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MEMORANDUM
DATE: August 25, 1988
TO: Ken Schuster/Jerry Clayton

FROM: Robert- Wooten.

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

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

The method used for particulate determination involved weighing the sampling
thimble used to collect particulate fluorides. Due to the filter being
cellulose, it tended to gain atmospheric moisture readily which made the
accuracy of the weighings slightly uncertain. Also, probe and filter holder
washings were omitted. The particulate values should be somewhat less accurate
than a properly performed Method 5 test.

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

Sulfur dioxide emissions were determined using a method said to be like EPA
Method 15. None of the necessary supporting data was provided. It is not
possible to accept the SO, results since there is nothing to show that correct
procedures were followed.® Also, the heat input is undetermined and 802 may come
from other than fuel.

The method used for fluoride measurement was ALCOA Method 4075A. This method is
similar to EPA Method 13B. After discussing certain details of the the test
method with Gary McAllister of the EPA, I have concluded that Method 4075A
should give accurate results for this source.

The attached table summarizes the fluoride emissions for the three operating
conditions tested. The charge makeup and number of charges per hour given in
Table 1 on page 2 of the report should be regarded as only nominal. I computed
SPL, Lime, and coke charge rates from the production records covering the shift
during which testing was performed. You may wish to have American Rockwool
verify.my numbers as their production records as reproduced in the report are a
Tittle confusing.
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The first test run of condition B showed lower fluorides than the next three
runs. It is not possible to say if the test run is flawed. If it is omitted,
the average fluoride emission rate increases 23% (7.84 ibs/hr to 9.67 1bs/hr).

Only two fluoride runs were performed for condition D due to process problems.
I accept the results of the two test runs performed.

For condition A, I calculated an emission factor of .000259 1b f/ b coke. For
condition B, I got .00557 1b F/ 1b SPL (using 7.41 1b F/hr). This is 21.5 times
greater than for coke pound for pound. Since more than a pound of SPL will
replace a pound of coke, the actual fluoride increase should be greater.

For condition D, I found .00205 1b F/ 1b SPL with .107 Tb lime/ 1b SPL. The
emission factor for SPL with lime is 7.9 times that for coke. Note again that
more SPL will be used than the weight of coke reduced.

The fluoride emission standard for this source is given in condition 11 of
Permit # 3578R7. The use of 1420 1bs/hr of SPL in both cupolas combined is
allowed. The fluoride emissions must not increase over 2.8 1bs/hr (total) when
using SPL compared to what the fluoride emissions would be without SPL.

Test condition B shows a fluoride increase of 7.11 1b/hr over condition A with
an SPL input of 1329.8 1b/hr (90 1b/hr less than the maximum allowed). If the
first test run is omitted, the increase is 8.94 1b/hr. The B condition test
shows that the. cupolas vioiate the permitted fluoride increase Timit set in the
permit when SPL without lime is used.

Test condition D was allowed by permit for a 1imited time to establish emissions
if 1ime is added along with the SPL. Condition D shows a fluoride increase of
4.37 1b/hr over condition A with a SPL input of 2382 1b/hr. If the emission
factor found from this test is applied to the 1420 1b/hr SPL allowed by the
permit, the fluoride emission due to SPL is 2.911 1b/hr. Of course, when SPL is
used, it replaces coke at somewhat more than a pound of SPL per pound eof coke.
[f it were a pound for a pound, the fiuoride increase would be .001791 1bF/1b
SPL or, for 1420 1b SPL/hr, 2.54 1bF/hr increase which is within the 2.8 1b/hr
increase allowed.

As I understand it, the condition D test was not intended to determine
compliance with Permit # 3578R7 operating conditions and emission limits. The
results are useful for predicting fluoride emissions when 1ime is added to the
cupolas in the proportions used for the Condition D test.

According to Ken Schuster, the real fluoride concern is that actual fluoride
emissions not exceed six (6) pounds per hour and that the annual fluoride
increase due to using SPL not exceed three tons. The six 1b/hr figure comes
from modeting. The 2.8 1b/hr increase figure in the permit comes from
assumptions (apparently incorrect) about pre-SPL fluoride emissions and the six
1b/hr modeling value.

