than f o r  coke pound f o r  pound. 
rep lace a pound o f  coke, t he  a c t u a l  f l u o r i d e  increase should be g rea te r .  

For c o n d i t i o n  D, I found .00205 l b  F/ l b  SPL w i t h  . l o 7  l b  l ime/  l b  SPL. The 
emission f a c t o r  f o r  SPL w i t h  l i m e  i s  7.9 t imes t h a t  f o r  coke. 
more 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 standard 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  
Permi t  # 3578117. 
al lowed. 
us ing SPL compared t o  what the  f l u o r i d e  emissions would be w i t h o u t  SPL. 

Test c o n d i t i o n  B 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  l e s s  than  t h e  maximum al lowed).  I f  t h e  
f i r s t  t e s t  r u n  i s  omit ted,  t he  increase 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 he  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 p e r m i t  f o r  a l i m i t e d  t ime t o  e s t a b l i s h  emissions 
i f  l i m e  i s  added along w i th  t h e  SPL. 
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 .  
f a c t o r  found from t h i s  t e s t  i s  a p p l i e d  t o  the 1420 l b / h r  SPL a l lowed by the  
permi 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  rep laces  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  increase would be .001791 l b F / l b  
SPL or ,  f o r  1420 l b  SPL/hr, 2.54 lbF/hr increase which i s  w i t h i n  t h e  2.8 l b / h r  
increase al lowed. 

As I understand it, 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  u s e f u l  f o r  p r e d i c t i n g  f l u o r i d e  emissions when l i m e  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 he  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 he  annual f l u o r i d e  
increase 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 
from modeling. 
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 the  s i x  
l b / h r  modeling value. 

Since more than a pound o f  SPL w i l l  

Note again t h a t  

The use o f  1420 l b s / h r  o f  SPL i n  bo th  cupolas combined i s  
The f l u o r i d e  emissions must n o t  increase over 2.8 l b s / h r  ( t o t a l )  when 

Cond i t i on  D shows a f l u o r i d e  increase o f  
I f t h e  emission 

O f  course, when SPL i s  

The 2.8 l b / h r  increase f i g u r e  i n  t h e  p e r m i t  comes from 

Attachment 

cc: Mike A l d r i d g e  
Centra l  F i l e  v i a  Lee Danie l  
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Th is  attachment conta ins :  

F i e l d  t e s t i n g  raw data. 
P re l im ina ry  f i e l d  t e s t i n g  reduced data. 
Laboratory  raw and reduced data. 

- S u l f u r  d i o x i d e  data. 
- F luor ide .  

1 )  Nozzle data. 
2 )  Thimble data. 
3 )  Impinger data. 
4 )  SIE c a l i b r a t i o n  p l o t s .  

For ease o f  i d e n t i f i c a t i o n ,  t h e  LSN/ID# i s  p rov ided f o r  each sample 
obta ined i n  Run 4. 

Sample LSN/ID# 

SO2 - Impinger 804222/539030 
SO2 - Blank 804221/539026 

F - Nozzle 804244/539022 
F - Thimble 804233/539011 
F - Impingers 804004/539000 
F - Nozzle Blank 804240/539018 
F - Thimble Blank B lk  Thimble 
F - Impinger Blank 804229/539007 
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RUN - 4 METHOD 576 
UNIT I&% 

0 INLET 

BOUTLET 3/% 
START TIME @PM 
FINISH TIME g,*YvA&PH 
METER OPERATOR 

METER BOX NO. 2/68 
DH @ /< e36 

DATA 

2 S t a t i c  -0, 22 "wc 
3 Vlc 3,8  m l  

4 Mn 9 

7 X co2 

9 cp 0 . 8 4  
8 DH ,I* 0 2 "WC 

12 Ts .?? F 

13 Vm 4 6 .  Z l  ft3 
1 4 ,  Dn 0. 294 i n  
15 As 28, 27 ft2 
16 Yd 0. %- c f / c f  

Vmstd 
Vwstd 

B wo 
Md 
Ms 
vs 
X I  
acfm 

d sc fm 

ALCOA 

COMMENTS : 
9470 

FILTER NO. 5 
THIMBLE NO. 

P a r t i c u l a t e  gr /dscf  

l b / h r  
l b / h r  

l b / h r  Gaseous F 
P a r t i c u l a t e  F - l b / h r  

To ta l  F l b / h r  

. s02 

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



0 INLET 

BOUTLET m C / c  
START TIME T:q< @PM 
FINISH TIME @:g @/PM 
METER OPERATOR a n  

METER BOX NO. /dTf 
DH @ I .  40 

DATA 

1 Pb 30, 2% "Hg 
2 S t a t i c  -0, Z t  "wc 
3 v l c  , 4 , 1 m l  

4 Mn 9 
5 0  60 min 

. 6 X Q 2  ( 9  
7 x co2 2- 

9 CP 0.8Y 
8 OH /,9$ "wc 

10 Tm 60 F 

11 6 0.40q 6 
13 Vm 4<,?3$ ft3 

15 As 28. 27 ft2 

12 Ts ?? F 

1 4 ,  Dn 0,244 I n  

16 Yd /,W c f / c f  

Vmstd 
Vwstd 

Bwo 
Md 
Ms 

vs 
X I  
acfm 

dscfm 

ALCOA 
- 

I COMMENTS: 

FILTER NO. 
THIMBLE NO. Y 

RESULTS 
Y?. 21 dsc f  
0,9 s c f  

0.014 
224.08 1 b / l  b-mol e 

1 b / l  b-mol e 2% e 
27.c. f t l s  
1 0 3 , ~  
q6 3Q-I 
Ltr- 

P a r t i c u l a t e  - gr/dsc f  - l b / h r  - l b / h r  

0.08 l b / h r  Gaseous F 
P a r t i c u l a t e  F (3 b3 l b / h r  
Tota l  F 0 .7Q l b / h r  

SO2 
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IMPINGER 
SIE CNJBRAllON 

1.8 2 

1.6 - 
1.4 - 
1.2 - 

1 -  

0.8 - 
0.6 - 
0.4 - 
0.2 - 

0 

-0.2 - 
-0.4 - 
-0.6 - 
-0.8 

::::\ 

I I 

-0.3 -0.1 

::: - 
2 -  

1.8 - 
1.6 - 
1.4 - 
1.2 - 

1 -  

0.8 - 
0.6 - 
0.4 - 
0.2 - 

0 

-0.2 - 
-0.4 - 
-0.6 - 
-0.8 

\ 

, I 

-0.3 -0.1 

0.1 0.3 0.5 0.7 0.9 1.1 1.3 1.5 
(-rhousrmnds) 
mV 

NOZZLE 
SI€ CAUBRAllON 

I I I I I t , I I 

0.1 0.3 0.5 0.7 0.9 1.1 1.3 1.5 
(-rhaumnds) 
mV 



THIMBLE 
SIE CAUBRATlON 

0.4 

0.2 :::r -0.6 

-0.8 

-0.3 -0.1 
1 I I I I I I 1 I I I I I , 

0.1 0.3 0.5 0.7 0.9 1 .I 1.3 1.5 
(ThoYpmdP) 
rnv 



DIVISION OF ENVIRONMENTAL MANAGEMENT 
AIR QUALITY SECI!ION 

RALEIGH REGIONAL OFFICE 

April 25, 1988 

MEMORANDUM 

TO: Mike Aldridge/Bob Wooten 

FROM: Ken Schuster & 
SUBJECT: American Rockwool - Emission Test Reports 

Spring Hope, Nash County 

Several test reports for the subject company have been forwarded to you 
for review. The test reports forwarded were conducted on January 12-16 and 
February 3-5, 1988. Additional information refers to April 1986 testing and a 
rockwool emission test in Texas. In addition to fluorides, particulate, sul- 
fur dioxide, and opacity were tested. 

As per our earlier discussion, AR (American Rockwool C o . )  initiated the 
use of spent pot lining (SPL) from aluminum smelting pots as a partial 
replacement for coke in the rockwool manufacturing process. AR began using 
SPL at the Spring Hope facility in August of 1986. However, AR does state 
that SPL was used for testing in April of 1986. 

From the various tests, AR has come up with factors utilized to deter- 
mine fluoride emissions both when SPL is used and when it is not. The pri- 
mary concern with the fluoride emissions is that the increase due to using 
SPL is less than 3 tons per year. As per the permit, the hourly fluoride 
emissions increase is limited to 2.8 lb/hr (as per AR request) due to vegeta- 
tive concerns. 

At the time of the permit review (12/11/87), only information from the 
April 1986 testing was available. In order to determine the allowable annual 
increase of 1793 hr/yr and the hourly allowable of 2.8 pounds, a factor of 
0.002 ( .00197) lb Fl./hr/lb SPL was used (see attached Appendix I, page 9, 
column (B-D) /F ) .  The January and February tests (February ,tests were the 
observed compliance tests) appear to demonstrate a lower fluoride increase of 
0.0004 lb/hr/lb SPL. Due to the Jan/Feb testing showing a lower fluoride 
emission increase, AR plans to submit a new application for permit revision of 
increased SPL usage. 
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It should be noted that the February test appears to show compliance with 
the particulate and opacity standards. The source modeled SO2 at 100 
lb/hr. The actual as per testing was 144.1 lb/hr. The company will 
submit application for revision of modeling. Also, during the February 
test, 810 pounds of SPL were charged per hour per cupola. The permit 
application is for 710 pounds per hour per cupola. The company did not 
want to undercharge the amount of SPL as DEM wanted the maximum permitted 
charged. 

Part of the permitted fluoride emissions increase is due to the crusher 
which is presently permitted for 13 hrs/yr of operation and as an uncontrolled 
source. However, AR plans to install a baghouse and application for such is 
forthcoming. 

The Raleigh Regional Office has primary concerns. One concern is 
whether the source is presently in compliance, and the other is whether the 
source previously operated in compliance. The February testing appears to 
demonstrate compliance with the present permit. The SO2 modeling requires 
adjustment. The second concern arises since the source previously utilized a 
charge with less limestone and for which the Jan/Feb testing may. not be repre- 
sentative. The background fluoride rate was established using the two years 
prior to SPL usage (October 1984 to September 1986) and determined from the 
actual monthly charges. The actual background fluoride rate is then dependent 
on a factor, most logically from the April 1986 testing. Appendix B, page 7 
shows what the background could be using both the April 1986 and February 1988 
factors ( . 0 2  and .002, respectively). Due to the significant difference in 
the factors, the background can range from 6522 lb fluoride/yr to 19,368 lb 
fluoride/yr. The factors discussed above are found in Appendix I, page 8, 
column B/A. Note that Jan/Feb SPL testing shows 0.003 vs. 0.002 as per the 
company. This is due to some differences in reported charges, etc. Calcula- 
tions used 0.002 for the background factor. The second group of factors are 
listed in Appendix I, page 9, column (B-D)/(A-G). These are factors used with 
the SPL charge to determine fluoride out from the SPL. 

On 3/17/88, AR submitted the February charge rates. Attached to this was 
a twelve month running average of fluoride emissions as required by the per- 
mit. What is not specified in the permit is what "factors" will be used. On 
this report, factors were used as follows: 

No SPL F1. x .02;  SPL F1. x .008 - until September 1987 
No SPL F1. x .002; SPL F1. x .004 - begin October 1987 

The twelve month running average of 12,242 lb is less than the 19,682 lb/yr 
allowable. The two different factors were used since prior to October 1987 a 
significantly different mix was used. The limestone going into the cupola may 
have a significant impact on reducing fluoride emissions. For this reason, 
factors from both the April 1986 and January 1988 tests were used. 

In Appendix B attached, I have also run the running average for fluoride 
emissions using three different scenarios: 
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(1) using t h e  .02 / .008 f a c t o r  through September 1987 
using the  .002/.004 f a c t o r  beginning October 1987 
( r e s u l t s  on page 8) 

( 2 )  using the  .002/.004 f a c t o r s  f o r  a l l  months 
( r e s u l t s  on page 16) 

* 
( 3 )  using t h e  0.02/0.012 f a c t o r  through September 1987 

using the  0.002/0.004 f a c t o r  beginning October 1987 
( r e s u l t s  on page 18) 

* 
The 0.012 f a c t o r  comes from Apr i l  1986, Massena (M) 
SPL t e s t i n g  (see Appendix I,  page 9 )  

Numbers (1) and ( 2 )  above would show compliance with t h e  running average while 
scenario ( 3 )  would not .  

For compliance and f u t u r e  permi t t ing ,  i n  addi t ion  t o  any f u t u r e  t e s t i n g ,  
t h e  f a c t o r s  t o  be used must now be determined, i n  addi t ion  to any f u t u r e  
t e s t i n g .  It has  r ecen t ly  been observed t h a t  four  of t h e i r  f i v e  mixes do n o t  
have l imestone i n  them (see Appendix I, page 4 ) .  The worst case of t h e s e  
would most l i k e l y  r equ i r e  t e s t i n g  e i t h e r  p r i o r  t o  o r  a f t e r  any permit rev i -  
s ion.  

I am a l s o  a t t ach ing  a recent submittal sen t  by t h e  consul tan t .  It con- 
t a i n s  t h e  % f l u o r i d e  of t h e  materials inpu t  during t e s t i n g .  The SPL % f luo r -  
ide  is somewhat higher  than t h e  i n i t i a l  permit value (12.6% v s .  10.75%). . 
There are some o t h e r  d i f f e rences  (both  p o s i t i v e  and negat ive)  which t o t a l  
approximately t h e  same % f l u o r i d e .  

I n  summary, we need t o  determine which " fac tors"  w i l l  be used to de te r -  
mine  compliance f o r  p a s t ,  present, and f u t u r e  running averages,  and what 
f u t u r e  t e s t i n g ,  ma te r i a l  sampling, etc. w i l l  be  required.  Please l e t  m e  know 
i f  you would l i k e  t o  g e t  toge ther  and d i scuss  t h i s  p r i o r  t o  forwarding your 
comments. A s  t h i s  i s  s t i l l  scheduled t o  go to hear ing u n l e s s  t h e  running 
average can  be resolved,  w e  w i l l  need t o  le t  OLA know our dec is ion  soon. 

KS/jf 

a t t .  
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AMERICAN ROCKWOOL,NASH COUNTY 8 8 0 4 0 4  
I1 

(BOTH CUPOLAS) 

T E S T  # S 0 2 / H R  LB S 0 2 /  PART.  H 2 S  OP AC I T Y F L ?IOR IO E 
DATE MMBTU W/BAaCK- 

HALF 

JAN 8 8  
(BKGRO) 1 4 8  
( S P L 3 5 0 )  1 2 0  
( S P L 7 0 0 )  110 

(BACKGRD) 1 4 4 .  1 1 . 1  
( 7 1 0  S P L )  1 1 1  0 . 9  

FEB 5 , 8 8  

TEXAS 
(BKGRD) 
( S P L l O O O )  
( S P L 1 5 0 0 )  

P E R M I T  1 0 0  2 . 3  

1 . 5  
1 . 8  
1 . 1  

3 
4 

1 2  

0 . 2 7  
0 . 5 3  
0 . 8 7  

5 0 . 0 2 3  
5 0 . 8 6  

2 0  

0 . 6  
1 . 4  
1 . 4  



- .  

AMERICAN ROCKWOGL,NASH COUNTY 8 8 0 4 0 4  

#'S/CHARGCHARGE PER CUPOLA (#IS) 
I11 

T E S T  
DATE COKE SPL OUQ TRAP TENN 

SLAG ROCK L I M E  STEEL SLAG 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  - _ _ _ - _ _  _ - - - - - -  - - - - - - -  
A P R I L  8 6  
(BKGRO) 
( S P L  , E )  
( S P L , M )  

JAN 8 8  
(BKGRD) 3 9 8  0 
( S P L 3 5 0 )  2 2 6  1 0 0  
( S P L 7 0 0 )  2 5 9  2 1 5  

FEB 5,88 

( 7 1 0  S P L )  2 6 0  2 2 5  

TEXAS 

( S P L  1 0 0 0 )  2 7 8  
( S P L 1 5 0 0 )  4 1 7  

(BACKGRD) 4 0 0  0 

(BKGRD) 4 0 0  0 

1 2 7 8  1 0 9 0  
1 2 7 0  1 0 8 8  
1 1 1 9  1 0 0 6  

1 3 0 0  1 1 0 0  
1 3 0 0  1 1 0 0  

0 1 0 5 0  

4 9  3 9 4  3 9 6  
5 0  3 9 6  3 9 3  
4 4  3 7  1 3 7 7  

5 0  4 0 0  4 0 0  
5 0  4 0 0  4 0 0  

0 0 4 0 0  

55 



i 

, 

5 3  

C H A R G E S /  
HO?IR 

3 . 3  
3 . 3  
3 . 3  

3 . 3 7  
3 . 3 7  
3 . 3 7  

5 

3 . 6  
3 . 6  

3 . 3  
3 . 3  
3 . 3  

5 3  



AMERICAN ROCKWOOL ,NASH COUNTY 880404 
IV 

CHARGE/CUPOLA ( # / H R )  

T E S T  
D A T E  COKE S P L  DIJQ T R A F  TENN 

SLAG ROCK L I M E  S T E E L  SLAG 

- - _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ -  _ _ _ _ _ _ _  _ _ _ - _ _ _  _ _ _ - - - _  - - - - - - -  
A P R I L  8 6  
(EKGRD) 1164 0 4239 1668 83 200 2000 
( S P L , E )  683 1020 0 1668 83 200 2000 
( S F L , M )  683 . 1 0 1 4  0 1668 83 200 2000 

J A N  88 
(EKGRD)  134 1.26 0 4306.86 3673.3 165.13 1327.78 1334.52 
(SPL350) 761.62 3 3 7  4279.9 3666.56 168.5 1334.52 1324.41 
(SPL700) 872.83 724.55 3771.03 3390.22 148.28 1250.27 1270.49 

F E E  5,88 
(EACKGRD) 1440 0 4680 . 3960 180 1440 1440 
(710 S F L )  936 810 4680 3960 180 1440 1440 

TEXAS 
(BKGRD) 1320 0 0 3465 0 0 1320 
( S P L l O O O )  917.4 0 0 0 0 0 0 
( S P L 1 5 0 0 )  1376.1 0 0 0 0 0 0 

COKE S F L  ouq TRAF TENN 
SLAG ROCK L I M E  S T E E L  SLAG _ _ - _ - - - _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ - _ _  _ _ _ _ _ _ _  _ - - - - - -  

P E R M I T  1300 710 5500 2500 250 3000 3000 
% F L  0 11.3 0.45 0 0.41 0 2.4 

NOTE:  THE MASSENA F L . = 1 0 . 2 % ,  6ADIN=11.3% 
ACTUAL B L E N D S ;  
STANDARD ROCKWOOL 
W/O 1285 0 4329 3663 167 1 3 3 2  1332 

866 700 4329 3663 167 1332 1332 

w/o 1285 0 7326 -0 ' 0  0 1665 
W/SFL 866 700 7326 0 -0 0 1665 
F I B E R - G R O  ROCKWOOL 
W/O 1285 0 1000 4995 0 3,330 

. . .  W/SPL 
:WHI W.?*'Rdc1C1Qot 

53 

W/SPL 866 7 0 0  1000 499s 0 3330 
DARK RGCKWGGL 
W / "  1285 0 0 4329 0 5 3 3 0  6 F G  
W/'PL 866 700 0 ,4329 0 3330 6 6 6  
'.:: R VC'G E N I C R 1)': I( WOQ L 
w / 0 1285 0 0 3164 0 5162 1 6 6 5  



1 

5 

0 0 

1 0 0 0  
1000  

1000  

. 
1000 

1 9 9 8  
i 998 



AMERICAN ROCKWOOL,NASH COUNTY 8 8 0 4 0 4  
V 

# ' S  OF F L  I N P U T / C U P O L A  

T E S T  
DATE COKE SPL  0 UQ TRAP TENN 

SLAG HOCK L I M E  S T E E L  SLAG 

- - _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ - _  _ _ _ _ _ _ _  - - - _ _ _ _  - - - - - - -  - _ - - - - -  
A P H I L  8 6  
(BKGRD) 0 . 0  0.0 1 9 . 1  0 . 0  0 . 3  0 . 0  4 8 . 0  
( S P L , E )  0 . 0  , 1 1 5 . 3  0 . 0  0 . 0  0 . 3  0 .0 4 8 . 0  
( S P L  , M )  0 . 0  1 1 4 . 6  0 . 0  0 . 0  0 . 3  0 . 0  4 8 . 0  

J A N  8 8  
(BKGRD) 0 . 0  0 . 0  1 9 . 4  0 . 0  0 . 7  0 . 0  3 2 . 0  
( S P L 3 5 0 )  0 . 0  3 8 . 1  1 9 . 3  0 . 0  0 . 7  0 .  0. 3 1 . 8  
( S P L 7 0 0 )  0 . 0  8 1 . 9  1 7 . 0  0 . 0  0 . 6  0 . 0  3 0 . 5  

F E E  5 , 8 8  
(BACKGRD) 0 . 0  0.0 2 1 . 1  0 .0  0 . 7  0 . 0  3 4 . 6  
( 7 1 0  S P L )  0 . 0  9 1 . 5  2 1 . 1  0 . 0  0 . 7  0 . 0  3 4 . 6  

TEXAS 
(BKGRO) 

( S P L 1 5 0 0 )  
( S P L l O O O )  

COKE SPL  DUQ TRAP TENN 
5 SLAG HOCK L I M E  S T E E L  SLAG _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ - _ _ _ _  _ _ _ _ - - -  - - - - - - -  - - - - - - -  - - - - - - -  

PERM I T  1 3 0 0 . 0  7 1 0 . 0  5500.0 2 5 0 0 . 0  2 5 0 . 0  3 0 0 0 . 0  3 0 0 0 . 0  
% F L  0 . 0  1 1 . 3  0.5 0 . 0  0 . 4  0 .0 2 . 4  

ACTUAL BLEND:, : 
STANDARD ROCKWOOL 
W / @  0 . 0  0 . 0  1 9 . 5  
W/SPL 0 . 0  7 9 . 1  1 9 . 5  
W H I T E  ROC 0 . 0  0 .0  0 .0  
W/O 0 . 0  0 . 0  3 3 . 0  
W/SPL 0 .0  7 9 . 1  3 3 . 0  
F I B E R - G R G  0 . 0  0 . 0  0 . 0  
W / @  0.0 0.0 4.5 

5 3  

0 . 0  0 . 7  0 . 0  3 2 . 0  
0 . 0  0 .7  0 . 0  3 2 . 0  
0 . 0  0.0 0.0 0.0 
0.0 0.0 0.0 4 0 . 0  
0.0 0.0 0.0 4 0 . 0  
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0 . 0  

W/SPL 0 . 0  7 9 . 1  l r . 5  0 . 0  0.0 . o .  0 0 . I 1  

DAHK EOCK 0 . 0  0 . 0  0 . 0  O s @  0.0 0.0 0 . 0  
W / @  0.0 0.0 0 . 0  0.0 0.0 0 . 0  1 6 . 0  
W / S P L  0 . 0  7 9 . 1  0 . 0  0 . 0  0 . 0  0 . 0  t 6 . n  
C fi Y GG E N 1 C 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 



7 -  

5 3  

AMERICAN ROCKWOOL,NASH COIJNTY 8 8 0 4 0 4  

T O T A L S  (BOTH CUPOLAS A T  S P R I N G  HOPE)  
V I  

T E S T  
DATE F L I J O R I D E  F L U O R I D E  F L  O?IT/ 

I N  ( # , S )  OUT # ' S  F L  I N  

- - - - - - - - 
A P R I L  86 
( BKG RD ) 

( S P L , M )  

J A N  8 8  
(BKGRD)  

t S P L , 8 )  

( S P L 3 5 0 )  
( S P L 7 0 0 )  

FEB 5 , 8 8  
(BACKGRD) 
( 7 1 0  SPI.) 

T E X A S  
(BKGRD ) 

( S P L  1 5 0 0 )  
( S P L  1 0 0 0 )  

_ .  

1 3 4 . 8  3 . 2  0 . 0 2 3 7 3  
3 2 7 . 2  0 . 6  0 . 0 0 1 8 3  
3 2 5 . 8  1 . 1  0 . 0 0 3 3 8  

1 0 4 . 2  0 . 3  0 . 0 0 2 6 2  
1 7 9 . 6  0 . 5  0 . 0 0 2 9 5  
2 5 9 . 9  0 . 9  0 . 0 0 3 3 5  

1 1 2 . 7  0 . 2  0 . 0 0 2 0 4  
2 9 5 . 8  0 . 9  0 . 0 0 2 9 1  

4 5 . 0  0 . 6  0 . 0 1 3 3 3  
1 4 5 . 0  1.4 0 . 0 0 9 6 6  
1 9 5 . 0  1 . 4  0 . 0 0 7 1 8  

F L 11 OR I D  E 
I N  i # , S )  OUT # ' S  

F L U  0 R I D  E 

_ _ _ _ _ _ -  - - - - - - -  
P E R M I T  
% F L  

ACTUAL B L E N D S ;  
STANDARD ROCKWOOL 
w/  0 1 0 4 . 3  
W/SPL 2 6 2 . 5  
W H I T E  ROCKWOOL 
w/o 1 4 5 . 9  
W/SPL 3 0 4 .  1 
F I B E R - G R O  ROCKWOOL 
W/G 9 . 0  

W/SPL 1 6 7 . 2  
D A R K  ROCKWOOL 
W/O 3 2 . 0  

C R V OG EN I 
W/G 7 9 .  5 

W/SPL 1 9 0 . 2  
R O C  K WC'O L 



5 

AMERICAN ROCKWOOL ,NASH 
V I 1 1  

PER CVPOLA B A S I S / H O U R  F L  I N  I S  FOR BOTH 

T E S T  A 
DATE F L U O R I D E  

I N  ( # , S )  

1 . 6 0  0 . 0 2 3 7  1 . 6  0 . 0  0 . 0 0 0 0  0 . 0 0 0 0  
2 . 4 5  0 .0150  1 . 6  1 1 5 . 3  0 . 0 1 7 6  0 . 0 0 5 2  
3 . 6 0  02022: l  1 . 6  1 1 4 . 6  0 . 0 4 1 4  0 . 0 1 2 3  

J A N  8 8  

( 5 , P L 3 5 0 )  1 7 9 . 6  0 . 5 3  0 . 0 0 3 0  0 . 2 7  3 8 . 1  0 . 0 0 1 8  0 . 0 0 1 4  
( S P L 7 0 0 )  2 5 9 . 9  0 . 8 7  , 0 . 0 0 3 3  0 . 2 7  8 1 . 9  0 . 0 0 3 4  0 . 0 0 2 3  

F E E  5 , 8 8  

( 7 1 0  S P L )  ? 7 4 , 0 *  0 . 8 6  0.0031 0 . 2 3  9 1 . 5  0 . 0 0 3 5  0 . 0 0 2 3  

(BKGRI))  1 0 4 . 2  0 . 2 7  0 . 0 0 2 6  0 . 2 7  0 . 0  0 . 0 0 0 0  0 . 0 0 0 0  

( BAC K G  RE) 7 2 . 1  0 . 2 3  0 . 0 0 3 2  0 . 2 3  0 . 0  0 . 0 0 0 0  0 . 0 0 0 0  

( e. K G R I) ) 4 5 . 0  0 . 6 0  0 . 0 1 3 3  0 . 6  0 . 0  o.oooo o . o o r j n  
( S P L l O O O )  1 4 ' , . 0  1 . 4 0  0 . 0 0 9 7  0 . 6  0 . 0  0 . 0 0 5 5  0.0054 
( S P L 1 5 0 0 )  1 9 5 . 0  1 . 4 0  0 . 0 0 7 2  0 . 6  0 . 0  0 . 0 0 4 1  0 . 0 0 4 1  



A 

F L  I N  I S  FOR BOTH CIJPO 
IX 

PER HOUR B A S I S  

EKGRD E M I S S I n N  i T E S T  A 6 D F ( 6 - 0 )  / F  
D A T E  FL IJORIOE F L  OUT F L  OUT #OF F L  I N C R  

IN ( # , S )  ( # ' S I  E K G R D  S P L  FROM SP CHARGE OF FACTOR 
ONLY CHARGED # / H R / # S  L F L  # / H R  

- - - - - - - -  - - - - - -_  - - - - _ -  _ - - - _ _  
A P R I L  86 
( B K G R O )  6 7 . 4  1.60 1.6 
(SF'L , B )  163.6 2.45 1.6 
( S PL , M ) 162.9 3 . 6 0  1.6 

. IAN 88 
( B K G R D  j 1 0 4 . 2  0.27 0.27 
( 5 P L  3 5 0 ) 179.6 0.53 0.27 
( S P L 7 0 0 )  259.9 0.87 0.27 

FEE. 5 , R O  
( E ACKI; RD ) 12.1 0 . 2 3  0 . 2 3  
(710 5P.L) 274.0 0.86 0 . 2 3  

TEXAS 
( R K G R I ) )  115.0 0.60 0.6 
( S C L  1 0 0 0 )  14:>.0 1 .40 0.6 
( S P I  1 5 0 0 )  1 9 5 . 0  1.40 0 . 6  

1020.0 0 . 0 0 0 8  
1014.0 ,0.0020 

104 
674.0 0.0004 1 04 

1450.0 0.0004 1 0 4  

72 
1620.0 0 . 0 0 0 4  72 

0 4 0 5 2  
0 . 0 1 2 3  

0.0034 
0.0038 

0.0031 

45 
1000.0 0. 000w 45 0 .  00ilO 
1500.0 0.0005 45 0 . 0 0 5  :, 



* * * A M  E I? I C A N  ROCK WOOL * * *  
F L OU R I D  E S : . O2/. 0 0 8  THO?IGH 

.002/. 004 6 E G I N  
MONTH/YR:AUGUST 86 

M A T E R I A L  AMOIJNT F L U O R I D E  
TYPE USE@( # )  %*.01 F L  I N (  

O U Q .  SLAG 294.8700 0.0045 13269 
TENN SLAG 995750 0.0240 23898 
L I M E  53699 0.0041 220 
SPL 6355 0.1075 683 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ - _ _ _ _ _  _ _ - _ - -  

TOTAL FL/MONTH I N  = 38070. 

HRS/MONTH : 
# F L / H R  = ERR 

S E P T  87 
OCT 87 

138804 15 

BURDEN S P L  
) FACTOR # F L / M O N T H  #FL /MONTH 

2 0.0200 265.38 
0 0.0200 477 .96 
2 0.0200 4.40 
2 0.0080 

- - - - - - - - - - - - _ _ _ _  _ _ _ _ _ _ _ _  

5.47 

5 
T O T A L  FL/MONTH OUT= 753.21 

MONTH/YR:SEPTEMBER 86 

M A T E R I A L  AMOlJNT F L UOR I G E  BURDEN SPL 
TYPE U S E @ ( # )  %*.01 F L  I N ( # )  FACTOR # F L / M O N T H  #FL /MONTH 

O U Q .  SLAG 4275200 0.0045 19238.4 0.0200 384.17 
TENN SLAG 1553075 0.0240 37273.8 0.0200 745.48 
L I M E  -36336 0.0041 149.0 0.0200 2.98 
SPL 535300 0.1075 57544.8 0.0080 460.36 

_ - - - - - - - _ - _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ - _ _ _ _ _ -  _ - - _ _ - - -  - - - - - - -  - - - - - - - -  

TOTAL FL /MONTH I N  = 114205.9 

HRS/MONTH : 
T O T A L  FL/MONTH OUT= 1593.58 

# F L / H R  = ERR 

M ON T H  / Y R : OC TO6 E R 8 6 

M A T E R I A L  AMOUNT F L IJ 0 R IO E €3 Id RD EN SPL 
TYPE U S E D ( # )  %*.01 F L  I N (  # )  FACTOR # F L / M O N T H  #FL/MC"TH 

O l l q .  SLAG 3357900 0.0045 15110.6 0.0200 302.21 
TENN SLAG 1194000 0.0240 28656.0 0.0200 573. 12 
L I M E  0 0.0041 0 . 0  0.0200 0.00 
SPL 560850 0.1075 60291.4 0.0080 L 8 2 . 3 3  

- - _ - - - - - _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ -  _ - _ - - - _ _  

T O T A L  F L / M S N T H  IN 104057.9 
T O T A L  FI./MONTH OUT= 1357.66 

H R F / MON TH : 
# F L / H R  = ERR 

MONTH/ Y R : NOVEME E R 8 6 



\ 
\ 

M A T E R I A L  AMOUNT F L U O R I D E  BURDEN SPL 
TYPE U S E D ( # )  % * . 0 1  F L  I N ( # )  FACTOR #FL /MONTH #FL/MONTH 

O U Q .  SLAG 3 3 4 5 7 0 0  0 . 0 0 4 5  1 5 0 5 5 . 7  0 . 0 2 0 0  3 0 1 . 1 1  
TENN SLAG 1 1 9 1 5 0 0  0 . 0 2 4 0  2 8 5 9 6 . 0  0 . 0 2 0 0  5 7 1 . 9 2  
L I M E  3 0 0  0 . 0 0 4 1  1 . 2  0 . 0 2 0 0  0 . 0 2  
SPL 6 9 8 1 2 0  0 . 1 0 7 5  7 5 0 4 7 . 9  0 . 0 0 8 0  6 0 0 . 3 8  

- - - - - - - - _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  - - - - _ _ _  - - - - - - - -  

TOTAL FL/MONTH IN = 1 1 8 7 0 0 . 8  
TOTAL FL/MGNTH OUT= 1 4 7 3 . 4 L  

HRS/MONTH : 
# F L / H R  = ERR 

MONTH/ Y R : D E C E M 6  E R 8 6 

M A T E R I A L  AMOUNT F L U O R I D E  BURDEN SPL 
TYPE U S E D ( # )  % * . 0 1  F L  IN(#) FACTOR #FL/MONTH #FL/MONTH 

DUq.  SLAG 2 4 6 0 0 0 0  0 . 0 0 4 5  1 1 0 7 0 . 0  0 . 0 2 0 0  2 2 1 . 4 0  
TENN SLAG 8 0 9 1 5 0  0 . 0 2 4 0  1 9 4 1 9 . 6  0 . 0 2 0 0  3 8 8 . 3 9  
L I M E  0 0 . 0 0 4 1  0 . 0  0 . 0 2 0 0  0 . 0 0  
SPL 6 2 6 8 2 5  0 . 1 0 7 5  6 7 3 8 3 . 7  0 . 0 0 8 0  5 3 9 . 0 7  

- - _ _ - - - - _ _ _ _ _ _ _ _  _ - - _ _ _ _ _ _ _  _ - - - _ - _ -  - - - - - - - -  - - - - - - -  - - - - - - - -  

TOTAL FL/MONTH I N  = 9 7 8 7 3 . 3  

HRS/MGNTH : 
# F L / H R  = ERR 

TOTAL FL/MONTH OUT= 1 1 4 8 . 8 6  

. 
MGN TH/ Y R : ,I AN 11 A R Y 8 7 

M A T E R I A L  AMOUNT FLUOR I D  E B IJ R O  E N SPL 
TYPE U S E D ( # ) % * . 0 1  F L  I N (  # )  FACTOR #FL/MONTH #FL/MGNTH 

OUQ. SLAG 1 8 2 4 9 0 0  0 . 0 0 4 5  8 2 1 2 . 1  0 . 0 2 0 0  1 6 4 . 2 4  
TENN SLAG 6 1 8 2 5 0  0 . 0 2 4 0  1 4 8 3 8 . 0  0 . 0 2 0 0  2 9 6 . 7 6  
L I M E  0 0 . 0 0 4 1  0 . 0  0 . 0 2 0 0  0 . 0 0  
SPL 5 7 9 2 7 5  0 . 1 0 7 5  6 2 2 7 2 . 1  0 , 0 0 8 0  4 9 8 .  1 8  

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ - _  _ _ _ _ _ _ _ _  _ - - - - - - - 

TOTAL FL/MONTH I N  = 8 5 3 2 2 . 1  

HRS/MONTH : 
# F L / H R  = ERR 

TOTAL FL/MONTH OUT: 9 5 9 . 1 H  

MONTH/YR:FEERUARV 87 

MAT E R I AL AM OIJ N T F L IJOR I O  E B ?I R D EN SPL 
TYPE I1 S ED ( # ) 9 1 8 " .  0 1 FL. I N ( # )  FACTOR #FL./MONTH #FL/MONTH 

GI.lQ. SLAG 7 7 5 9 0 5 0  0 . 0 0 4 5  1 2 4 1 5 . 7  0 . 0 2 0 0  2 4 8 . 3 1  
TENN S L A G  9 8 0 5 0 0  0 . 0 2 4 0  2 3 5 3 2 . 0  0 . 0 2 0 0  4 7 0 . 6 4  
L I M E  0 0 . 0 0 4 1  0 . 0  0 . 0 2 0 0  0 . 0 0  
SPI. 5 7 3 3 0 0  0 . 1 0 7 5  6 1 6 2 9 . 8  0 . 0 0 8 0  4 9 3 . 0 1  

_ _ - _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ - - _ _ _ -  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  - - - - - - - . 



, 
\ 

TOTAL FL/MONTH I N  = 9 7 5 7 7 . 5  

HRS/MONTH : 
#FL /HR = ERR 

TOTAL FL/MONTH OUT= 1 2 1  1 . 9 9  

M O N T H / Y R : M A R C H  8 7  

M A T E R I A L  AMOIJNT F L U O R I D E  B I1 RD E N SPL 
TYPE lJSED( # )  % * . 0 1  F L  IN(#) FACTOR #FL/MONTH #FL/MONTH 

euq .  S L A G  2 9 7 9 5 5 0  0 . 0 0 4 5  1 3 4 0 8 . 0  0 . 0 2 0 0  2 6 8 .  16  
TENN SLAG 1 0 4 8 9 0 0  0 . 0 2 4 0  2 5 1 7 3 . 6  0 . 0 2 0 0  5 0 3 . 4 7  
L I M E  0 0 . 0 0 4 1  0 .0  0 . 0 2 0 0  0 . 0 0  
SPL 6 1 2 7 0 0  0 . 1 0 7 5  6 5 8 6 5 . 3  0 . 0 0 8 0  5 2 6 . 9 2  

- - _ - - - _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ - _ _ _  _ _ _ _ _ _ _  _ _ _ _ - - - -  

TOTAL FL/MONTH I N  = 1 0 4 4 4 6 . 8  

HRS/MONTH : 
#FL /HR = ERR 

TOTAL FL/MONTH OIJT= 1 2 9 8 . 5 5  

MONTH/YR:APRIL 8 7  

M A T E R I A L  AMOUNT F L U O R I D E  EIJRDEN SPL 
TYPE ?ISED( # )  % * . 0 1  F L  I N (  # )  FACTOR #FL/MONTH #FL/MONTH 

DUQ. SLAG 3 2 7 0 8 5 0  0 . 0 0 4 5  1 4 7 1 8 . 8  0 . 0 2 0 0  2 9 4 . 3 8  
TENN SLAG 1 1 5 5 1 0 0  0 . 0 2 4 0  2 7 7 2 2 . 4  0 . 0 2 0 0  5 5 4 . 4 5  

0 0 . 0 0 4 1  0 . 0  0 . 0 2 0 0  0 . 0 0  L I M E  
SPL 6 8 9 7 2 5  0 . 1 0 7 5  7 4 1 4 5 . 4  0 . 0 0 8 0  5 9 3 .  1 6  

_ _ - _ - _ - _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ - _ - -  - - - - - - -  - - - - - - - -  - - - _ - _ _ - 

. 

TOTAL FL/MONTH IN 1 1 6 5 8 6 . 7  
TOTAL FL/MONTH OUT= 1 4 4 1 . 9 9  

HRS/MONTH : 
# F L / H R  = ERR 

M G N T H / Y R : M A Y  8 7  

M A T E R I A L  AMOUNT F L IJO R I D  E B IJ R 0 EN SPL 
TYPE US ED ( # ) % * . 0 1  F L  I N ( # )  FACTOR #FL/MONTH #FL/MONTH 

D?lC:. SLAG 2 9 0 7 0 0 0  0 . 0 0 4 5  1 3 0 8 1 . 5  0 . 0 2 0 0  2 6 1  . 6 3  
TENN SLAG 1 2 1 9 8 0 0  0 . 0 2 4 0  2 9 2 7 5 . 2  0:0200 5 8 5 . 5 0  
L I M E  0 0 . 0 0 4 1  0 . 0  0 . 0 2 0 0  0 . 0 0  
S P L  7 0 9 1 0 0  0 .  1 0 7 5  7 6 2 2 8 . 3  0 . 0 0 8 0  6 0 9 . 8 3  

- - - _ - - - -  _ _ _ _ _ _ _ - - -  - - - - - - - -  _ _ _ - _ _ _ _  _ _ _ - - - -  _ - _ _ _ _ _ _  - - - - - _ - - 

TOTAL FL /MONTH IN = 1 1 8 5 8 5 . 0  
TOTAL. FL/MONTH OIUT: 1 4 5 6 . 9 6  

H R S / M @ N T H  : 
# F L / H R  = ERR 



, 

M A T E R I A L  AMOUNT F L U O R I D E  BURDEN SPL 
TYFE USED( # )  % * . 0 1  F L  I N ( # )  FACTOR #FL/MONTH #FL/MONTH 

G U Q .  SLAG 3 6 9 2 8 5 0  0 . 0 0 4 5  1 6 6 1 7 . 8  0 . 0 2 0 0  , 3 3 2 . 3 6  
TENN SLAG 1 6 5 4 3 0 0  0 . 0 2 4 0  3 9 7 0 3 . 2  0 . 0 2 0 0  7 9 4 . 0 6  
1 I M F  0 0 . 0 0 4 1  0 . 0  0 . 0 2 0 0  0 . 0 0  
SPL 1 1 8 2 1 0 0  0 . 1 0 7 5  1 2 7 0 . 7 5 . 8  0 . 0 0 8 0  1 0 1 6 . 6 1  

- - - - - - - - - _ _ _ _ - - _  - _ _ - _ _ _ _ _ _  - - _ - _ - _ -  - - - - - _ _ -  - _ - - - - -  - - - - - - - -  

TOTAL FL/MONTH IN = 1 8 3 3 9 6 . 8  
TOTAL F L j M O N T H  O?IT= 2 1 4 3 . 0 3  

HRS/MONTH : 
# F L / H R  = ERR 

MONTH/YR:JULY 8 7  

M A T E R I A L  AMOUNT F L U O R I D E  BURDEN SPL 
TYPE U S E D ( # )  % * . 0 1  F L  I N ( # )  FACTOR #FL/MONTH #FL/MONTH 

GUQ. SLAG 4 0 2 8 2 0 0  0 . 0 0 4 5  1 8 1 2 6 . 9  0 . 0 2 0 0  3 6 2 . 5 4  . 
8 4 5 . 4 2  TENN SLAG 1 7 6 1 3 0 0  0 . 0 2 4 0  4 2 2 7 1 . 2  0 . 0 2 0 0  

L . I M E  0 0 . 0 0 4 1  0 . 0  0 . 0 2 0 0  0 . 0 0  
SPL 1 3 2 1 8 0 0  0 . 1 0 7 5  1 4 2 0 8 3 . 5  0 . 0 0 8 0  1 1 3 6 . 7 5  