Attachment

cc: Mike Aldridge
Central File via Lee Daniel




OPERATING CONDITIONS AND FLUQRIDE EMISSIONS

Average Fluoride

1bs/charge charges/hr : 1bs charged/hr 1bs/hr
Cuploa I II I II I II  Total  combined

17MAY88 - Condition A

SPL 0 0 0 Q 0 0 0

Lime 0 0 0 0 0 0 i .73
Coke 388.8 388.6 3.63 3.63 1411 1411 2822

18MAY38 - Condition B .

SPL 207.3 - 218.7 3.25 3.00 673.7 656.1 1329.8

Lime 0 0 0 ] 0 0 0 7.84
Coke 264 .8 268.5 3.25 3.00 860.6 805.5 1666.1 * 9,67
19MAY88 - Condition D

SPL 427.3 428.0 3.11 2.46 1329 i053 2382

Lime 23.86 24.38 6.00 4.56 243.2 111.2 254.4 5.10
Coke 143.8 145.7 3.11 2.46 447 .2 358.4 805.6

* If the first of the four runs is omitted since it is much lower than the other three.



This attachment contains:

pﬂf"’ﬁ‘WED

A) Field testing raw data. - <L UL 13 1988
B} Preliminary field testing reduced data.
C) Laboratory raw and reduced data. AR QUALITY TECH SERVICES
- Sulfur dioxide data.
- Fluoride. L
1) Nozzle data. . e e

2) Thimble data.
3) Impinger data,
4) SIE calibration plots.

For ease of identification, the LSN/ID# is provided for each sample
obtained in 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 Blk Thimble

F - Impinger Blank 804229/539007
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PLANT ,4,,,,, Pockiost

CITY STATE NC_

DATE 88-o02-~0%

/6

RUN i/_ METHOD

UNIT __BoFh

QO INLET

& OUTLET _S ,]; <
START TIME 7. 4(6  dBpe

FINISH TIME 5. 59  &pM
METER OPERATOR AV

METER BOX NO. 2/68

or @ /86
DATA

1 Pb m *Hg

2 Static _:O_L.LZ e

3 Ve __1@_ ml

4 Mn .

> _____é__O____ min

6 %0, 9

7 % COZ __2,_'_ |

8 DH Lo "we

9 ¢p ©.89

10 Tm ‘5-‘{ .

1 Vop O.498 Vrwe

1275 _32F F

13 W 6.2 1

.o O_W'L in

15 As M ftz

16 Y& O cfef

PARAMETER SHEET

ALCOA

COMMENTS :

v AN

FILTER NO. D

THIMBLE NO.

RESULTS Aegene B = 2%
Vmstd H5 84  dscf
Vwstd O.36F  scf
Bwo O. 008
Md 29.08 1b/1b-mole 29,08
Ms 28 99 ib/1b-mole 28 56
Vs 2398 ft/s 28.cH
1 98 O C)C)’ O
acfm _HIH60 NESHO
dscfm We8ed ie 360
Particulate gr/dscf
1b/hr

50, |04 3 1b/hr
Gaseous F 1b/hr
Particulate F 1b/hr
Total F ib/hr




PLANT /4m B;cJ(WJ
c1Ty Sp Hpe state_AJC

pATE 88 - 02 -0

rov 4 MeTHoD A0S -A
uNIT  AAR

O INLET

& OUTLET  STREK

START TIME _ £ NS girem
FINISH TIME 8:99  &/pM
METER OPERATOR S (2.

METER BOX No. /874

DH @ /.90
DATA

1 Pb 20, 29 "Hg

2 Static —~O, 2T “wc

3 Vic ;4.1 m

4 Mn 9

5 @ . &0 min

6 %0, (9

7 %00, 2~

8 DH [ 18 *we

9 Cp o.84

10 Tm LO F

n Vop _o.xgq ﬁc

12 Ts 2+ F

13 ¥m s 738 3

14 Dn 0. 294 _in

15 As 2813 ft?

16 Yd Jloo _ cf/ef

PARAMETER SHEET

COA

i

AL

COMMENTS:
nfo3%

R{QIZ;QLLmMﬁAL‘ 254A~£L£I

FILTER NO.
THIMBLE NO.