_ - - - - - - - - - _ _ _ _ - _  _ _ - _ _ - _ _ _ _  _ - - - - - - -  - - - - - - -  - - - - - - - -  

TOTAL FL/MONTH I N  = 2 0 2 4 9 1 . 6  

HRS/MONTH : 
#FL /HR = ERR 

TOTAL FL/MONTH O?IT= 2 3 4 4 . 7  1 

5 

M 0 F . l  TH / Y R : A U G I? S T 8 7 

M A T E R I A L  AMOUNT F L IJORIDE B IJ RD EN SPL 
TYPE USED ( # ) % * . 0 1  F L  I N ( # )  FACTOR #FL/MONTH #FL/MONTH 

- - - - - - - - _ _ _ - _ - _ _  _ _ _ _ _ - - _ _ _  _ _ _ _ _ _ _ -  _ _ _ _ _ _ _ _  _ _ _ - - - -  - - - - - - - -  
G U Q .  SLAG 3 8 1 6 1 0 0  0 , 0 0 4 5  1 7 1 7 2 . 5  0 . 0 2 0 0  3 4 3 . 4 5  
TENN SLAG 1 7 4 8 4 0 0  0 . 0 2 4 0  4 1 9 6 1 . 6  0 . 0 2 0 0  8 3 9 . 2 3  
L I M E  0 0 . 0 0 4 1  0 . 0  0 . 0 2 0 0  0 . 0 0  
5 P L 6 4 7 2 7 5  0 . 1 0 7 5  6 9 5 8 2 .  1 0 . 0 0 8 0  5 5 6 . 6 6  

T O T A L  FL/MONTH It4 = 1 2 8 7  1 6 .  I 
TOTAL FL/MONTH OI!T= 1 7 3 9 . 3 4  

H R S / M ON TH 
# F L / H R  = ERR 

: 

MC?4TH/YR: SEPTEMBER 8 7  

M A T E R I A L  AMOIJNT F L U O R I D E  R 1) RD EN SPL 
TYFE I?SED( # )  % * . 0 1  F L  I.N( # )  FACTOR # F L / M N T H  # F I  ... /MONTH 

D U G .  SLAG 4 1 4 2 6 0 0  0 . 0 0 4 5  1 8 6 4 1 . 7  0 . 0 2 0 0  3 7 2,. 8 3 
TCNN' S L A G  1 9 3 8 6 0 0  0 . 0 2 4 0  4 6 5 2 6 . 4  0 . 0 2 0 0  9 3 0 . 5 3  
L. IME 2 2 6 5 0  0 . 0 0 4 1  9 2 . 9  0 . 0 2 0 0  1 . 8 6  
SFL 0 0 . 1 0 7 5  0 . 0  0 . 0 0 8 0  0 . 0 0  

- - - - - - - - _ _ _ _ - _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ - - _ _ _ _ _  



TOTAL FL/MONTH I N  = 65261.0 
TOTAL FL/MONTH O?IT= 1305.22 

HRS/MONTH : 
#FL /HR = ERR 

MONTH/YR:GCTOBER 87 

M A T E R I A L  AMOUNT F L U O R I D E  BURDEN SPL ' 

TYPE U S E D ( # )  %*.01 F L  IN(#) F A C T O R  #FL/MONTH #FL/MONTH - _ - - - - - - _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  - - _ _ _ _ - -  - - - - - - - _  - - - - - - -  - - - - - - - -  
DUQ. SLAG 4445475 0.0045 20004.6 0.0020 40.01 
TENN SLAG 2147000 0.0240 51528.0 0.0020 103.06 
L I M E  73637 0.0041 301.9 0.0020 0.60 
SPL 0 0.1075 0 . 0  0.0040 0.00 

TOTAL FL/MONTH IN = 71834.5 
TOTAL FL/MONTH OUT= 143.67 

HRS/MONTH : 
# F L / H R  = ERR 

MONTH/YR:NOVEMBER 87 

M A T E R I A L  AMOUNT F L IUOR I D E BIJROEN SPL 
TYFE U S  EO ( # ) % * . 0 1  F L  I N ( # )  FACTOR #FL/MGNTH #FI . /MONTH _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ - _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ - - -  _ - - - - - - -  - - - - - - - - 
O U Q .  SLAG 3313650 0.0045 14911.4 0.0020 29.82 
TENN SLAG 1385550 0.0240 33253.2 0.0020 66.51 
L I M E  -61022 0.0041 250.2 0.0020 0.50 
S P L  0 0.1075 0.0 0.0040 0.00 

TOTAL FL/MONTH IN = 48414.8 

HRS/MONTH : 
# F L / H R  = ERR 

TOTAL FL/MONTH OUT= 96.83 

MONTH/YE:@ECEMBER 87 

MAT E R I A L AM 0 IU  N T F L U O R I D E  BlJROEN SPL 
TYPE U S E D ( # )  %*.01 FL IN(#) FACTOR #FL/MONTH #FL/MONTH 

OIJQ.  %LAG 3147350 0.0045 14163.1 0.0020 28.33 
TENN S L A t  1071550 0.0240 25717.2 0.0020 51.43 
L I M E  62062 0.0041 254.5 0.0020 0.51 
,: P L 0 0.1075 0 . 0  0.0040 0.00 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  - _ _ _ _ _ _ -  _ - - - - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - 

TOTAI. FL/MONTH I N  :: 40134. 7 
TOTAL FL/MONTH OIJT. 80.27 

H I? :?,/MONTH : 
# F L / H R  = E R R  

MONTH/YR:JANlJARY 88 



6 

M A T E R I A L  AMOUNT F L U O R I D E  BUROEN SPL 
TYPE U S E D ( # )  % * . 0 1  F L  I N ( # )  FACTOR #FL/MONTH #FL/MONTH 

GUQ.  SLAG 1 1 9 4 8 7 9  0 . 0 0 4 5  5 3 7 7 . 0  0 . 0 0 2 0  1 0 . 7 5  
TENN SLAG 3 3 1 1 7 7  0 . 0 2 4 0  7 9 4 8 . 2  0 . 0 0 2 0  1 5 . 9 0  
L [ME 3 5 3 5 9  0 .0041 1 4 5 . 0  0 . 0 0 2 0  0 . 2 9  
SPL 7 7 4 1 0  0 . 1 0 7 5  8 3 2 1 . 6  0 . 0 0 4 0  3 3 . 2 9  

- - - - - - - _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ - _ _ _  _ _ _ _ _ _ - -  _ _ _ _ _ _ _  _ _ _ - - - - -  

TOTAL FL/MONTH IN = 2 1 7 9 1 . 8  
TOTAL FL/MONTH OIJT= 6 0 . 2 3  

HRS/MONTH : 
# F L / H R  = ERR 

* MONTH/VR: 

M A T E R I A L  AMOUNT F L  IJORIDE BURDEN SPL 
TYPE U S E D ( # )  % * . 0 1  F L  I N ( # )  FACTOR #FL/MONTH #FL/MONTH 

- - - - - - - - - - _ _ _ - _ _  _ _ _ _ _ _ _ _ _ -  __ - - - - - -  - - - - - - - -  - - - - - - -  - - - - - - - -  
DLlQ. SLAG 0 . 0 0 4 5  0 . 0  0 . 0 0  
TENN SLAG 0 . 0 2 4 0  0 . 0  0 . 0 0  
LIME 0 . 0 0 4  1 0 . 0  0 . 0 0  
SPL 0 . 1 0 7 5  0 . 0  0 . 0 0  

TOTAL FL/MONTH I N  = 0 . 0  
TOTAL FL/MONTH OUT= 0 , o o  

H R S/MGNTH : 
# F L / H R  = ERR . 

MONTH/ Y R : 

MATERIAL AMOUNT F L U O R I D E  8 IJ RD E N SPL 
TYPE U S E G ( # )  XN.01 F L  I N ( # )  FACTOR #FL/MONTH #FL/MONTH - _ _ - - _ _ _  _ _ _ _ - - _ _ _ _  _ _ _ _ - _ _ _  - - _ _ - - - -  - - - - - - -  - - - - - - - -  - - - - - - - - 
DUQ. SLAG 0 . 0 0 4 5  0 . 0  0 . 0 0  
TENN SLAG 0 . 0 2 4 0  0 . 0  0 . 0 0  
L I M E  0 . 0 0 4 1  0 . 0  0 . 0 0  
S P L  0 . 1 0 7 5  0 . 0  0 . 0 0  

TOTAL FL/MONTH I N  0 . 0  
T O T A L  FL/MONTH OIJT= 0 . 0 0  

HRS/MGNTH : 
# F L / H R  = E R R  

MONTH/YR: 

M A T E R I A L  AMGUNT F L IJOR I G E E I? R 0 EN S P L  
TYPE ?ISED( # )  $ * . 0 1  F L  IN( # )  FACTOR #FL/MONTH #FL /MCNTH 

D ? I O .  SLAG 0 . 0 0 4 5  0 . 0  0 . 0 0  
TENN SLAG 0 . 0 2 4 0  0 . 0  0 . 0 0  
I. I M E 0 . 0 0 4 1  0 . 0  0 .oo 
SPL 0 . 1 0 7 5  0 . 0  0 . 0 0  

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  - _ _ _ _ - -  _ - - _ _ _ - _  - - - - - - - - 



' 2  YEAR HISTORY ( K T  1984-SEF 1986): 

140.6#/HR*423HR/YR*12MONMS/VR=713,686#FL IN/YR 
*(.02)=14273#FL IN/VR +SO95 =19368 ALLWABLE #FL OUT/VR 

*(.002)=1427#FL IN/VR +SO95 ~ 6 5 2 2  ALLOWABLE #FL OUT/YR 



r 
MONTH 

{ . U d /  . U U O J  / (.UUL/ .UUUJ JLClVMS7J.U 

FL I N /  F L  OUT/ CUMULATIVE 
MONTH MONTH #FL/YEAR 

AIJG86 

SEPT86 

CCT 86 

NOV86 

DEC86 

JAN87 

FEE87 

MAR87 

APRIL87 

MAY87 

JUNE87 

.JULY87 

AUG87 

SEPT87 

i L T 8 7  

38070.5 
753.21 

114205.9 
1593.58 

104057.9 
1357.66 

118700.8 
1473.44 

97873.3 
1148.86 

85322.1 
959.18 

97577.5 
1211.99 

104446.8 
1298.55 

116586.7 
1441.99 

118585.0 
1456.96 . 

183396.8 
21b3.03 

20249 1.6 
2344.7 1 

17183 

1287 16.1 
1739.34 

18 169.3 

6526 1.0 
1305.22 

17880.9 

71834.5 
143.67 

16666.9 
NOW7 

48414.8 



DEC87 

JAN88 

I J L 3 U . 3  

40134.7 
80.27 

14221.7 

21791 .8 
60.23 

13322.8 



,***AMERICM ROCKWOOL*** 

FLOURIOES: .002/.004 ALL MONTHS*** D8804 15 

MONTH/YR:AUGUST 86  

MATERIAL AMOlJNT FLUORIGE WJRDEN SPL 
TYPE IUSEG(#) %*.01 F L  I N ( # )  FACTOR #FL/MCNTH #FL/MONTH 

DUq. SLAG 2948700 0.0045 13269.2 0 .0020 26.54 
TENN SLAG 995750 0.0240 23898.0 0.0020 47.80 
LIME 53699 0.0041 220 .2  0 . 0 0 2 0  0.44 
SPL 6355- 0.1075 683.2 0 . 0 0 4 0  2.73 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  ____-__-  -------- 

TOTAL FL/MONTH I N  = 38070.5 

HRS/MCX.ITH : 
TOTAL FL/MONM OUT= 7 7 . 5 1  

#FL/HR = ERR 

MONTH/YR:SEPTEMBER 86 

MATERIAL AMOUNT FLUORIDE BURDEN SPL 
TYPE USED(#) %*.01 FL I N ( # )  FACTOR #FL/MM\ITk #FL./MONTH -_ -_____ _ _ _ _ _ _ _ _ _ _  _------- _ _ _ _ _ _ _ _  ___-__-  -------- - - - - - - - - 
DUQ. SL.AG 4275200 0.0045 19238.4 0 .0020  38.48 
TENN SLAG 1553075 0 .0240 37273.8 0.0020 74.55 
LIME 36336 0.0041 149.0 0 .0020  0 .30  
SPL 535300 0.1075 57544.8 0 .0040 230.18 

TOTAL FLJMCiVTH I N  = 114205.9 

HRS/MONTH : 
#FL/HR = ERR 

TOTAL FL/M(?NTH OILIT= 343.50 

MCNTH/YR:OCTOBER 86  

MATERIAL AMOUNT FLUOR I@€ BIJRDEN SPL 
TYPE IJSED(#) . %*.01 FL IN(#) FACTGR #FL/MCNTH #FL/MONTH 

DlJq. SLAG 3357900 0.0045 15110.6 0 . 0 0 2 0  30.22 
TENN SLAG 1194000 0.0240 28656.0 0 .0020  51.31 
LIME 0 0.0041 0.0 0 . 0 0 2 0  0.00 
SPL 560850 0.1075 60291.4 0 .0040  241.17 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  ___----- _------- ------- -------- - - - - - - - _ 

. ,  
TcsTAL FL/MONTH I N  = 104057.9 

TOTAL FL/MWTH OIJT: 328.70 
HRS/MCNTH : 
#FL/HR = ERR 

MCNTH/Y R :NOVEMBER 86  



MATERIAL AMOUNT FLUORIDE BURDEN SPL 
TYPE USED(#) %*.oi FL IN(#) FACTOR #FL/MONTH #FL/MONTH _ _ _ _ _ _ _ _  _-______-_ ____---_ ----___- ---_--- -----_-_ -------- 
DUQ. SLAG 3345700 0.0045 15055.7 0.0020 30.11 
TENN SLAG 1191500 0.0240 28596.0 0.0020 57.19 
LIME 300 0.0041 1.2 0.0020 0.00 
SPL 698120 0.1075 75047.9 0.0040 300.19 

TOTAL FL/MONM I N  = 118700.8 
TOTAL FL/MONTH OIUT= 387.50 

HRS/MWTH : 
#FL/HR = ERR 

MCNTH/YR:DECEMBER 86 

MATERIAL AMOUNT FLUORIDE BURDEN SPL 
TYPE USE@(#) %*.01 FL I N ( # )  FACTOR #FL/MCNTH #FL/MONTH 

OUQ. SLAG 2460000 0.0045 11070.0 0 .0020  22.14 
TENN SLAG 809150 0.0240 19419.6 0.0020 38.84 
LIME 0 0.0041 0.0 0 .0020  0.00 
SPL 626825 0.1075 67383.7 0.0040 269.53 

- - - - - - - - -______-  -____--___ -------- -----_-- ------- -------- 

TOTAL FL/MONTH I N  = 97873.3 

HRS/MONTH : 
#FL/HR = 'ERR 

TOTAL FL/MONTH OUT= 330.51 

MONTH/YR:JANUARY 87 

MATERIAL AMOUNT FLUORIDE BlJRDEN SPL 
TYPE USED(#) %*.01 FL I N ( # )  FACTOR #FL/MCNM #FL/MONTH 

CiIUQ. SLAG 1824900 0.0045 8212.1 0 .0020  16.42 
TENN SLAG 618250 0.0240 14838.0 0 .0020  29.68 
LIME 0 0.0041 0.0 0 .0020 0.00 
SPL 579275 0.1075 62272.1 0.0040 249.09 

- - - - - - - - ______-_  _-_--__-_- _-__---- __ -_____  -_----- -------- 

TOTAL FL/MONTH I N  = 85322.1 
TOTAL FL/MONTH OlJT= 295.19 

HRS/MONTH : 

M~YJTH/VR:FEBRUARV 87 

MATERIAL WOIJNT FLUORIDE BlJRDEN SPL 
TVPE USED(#) %*,01 FL I .N(#)  FACTOR #FL/MCNTH #FL/MCNTH 

0l.Q. SLAG 27590'30 0.0045 121r15.7 0.00'20 2 4 .  83 
TENN SLAG 980500 0 .0240  23532.0 0 .0020 117.06 

5PL 573300 0.1075 61629.8 0 .0040 246.52 

#FL/HR = ERR 

- - - - - - - - _ _ _ _ _ _ _ _  _____-_-__ __------ _ -______  __----- -------- 

L I M E  0 0.0041 0 . 0  0.0020 0.00 



TOTAL FL/MONTH I N  = 97577.5 

HRS/MONTH : 
TOTAL FL/MONTH OUT- 318.41 

#FL/HR = ERR 

MONTH/VR:MARCH 87 

MATERIAL AMOIJNT FLIJORIDE BIURDEN SPL 
TYPE IUSED(#) %*.01 F L  I N ( # )  FACTOR #FL/MCNTH #FL/MONTH 

W Q .  SLAG 2979550 0 .0045  13408.0 0.0020 26.82 
TENN SLAG 1048900 0.0240 25173.6  0.0020 50.35 
LIME 0 0 .0041  0.0 0.0020 0.00 
SPL 612700 0.1075 65865.3 0 .0040 263.46 

----___- - -___-____ -_-___-- -_------ ------- -------- - - _ _ _ - - - 

TOTAL FL/MONTH I N  = 104446.8 

HRS/MONTH : 
#FL/HR = ERR 

TOTAL FL/MONTH OUT= 340.62 

MONTH/YR:APRIL 87 

MATERIAL MOUNT F LIJORIDE BURDEN SPL 
TYPE USED(#) %*.of FL IN(#) FACTOR #FL/MONTH #FL/MONTH ---_--_- _ _ _ _ _ _ _ _ _ -  _____-__  _ _ _ _ _ _ _ -  -_---_- -------- - - - - - - - - 
DUC:. SLAG 3270850 0.0045 14718.8 0.0020 29.44 
TENN SLAG 1155100 0.0240 27722.L 0 .0020 55.44 
I. IME 0 0.0041 0.0 0.0020 0.00 
SPL 689725 0.1075 74145.4 0.0040 296.58 

.. 
TOTAL FL/MONTF I N  = 116586.7 

TOTAL FL/MONTH OUT: 381.46  ,.-.- ,k>/MONTH : 
#FL/HR = . ERR 

MWTH/VR:MAY 87 

MATERIAL MOIJNT FLUORIDE BIJRDEN SPL 
TYPE !USED(#) %*.01 FL I N ( # )  FACTOR #FL/MONTH #FL/MCIJTH 

CtUQ. SLAG 2907000 0.0045 1308 1.5 0 ,0020 26.16 
TENN SLAG 1219800 0.0240 29275.2 0.0020 58  * 55 
LIME 0 0.0041 0 .0  0 .0020 0.00 
5PL 709100 0.1075 76228.3 0.0040 304.91 

_ _ _ _ _ _ _ _  _--__--_-_ _--_-___ _ _ _ _ _ _ _ -  _------ -------- _ _ - _ _ - - - 

T O ~ T A L  FL/MWTH IN = 1 1 8 5 ~ 5 . 0  
TOTAL FL/MWTH OUT= 389.63 

HRS/MWTH : 
#FL/HR = ERR 

Mm34TH/YR :.!LINE 87 



% .- 
MATERIAL AMOMT FL IJORIDE BURDEN SPL 
TYPE USED(#) **.oi FL IN(#) FACTOR #FL/MONTH XFL/MONTH -_____-_ -_________ -_-___-- _---____ -_-___- ---_---- -------- 
OIJQ. SLAG 3692850 0.0045 16617.8 0 .0020 33.24 
TENN SLAG 1654300 0.0240 39703.2 0 .0020  79.41 
LIME 0 0.0041 0.0 0 .0020  0.00 
'SPL 1182100 0.1075 127075.8 0.0040 508.30  

TOTAL FL/MONTH I N  = 183396.8 

HRS/MONTH : 
TGTAL FL/MCNTH OIJT= 620.95 

#FL/HR = ERR 

MONTH/YR:JULY 87 

MATERIAL AMOUNT FLUORIDE BIJRDEN SPL 
TYPE USE@(#) %*.01 FL I N ( # )  FACTOR #FL/MONM #FL/MONTH 

OIJQ. SLAG 4028200 0.0045 18126.9 0 .0020  36.25 
TENN SLAG 1761300 0.0240 42271.2 0 .0020  84.54 
LIME 0 0.0041 0.0 0 . 0 0 2 0  0.00 
SPL 1321800 0.1075 142093.5 0.0040 568.37 

-___-___ _ _ _ _ _ _ _ _ _ _  ___-____ _ _ _ _ _ _ _ _  ______-  -_------ -------- 

TOTAL FL/MONTH I N  = 202491.6 
TOTAL FL/MONTH OUT= 689.17 

HRS/MONTH : 
#FL/HR = ERR 

MONTH/YR:AllGLlST 87 

MATERIAL AMOIJNT FLUORIDE BURDEN SPL 
TYPE IUS€@(#) % * . 0 1  F L  I N ( # )  FACTOR #FL/MCNTH #FL/MONTH - - _ - - - - _ _ _ _ _ _ _ _  __-______-  ____---- ______-_  ------- -------- 
OlJq .  SLAG 3816100 0.0045 17172.5 0 .0020  34.3L 

LIME 0 0.0041 0.0 0 .0020  0.00 
TENN SLAG 1748400 0.0240 41961.6 0 .0020  83.92 

'5PL 647275 0.1075 69582.1 0.0040 278.33 

TOTAL FL/MCVJTH I N  = 1287 16.1 

HRS/MONTH : 
#FL/HR = ERR 

TOTAL FL/MCNTH OUT= 396.60 

MWTH/YR:SEPTEMRER 87 

MATERIAL AMOUNT FLIJORIDE BIJRDEN SPL 
TYPE l!SED(#) %*.01 F L  I N ( # )  FACTCF: #'Fl./MCNTH #FL/MCNTH 

. - - - - - - - _______-  _________-  ___----- _____-- -  ------- -------- 
~ I Q .  SILAG L 142600 0 .0045  1 ~ 6 4  1.7 0 .0020  37.28 
TENN SLAG 1938600 0 .0240  46526.4 0 .0020 93.05 
L I M E  226350 0.0041 9 2 . 9  0 .0020  0 .19  
'<PI. 0 0.1075 0.0 0 .0040  0 .00  



TOTAL FL/MONTH I N  = 65261.0 
TOTAL FL/MWTH OUT= 130.52 

HRS/MONTH : 
#FL/HR = ERR 

MCNlH/YR:KTOBER 87 

MATERIAL AMOtJNT FLUORIOE BURDEN SPL 
TVPE USED(#) %*.01 F L  I N ( # )  FACTOR #FL/MONTH #FL/MCNTH 

OVQ. SLAG 4445475 0.0045 20004.6 0 .0020 40.01 
TENN SLAG 2147000 0.0240 51528.0 0 .0020 103.06 
LIME 73637 0.0041 301.9 0 .0020 0.60 
SPL 0 0.1075 0.0 0.0040 0.00 

-_______ ___-______  __-_----  -------- ------- _------- - _ - - - - - - 

TOTAL FL/MONTH I rd  = 71834.5 
TOTAL FL/MONTH OUT= 143.67 

HRS/MONTH : 
#FL/HR = ERR 

MCNTH/YR:NOVEMBER 87 

MATERIAL MOUNT FLUORIOE BURDEN SPL 
TYPE USED(#) %*.01 FL I N ( # )  FACTOR #FL/MONTH #FL/MCNTH 

DIJQ. SLAG 3313650 0.0045 14911.4 0.0020 29.82 
TENN SLAG 1385550 0.0240 33253.2 0 .0020  66.51 
LIMF 61022 0.0041 250.2 0 .0020  0.50 
SPL 0 0.1075 0.0 0 .0040  0.00 

_______-  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  -------- ------- -------- - - - - - - - - 

TOTAL FL/MWTH I N  = 48414.8 

H R S / M C "  : 
TOTAL FL/MCNTH OUT= 96.83 

#FL/HR = ERR 

MONTH/YH:DECEMRER 87 

MATERIAL AMOUNT FLUORIDE BURDEN SPL 
TYPE CISEG( # )  %*. 0 1 F L  I N (  # )  FACTOR #FL/MWTH #FL/M(3NTH 

DUQ. SLAG 3147350 0.0045 14163.1 0 .0020  28.33 
TENN SLAG 1071550 0.0240 25717.2 0 .0020  51.43 
LIME 62067 0.0041 254.5 0 .0020 0.51 
SPL 0 0.1075 0.0 0.0040 0.00 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _______-  _------ ---__--- - - - - - - - - 

TOTAL FL/MCNM I N  = 40134.7 

HRS/MONTH : 
#FL/HR = ERR 

TQTAL FL/MCNTH OllT- 80.27 



MATERIAL AMOUNT FLUORIDE BURDEN SPL 
TYPE USED(#) %*.oi FL IN(#) FACTOR #FL/MONTH #FL/MONTH _ _ _ _ _ _ _ _  -__-______ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  ----___ __------ -------- 
0114. SLAG 1194879 0.0045 5377.0 0.0020 10.75 
TENN SLAG 331177 0.02&0 7948.2 0.0020 15.90 
LIME 35359 0.0041 145.0 0.0020 0.29 
SPL 77&10 0.1075 8321.6 0.0040 33.29 

TOTAL FL/MCNTH I N  = 217.91.8 

HRS/MCNTH : 
#FL/HR = ERR 

TOTAL FL/MONM OUT- 60.23 

. 



I1 AMERICAN ROCKWOOL ANNUAL FLUORIDE TOTALS 
(.002/.004) SCENARIO 

MONTH 

AlJG86 

_-____ 

SEPT86 

CCT 86 

NOW6 

DEC86 

JAN87 

FEE87 

MAR87 

APRIL87 

MAY87 

J UNE87 

JULY87 

AUG87 

SEPT87 

K T 8 7  

NCV87 

38070.5 

114205.9 

104057.9 

1 18700.8 

97873.3 

85322.1 

97577.5 

104446.8 

1 16586.7 . 
118585.0 

183396.8 

20249 1.6 

128716.1 

65261 .O 

71834.5 

77.51 

343.50 

328.70 

387.50 

330.51 

295.19 

318.41 

340.62 

381.46 

389.63 

620.95 

689.17 

396.60 

130.52 

143.67 

4503.2 

4 8 2 2 . 2  

4609.3 

4424. 2 



'. 

@EC87 

,JAN88 

48414.8 
9 6 . 8 3  

4 1 3 3 . 6  

40134.7 
8 0 . 2 7  

3883.3  

21791.8 
60.23 

3648.4 



* I1  AMERICAN ROCKWOOL AtJNUAL F L U O R I O E  TOTALS 

MONTH 

AlJG86 
- - - _ _ _  

S E P T 8 6  

OCT 86  

NOV86  

D E C 8 6  

J A N 8 7  

F E E 8 7  

'.MAR 8 7 

A P R I L 8 7  

MAY87  

J IJ N E 8 7 

,.I u L Y 8 7 

AUG87 

5 E P T 8 7  

OCT87 

. 0 2 / . 0 1 2  THROUGH SEPT 8 7  

. 0 0 2 / . 0 0 4  B E G I N  OCT 8 7  
ALLOWABLE IS 1 9 3 6 8  # F L  OUT/YR 

F L  I N /  F L  OUT/ C U M U L A T I V E  
MONTH MONTH # F L / V E A R  
- - - - - - - - _ - _ _ - - _  - - _ _ _ _ _ _ _  

3 8 0 7 0 . 5  
7 5 5 . 9 4  

1 1 4 2 0 5 . 9  
1 8 2 3 . 7 6  

1 0 4 0 5 7 . 9  
1 5 9 8 . 8 3  

1 1 8 7 0 0 . 8  
1 7 7 3  . 6 3  

9 7 8 7 3 . 3  
1 4 1 8 . 4 0  

8 5 3 2 2 .  1 
1 2 0 8 . 2 7  

9 7 5 7 7 . 5  
1 4 5 8 . 5 1  

1 Q44 L 6 . 8  
1 5 6 2 . 0  1 

1 1 6 5 8 6 . 7  
1 7 3 8 . 5 7  

1 1 8 5 8 5 . 0  
1 7 6 1 . 8 7  

1 8 3 3 9 6 . 8  
2 6 5 1 . 3 3  

2 0 2 4 9  1 . 6  
2 9 1 3 . 0 8  

20684.2 

1 2 8 7 1 6 .  1 
2 0 1 7 . 6 7  

2 1 9 2 5 . 9  

6 5 2 6  1 . 0  
1 3 0 5 . 2 2  

2 1 4 0 7 . 4  

7 1 8 3 4 . 5  
1 4 3 . 6 7  



NOV87 
4 84 1 4 . 8  

9 6 . 8 3  

DEC87 
4 0 1 3 4 . 7  

80.27 

JAN88  
2 1 7 9 1 . 8  

60.23 

r - i  oe52cm 

1 8 2 7 5 . 4  

1 6 9 3 7 . 3  

1 5 7 8 9 . 3  

. 
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'"?DENNIS WEETER April 12, 1988 

Mr. Ken Schuster, P.E. ASSOCIA TES 
N.C. Dept. of Natural Resources 
3800 Barrett Drive 
P.O. Box 27687 
Raleigh, N.C. 27611-7687 

CONSULTING ENGINEERS 

Re: American Rockwool; Spring Hope,NC;Solids/Raw 
Material/Product Flouride Analyses 

Dear Ken: 

Please find enclosed a communication from Mr. Apicella which 
summarizes the flouride analyses for the Feb. 1988 testing. 

Based upon a communication to you dated 2/27/88, I would 
like to point out a few differences. The background F input in 
Feb. was 71-72.1 #/hr not 119.3 ( derived from using Apri1'86 % 
F numbers and the Feb.'88 burden mass loadings.) The effect is 
to change the JAN/FEB'88"NO SPL" emission factors to 
0.0030-0.0038. Note the calculated F input was 264.?#/hr when 
actual was 274#/hr for the maximun SPL burn. This would reduce 
emission factors to 0,00288 for the "SPL" burn. When we shortly 
submit a permit modification request, I will present detailed 
calculations on these emission factors. 

With regard to a mass balance on F, closure was between 
8.5-13.1%. The error is probably in the baghouse catch and 
cupola drop since methods are not available to accurately 
measure mass. 

Note also that Duquesne and Tennessee slags measured lower F 
concentrations whereas SPL was slightly higher. Trap, lime, 
steel slag, and coke have traces of F. The analysis in Feb'88 
was to the 1/100 of a percent. For future monthly reports we 
will use these Feb'88 F concentrations. 

Sincerely, 

- .  

Dennis W. Weeter, Ph. D, P. E. 

Enclosure 
cc:Bart Brom1ey;Ron Smal1;Lee B1ayden;Jim Apicella 

CC: &a m o m -  
v. fB .€?J,8 

INDUSTRIAL WASTES- HAZARDOUS WASTES. TOXICS MANAGEMENT- RESOURCE RECOVERY 



ALUMINUM COMPANY OF AMERICA 

ALCOA CEN rm, PA 15069 

ALCOA TECHNICAL CEN IER 

1,112) 339 b6',: 

1988 A p r i l  8 

Dr. Dennis Weeter 
Dennis Weeter Associates 
Route 4, Box 283 
L o u i s v i l l e ,  TN 37777 

RE: FLUORIDE BALANCE AT AMERICAN ROCKWDOL'S SPRING HOPE, NC FACILITY 

Dear Dr .  Weeter: 

Environmental Contro l  Laboratory personnel w i t h  ass is tance from American 
Rockwool personnel conducted a f l u o r i d e  m a t e r i a l  balance on t h e  No. 1 
cupola and No. 2 cupola i n  1988 February. 
balance was t o  show where t h e  d e p o s i t i o n  o f  f l u o r i d e s  in t roduced i n t o  t h e  
system occurred and t h e  r e l a t i v e  accuracy ( c losu re )  o f  these 
measurements. The f l u o r i d e  d i s t r i b u t i o n  r e s u l t s  are shown i n  Table 1 
w i t h  t h e  balances o f  1988 February 3 (Background Tests 1 and 2) ,  1988 
February 4 (Background Tes t  3) and 1988 February 5 (710 l b / h r  SPL per 
cupola-Tests 4 through 7 )  having c losu res  o f  110.7%, 113.1% and 108.5%. 
respec t i ve l y  (Table 2).  

The purpose o f  t h i s  m a t e r i a l  

PROCEDURES AND CALCULATIONS 

The mass f l o w  r a t e  o f  s o l i d s  f o r  t h e  raw m a t e r i a l s ,  products and 
sparkbox./baghouse catches was determined by o b t a i n i n g  t h e  t o t a l  process 
weight o f  each i t e m  per  u n i t  t ime. 
o f  every charge was weighed and recorded w i t h  the  actual  charg ing time. 
Samples o f  a l l  raw m a t e r i a l s  were obta ined and prepared f o r  ana lys i s  
as d e t a i l e d  i n  Report 93-88-003. 
bags and p roduc t i on  was t racked  by t h e  number o f  bags produced per hour 
and one bag was randomly se lected from each operat ing c o n d i t i o n  f o r  
analys is .  The sparkbox/baghouse ca tch  was c o l l e c t e d  i n  t a r e d  55 g a l l o n  
drums over s p e c i f i c  t i m e  pe r iods  then weighed. Random 2 . l b  samples 
from every b a r r e l  were analyzed f o r  each o p e r a t i n g  cond i t i on .  
o f  p a r t i c u l a t e  a i r  emissions was determined by EPA Method 5 and t h e  
amount o f  p a r t i c u l a t e  and gaseous f l u o r i d e s  was determined by Alcoa 
Method 4075-A. 

5 3  from .sol'iFd<-6-and tEen subtract i -nq .th.e ,amount o f  c&rb.o.n-.buLned. 
random f i v e  g a l l o n  -sample was obta ined f o r  each operat ing cond i t i on .  

F l u o r i d e  analyses on a l l  t h e  c o l l e c t e d  m a t e r i a l s  were completed by t h e  
A n a l y t i c a l  Chemistry D i v i s i o n  o f  Alcoa u s i n g  Method 4076A. 

For  t h e  r a w  ma te r ia l s ,  each component 

The m ine ra l  wool was c o l l e c t e d  i n  29 l b  

The ,amount 

A 



DR. DENNIS WEETER 

Page 2 
1988-04-08 

DISCUSSION OF RESULTS 

While t h e  emission t e s t  runs were one hour _ I  du ra t i on ,  t h e  o t h e r  
m a t e r i a l s  were c o l l e c t e d  over longer  pe r iods  o f  t ime d u r i n g  "steady 
s t a t e "  ope ra t i on  o f  t he  system i n  o rde r  t o  o b t a i n  b e t t e r  r e p r e s e n t a t i v e  
weights and unbiased composite samples f o r  analys is .  

The data i n  Table 2 show the  c losu res  t o  range from 108.5% t o  113.1%. 
The c o l l e c t i o n  and ana lys i s  o f  t h e  a i r  emissions, product and raw 
m a t e r i a l s  were c o n t r o l l e d  t o  t h e  e x t e n t  t hey  would not  cause t h i s  
d e v i a t i o n  from 100%. The sparkbox/baghouse ca tch  was determined by 
c o l l e c t i n g  what was discharged from t h a t  system. Th is  w i l l  n o t  g i v e  t h e  
exact sparkbox/baghouse weight values b u t  has t h e  best  accuracy p o s s i b l e  
w i thou t  s h u t t i n g  down t h e  process and c l e a n i n g  out each baghouse between 
t r i a l s .  Even so, t he  sparkbox/baghouse should not  see a t o t a l  weight o f  
s o l i d s  much more/less than reported. 
" o v e r c o l l e c t i o n "  must come from t h e  cupola drop. The cupola drop mass 
f l o w  i s  not  a measured quan t i t y ,  b u t  r a t h e r  a c a l c u l a t e d  es t ima te  t h a t  
comes from a bas ic  m a t e r i a l  balance t h a t  cannot account f o r  losses such 
as unusable product and shot. 

Therefore,  t h e  m a j o r i t y  o f  f l u o r i d e  

. Yours t r u l y ,  

James V. A p i c e l l a  
Environmental S c i e n t i s t  
Environmental Contro l  Laboratory 
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I .  

TABLE 2 

F1 uor ide  Balance 

Tota l  
F l u o r i d e  i n  
1 b /hr  

Tota l  
F l u o r i d e  o u t  
1 b/hr 

X Closure 

Background 182 Background 3 
88-02-03 88-02-04 

72.1 71.0 

79.8 80.3 

110.7 113.1 

710 SPL 
88-02-05 

274.0 

297.2 

108.5 . 



TABLE R1 

SPRING HOPE PRODUCTION DATA 88-02-03 t 

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

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (  

I PRODUCT LB/HR 
I 0.3 %F 43.8 

PRODUCT BAGS 1764 1764 
POUNDS 51156 51156 
TIME (hr) 7 7 
LB/HR 7308 7308 14616 I --__________________-----------------------__---------_------------ 

I COKE 
0.04 %F 1.1 

COKE POUNDS 9464 10301 
TIME (hr) 7.02 7.00 
LB/HR 1348 1472 2820 : 

SPL POUNDS 0 
TIME (hr) 7.02 
LB/HR 0 

DUQUESNE POUNDS 31201 
TIME (hr) 7.02 
LB/HR 4445 

TRAP POUNDS 26338 
TIME (hr) 7.02 
LB/HR 3752 

0 
7.00 

0 

34575 
7.00 
4939 

29188 
7.00 
4170 

I SPL 
I 0.0 12.6 %F I 

0 1  
I , 
I DUQUESNE 

0.14 %F 13.1 
9384 I 

! 
I TRAP 
4 0.05 %F 4.0 

7922 I 

I LIME 
0.02 %F 0.1 

LIME POUNDS 1162 1317 
TIME (hr) 7.02 7.00 
LB/HR 166 188 354 : 

i STEEL 
0.07 %F 2.0 

STEEL POUNDS 9958 10970 
TIME (hr) 7.17 7.22 
LB/HR 1389 1519 2908 , 

{TENNESSEE 
1.8 %F 51.8 

TENNESSEE POUNDS 9669 10515 
TIME (hr) 7.02 7.00 
LB/HR 1377 1502 2879 I ____________________---_-------- -_-------- -__,------- - - - - - - - - - - - - - -  ________________________________________-----,--------------------- 

TOTAL CHARGE LB/HR 12476 13790 26267 :FLUORIDES 72.1 



TABLE R2 

SPRING HOPE PRODUCTION DATA 88-02-04 t 

TIME 8:OOAM - 1l:OOAM BKGRD TESTS I 
UNIT 1 UNIT 2 TOTAL I 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  

PRODUCT BAGS 784 784 I PRODUCT LB/HR , POUNDS 22736 22736 8 0.3 %F 45.5 
TIME (hr) 3 3 t 

LB/HR 7579 7579 15157 I _________________________________________-__--_-----_--_----------- 
I COKE 
I 0.04 %F 1.1 

I SPL 
I 0.0 

I DUQUESNE \ 

I 0.14 %F 12.6 

COKE POUNDS 4491 4440 
TIME (hr) 3.18 3.12 

SPL POUNDS 0 0 
TIME (hr) 3 3 

LB/HR 1412 1423 2835 I 
I 

I 12.6 %F 
LB/HR 0 0 0 1  

I 

DUQUESNE POUNDS 14109 14190 
TIME ( h r )  3.18 3.12 
LB/HR 4437 4548 8985 I 

8 

I TRAP 
0.05 %F 3.9 

TRAP POUNDS 12142 12160 
TIME (hr) 3.18 3.12 
LB/HR 3818 3897 7716 I 

I LIME 
I 0.02 %F 0.1 

LIME POUNDS 504 499 
TIME (hr) 3.18 3.12 
LB/HR 158 160 318 

6 

I STEEL 
I 0.07 %F 2.0 

STEEL POUNDS 4477 4441 
TIME (hr) 3.17 3.15 
LB/HR 1412 1410 2822 I 

I TENNESSE 
1.8 %F 51.3 

TENNESSEE POUNDS 4479 4501 
TIME (hr) 3.18 3.12 
LB/HR 1408 1443 2851 I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ _ - - _ _ _ _ - - - - - - _ _ _ _ _ - , _ _ - - - - - - - - - - - - - - - - - - -  _________________________________________-_ -_ ,_ - -_ -_ - - - - - - - - - - - - - - -  

TOTAL CHARGE LB/HR 12646 12881 25527 !FLUORIDES 71.0 

t 



TABLE R3 

SPRING HOPE PRODUCTION DATA 88-02-05 , 
TIME ,8:00AM - 4:OOPM 710s SPL I 

UNIT 1 UNIT 2 TOTAL f 

PRODUCT BAGS 1862 1813 4 I 

POUNDS 53998 52577 ! 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  

TIME (hr) 8 8 t , 
LB/HR 6750 6572 13322 I 

COKE POUNDS 7155 8222 I , 
LB/HR 894 1028 1922 I 

! 

TIME (hr) 8 8 

P R 0 DUCT 
1.1 %F 

LB/HR 
146.5 

1 SPL 
12.6 %F 201.1 

SPL POUNDS 6056 6715 
TIME (hr) 8 8 
LB/HR 757 839 1596 f 

, 
36435 39675 I DUQUESNE 

TIME (hr) 8 8 t 0.14 %F 13.3 
DUQUESNE POUNDS 

LB/HR 4554 4959 9514 I 
, 
I TRAP 
I 0.05 %F 4.0 

TRAP POUNDS 30468 33600 
TIME (hr) a 8 
LB/HR 3809 4200 8009 ; 

I LIME 
I 0.02 %F 0.1 

LIME POUNDS 1436 1606 
TIME (hr) 8 8 
LB/HR 180 201 380 I 

I 
I 

I STEEL 
I 0.07 %F 2.1 

STEEL POUNDS 11343 12384 
TIME (hr) 8 8 
LB/HR 1418 1548 2966 I 

I TENNESSE 
1.8 %F 52.6 

TENNESSEE POUNDS 11142 12224 
TIME (hr) 8 8 
LB/HR 1393 1528 2921 I 
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1988 August 4 

NC NRDC 
A i r  Q u a l i t y  Sect ion 
P.O. Box 27687 
Raleigh, NC 27611 
At tn :  M r .  Robert Wooten 

RE: 1988 MAY AMERICAN ROCKWOOL, SPRING HOPE, NC, EMISSION CALCULATIONS 

Dear Mr.  Wooten: 

As per your  request, t h i s  l e t t e r  demonstrates how f l u o r i d e  emissions were 
ca l cu la ted  from t h e  1988 May t e s t i n g  a t  American Rockwools Spr ing Hope, NC, 
F a c i l i t y .  Run 1, 1988 May 17, has been chosen f o r  s p e c i f i c  examples. A l l  
referenced data can be found i n  t h e  formal repor t ,  #93-88-005, dated 1988 May 
14, o r  i n  t h e  attachment. 