RESULTS
Vmstd N2 dscf
Vwstd O, fi scf
Bwo 0.014
Md 29.08  15/1b-mole
Ms ZS.8F 1b/1b-mole
Vs 2Y.S3  ft/s
%1 fo3, F
acfm Ne 0D
dscfm NSSHFO
Particulate ———  gr/dscf
— 1b/hr
SO —_ 1b/hr

2 ————
Gaseous F 0. O%  1b/hr

Particulate F _ O Ww>  1b/hr
Total F _O 1O 1b/hr
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DIVISION OF ENVIRONMENTAL MANAGEMENT
AIR QUALITY SECTION
RALEIGH REGIONAL OFFICE

April 25, 1988

MEMORANDUM
TO: Mike Aldridge/Bob Wooten
FROM: Ken Schuster &

SUBJECT: BAmerican 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. Additicnal information refers to April 1986 testing and a
rockwool emission test in Texas. In addition to fluorides, particulate, sul-
fur dioxide, and cpacity were tested.

As per our earlier discussion, AR {American Rockwool Co.) initiated the
use of spent pot 1lining (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 warious 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 1lb/hr (as per AR request) due to vegeta-
tive concerns.

At the time of the permit review (12/11/87), only information from the
Bpril 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) 1lb 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 1lb/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.




It

It should be noted that the February test appears to show compliance with
the particulate and opacity standards. The source modeled S0, at 100
lb/hr. The actual as per testing was 144.1 1lb/hr. The company will
submit application for revision of modeling. Also, during the February
test, 810 pounds of SPL were charged per hour per cupcla. The permit
application is for 710 pounds per hour per cupcola. 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 fwo primary concerns. One concern is
whether the source is presently in compliance, and the other is whether the
source previcusly operated in compliance. The February testing appears to
demonstrate compliance with the present permit. The S0, modeling requires
adjustment. The second concern arises since the source previocusly 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 (.02 and .002, respectively). Due to the significant difference in
the factors, the background can range from 6522 1lb fluoride/yr to 19,368 1b
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, ete. 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. O©On
this report, factors were used as follows:

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

The twelve month running average of 12,242 1b is less than the 19,682 1b/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 flucride
emissions using three different scenarios:




{1y wusing the .02/.008 factor through September 1987
using the .002/.004 factor beginning October 1987
{(results on page 8)

(2) using the .002/.004 factors for all months
{results on page 16)

* ’ .
{3) wusing the 0.02/0.012 factor through September 1987
using the 0.002/0.004 factor beginning October 1987
{results on page 18)

*
The 0.012 factor comes from April 1986, Massena (M)
SPL testing {see Appendix I, page 9)

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

For compliance and future permitting, in addition to any future testing,
the factors to be used must now be determined, in addition to any future
testing. It has recently been observed that four of their five mixes do not
have limestone in them (see Appendix I, page 4). The worst case of these
would most likely require testing either prior to or after any permit revi-
sion.

I am also attaching a recent submittal sent by the consultant. It con-
tains the % fluoride of the materials input during testing. The SPL % fluor-
ide is somewhat higher than the initial permit value (12.6% vs. 10.75%). -
There are some other differences (both positive and negative) which total
approximately the same % fluoride.

In summary, we need to determine which "factors™ will be used to deter-
mine compliance for past, present, and future running averages, and what
future testing, material sampling, etc¢. will be required. Please let me know
if you would like to get together and discuss this prior to forwarding your
comments. As this is still scheduled to go to hearing unless the running
average can be resolved, we will need to let OLA know our decision soon.

KS/5f

att.




TEST
DATE

APRIL 886
(BKGRD)
(SPL,B)
(SPL,M)

JAN 88

{BKGRD)
(SPL350)
(SPL700)

FEB 5,08
(BACKGRD)
(710 SPL)

TEXAS
{BKGRD)
(SPL1000)
(SPL1500)

PERMIT

APPEND I A

II

(BOTH CUPCLAS)

#S02/HR LB S02/ PART. H28
MMBTU W/BACK-
HALF

148 1.5
120 1.8
110 1.7
144 .1 1.1 3
11 0.8 4
100 2.3 10

as pec
Cress)