F luo r ide  Emissions - F luo r ide  emissions were determined us ing  Alcoa Sampling 
Method 4075A coupled w i t h  Alcoa A n a l y t i c a l  Method 4076A. The equat ion used f o r  
mass emission o f  F i s  as fo l lows:  

l b / h r  F = M (Qs td )  [I 1b ] p: (A) 
453600 mg -F- Vmstd 

I n  equat ion (A) Vmstd i s  t h e  d ry  standard volume o f  s tack gas sampled du r ing  
Run 1 and Q td i s  t h e  d r y  standard vo lumet r ic  f low r a t e  f o r  t h e  stack gas 
du r ing  Run f .  The term MF stands f o r  t h e  t o t a l  mass of f l u o r i d e  recovered from 
t h e  Method 4075-A sampling t r a i n .  
c o l l e c t  f l u o r i d e  - t h e  nozzle, t h e  th imb le  and t h e  impingers. 
f l u o r i d e  i s  c o l l e c t e d  i n  t h e  nozz le and t h i m b l e  wh i l e  gaseous f l u o r i d e  i s  
captured i n  t h e  impingers. 
from t h e  impinger s o l u t i o n  w e r e d i  -. rect ly .  . d i  .__-. s t i  l~s.ul . fur~c_(:acid~ ~.~ d i  s t i  1l.at.i.o-n) ;. .!*.., 

(SIQ and the-hmpinger va lue was co r rec ted  f o r  a d i l u t i o n .  
CaO added, were ashed and then fused w i t h  NaOH before  being 

s u l f u r i c  a c i d  
4076A. ) 

F o r  an S I E  ana lys is ,  a 
( a n a l y t i c a l  standards) o f  f l u o r i d e  so lu t i ons .  For  each f l u o r i d e  s o l u t i o n  S I E  
y i e l d s  a s p e c i f i c  m i l l i v o l t  reading. From t h e  m i l l i v o l t  readings and t h e i r  
respec t ive  f l u o r i d e  concentrat ions a l i n e  can be determined. The m i l l i v o l t  
reading i s  p l o t t e d  vs t h e  l o g  o f  t h e  F concentrat ion.  The F concent ra t ion  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  
determined from t h i s  graph ( o r  by t h e  equat ion of 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-axis va lue f o r  t h e  corresponding X-axis vol tage. The f l u o r i d e  
concentrat ion obta ined i s  then fac to red  f o r  d i l u t i o n  (when app l icab le )  and 
converted t o  t o t a l  f l u o r i d e  mass. 

Th is  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  

For ana lys is ,  t h e  nozzle wash and a 100 m l  sample 
2 

)+ ." )i;p-l . 

P a r t i c u l a t e  

J"'7,J 

4 5 0 0  m l  volume. They were then d i r e c t l y  analyzed by S p e c i f i c  Ion  E lec t rode 
The contents o f  t h e  +' 

Sample c a l c u l a t i o n s  f o r  t h e  nozzle wash, 
/\I.CO.\ th imb le  and impinger (F,, Ft and Fi, r e s p e c t i v e l y )  F content  f o l l ow .  
<I\!:\,- 

'1988 
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Please note 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 nozzle: 
Y X LOG Y 

Cal i b r a t i  ons : 2 mg F/1 828 mV 0.301 
20 mg F/1 . 244 mV 1.301 

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

These values can e i t h e r  be p l o t t e d  ( X  vs l o g  Y )  o r  an equat ion can be 
developed: 

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

The Run 1 nozz le  wash sample produced an SIE m i l l i v o l t  reading o f  1205 mV which 
corresponded t o  a concent ra t ion  o f  0.395 mg F/1. Since t h e  d i s t i l l a t i o n  volume 
was 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  attachments. 

The Thimble: 
Y X LOG Y 

Ca l ib ra t i ons :  2 mg F/1 844 mV 0.301 
20 mg F/1 266 mV 1.301 

200 mg F/1 -327 mV 2.301 
0.20 mg F/1 1357 mV -0.699 

S I E  f o r  the  Run 1 th imb le  sample gave a reading o f  728 mV which corresponded t o  
a concent ra t ion  o f  3.175 mg F/1. Therefore,  t o t a l  f l u o r i d e  f o r  t h e  th imb le  i s  
equal t o :  

F t  = (3.175 mg F/1) (0.5 1)  = 1.588 mg F o r  1.59 mg F 

The Impingers: 

Y 

Ca l i b ra t i ons :  2 mg F/1 
20 mg F/1 

0.20 mg F/1 
200 mg F/1 

X 

898 mV 
308 mV 

1420 mV 
-279 mV 

LOG Y 

0.301 
1.301 

2.301 
-0.699 

The ana lys is  o f  t h e  impingers d i f f  rs f rom t h a t  o f  t h e  no z l e  and thimble.  
nozz le and th imb le  -U se o f  t h e  e n t i r e  subm i t t e d  samples Due t o  
h e  l a r g e  volume o f  t h e  impinger f i e l d  sample ( V  = 0.510 1)  on ly  a 100 m l  
a l i q u o t  (Va) i s  used f o r  analys is .  Th i s  f l u o r i d 1  con ta in ing  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  conta in ing  d i s t i l l a t e  
volume ( V  ) o f  500 m l .  Th is  i s  equ iva len 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  eoncent ra t ion  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 .  

The 
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From the  d i s t i l l a t e  a 10 m l  a l i q u o t  i s  taken f o r  S I E  ana lys i s  where i t  produced 
a reading o f  1238 mV. Th 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  
concentrat ion (Cd) of 0.479 mg F/1. The d i s t i l l a t e  concent ra t ion  i s  not  equal 
t o  f i e l d  sample concent ra t ion  (Ca). 

Therefore: 

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

Since t h e  f i e l d  sample volume was 0.510 1 and i t s  concent ra t ion  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  contained i n  
the  impingers ( F i )  equals: 

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

Tota l  F luor ide :  

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

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

l b / h r  F = 3.01 mg F3 60 min = 0.39 l b  F/hr  
38.28 d s f t  mi:] b5;:OO m d  [r] 

Review o f  t h e  l abo ra to ry  data i n  t h e  attachment shows QA/QC measures (sp iked 
samples, d u p l i c a t e  samples and blanks) t h a t  have been taken. 

I hope t h i s  l e t t e r  addresses your  needs regard ing  l abo ra to ry  ca l cu la t i ons .  
I can be o f  any f u r t h e r  assistance, please do not  h e s i t a t e  t o  c a l l .  

I f  

Sincere ly ,  . 

Attachments 

CC: L. C. Blayden, ATC-C 
R. G. Small, P i t t sbu rgh  23 
0. Weeter Associates, L o u i s v i l l e ,  TN 
B. W. Bromley, American Rockwool, Spr ing Hope, NC. 



This  attachment conta ins:  

A)  F i e l d  t e s t i n g  raw data .  
B) 
C )  

Pre l iminary  f i e l d  t e s t i n g  reduced data .  
F l u o r i d e  l a b o r a t o r y  raw and reduced data .  

1) Nozzle data .  
2 )  Thimble data .  
3) Impinger data.  
4 )  S I E  c a l i b r a t i o n  p l o t s .  

For ease o f  i d e n t i f i c a t i o n ,  t h e  LSN/ID# i s  provided f o r  each f l u o r i d e  
sample obtained i n  Run 1. 

SAMPLE 

Nozzle 
Thimble 
Impingers 

LSN/ID# 

816053/539375 
816064/539386 
816041/539363 
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ALCOA 

0 INLET 

AD OUTLET-G~IZ 
START TIME 4:  25- @PM 

F I N I S H  TIME /g.'Z9 &PM 

METER O P E R A T ~ T T V I  

METER BOX NO. 2 P 
OH @ L 93 

DATA 

1 Pb 2 4, 4 'Hg 

4 Mn 9 
5 1 3  .&3 min 

6 ' L O 2  16 
7 I to2  2 
8 DH I. 3-T *wc 

9 CP 0 , 8 Y  

Vmstd 

VWStd 

Bwo 
Md 

Ms 

vs 
X I  
acfm 

dscfm 

COMMENTS: 

FILTER NO. 

THIMBLE NO. 

RESULTS 

33.Lt!  dscf  

G.o L 
24',04 lb/ lb-mole 

lb/ lb-mole 

0 .341  scf 

2 q  U T  f t l s  
101.4 . .  

10 Tm sa F Part  i c u l  a t e  grfdscf 

11 &- C;',L/Zf 6 l b / h r  

l b / h r  

l b l h r  

12 1 s  - 1 0 3  F 

13 Vm 31, 14 f t 3  Gaseous F 
s02 

- 
1 4 .  On (3. 24'3 i n  P a r t i c u l a t e  F l b l h r  
15 As 2-2. 2.7 f t2  Tota l  F l b / h r  
16 Yd /,J3 c f l c f  r-i= 7 ,  
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ALCOA TECHNICAL CENTER 88-6-15 8:55 PAGE 1 
ANALYTICPlL CHEMISTRY DIVISION 

. . . . . . . . . . . . . . . . . . . .  * FINAL REPORT 8 
* * * * * * * * * * * * 4 * * * * * * *  

J - 0  - : 88-052325 NO. SAMP. : 28 APPROVED : 88-06-03 

I -. % 

SUBMITTED BY : 
LOCAT I ON 
SHOP ORDER : 
SYSTEM ID. 
PROJ. LEADER r 

REPORT CC 

L.D.PEN1 X PHONE : 2572 
ENVIRONMENTAL CONTROL LAB 
14H1000891 TID : 
SPRING HOPE 40754's AM. ROCKWOOL 
JOE GIRB PHONE : 2597 

L.C.BLAYDEN,J.E.GIBB,J.V.APICELLA 

LSN 

816041 
816042 
816043 
816044 
816045 
816046 
826047 
816048 

I 816049 
I 816052 

&!, 816653 
816054 
816055 
816056 
816057 
816058 
816059 
816060 

; 816061 
816064 
816065 
016066 
816067 
816068 
816069 
816070 - 816071 
816072 

. !  =====I 

I 
I 

I 
I 
i 

- 

SAMPLE IDENTIFICATION 

539363 IMPINGERS 1 
539364 IMPINGERS 2 
539365 IMPINGERS 3 
539366 IMPINGERS 4 
539367 IMPINGERS 3 
539368 IMPINGERS 4 
539369 IMPINGERS 7 
539376 IMPINGERS 8 
539371 IMPINGERS 9 
539374 BLANK 
539375 NOZZLE 1 
539376 NOZZLE 2 
539377 NOZZLE 3 
539378 NOZZLE 4 
539379 NOZZLE 5 
539380 NOZZLE 6 
539381 NOZZLE 7 
539382 NOZZLE 8 
539383 NOZZLE 9 
539386 THIMBLE 1 
539387 THIHRLE 2 
539388 THIMBLE 3 
539389 THIMBLE 4 
539390 THIMBLE 5 
539391 THIMBLE 6 
539392 THIMBLE 7 
539393 THIMBLE 8 
539394 THIMBLE 9 

E=P-----------E=PEEP= ----------- 
* *  

N.O. (OF: N O )  = NUT DETECTED 
- (OR HLANt::: ) = NOT DETERMINED 



OL&A TECHNICAL CENTER 
ONALYTICOL CHEMISTRY DIVISION 

88-06-15 8:55 PAGE 2 
J.0. NO. 88-052325 
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ALcocI TECHNICAL CENTER 
'ANALYTICAL CHEMISTRY DIVISION 

88-06-15 8 ~ 5 5  PAGE 3 
J.O. NO. 88-052325 
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ALCOA TECHNICAL CENTER 
ANALYTICAL CHEMISTRY DIVISION 

88-06-15 8:56 PAGE 4 
J.O. NO. 08-05-2325 

816065 1.8 
539387 THI 

f 



ALCOA TECHNICAL CENTER 
* A N A L Y T I C A L  CHEMISTRY D I V I S I O N  

68-06-15 8:56 PAGE 5 
J.O. NO. 88-052325 

COMMENTS : 

SAGL~S 'WERE ANALYZED BY METHODS 9i3c (DISTILLATION) AND 914F ( S I r i  
DUPLICATE: RUN 1 MG/L RUN 2 MG/L  
LSN#816047 122 123 
SPIKE: L S N #  816045 - 5ML OF A 1000 MG/L FLUORIDE STD WAS ADDED 
TO 50 ML OF SAMPLE I N  THE D I S T I L L A T I O N  FLASK.  F I N A L  D I S T I L L A T I O N  
VOLUME WAS S O 0  ML. 
S P I K E D  SAMPLE A N A L Y S I S  200.8 MG/L 
UNSPIKED SAMPLE ANALYSIS  99.9 MG/L  
RECOVERED FLUORIDE 1 00 . 9 MG / L 
ADDED FLUORIDE 1i:)i:). 0 MG/L 
% RECOVERY 101 % 
# - NO VOLUME WAS RECEIVED ON LSN# 816052 ( C A U S T I C  BLANK)  
THE FLUORIDE RESULT WAS 0.3  MG/L I 

NOZZLE WASH DUPLICATE:  RUN1 MG/L RUN2 MG/L  
LSN# 816055 1.6 1.6 
SP1t::E: LSN# 816!:)58 - 5 ML OF A 10i:)O MG/L  FLUORIDE STD WAS ADDED TO 
50 ML OF SAMPLE I N  DISTILL~TION FLASK. FINAL DILUTION VULUME 
WAS 500 ML. 
S P I K E D  SAMPLE A N A L Y S I S  103.5 MG/L  
1JNSPIt::ED SAMPLE ANALYSIS  2.6 MG/L  
KECOVEKED FLUOR1 DE 100. 9 M E / L  
ADDED FLUORIDE 100.0 MG/L  

SMALL R L K  T H I M B L E  - 0.1 TOTAL MG FLLJORIDE 
S P I K E :  .1050 G N A F  WAS ADDED TO A BLK T H I M B L E .  TO A L L  THIMEILES 
.5G CAO WAS ADDED. A L L  WERE ASHED, FUSED W I T H  NAOH, D I S T I L L E D  
AND ANALYZED SIE.  
47.5 MG OF FLUORIDE WAS ADDED TO THE T H I M B L E  - 46.0 MG 
OF FLLIORIDE WAS. RECOVERED OR 101 X 

:cy;> % RECOVERY 1 C I  1 % 

L A B  REFERENCES: 2760:213, 2760:214, 2760:215 

ANALYST(S) :  SANDRA DEISEROTH 

* * I I a * * * a * * t X * t * a X * X  

fiFFF:O'VED BY: NORMA J. HORNUNG 
F I N A L  AFPKOVED BY: NANCY M. F I T Z G E R A L D  

- a * *  ENI? OF REPORT * * x  
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. 1  2 MG F/L 833 M V  - 20 MG F/L 308 MV M G A  FLUORIDE= 20.0-8 

SLOPECMV204W2>= -530 
3 8.28 MO F/L 1420 MV MG/L FLUORIDE= -208 
4 2dQ MG F/L -279 MV ' MG/L FLUORIDE- 20Q.BB 

SLOPE<MV20Q-MV2Q>= -557 

-- POS 6 JOE ORUER#SS-852325 LSN#=3 16052 
MI)= i60t flLIQUOT= 10 MLS .... 
ORIG. SPL.= 100 MLS 
S. WT.= 0 
KNOWN CONC.= 0 CALC. CONC.= . 3 1 5 < M G  F/L) 

UIL. VOL. = 500 r i m  MG F/L= -063 

DIST. FACTOR 0 RPPLIED 
...... - ... . . . . . . . . . . .  . . . . . .  . . . . . . . . . . . . . .  

POS 9 JOB ORDER# LSN#=30 PPM 
my= 303 HLIQUOT= 18 MLS 
ORIG. SPL.= 500 MLS 
S. UT.= 0 OIL. VOL.= 580 MLS MG F/L= 19.922 
KNOWN CONC.= 0 CALC. CONC.= 19.922CMG F/L> 
OIST. FACTOR 0 HPPLIED 



POS 13 JOE ORDEH#SS-052325 LSt.l#=S 16047 UUPL I CTE 

ORIG. SPL.= 58 MLS 
S. LsIT.= 8 D I L .  VOL.= 508 M L S  MG F/L= 12.273 

D I S T .  FACTCIE 0 R P P L I E D  

rw= 433 ALIQUOT= io riLs 

KttOL.It4 c n t t c .  = 0 CHLC. COW.= 122. ~ C M G  F/L) 

A 5YO = d L . 3  / 

D I S T .  FHCTOR 0 HFPLIEU J h 6 0 0 ,  dL .o O r -  

f? 

. . .  - 4  ~. ii 



... 

1983/06 04:30:25 
TRHY NO. 1 TF:H'< I .D. 1 
CALIBRATIOt4 BASED ON TRR'r' 1 

JOB ORDER Nil. S8-052325 

I 

KNObIN CONC. = 0 CHLC. CONC. = 1.5771MG F..",& ,fa 7 1 
QIST. FACTOR 0 HPPLIED x , 0 7 9  = ,  

7 7 d ; a  ....._.,. ........ ~ ............ . . .  , .  

1 :  
. .............................. ~ ...... .. . ... 
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\ 

p1 l /c14d4 . . ALIQUOT= 10 MLS . ,__ . . . . . 

S,. WT.=0 D I L .  VOL.= 580 MLS NO F/L= -131 
KNOGJN GONC.= 8 

. .  . .  
ORIG: SPL.= 40 Mis 

OIST. FACTOR 0 HPPLIED x ,  079 5 
CALC. CONC. = 1.638CMG F/L> . 

’ / 3 5 5 m T ,  +@ . .  . .  . . . -  c;... ’. 

POS 18 JOB OWUER#85-052325 LSN#=816856 

ORIG. SPL.= Q MLS 
c a. LIT.= 8 D I L .  ‘*/OL.= 500 PlLS MG F/L= 1.451 
P M ”  colic,=_. 0 CHLC. CDNC.= .726<PlG T F >  

rvv= 306 ALIQUOT= i~ riLs 

DIST.  FHCTOR 0 APPLIED 

POS 11 JOB ORDER#S2-852325 LSN#=81605? J 
P l V =  949 ALIQUOT= i a  riLs 
ORIG.  SPL.= 0 MLS 
c a- MT.= 0 MlIi F:”L= 1 . 2 13 
KNOl4N CONC. = 0 
DIST.  FACTOR 0 APPLIED 

POS 12 JOB ORDER#%8-052325 LSN#=81C858 
P l V =  1 a94 HLIIXJT_IT= 10 MLS 
WIG. SPL.= so riLs 
S .  UT.= 0 D I L .  ‘KiL.= 500 t lLS 

POS 14 J O B  rJROER#SS-052325 LSN#=3 115859 
pi’./= 1175 HLIQUOT= 10 PlLS 
ORIG. SPL.= riLs 
5’. L4T. = 0 D I L .  VOL.= 500 PlLS MG F/L= -454 
t::tKIwt.l COt4C.. = O 
DIST.  FHCTOR 0 HPPLIEO 

CHLC. CONC.= . ~ Z < F I G  TF) . .  

POS 15 , JOB ORDER#SS-052325 LSN#=816068 
pi*.:’= 1 i 81 ALIIWOT- 10 riLs 
ORIG. SPL.= G M L ~  
S. WT.= 0 - U I L .  V0L.z  500 MLS MG F/L= . 4 4 1  
ENOWN COMC. = 8 CALC. CONC. = -221 <MG T F >  
CIIST. FnCTQR 0 H P F L I E D  



~~ 
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. RAY NO- 2 TRAY I . D .  2 JOB ORDER NQ.89-052325 
'FILIBRATION BHSED ON TRAY 2 
.HL IBRRT ION: M V / K B ;  6POSITIONS-NO DlSTILLED STO. ; 

1 2 MG F/L 828 M'4 
2 20 MG F/L 244 MV MG/L FLUORIDE= 20.000 

3 0.20 MG F/L 1341 MV MGYL FLUOR1 DE= -200 
4 

SLOPECMV20-MV2>= -584 

200 MG F i L  -346 riv plG,,'L FLLIORIDE= 3 3 0 .  00 
SLOPE 'MVZ80-MVa8>= -590 

v i. .- - 



PUS. 
piis. 
POS. 
POS . 
FCIS. 

POS. 
pi:!$. 
FOS. 
POS. 
PUS. 
PCIS. 

POS. 
FOS. 
PUS. 

pus. 

ros. 

1 
2 -  
3 
4 

6 

L- 
.-I 

-7 

c. v 

3 
1 8  
:1 
12 
13 
14 
15 
16 



pus 6 JOB ORDER#82-052325 LSt4#=8 16064 
MV= 723 HLII%IJOT= i o  riLs 
WIG. SPL.= 0 riLs 
S. WT.= 13 UIL. VOL.= 500 PlLS MG F/L= 3. 175 
K:tKl1.ltI COt4C. = 0 CALC. CONC.= 1.538CMG T F )  
DIST.  FACTOR 6 HPPLIED 

POS 7 JOB ORUER#SS-652325 LSt4#=8 16865 
P1'./k 702 - HLII%UCIT= 10 riLs 
ORIG. SPL.= 6 r t L s  
S. UT.= 13 - DIL. WL.= 560 r w s  MG F/L= 3.521 
Kt.IOWN CObJC. = 6 CHLC. CONC.= 1.761':MG TF)  
UIST.  FACTOR 6 HPPLIED 



POS 9 JOB ORO€R#83-052325 LStJ#=S1&67 . . .  ... 
. MV= 477 ALIQUOT= 10 M L S  
'ORIG. srL.= 0 MLS 
S .  !AT.= 0 D I L .  VOL.= 500 MLS . MG F/L= 5.629 
Kt.IOL.lt4 CONC. = 0 CALC. CONC.= 4.315<MG TF> 
D I S T .  FACTOR 0 A P P L I E D  

LS t4#=316063  a 4 '' 
ros 10 JOE ORDER#S3-052325 
Pi'-/= 403 HLIQUOT= 10 riLs 
ORIG. srL.= 0 MLS 
'3. WT.= (3 DIL.  VOL.= 50Q MLS 0 6  riO F,.'L= i i .533 
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8.16 MINERAL WOOL MANUFACIWRING 

8.16.1 m 1 v 2  . 

Mineral wool often is defined as any fibrous glassy substance made from minerals (typically 

natural rock.materials such as basalt or diabase) or mineral products such as slag and glass. Because 

glass wool production is covered separately in AP-42 (Section 8.1 I), this section deals only with the 

production of mineral wool from natural rock and slags such as iron blast mace slag, the primary 

material, and copper, lead. and phosphate slags. 'llese materials are processed into insulation and 
other fibrous building materials that are used for strucmral strength and fire resistance. Generally, 

these products take one of four forms: "blowing" wool or "pouring" wool, which is put into the 

structural spaces of buildings; bans, which may be covered with a vapor harrier of paper or foil and 

are shaped to fit between the structural members of buildings; industrial and commercial products 

such as highdensity fiber felts and blankets, which aie used for insulating boilers, ovens, pipes, 

refrigerators, and other process equipment; and bulk fiber, which is used as a raw material in 

manufacturing other products, such as ceiling tile, wall board, sprayon insulation, cement, and 

mortar. 

Mineral wool manufacturing facilities are included in Standard Industrial Classification (SIC) 

Code 3296, mineral wool. This SIC code also includes the production of glass wool insulation 

products, but those facilities engaged in manufacturing textile glass fibers are included in SIC 

Code 3229. The six digit source category code (SCC) for mineral wool manufacturing is 3-05-017. 

1.4.5 8.16.2 Process DescrlPtlQB . .  

Most mineral wool produced in the United States today is produced from slag or a mixture of 
slag and rock. Most of the slag used by the industty is generated by integrated iron and steel plants 

as a blast furnace byproduct from pig iron production. Other sources of slag include the copper. 

lead, and phosphate industries. The production procegp has three primary components-molten 
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mineral generation in the cupola, fiber formation and collection, and final product formation. 

Figure 8.16-1 illustrates the mineral wool manufacturing process. 

The first step in the profess involves melting the mineral feed. The'raw material (slag and rock) 

is loaded imo a cupola in alternating layers with coke at weight ratios of about 5 to 6 pans mineral to 

1 part coke. As the coke is ignited and burned, the mineral charge is heated to the molten state at a 

tempemure of 1300" to 165O'C (2400" to 3000'F). Combustion air is supplied through tuyeres 

located near the b o w  of the furnace. Proaqs modifications at some. plams include air enrichment 

and the use of natural gas auxiliary burners to reduce coke consumption. One facility also reported 

using an aluminum flux byproduct to reduce coke consumption. 

The molten mineral charge e x i ~  the bottom of the cupola in a w a ~ ~ a o l e d  trough and f d s  onto 

a fiberization device. Most of the mineral wool produced in the United States is made by variations 

of two fiberization methods. The Powell process uses groups of rotors revolving at a high rate of 

speed to form the fibers. Molten material is distributed in a thin fiim on the surfaces of the rotors 
and then is thrown off by centrifugal force. As the material is discharged from the rotor, small 

globules develop on the rotors and form long, fibrous tails as they travel horizontally. Air or steam 

may be blown around the rotors to assist in fiberiziig the material. A second fiberization method, the 

Downey process, uses a spinning concave rotor with air or steam atmuation. Molten material is 
distributed over the surface of the rotor, from which it flows up and over the edge and is captured 

and directed by a high-velocity stream of air or steam. 

During the spinning process, not all globules that develop are converted into fiber. The 

noniiberized globules that remain are referred to as "shot." In raw mineral wool. as much as half of 

the mass of the product may consist of shot. As shown in Figure 8.161, shot is usually separated 

from the wool by gravity immediately following fiberization. 

Depending on &e desired product, various chemical agents may be applied to the newly formed 

fiber immediately following the rotor. In almost all cases, an oil is applied to suppress dust and, to 

some degree, anad the fiber. This oil can be either a proprietary product or a medium- weight fuel 

or lubricating oil. If the fiber is intended for use as loose wool or bulk products, no further chemical 

treatment is necessary. If dre minetel w c d  pmdnais r e q k d  to havesmctwat rigidity, as hr bam 
and industrial felt, a binding agent is applied with or in place of the oil treatment. This binder is 
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Figure 8.16-1. Mineral wool marmfacarring pmces flow diagram. 
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typically a phenol-formaldehyde resin that requires curing at elevated temperatures. Both the oil and 

the binder are applied by atomizing the liquids and spraying the agents to coat the airborne fiber. 

After formation and chemical treatment, the fiber is collected in a blowchamber. Resin-andlor 

oi laated fibers are drawn down on a wire mesh conveyor by fam located bema& the collector. n e  

speed of the conveyor is set so that a wool blanket of desired thickness can be obtained. 

Mineral wool containing the binding agent is carried by conveyor to a curing oven, where the 

wool blanket is compressed to the appropriate density and the binder is baked. Hot air, at a 

temperature of 150" to 320°C (300" to 6OO"F), is forced through the blanket until the binder has set. 

Curing time and temperature depend on the type of binder used and the mass rate through the oven. 

A cooling section follows the oven, where blowers force air at ambient temperatures through the wool 

blanket. 

To make b a a  and industrial felt products, the cooled wool blanket is cut longitudinally and 

transversely to the desired size. Some insulation products are then covered with a vapor barrier of 

aluminum foil or asphaltcoated kraft paper on one side and untreated paper on the other side. The 

cutters, vapor barrier applicators, and conveyors are sometimes referred to collectively as a batt 

machine. Those products that do not require a vapor barrier, such as industrial felt and some 
residential insulation baas, can be packed for shipment immediately after cutting. 

Loose wool products consist primarily of blowing wool and bulk fiber. For these products, no 

binding agent is applied, and the curing oven is eliminated. For granulated wool products, the fiber 

blanket leaving the blowchamber is fed to a shredder and pelletizer. The pelletizer forms small, 1- 

inch diameter pellets and separam shot from the wool. A bagging operation completes the processes. 

For other loose wool products, fiber can be transported directly from the blowchamber to a baler or 

bagger for packagiig. 

8.16.3 Emissions and Contrpls 1 

The sources of emissions in the mineral m i  m a d k t m i i  industry are the cupola, the blow 

chamber, the curing oven, the mineral wool cooler, and possibly materials Wing aad bagging 

operations. With the exception of lead, the industry emits the full range of criteria pollutants. Also, 
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depending on the particular types of slag and binding agents used, the facilities may emit both 

metallic and organic hazardous air pollutants (HAP'S). 

The primary source of emissions in the mineral wool manufacturing process is the cupola. It is 

a significant source of particulate matter (PM) emissions and is likely to be a source of PM less ban 

10 micrometers @m) in diameter (PM-10) emissions. although no particle size data are available. 

Coke combustion in the furnace produces carbon monoxide (CO), carbon dioxide (CW, and nitrogen 

oxide @Ox) emissions. Finally, because blast furnace slags contain sulfur, the cupola is also a source 

of sulfur dioxide (SO9 and hydrogen sulfide (H2S) emissions. 

The blowchamber is a source of PM (and probably PM-IO) emissions. Also, the annealing oils 

used in the process cm lead to VOC emissions fmm the process. Omer sources of VOC emissions 

include batt application and the curing oven. Finally, fugitive PM emissions can be generated during 

cooling, handling, and bagging operations. Table 8.16-1 presents emission factors for filterable PM 

emissions from various mineral wool manufacturing processes; Table 8-16.2 shows emission factors 

for CO, CO,, SO,, and sulfates; and Table 8.16-3 presents emission factors for fluorides. 

Mineral wool manufacturers use a variety of air pollution control techniques, but most are 

directed toward PM control with minimal control of other pollutants. The industry has given greatest 

attention to cupola PM culltrd, wim twu-thirds of the cupolas in operarion having fabric filter coutrul 

systems. Some cupola exhausts are controlled by wet scrubbers and electrostatic precipitators 

(ESP's); cyclones are also used for cupola PM control either alone or in combination with other 

control devices. About half of the blow chambers in the industry also have some level of PM 

control, with the predominant control device being lowenergy wet scrubbers. Cyclones and fabric 

filters have been used to a limited degree on blow chambers. Finally, afterburners have been used to 

control VOC emissions from blow chambers and curing ovens and CO emissions from cupolas. 

! 
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All emission factors in kgMg of product unless noted 
Ratings (A-E) follow each emission factor 

TABLE 8.161. (METRIC UNlTS) 
EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING. 

Cupola with fabric fi~ter" I 0.051 I D 
(30501701) 

11 Reverberatom furnace' I 2.4 I E . 
(30501702) 

Batt curing ovenc 1.8 E 
(3W1f04) 

Batt curing oven with ESP' 0.36 D 
(30501704) 

Blow chamberC 6.0 E 
(30501703) 

Blow chamber with wire mesh tilterg 0.45 D 
(3050 1703) 

CoolerC 
(3050 1705) 

I 1.2 I E 

'Facton represent uncontrolled emissions unless otherwise noted. 
bFilterable PM is that PM collected on or prior to the filter of an EPA 
Method 5 (or equivalent) sampling train. 

'References 1, 12. Activity level is assumed to be total feed charged. 
dReferences 6, 7, 8, 10, and 11. Activity level is total feed charged. 
'Reference 12. 
'Reference 9. 
gReference 7. Activity level is mass of molten mineral feed charged. 
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TABLE 8.16-1. (ENGLISH UNlTSJ 
EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING' 

All emission factors in Iblton of product unless noted 
Ratings (A-E) follow each emission factor 

'Factors represent uncontrolled emissions unless otherwise noted. 
bFilterable PM is that PM collected on or prior to the filter of an EPA 
Method 5 (or equivalent) sampling train. 

'Reference 1, 12. Activity level is assumed to be total feed charged. 
dReferences 6, 7, 8, 10, and 11. Activity level is total feed charged. 
aeference 12. 
'Reference 9. 
gReference 7. Activity level is mass of molten mineral feed charged. 
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TABLE 8.162 (MEIWC UNITS) 
EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING* 

'Referen "eferent:;. 6, 10, and 11.  

dReferen 
?rlo data vailable. 
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NA = Not applicable. 
%actors represent uncontrolled emissions unless otherwise noted. 
keference 6. 
aeferences 6, 10, and 11.  
dReference 12. 
Wo data available. 
'Reference 9. 
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TABLE 8.16-3 @ETRIC UNITS) . 
EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING' 

All emission factors in k g N g  of total feed charged unless noted 
Ratings (A-E) follow each emission factor 

aFactors represent uncontrolled emissions unless otherwise noted. 
bReference 1 .  
CNo data available. 
dReferences 10 and 1 1 .  Coke only used as fuel. 
'References 10 and 11.  Fuel combination of coke and aluminum smelting byproducts. 
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Cupola (3050170 1) l.ab E C 3.0b E C 

Cupola with fabric filter C C C 0.038' D 
(3050 1701) 

(3050 170 1) 
Cupola with fabric filter C C C 0.3P D 

Ban curing oven C 0.16 E C C 

'Factors represent uncontrolled emissions unless otherwise noted. 
bReference 1. 
'No data available. 
dReferences 10 and 11. Coke only used as fuel. 
'References 10 and 11. Fuel combination of coke and aluminum smelting byprodurn. 

\ 
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EMISSION FACTOR DOCUMENTATION FOR AP-42 SECTION 8.16 

Mineral Wool Manufacturing 

1. INTRODUCTION 

(AP-42) has been published by u Pollutant Em- The document of A . .  . .  

the U. S. Environmental Protection Agency @PA) since 1972. Supplements to AP-42 have been 

routinely published to add new emission source categories and to update existing emission factors. 

AP-42 is routinely updated by EPA to respond to new emission factor needs of EPA, State and local 

air pollution control programs, and industry. 

An emission factor relates the quamity (weight) of pohtium emitted m a unit of activity of 
the source. The uses for the emission factors reported in AP-42 include: 

1. Estimates of areawide emissions; 

2. Estimates of emissions for a specific facility; and 

3. Evaluation of emissions relative to ambient air quality. 

The purpose of this report is to provide background informa n from test repons an- ither 

information to support preparation of AP-42 Section 8.16, Mineral Wool Manufacturing. 

This background report consists of five sections. Section 1 includes the introduction to the 

report. Section 2 gives a description of the mineral wool industry. It includes a characterization of 

the industry, an overview of the different process types, a description of emissions, and a description 

of the technology used to control emissions resulting from mineral wool production operations. 

Section 3 is a review of emission data collection and laboratory analysis procedures. It describes the 

literature search, the screening of emission data reports, and the quality rating system for both 

emission data and emission factors. Section 4 details revisions to the existing AP-42 section narrative 

and pollutant emission factor development. It includes a review of specific da& sets and the results of 

data analyses. Seaion 5 presents -2 Section 8.16, Mineral Wool Manufachtrin g. 
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2. INDUSTRY DESCRIPTION'J 

Mineral wool often is defined as any fibrous glassy substance made from minerals (typically 

natural rock materials such as basalt or diabase) or mineral products such-as slag and glass. Because 

glass wool production is covered separately in Ap-42 ( W o n  8.11). this section deals only with the 

production of mineral wool from natural rock and slags such as iron blast furnace slag, the primary 

material, and copper, lead, and phosphate slags. These mataials are processed into insulation and 

other fibrous building materials that are used for structural strength and fire resistance. Generally, 
these products take one of four forms: "blowing" wool or "pouring" wool, which is put into the 

structural spaces of buildings; bans, which may be covered with a vapor barrier of paper or foil and 

are shaped to fit between the structural members of buildings; industrial and commercial products 

such as highdensity fiber &Its and bIaaket9, which are used for inSuIating boilers, ovens, pipes, 

refrigerators, and other process equipment; and bulk fiber, which is used as a raw material in 

manufacturing other products, such as ceiling tile, wall board, s p r a y a  insulation, cement, and 

mortar. 

Mineral wool manufacturing facilities are included in Standard Industrial Classification (SIC) 

Code 3296, mineral wool. This SIC code also includes the production of glass wool insulation 

products, but those facilities engaged in manutschlrig textile glass 

Code 3229. The six digit source category code (SCC) for mineral wool manufacturing is 34.5417. 

are included in SIC 

2.1 CHARACTJ3UZATION OF THE INDUSTRY'f 

Because the US. Department of Commerce aggregates the mineral wool manufacturing 

industry, as defined in thin document, into a single SIC category with glass wool manufacturing, 

industry statistics are difficult to obtain. The available U. S. Government publications do not present 

information on rock and slag wool production, nor was such information found in the open literature. 

The most recent data related strictly to rock and slag wool production appear to be those generated by 

EPA in 1980. These data form the basis for the discussion below. 
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TABLE 2-1. DISTRIBUTION OF MINERAL WOOL 
MANUFACTURING FACILITIES' 

Missouri 

New Jersey 

North Carolina 

Ohio 

II State I NO. of facilities II 

w 
2 \!a 

1 J 

1 .I 

1 0 

Washington 1 4 
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As of 1980, approximately 26 mineral wool manufacturing facilities were operating in the 

united States. Table 2-1 lists the number of facilities by State. These facilities were estimated to 

have shipped about 2.7 x 1 d  megagrams (Mg) (3.0 X 16 tons) Of structural mineral wool hulation 

products with a value of about $100 million during 1980. A growth rate of less than 2 percent per 

year was projected a t h t  time. 

Most mineral wool produced in the United States today is produced from slag or a mixture of 

slag and rock. Most of the slag used by the industry is generated by integrated iron and swl plants 

as a blast furnace byproduct from pig iron production. other sources of slag include the copper, 

lead, and phosphate industries. 'Ihe produdon process has tbree prinmry annponems-moIten 
mineral generation in the cupola, fiber formation and collection, and find product formation. 

Figure 2-1 illustrates the mineral wool manufacturing process. 

The first step in the process involves melting the mineral feed. The raw material (slag and 

rock) is loaded into a cupola in alternating layers with coke at weight ratios of about 5 to 6 parts 

mineral to 1 part coke. As the coke is ignited and burned, the mineral charge is heated to the molten 

state at a temperature of 1300" to 1650°C (2400" to 3000°F). Combustion air is supplied through 

tuyeres located near the bottom of the furnace. Process modifications at some plants include oxygen 

enrichment and the use of natural gas auxiliary burners to reduce coke consumption. One facility also 

reported using an aluminum flux byproduct to reduce coke consumption. 

The molten mineral charge exits the bottom of the cupola in a water-cooled trough and falls 

onto a fiberization device. Most of the mineral wool produced in the United States is made by 

variations of two f iber idon  methods. The Powell process uses groups of rotors revolving at a high 

rate of speed to form the fibers. Molten material is distributed in a thin film on the surfaces of the 

rotors and then is thrown off by centrifugal force. As the material leaves the surface, small globules 

develop and form long, fihrous tails as they travel horizontally. Air or steam may be blown around 

the rotors to assist in fiberiizing the material. A second fiberization method. the Downey proms, 

uses a spinning concave rotor with air or steam attenuation. Molten material is distributed over the 
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surface of the rotor, from which it flows up and over the edge and is captured by a high-velocity 

stream of air or steam. 

During the spinning process, not all globules that develop are converted into fiber. The 

nonfiberized globules.that remain are retked to as "shot." In raw mineral wool, as much as half of 

the mass of the product may consist of shot. Shot is usually separated from the wool by gravity 

immediately following fibexintbn. 

Depending on the desired product, various chemical agents may be applied to the newly 

formed fiber immediately following the rotor. In almost'all cases, an oil is applied to suppress dust 

and, to some degree, anneal the fiber. This oil can be either a proprietary product or a medium- 

weight tiel or  lubricating oil. If the fiber is intended for use as loose wool or bulk products, no 
further chemical treatment is necessary. If the mineral wool product is required to have structural 

rigidity, as in batts and industrial felt, a binding agent is applied with or in place of the oil treatment. 

This binder is typically a phenol-formaldehyde resin that requires curing at elevated temperatures. 

Both the oil and the binder are applied by atomizing the liquids and spraying the agents to coat the 

airborne fiber. 

After formation and chemical treatment, the fiber is collected in a blowchamber. Resin- 

and/or oilcoated fibers are drawn down on a wire mesh conveyor by fans located beneath the 

collector. The speed of the conveyor is set so that a wool blanket of desired thickness can be 

obtained. 

Mineral wool containing the binding agent is carried by conveyor to a curing oven, where the 

wool blanket is compressed to the appropriate density and the binder is baked. Hot air, at a 

temperature of 150' to 320'C (300" to 6OO"F), is forced through the blanket until the binder has set. 

Curing time and temperature depend on the type of binder used and the mass rate through the oven. 

A cooling section follows the oven, where blowers force air at ambient temperatures through the wool 
blanket. 

To make baa and industrial felt products, the cooled wool blanket is cut longitudinally and 

transversely to the desired size. Some insulation produas are then c m n l  Wim a vapor barrier of 

aluminum foil or asphaltaated kraft paper on one side and untreated paper on the other side. The 
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cutters, vapor barrier applicators, and conveyors are sometimes referred to collectively as a batt 

machine. Those products that do not require a vapor barrier, such as industrial felt and some 

residential insulation bans, can be packed for shipment immediately after cutting. 

Loose wool products consist primarily of blowing wool and bulk fiber. For these products, 

no binding agent is applied, and the curing oven is eliminated. For granulated wool products, the 

fiber blanket leaving the blowchambex is fed to a shredder and pelletizer. The pelletizer forms small, 

I-inchdiameter pellets and separates shot from the wool. A bagging operation completes the 

processes. For other loose wool products, fiber can be transported directly from the blowchamber to 

a baler or bagger for packaging. 

2.3 EMISSIONS 

J -  The sources of emissions in the mineral wool manufacturidg indusay are the cipoia, the blow 

chamber, the curing oven, the mineral wool cooler, and possibly materials handling and bagging 

operations. With the exception of lead, the industry emits the full range of criteria pollutants. Also, 
depending on the particular types of slag and binding agents used, the facilities may emit both 

metallic and organic hazardous air pollutants (HAP'S). However, with the exception of hydrogen 

sulfide '(H2S), no HAP data were obtained during this review. 

The primary source of emissions in the mineral wool manufacturing process is the cupola. It 

is a significant source of particulate matter (PM) emissions and is likely to be a source of PM less 
p 3 i  . 

.than 10 micrometers in diameter (PM-10) emissions, although no particle size data are available. 

Coke combustion in the furnace produces carbon monoxide (CO), carbon dioxide ( C q ,  and n i t r o s  

oxide (NOx) emissions. Finally, because coke and blast furnace slags contain sulfur, the cupola is 

also a source of sulfur dioxide (Sw and H2S emissions. 

'7 
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The blowchamber is a source of PM (and probably PM-10) emissions. Also, the annealing > . "  

\: . 
oils used in the process can lead to volatile organic compound (VOC) emissions from the process. 

Other sources of VOC emissions include batt application and the curing oven. Finally, fugitive PM 

emissions can be generated during cooling. handling, and bagging operations. 



2.4 CONTROL TECHNOLOGY~ 

Mineral wool manufacturers use a variety of air pollution control techniques, but most are 
directed toward PM control with minimal control of other pollutants. The industry has given greatest 

attention to cupola PM control, witb two-thirds of the cupofas in operation having fabric filter.& 

systems. Some cupola exhausts are controlled by wet scrubbers and electrostatic precipitators 

(ESP’s); cyclones are also used for cupola PM control either alone or in combination with othez 

control devices. About half of the b b w  chambers in the industry also have some level of PM 

control, with the predominant control device being lowenergy wet scrubbers. Wire mesh filters also 

are often used to control PM emissions from blow chambers. Cyclones and fabric filters have been 

used to a limited degree on blow chambers. Finally, afterburners have been used to control VOC 

emissions from blow chambers and Caring ovens and CO emissionS fram cupolas. Table 2-2 provides 

a summary of the extent of control in the industry as of 1980. 



'. 

TABLE 2-2. SUMMARY OF AIR POLLUTION CONTROLS OPERATING IN 
THE U.S. MINERAL WOOL INDUSTRY 

Rocess source 

Number of process sources controlled by indicated devices 

Fabric Wet After- 
Total Filters ESP scrubbers Cvclones burners Other None 

cupo1asa 

Blowchambers' 

Curing ovens 

Coolers 

T w o  cupolas are controlled with fabric filters followed by direct-flame afterburners; two cupolas are 
controlled by wet scrubbers followed by ESP's; seven cupolas are controlled by cyclones followed 
by fabric filters; and one cupola is controlled by a cyclone followed by &wet scrubber. 

bCarbon monoxide control system is operating on two cupolas with a fabric filter in one plant. 
Three blowchambers use two control devices in series; two plants use afterburners plus wet 

dIncludes nine units reported to use wire mesh filters. 
scrubbers, and one plant has cyclones plus a fabric filter. 

53 35 2 3 20 2 2b 3 

46 2 0 21 3 2 .  0 2ld 

15 1 0 0 0 6 0 8 

6 0 0 0 0 1 0 5 
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3. GENERAL DATA REVIEW AND ANALYSIS 

3.1 LITERATURE SEARCH AND SCREENIN% ' 
Data for this investigation were obtained from a number of sources within the Office of Air 

Quality Planning and Standards (OAQPS) and from outside organizations. The AP-42 Background 

Files located in the Emission Inventory Branch (ED) were reviewed for information on the industry, 

processes, and emissions. The Crosswalk/AU Toxic Emission Factor Data Base Management System 

WTEF) and VOC/PM Speciation Data Base Management System (SPECIATE) data bases were 

searched by SCC code for idemifidon of the potential pollutants emitted and emission factors for 

those pollutants. A general search of the Air CHIEF CD-ROM also was conducted to supplement the 

information from these two data bases. 

The and -us of M a n u f m  were reviewed for information on the 

industry, including number of plants, plant location, and annual production capacities. However, 

because the data from these sources could not be disaggregated for mineral wool manufacturing, this 

information was obtained from the Source Catenorv Survev Reoort. The Aerometric Information 

Retrieval System (AJRS) data base also was searched for data on the number of plants, plant location, 

and estimated annual emissions of criteria pollutants. 

A number of sources of information were investigated specifically for emission test reports 

and data. A search of the Test Method Storage and Retrieval ( T S A R )  data base was conducted to 

identify test reports for sources within the mineral wool industry. Copies of these test reports were 

obtained from the files of the Emission Measurement Branch (EMB). The EPA library was searched 

for additional test reports. A list of plants that have been tested within the past 5 years was compiled 

from the AIRS data base. State and Regional offices were contacted about the availability of test 

reports. However, the information obtained from these offices was limited. Publications lists from 

the Office of Research and Development (ORD) and Control Technology Center (CTC) were also 

searched for reports on emissions from the mineral wool industry. In addition, representative trade 

associations, including the North American Insulation Manufacturers Association (NAIMA), were 

c o n t a d  for assistance in obtainin! information about the industry and emissions. 
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To screen out unusable test reports, documents, and information from which emission factors 

could not be developed, the following general criteria were used: 

1. Emission data must be from a primary reference: 

a. Source testing must be from a referend study that does not reiterate information from 

previous studies. 

b. me document must constitute the original source of test data. For example, a technical 
paper was not included if the original study was contained in the previous document. If the exact 

source of the data could wt be determined, the document w89 d i .  

2. The referenced study must wntain test results based on more than one test run. 

3. The report must contain sufficient data to evaluate the testing procedures and source 

operating conditions (e.g., one-page reports were generally rejeaed). 

A final set of reference materials was compiled after a thorough review of the pertinent 

reports, documents, and information according bo meJe criteria. 

3.2 EMISSION DATA QUALITY RATING SYSTE 

As part of the analysis of the emission data, the quantity and quality of the information 
contained in the final set of reference documents were evaluated. The following data were excluded 

from consideration: 

1. T a  series averages reported in units that m o t  be converted to the selected reporting 

units; 

2. Test series representing incompatible test methods (Le., comparison of EPA Method 5 

P 
front half with EPA M&od 5 front and back half)); 

3. Test series of controlled emissions for which the control device is not specified; 
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4. Test series in which the source process is not clearly identified and described; and 

5. Test series in which it is not clear whether the emissions were measured before or after 

the control device. 

Test data sets that were not excluded were assigned a quality rating. The rating system used 

was that specified by EIB for preparing AP42 sections. The data were rated as follows: 

A-Multiple tests that were performed on the same source using sound methodology and 

reported in enough detail for adequate validation. These tests do not necessarily conform to the 

methodology specified in EPA reference test methods, although these methods were used as a guide 

for the methodology actually used. 

B-Tests that were performed by a generally sound methodology but lack enough detail for 

adequate validation. 

C-Tests that were based on an untested or new methodology or that lacked a significant 

amount of background data. 

D-Tesa that w m  based OII a generally unacceptable method but may provide an order-of- 

magnitude value for the source. 

The following criteria were used to evaluate source test reports for sound methodology and 

adequate detail: 

1. Source ' . The manner in which the source was operated is well documented in 

the report. The source was operating within typical parameters during the test. 

2. Samuline . The sampling procedures conformed to a generally acceptable 

methodology. If actual procedures deviated from accepted methods, the deviations are well 

documented. When this occurred, an evaluation was made of the extent to which such alternative 

procedure3 could ir&eucc me M nsults. 
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3. -sand- . Adequate sampling and p w s  data are documented in the 

report, and any variations in the sampling and process operation are noted. If a large spread between 

test results cannot be explained by information contained in the test report, the data are suspect and 

are given a lower rating. 

4. -sand- ' . The test reports contain original raw data sheets. The 

nomenclature and equations used w e n  cumpared to those (if any) specified by EPA to establish 

equivalency. The depth of review of the calculations was dictated by the reviewer's confidence in the 

ability and conscientiousness of the tester, which in turn was based on factors such as consistency of 

results aad completeness of other areas of the test report. 

3.3 EMISSION F A m R  QUALITY RATING SY 

The quality of the emission factors developed from analysis of the test data was rated using 

the following general criteria: 

A: - Developed only from A-rated test data talcen from many randomly chosen 
facilities in the industry population. The source category is specific enough so that variability within 

the source category population may be rrrrmmued. . .  . 

B-Above a v e w :  Developed only from A-rated test data from a reasonable number of 

facilities. Although no specific bias is evident, it is not clear if the facilities tested represent a 

random sample of the industries. The source category is specific enough so that variability within the 

source category population may be minimized. 

C-Average: Developed only from A- and B-rated test data from a reasonable number of 
facilities. Although no specific bias is evident, it is not clear if the facilities tested represent a 

random sample of the industry. In addition, the source category is specific enough so that variability 

within the source category population may be minimized. 

- w a v u :  The emission factor was developed only from A- and Erated test data 
from a small number of facilirien, and there is reasan to suopea that these facilities do Mt represent a 
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random sample of the industry. There also may be evidence of variabilig within the source category 

population. Limitations on the use of the emission factor are noted in the emission factor table. 

a: The emission factor was developed from C- apd D-rated test data, and there is 

reason to suspea that.the facilities tested do not represent a random sample of the industry. There 

also may be evidence of variability within the source category population. Limitations on the use of 

these factors are always noted. 

The use of these criteria is somewhat subjective and depends to an extent upon the individual 

reviewer. Details of the rating of each candidate emission factor are provided in Chapter 4 of this 

report. 
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4. AP-42 SECTION DEVELOPMENT 

4.1 REVISION OF SECIlON NARRATIVE' 

Section 8.16;Mineral Wool Marmfachlria g. was last revised in 1972. The narrative provided 

in that version was quite limited. and the discussion of emissions and emission controls provided 

almost no information. Comequently. the narrative was completely reanitten for this version. The 

draft section, which is based primarily on information presented in the Source Category Survey 

Report and in test reports reviewed as a part of this study, comains an expanded discussion of the 

process, emissions, and emission controls and provides a process flow diagram. 

4.2 POLLUTANT EMISSION FACTOR DEVELOPMENT 

In addition to a review of the data available in the background file for Section 8.16, this 

evaluation included an examination of the emission data contained in the Source Category Survey 

Report and reviews of nine emission test reports. All tests described in these nine reports were 

conducted by facilities to demonstrate compliance with State. or local regulations. The tests 

documented in References 8,9, and 10 were conducted at the same facility. However. no process 

data were provided for thepe tests. In addition, the two stacks that were sampled served several 

emission sources, including cupolas, fugitive dust collection systems, a curing oven, and pipe 

manufacturing machines. (Based on exhaust gas flow rates provided, the cupolas accounted for 5 to 

8 percent of the total flow exiting the stacks.) For these reasons, these three references were not used 

to develop emission factors. 

The remainder of this section is divided into five parts. First the data presented in the Source 

Category Survey Report are discussed. Then the six test reports that contain sufficient data for 

emission factor development are discussed individually. Emission factors for mineral wool 

manufacturing included in the XATEF and SPECIATE data bases were also reviewed, and a 

discussion of these emission factors is presented. Then a discussion of the review of the existing test 

data in the AP-42 background file is presented. Finally, the results of the data review and analysis 

are presented. 
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4.2.1 Review of Source Category Survey Data (Reference 1) 

As part of a review of the mineral wool manufacturing industry to assess the need for a new 

source performance standard, EPA compiled a substantial amount of emission data from State and 

local agencies. Because the data were only presented in summary form, their quality m o t  be 

evaluated. Consequently, 'they cannot be averaged with other available test data to obtain emission 

factors. In view of these limitations, the emission factors developed from these data were deemed to 

be useful for order of magnitude estimates only and are rated E. Table 4-1 summarizes the 

information on uncontrolled emission factors for mineral wool cupolas. For each pollutant, the table 

shows the number of tests reviewed during the study and a range and average emission factor. 

Table 4-2 summarizes uncontrolled PM emission factor information for blow chambers. Finally, one 

test on a cupola in San Bernadino County, California, generated particle size data that were obtained 

with an Andersen cascade impactor. These data are presented in Table 4-3. 

4.2.2 Review of Specific Data Sets 

4.2.2.1 Reference 2. This test was sponsored by the facility in 1988 to demonstrate that Sq 
emissions from the Nos. 1 and 2 cupolas were in compliance with State requirements. While the 

primary purpose of the test was to measure SO, levels, sufficient data were obtained from the 

associated Method 2 and 3 t~srs to calculate CO and CO, emission factors. The SO2 measurements 

were made with a Standard EPA Method 8 train; sulfur trioxide (S4) measuremen& also were 

obtained from this train. Volumetric flow rates were obtained via EPA Method 2, and CO and C02 

concentrations were obtained from Orsat measurements per EPA Method 3. 

The process information contained in the test report was quite sparse. In fact, the only data 

that were available in the test report were process rate data sheets, which were contained in an 
appendix. Subsequently, the State agency supplied a process flow diagram for the facility. The 

information contained in the p m s  flow diagram and in the process data appendix indicated that 

emissions from each cupola were controlled by a fabric filter, but no design or operating data on the 

system are available. During the tests, cupola No. 1 tired a mixture of coke (- 15 percent) and slag 
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TABLE 4-1. SUMMARY OF SOURCE CATEGORY SURVEY EMISSION 
F A n O R  DATA FOR UNCONTROLLED MINERAL WOOL CUPOLAS 

source No. of tests 
PM 2 
voc's 2 

NA = not available. 

Emission factor 

k g m  fe+d lb/ton fed 
Range Average Range Average 
0.7 -0.9 0.8 1.4-1.8 1.6 

NA 0.2 NA 0.4 

TABLE 4-2. SUMMARY OF SOURCE CATEGORY SURVEY EMISSION 
FACTOR DATA FOR UNCONTROLLED MINERAL WOOL BLOW CHAMBERS 

Particle size range, pn 

+ 30 
9.2-30 
5.5-9.2 
3.3-5.5 
2.0-3.3 
1.0-2.0 
0.2-1 

Percent by weight 

5.6 
0.1 
0.5 
1 .o 
5.0 

61.8 
20.0 - 

TABLE 4-3. SOURCE CATEGORY PARTICLE SIZE DATA FOR 
UNCONTROLLED MINERAL WOOL CUPOLAS 
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(- 85 percent), while cupola No. 2 sired a mixture of coke (- 15 percent), slag (- 80 percent), and 

ore (- 5 percent). 

The data are rated A for CO, CO,, and SO, because standard methodology was used, no 
problems were reported, and all results were fully documented. Unlike these gaseous pollutams (CO, 

CO,, and SO,), which generally are not controlled by fabric filters, SO, is emitted as PM, and, thus, 

would be controlled by a fabric filter. Because the report did not include adequate information on the 

design and operation of the fabric filter, the SO3 data are rated B. 

4.2.2.2 Reference. This test program was sponsored by the facility in January 1981 to 

demonstrate that PM emissions from the cupola complied with State emission limits. The PM 

measurements were made on each operation at the outlet to an air pollution control device using EPA 

Method 5.  Fyrite was used to quantify CO, emissions. Three runs were completed on the blow 

chamber; four runs were conducted on the cupola, but one was declared invalid because of sampling 

equipment problems. The results from that run were not reported. 

The process information contained in the test report was limited to process data sheets 

contained in the appendix. However, the State agency provided flow diagrams indicating that the 

cupola was controlled by a fabric filter and the blowchamber was controlled by a wire mesh filter. 

No other information is available on the process. 

The PM test data from this report are rated B. Tests were conducted with standard EPA 

methods, and no problems were reported. However, the process information contained in the report 

was insufficient to characterize the processes or control systems adequately. The C$ data are 

rated C due to the relative inaccuracy of the Fyrite analysis. 

4.2.2.3 Reference 4 . This test program was sponsored in June 1979 by the facility to 

demonstrate that the PM emissions from cupolas Nos. 1, 2, and 3 complied with State emission 

limits. Some data also were collected on organic emissions from the blow chamber. The sampling 

train used to collect the hydrocarbons included a heated glass probe with glass wool plug to collect 

the PM, followed by two tubes filled with activated charcoal. The samples were analyzed by placing 

carbon disulfide in the activatej carbon mbes for 24 hours. then fiItering imd evaporiding tbe liquid to 

dryness at mom temperature. However, it is likely that a significant amount of sample was lost in the 
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evaporation step. For that reason, the test method used was not consided to be acceptable for 

AP-42 emission factor development, and the results are not included in this review. The PM tests 

were conducted with EPA Methods 1 through 5,  and no problems were noted. Fyrite was used to 

quantify C02 emissions. 

The process information for the cupolas is limited to a process flow diagram supplied by the 

State agency and process data sheets contained in the report appendix. The pnxess diagram indicate 

that each cupola is equipped with a fabric filter. During the tests, the process data indicated that the 

cupola was fired with a blend of coke (- 10.5 percent), shale (-6.4 percent), slag (probably blast 

furnace slag) (-62.3 percent), and phosphate slag (- 20.8 percent). Some process data were 

supplied on the blow chamber operation, but they were insufficient to determine the basis for the 

process weights associated with these operatiom. 

The PM test data are rated B. Tests were conducted with standard EPA methods and no 
problems were reported. However, the process information was hadequate to warrant a higher 
rating. The C02 data are rated C due to the relative inaccuracy of Fyrite analysis. 

4.2.2.4 Refereace. This facility-sponsored test was conducted to demonstrate that the PM 

emissions from the baa wing oven complied with State emission limits. Five test runs were 

conducted using EPA Methods 1 through 5.  Run 1 was discarded because of a failed posttest leak 

check, and Run 2 was discontinued because of a process malfunction, leaving three valid NUS. The 

report does not provide process or emission data for the two discarded runs. Fyrite was used to 

quantify C02 emissions. 

The process information in the report is quite limited. The introduction does note that 

emissions are directed through an ESP, but no other process description is provided. Operational data 

are presented in Chapter IV of the report. However, these data are difficult to read, and the raw data 

could not be clearly related to the process weights presented in summary tables. The process weights 

appear to be in units of baa produced, but the exact basis for the process weights could not be 
confirmed from the raw data. 

The test data from thh report an rated C. Tents were conducted with standard EPA methods, 
and no problems were reported. However, the process information contained in the report was 
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insufficient to characterize the processes or control systems adequately. Also, the basis for he 
process rates given in summary tables is unclear. 

4.2.2.5 Reference 6. This test program was conducted by the facility to measure emissions 

of PM, S q ,  and fluorides. The tests were designed to evaluate the effect of substituting an 
aluminum smelting cell byproduct material (SPL) for coke on a pound-per-pound carbon basis. The 

typical charge compositions for the different test conditions are shown below. 
AVERAGE CHARGE MAKEUP 

The test design for this program was somewhat unusual. The facility operates two cupolas, 

each with its own spark arrestor and fabric fdter. The exhaust from the fabric flters is combined and 

ducted to the atmosphere through a common stack. The sampling was conducted in this common 
stack. Sampling for fluorides was conducted using Alma Method 4075A (which was approved by the 

State and EPA) in conjunction with EPA Methods 1 through 4. Particulate matter emissions were 

obtained from a cellulose thimble in the front half of the Method 4075A. This procedure provides 

results that are comparable to EPA Method 5 front half results but are less accurate for emissions that 

include significant levels of condensible PM. However, for the reported stack gas temperatures, 

which ranged from 34" to 44°C (93" to 11 1°F). the condensible PM fraction should be negligible. 

Therefore, the filterable PM results should be relatively accurate for AP42 emission factor 

development with a one-step quality down-rating. The SO2 samples were obtained with a glass-bulb 

technique that is purported to be. similar to EPA Method 15 procedures. The wncentration of SO, 

was measured with a gas cbronmogmphMam photomeuic detennr. A I h u g h t k  est method 

appears to be acceptable, there is inadequate information to evaluate the validity of the analytical 
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method used or to demonstrate that this method is equivalent to EPA Method 6 or 8. Consequently, 

the SO, data are rated D. Fyrite was used to quantify CO, emissions. 

The test data for fluorides are rated A. Reference or equivalent &ods were used, no 
problems were report&, and d t s  were fully documented. The PM data were rated B because the 

method used is somewhat less reliable than EPA Method 5. The S q  data were rated D because a 

nonstandard m&od wa9 used and 110 information was preseated on its reliability, aua~acy ,  precision, 

or equivalence m other m&ods. The CO, data are rated C due to the relative inaccuracy of Fyrite 

analysis. 

4.2.2.6 Refe rence 7. This test program was sponsored by the facility to demonstrate that 

PM. SO,, and fluoride emissions from the cupola w m  in compliance with State requirements . The 

tests were conducted in the common stack for the two cupolas as described in Reference 6 above. 

Tests were conducted with two different charge conditions as shown below. 

CHARGE MAKEUP 

Baseline 

Charge Ib 

coke 3 8 5 4  
I 

SPL I 0 

Duquesne slag 

Trap rock 

Steel 400 

Tennessee slae 400 

710 I b h  SPL II 

ll Duquesne slag 1,300 

I II Trap rock 1,100 

Lime I 50 II 

I II Steel 400 

Tennessee slae I 400 II 

Three test runs were completed for the baseline conditions, and four were completed for the 

SPL runs. Standard EPA methods were used for PM (Methods 1 through 5) and SO,  (Method 6). 

An Alcoa method (Method 4075A) that was approved by the State and EPA was used for fluorides. 

Fyrite was used to quantify CO, emissions. 
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The PM, SO,, and fluoride test data from this report are rated A. Standard methods or 

acceptable equivalents were used, no problems were reported, and the test report fully documented 

results. The COz data are rated C due to the relative inaccuracy of Fyrite analysis. 

. .  4.2.3 ) D B  

The XATEF data base does not contain emission factors for mineral wool manufacturing. 

The SPECIATE data base contains emission factors for emissions from mineral wool 

furnaces, curing ovens, and coolers. However, all of the emission factors are based on surrogate 

profiles. Consequently, they will not be used in the revised AP-42 section. 

4.2.4 Review of Test Data in AP-42 Backmound F ileg 

The current version of AP-42 contains uncontrolled PM emission factors for the cupola, 

reverberatory furnace, blow chamber, curing oven, and cooler and an uncontrolled SOz emission 

factor for the cupola. A review of the background file indicated that these emission factors are based 
on averaging a limited quantity of emission data that were reported in an early (1967) version of 

AP-40 (Reference 11). In addition, Reference 11 includes emission data on uncontrolled emissions of 

SO3 and CO from cupolas; SOz and aldehydes from blow chambers; SOz. nmOgen dioxide (NOz), 

and aldehydes from curing ovens; and SOz and aldehydes from coolers. This reference reported 

average rather than run-specific test results, and the test methods were not documented. Given these 

limitations, the emission factors developed from these data were deemed to be useful for order of 

magnitude estimates only. The emission factors developed from these data are rated E, with the 

exception of the emission factors for aldehydes. Because the lack of documentation on the aldehyde 

emission tests and the fact that a reliable method for testing aldehydes was not available at the time of 

these tests, the aldehyde emission results are highly suspect and are unrated. 

4.2.5 Results of Data i 

For mineral wool manufacturing cupolas, the test reports and documents described above 

provided sufficiem data to devdop emission factors for mconaalIed and controlled fiherablie PM 
emissions; uncontrolled CO, CO,, SO2, HzS, and NO, emissions; uncontrolled and controlled SO3 
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emissions; and controlled fluoride emssions. For reverberatory fureaces, an uncontrolled filterable 

PM emission factor was developed. For mmeral wool batt curing ovens, emission factors were 

developed for uncontrolled and controlled filterable PM emissions and for uncontrolled SO2 and N20 

emissions. For mineral wool blow chambers, emission factors were developed for uncontrolled and 

controlled filterable PM emissions and for uncontrokd so, and C$ emissins. Finally, for minerat 

wool coolers, emission factors were developed for filterable PM and SO2 emissions. The data used 

in the analysis are summanzed ' in Tables 4-4 and 4-5. Table 4 4  summarizes the emission factors 

developed from data found in AF'4 (Reference 11). The final emission factors that were 

incorporated into the revised AP-42 section and their ratings are tabulated in Table 4-7. The 

paragraphs below describe how the emission factors were calculated and summarize the rationale for 

the ratings. 

The filterable PM emission factor for cupola emissions was developed by averaging the data 

in the source category survey report (Reference 1) and AP-40 Reference 11. When compared to the 

fabric-filtercontrolled data from References 3, 4, 6, and 7, the uncontrolled PM data indicate a 

control efficiency of 99 percent. Thus, although the emission factor is based on secondary 

references, the uncontrolled data are consistent with the controlled data from primary references. 

Because the emission factor is based on secondary data, it is rated E. 

The emission factors included in the revised AP42 section on mineral wool manufacturing for 

uncontrolled CO and C02 emissions from cupolas were developed from Reference 2. Emission 

factors for C02 emissions from cupolas also were developed from References 3, 4, 6, and 7. The 

Reference 2 data are rated A and indicated an emission factor of 125 kgMg (250 lb/ton), and the data 

from the other four referem are rated C and average 205 kghig (410 lb/ton). However, emission 

factors developed from C-rated data can only be rated E. For that reason, the emission factor for 

C02 emissions from cupolas developed from Reference 2 was used. 

Although the CO and C% emissions were measured downstream from a fabric tilter, these 

emission factors are considered to be uncontrolled because fabric filters are Mt expected to affect CO 

and C02 emissions. These emission factors are rated D, because they are based on A- and B-rated 

data from only one plant. 
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TABLE 44. SUMMARY OF EMISSION TEST DATA ROR MINERAL 
WOOL MANUFACTURING CUPOLAS 

Facility 
A 

B 

Source ID 
CupolaNo. 1 
(W 

Cupoh No. 2 
(Sl.g/OW 

CupalaNo.4 
(d.g) 

Cupola No. 1 

Cupola No. 2 

Cupola No. 3 

phosphate slag) 
(slag, &de, 

APCD 
FF 

Emission fmor. kg/Mg (lb/wn) feed 
No. of DIU 

Pollutant runs raring Range Avenge Ref. 

co 3 A 130-140 (260-280) 130 (260) 2 

. 
Fluondesl 4 I A 10.0264.036 (0.0524.073) 10.032 (0.062) I 7 

None 1'2% 1 3 1  c 1230-240(460480) 1240 (470) 1 7  

FF 
None 

FF 

*Refer m Scctmn 4.2.2.5 for compdion of charge mumid. 

25 

PM 3 B o.oi60.053 (0.0334.11) 0.032 ( o m )  4 

CO, 3 C 110-200 (210-390) 150 (290) 4 
PM 3 B 0.037-0.073 (0.0734.15) 0.050 (0.099) 4 



TABLE 4-5. SUMMARY OF EMISSION TEST DATA FOR MINERAL WOOL 
MANUFACTURING CURING AND BLOWING 

curing 
oven 

B Blow 
chamber 

Wire 
mesh 
filter - - 

I I I Emission factor. h 

No. of Data 
Pollutadt Nlls rating 

PM 3 C 0.23-0.60 (0.461.2: 

COZ 3 c 60-110 (110-220) 

PM 3 B 0.30-5.9 (0.59-1.2) 0.45 (0.91) 
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aldehyde$ 

N 4  
PM Ifiltcmble~ 

TABLE 44. SUMMARY OF UNCONTROLLED EMISSION FACTORS 
DEVELOPED FROM .4F'-4011.* 

2 0.374.63 0.73-1.3 0.50 1.00 

2 0.0434.12 0.0864.23 0.079 0.16 

4 0.21-2.8 0.43-5.5 1.2 2.4 

curing oven I PM (filterable) I 5 I 0.74-2.9 I 1.5-5.9 I 1.8 I 3.6 11 

Cooler 

I aldehvdesb I 1 I I I 0.021 I 0.042 II 
'All emission factors d E except where indicated. 
bEmission factors are unrated. 
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TABLE 4-7. MINERAL WOOL MANUFACTURING EMISSION FACTORS 

'Activity level is taal feedshuged. 
bonly coke WM used M fuel. 
Tuel was a c o m b m i o n  of c o b  and aluminum smelting byproduca. 
dActivity level is n u u  of product. 
'Activity level is ~ M . Y  of molcen mineral feed. 
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For SOz emissions from cupolas, A- or B-rated data are available for three operating units- 

cupola Nos. 1 and 2 at Facility A and the combined stream at Facility C under different operating 

conditions. Examination of the data shows the data to fall in a reasonably narrow range. 

Consequently, the emission factor was obtained by simply averaging the four A- and B-rated test data. 

This emission factor is rated D because of the limited number of tests and facilities used. 

Uncontrolled emission factors for SO3, HzS, and NO, emissions from cupolas were developed 

from secondary references (References 1 and 11). The uncontrolled SO, emission factor for cupolas, 

which was developed from Reference 11, indicates a fabric filter control efficiency of 98 percent 

when compared to the data in Reference 2. For that reason, the uncontrolled SO, emission factor 

also appears to be reasonable. The uncontrolled emission factors for H,S and NO, also were 

developed from Reference 1. However, there are no controlled data to which these emission facton 

can be compared. 

The controlled filterable PM emission factor for cupolas was obtained by averaging the 

average of the data from five tests at Facility C with the data from tests on the four cupolas at 

Facility B. Again, the emission factor is rated D because it is based on a very limited quantity of 

data. The remaining emission factors developed for mineral wool cupolas are for controlled SO, and 

fluoride emissions. The SO, emission factor is based on two B-rated tests at the same facility 

(Reference 2) and is rat& D. Fluoride emission factom for two types of fuel were developed from 

one test each and are also rated D. 

The emission factors for controlled filterable PM emissions from batt curing ovens and blow 

chambers were developed from References 5 and 3, respectively. These emission factors are each 

rated D, because they are based on a single emission test. All other emission factors for mineral 

wool manufacturing are based on secondary references and are rated E. 

The uncontrolled filterable PM emission factor for blow chambers is based on an average of 

the data in References 1 and 11. This emission factor, when compared to the wire mesh filter- 

controlled emission factor developed from Reference 3, indicates a control efficiency of 93 percent, 

which seems reasonable. Also, a comparison of the uncontrolled (based on secondary data) and 

ESP-controiled PM emission facton for curing owns indicates a contml efficiency of 80 percent, 

which also appears to be reasonable. There are no other data with which the other emission factors 
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developed from secondary data can be compared. However, they are emsidered to be useful for 

order-of-magnitude estimates and have been included in the revised AP-42 section. 
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5. DRAFT AP42 SECTION 8.16 

8.16 MINERAL WOOL MANUFACTURING 

8.16.1 General'.' 

Mineral wool often is deiined as any librous glassy substance. made from minerals (typically 

natural rockmaterials such as basalt or diabase) or mineral products such as slag and glass. Because 

glass wool production is covered separately in AP42 (Section 8. Il), this section deals only with the 

production of mineral wool from natural rock and slags such as iron blast furnace slag, the primary 

material, and copper, lead, and phosphate slags. These materials are processed into insulation and 

other fibrous building materials that are used for suucmraI strength and fire resistance. Generally, 

these products take one of four forms: "blowing" wool or "pouring" wool, which is put into the 

structural spaces of buildings; batts, which may be covered with a vapor barrier of paper or foil and 

are shaped to fit between the structural members of buildings; industrial and commercial products 

such as highdensity fiber felts and blank-, which ak. used for insulating boilers, ovens, pipes, 

refrigerators, and other process equipment; and bulk fiber, which is used as a raw material in 

manufacturing other products, such as ceiling tile, wall board, spray-on insulation, cement, and 

mortar. 

Mineral wool manufacturing facilities are included in Standard Industrial Classification (SIC) 

Code 3296, mineral wool. This SIC code also includes the production of glass wool insulation 

products, but those facilities engaged in manufacturing textile glass fibers are included in SIC 

Code 3229. The six digit source category code (SCC) for mineral wool manufacturing is 345417. 

1.43 . .  8.16.2 Process 

Most mineral wool produced in the United States today is produced from slag or a mixture of 

slag and rock. Most of the slag used by the industry is generated by integrated iron and steel plants 

as a blast furnace byproduct from pig iron production. Other sources of slag include the copper, 

lead, and phosphate industries. The production prous ha9 three primary components-molten 
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mineral generation in the cupola, fiber formation and collection, and final product formation. 

Figure 8.16-1 illustrates the mineral wool manufacturing process. 

The first step in the process involves melting the mineral feed. The raw material (slag and rock) 

is loaded into a cupoia in alternating layers with coke at weight ratios of about 5 to 6 parts mineral to 

1 part coke. As the coke is ignited and burned, the mineral charge is heated to the molten state at a 

temperature of 1300' to 1650°C (2400' to 3000°F). Combustion air is supplied through tuyeres 

located near the bottom of the furnace. Process modificatiom at some plan& include air enrichment 

and the use of natural gas auxiliary burners to reduce coke consumption. One facility also reported 

using an aluminum flux byproduct to reduce coke consumption. 

The molten mineral charge & the bottom of the cupola in a water-cooled trough and falls onto 

a fiberization device. Most of the mineral wool produced in the United States is made by variations 

of two fiberization methods. The Powell process uses groups of roton revolving at a high rate of 

speed to form the fibers. Molten material is distributed in a thin film on the surfaces of the rotors 

and then is thrown off by centrifugal force. As the material is discharged from the rotor, small 

globules develop on the rotors and form long, fibrous tails as they travel horizontally. Air or steam 

may be blown around the rotors to assist in fiberiiing the material. A second fiberization method, the 

Downey process. uses a spinning concave rotor with air or steam attenuation. Molten material is 

distributed over the surface of the rotor, from which it flows up and over the edge and is captured 

and directed by a high-velocity stream of air or steam. 

During the spinning process, not all globules that develop are converted into fiber. The 

nonfiberized globules that remain are referred to as "shot." In raw mineral wool, as much as half of 

the mass of the product may consist of shot. As shown in Figure 8.16-1, shot is usually separated 

from the wool by gravity immediately following fiberization. 

Depending on the desired product, various chemical agents may be applied to the newly formed 

fiber immediately following the rotor. In almost all cases, an oil is applied to suppress dust and, to 

some degree, anneal the fiber. This oil can be either a proprietary product or a medium- weight fuel 

or lubricating oil. If the fiber is intended for use as loose wool or bulk products, no further chemical 

treatment is necessmy. If the mineral wool product is quired to have Stnretnrat rigidity, x in bans 

and industrial felt, a binding agent is applied with or in place of the oil treatment. This binder is 
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Figure 8.164. Mineral wool manufauuring pmcess flow diagram. 
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typically a phenol-formaldehyde resin that R@es curing at elevated temperatures. Both the oil and 

the binder are applied by atomizing the liquids and spraying the agents to coat the airborne fiber. 

After formation and chemical treatment, the fiber is collected in a blowchamber. Resin-and/or 

oilcoated fibers are drawn down on a wire mesh conveyor by fans located beneath the collector. The 

speed of the conveyor is set so that a wwl blanket of desired thickness can be obtained. 

Mineral w w l  containing the binding agent is carried by conveyor to a curing oven, where the 

wool blanket is compressed to the appropriate density and the binder is baked. Hot air, at a 

temperature of 150' to 320°C (300' to 600°F), is forced through the blanket until the binder has set. 

Curing time and temperature depend on the type of binder used and the mass rate through the oven. 

A cooling section follows the oven, where blowers force air at ambient temperatures through the wool 

blanket. 

To make bath and industrial felt products, the cooled wwl blanket is cut longitudinally and 

transversely to the desired size. Some insulation products are then covered with a vapor barrier of 

aluminum foil or asphaltaated kraft paper on one side and untreated paper on the other side. The 

cutters, vapor barrier applicators, and conveyors are sometimes referred to collectively as a baa 

machine. Those products that do not require a vapor barrier, such as induswial felt and some 

residential insulation batts, can be packed for shipment immediately after cutting. 

Loose wool products consist primarily of blowing wool and bulk fiber. For these products, no 

binding agent is applied, and the curing oven is eliminated. For granulated wool products, the fiber 

blanket leaving the blowchamber is fed to a shredder and pelletizer. The pelletizer forms small, 1- 

inch diameter pellets and separatea shot from the wool. A bagging operation completes the processes. 

For other loose wool products, fiber can be transported directly from the blowchamber to a baler or 

bagger for packaging. .~ 
._) 

hiroc$< ~ ; h ~ - < x c , c  t; m,i,;,,- .J 
w:!yrt f :.;izrcr) .i t; w,,,L: , - ~ ~ ,  - T 

8.16.3 Emissions and ContrQls 1 

The sources of emissions in the mineral wool mamdaftlai industry are the cupola, the blow 

chamber, the curing oven, the mineraI wool cooler, and possibly materials handlii and bagging 
operations. With the exception of lead, the industry emits the full range of criteria pollutants. Also, 
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depending on the particular types of slag and binding agents used, the fMities may emit both 

metallic and organic hazardous air pollutants (HAP’S). 

The primary source of emissions in the mineral wool manufacturing process is the cupola. It is 

a significant source of particulate matter (PM) emissions and is likely to be a source of PM less than 

10 micrometers (pm) in diameter (PM-IO) emissions, although no particle size data are available. 

Coke combustion in the furnace produces carbon monoxide (CO), carbon dioxide (CW, and nitrogen 

oxide (NOx) emissions. Finally, because blast furnace slags contain sulfur, the cupola is also a source 

of sulfur dioxide (SO3 and hydrogen sulfide (HzS) emissions. 

The blowchamber is a source of PM (and probably PM-IO) emissions. Also, the annealing oils 

used in the process can lead to VOC emissions from the proc*rs. Ottter scmrcu of VOC emissions 

include ban application and the curing oven. Finally, fugitive PM emissions can be generated during 

cooling, handling, and bagging operations. Table 8.16-1 presents emission factors for tilterable PM 

emissions from various mineral wool manufacturing processes; Table 8-16.2 shows emission factors 

for CO, C02, SOz, and sulfates; and Table 8 . 1 6 3  presents emission factors for fluorides. 

Mineral wool manufacturers use a variety of air pollution control techniques, but most are 
directed toward PM control with minimal control of other pollutants. The industry has given greatest 

attention to cupola Ph4 contrd, with twethirds of the cupolas in operation having fabric tilter control 
systems. Some cupola exhausts are controlled by wet scrubbers and electrostatic precipitators 

(ESP’s); cyclones are also used for cupola PM control either alone or in combination with other 

control devices. About half of the blow chambers in the industry also have some level of PM 

control, with the predominant wnml device being lowenergy wet scrubbers. Cyclones and fabric 

filters have been used to a limited degree on blow chambers. Finally, afterburners have been used to 

control VOC emissions from blow chambers and curing ovem and CO emissions from cupolas. 

! 
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TABLE 8.161. (METRIC UNITS) 
EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING. 

All emission factors in kg/Mg of product unless noted 
Ratings (A-E) follow each emission factor 

6CC) 

Cupolac 
13050 170 1) 

Filterable P M ~  
8.2 E 

Cupola with fabric ii~teP 
f30501701) 

E I Reverberatory furnace' 

Batt curing oven' 1.8 E 
(305017w) 

Batt curing oven with ESP' 0.36 D 
(30501704) 

Blow chamberC 6.0 E 
(30501703) 

Blow chamber with wire mesh filterg 0.45 D 
(30501703) 

CooleP 1.2 E 
(3050 1709 

.Factors represent uncontrolled emissions unless otherwise noted. 
bFilterable PM is that PM collected on or prior to the filter of an EPA 
Method 5 (or equivalent) sampling train. 

cReferenceS 1, 12. Activity level is assumed to be total feed charged. 
dReferences 6, 7, 8, 10, and 11. Activity level is total feed charged. 
'Reference 12. 
'Reference 9. 
gReference 7. Activity level is mass of molten mineral feed charged. 

9/92 a. 16-6 EMISSION FACTORS 



9/92 

TABLE 8.16-1. (ENGLISH UNlTSJ 
EMISSION FACIDRS FOR MINERAL WOOL MANUFACTURING' 

All emission factors in lblton of product unless noted 
Ratings (A-E) follow each emission factor - 

- 

Process (SCC, Filterable P M ~  
Cupola' 16 E 
(30501701) 

Cupola with fabric tiltefl 0.10 D 
(3050 170 1) 

Reverberatory furnacec 
00501702) I 4.8 I E II 
Batt curhg oven' 3.6 E 
(3050 1704) 

Batt curine oven with ESP' I 0.72 I D It 
(305017Oi) I 
Blow chambef 12 E 
(3050 1703) 

Blow chamber with wire mesh tilterg 0.91 D 
(30501703) 

CoolerC 
(30501705) 

'Factors represent uncontrolled emissions unless otherwise noted. 
bFilterable PM is that PM collected on or prior to the tilter of an EPA 
Method 5 (or equivalent) sampling train. 

'Reference 1, 12. Activity level is assumed to be total feed charged. 
dReferences 6, 7, 8. 10, and 11. Activity level is total feed charged. 
'Reference 12. 
'Reference 9. 
gReference 7. Activity level is mass of molten mineral feed charged. 
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TABLE 8.16-2 (METRIC UNlTS) 
EMISSION FACTORS FOR MINERAL WOOL MANUFA(JTURINGa 

All emission factors in kg/Mg of total feed charged unless noted 
Ratings (A-E) follow each emission factor 

Source 4 I I I 
(SCC) 

(30501701) 

fabric filter 

fabric filter 
(3050 170 1 ) 

Batt curing 

chamber 

Cooler y- 

S 

NA 

NA 

O S @  

0.43d 

0.034d - 

'2 so3 
D 3.2d E 

O.&' E 

e 

E e 

E e 

E e 

NA = Not applicable. 
%actors represent uncontrolled emissions unless otherwise noted. 
keference 6. 
'Referen- 6, 10, and 11. 
heference 12. 
Wo data available. 
'Reference 9. 
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TABLE 8.16-2 (ENGLISH UNITS) 
EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING* 

All emission factors in Iblton of total feed charged unless noted 
Ratings (A-E) follow each emission factor 

I source 

ICupola 
f30501701) 

Cupola wiri 
fabric tiler 
(30501701) 

Cupola witt 
fabric 6lte.r 
(30501701) 

Baa curing 
oven 
130501704) 

Blow 
chamber 
(3050 1703) 

Cooler 
(30501705) 

NA I 

I I 

NA = Not applicable. 
%actors represent uncontrolled emissions unless otherwise noted. 
keference 6. 
CReferenCes 6, 10, and 11. 
dReference 12. 
U o  data available. 
keference 9. 
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TABLE 8.16-3 (METRIC UNlTS) . 

EMISSION FACTORS FOR MINERAL WOOL MANUPACIWRtNGa 

All emission factom in kgiMg of total feed charged unless noted 
Ratings (A-E) follow each emission factor 

aFactors represent uncontrolled emissions unless otherwise noted. 
bReference 1.  
CNo data available. 
dReferences 10 and 11. Coke only used BS fuel. 
aeferences 10 and 11.  Fuei combination of coke and aluminum smelting byproducts. 
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TABLE 8.16-3 (ENGLISH UNITS) 
EMISSION FACTORS FOR MINERAL WOOL MANUFAClVRING' 

All emission factors in Ib/ton of total feed charged unless noted 
Ratings (A-E) follow each emission factor 

.Factors represent uncontrolled emissions unless otherwise noted. 
bReference 1. 
CNo data available. 
'keferences 10 and 11.  Coke only used as fuel. 
CReferenCes 10 and 1 1 .  Fuel combination of coke and aluminum smelting byproducts. 
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Process 
cupola 

COMPARISON OF MINERAL WOOL MANUFACTURING EMISSION 
FACTORS IN AP-40 (1 967) AND SOURCE CATEGORY SURVEY (1980) 

Uncontrolled emission factors in kg/Mg 
AP-40 Source cat. survey 

Pollutant EF No. tests EF No. tests 
PM 11 3 5.3 3 
s o 2  5.6 1 5.3 10 
SO3 3.2 1 

Cooler 

s o 2  0.58 1 
NO2 0.079 2 

aldehydes 0.5 2 
PM 1.2 4 

s o 2  0.034 1 
aldehydes 0.021 1 



MINERAL WOOL-C02 BY FYRITE-SUMMARY OF EMISSION FACTORS 

- Process 
Cupola 

Cupola 

Ban 
curing 
oven 

Cupola 



COMPARISON OF UNCONTROLLED MINERAL WOOL MANUFACTURlhG EMISSION 
FACTORS IN AP-40 (1967) AND SOURCE CATEGORY SURVEY (1980) WITH 
CONTROLLED EMISSION FACTORS DEVELOPED FROM EMISSION TESTS 

klaldehydesl 0.5 I 2 I I I 0.5 I I I 
Cnnb, 4 PM I 1 3  I A 1 7 1  7 4  I . ... , ..- , -. . 

1 I I 1 0.034 I 0.068 I -3 so2 I 0.034 I I I -"-'-' I 
I dlaldehydes I 0.021 I 1 I I I 0.021 I 0.042 I I I I 
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COMPARISON OF EMISSION CONCENTRATIONS 
MINERAL WOOL AP-42 REVISIONS 

10 0.014 I 16.17 I 10.7 I 0 0 