AMERICAN ROCKWOOL ,NASH COUNTY 880404

OPACITY FLUORIDE

0.27
0.53
0.87

5 0.023
5 0.86

s Em

12 20 &




AMERICAN ROCKWOOL ,NASH COUNTY 880404
III
#$'S/CHARGCHARGE PER CUPOLA (#'S)

TEST

DATE

APRIL 86

(BKGRD)

(SPL,B)

(SPL,M)

JAN 88

{BKGRD) 398 0 1278 1090 49 394
{SPL350) 226 100 1270 1088 50 396
{SPL700) 259 215 1118 1006 L 371
FEB 5,88

(BACKGRD) 400 o 1300 1100 50 400
{7210 spL) 260 225 1300 1100 50 400
TEXAS

{BKGRD) 400 c 8] 1050 4] 0
(SPL100O) 278

{SPL1500) 417

396
393
377

400
400

400




53

CHARGES/
HOUR

3.37
3.37
3.37

wow
o O

w oW W
Wow




AMERICAN ROCKWOOL ,NASH COUNTY 880404
IV
CHARGE/CUUPOLA (#/HR)

TEST

DATE COKE sPL ouQ TRAP TENN
SLAG ROCK LIME STEEL SLAG

APRIL 86

(BKGRD) 1164 0 4239 1668 83 200 2000

(SPL,B) 683 1020 0 1668 83 200 2000

(SPL,M) 683 1014 0 1668 83 200 2000

JAN 88

(BKGRD)  1341.26 0 4306.86 3673.3  165.13 1327.78 1334.52

(SPL350)  761.62 337  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

FEB 5,88

(BACKGRD) 1440 0 4680 . 3960 180 1440 1440

(710 SPL) 936 810 4680 3960 180 1440 1440

TEXAS

(BKGRD) 1320 0 0 3465 0 0 1320

(5PL1000)  917.4 0 0 0 0 0 0

(SPL1500) 1376.1 . 0 0 0 0 0 0

COKE sPL ouQ. TRAP TENM

SLAG ROCK LIME STEEL SLAG

PERMIT 1300 710 5500 2500 250 3000 3000

% FL 0 1.3 0.45 0 0.4 0 2.4

NOTE: THE MASSENA FL.=10.2%, BADIN=11.3%

ACTUAL BLENDS;

STANDARD ROCKWOOL

w/0 1285 0 4329 3663 167 1332 1332

Ww/SPL 866 700 4329 3663 167 1332 1332

WHITE"ROCKWOOL

W/0 1285 0 7326 0 g 0 1665

W/EPL 866 700 7326 0 0 0 1665

FIBER-GRO ROCKWOOL

W/0 1285 0 1000 4995 0 3330

53

W/SPL . €66 700 1000 4995 0 3330

DARK ROCKWOOL

w/0 1285 0 0 4329 0 3330 666

W/EPL 866 700 0 £329 0 3330 666

CRYOGENIC ROCKWOOL

s 1285 0 0 3164 0 5162 1665

=N X [ Xl 700 Inl 3400 n [+ W) 400




FELDSFAR BOF

{(NR) SLAG
0 0
1000
1000
1000
=
1000
1898

1998




AMERICAN ROCKWOOL ,NASH COUNTY 880404
v
$'S OF FL INPUT/CUPOLA

TEST
DATE COKE SPL ouQ TRAP TENN
SLAG ROCK LIME STEEL SLAG
APRIL 86
(BKGRD) 0.0 6.0 19.1 0.0 0.3 0.0 48,
(SPL,E) 0.0 . 115.3 0.0 0.0 0.3 0.0 L8,
{SPL,M) 0.0 114,6 0.0 0.0 0.3 0.0 48,
JAN 88
{BKGRD) 0.0 0.0 19.4 0.0 0.7 0.0 32.
(SPL350) 0.0 3g.1 19.3 0.0 0.7 0.0 31.
{SPL700} 0.0 81.9 17.0 0.0 0.6 0.0 30.
FEE 5,88
{BACKGRD) 0.0 6.0 21.1 0.0 0.7 0.0 34 .
(710 SPL) 0.0 91.5 21.1 0.0 0.7 G.0 34,
TEXAS
(BKGRD)
($PL100G)
(SPL1500)
COKE SPL DUQ TRAP TENN
- SLAG ROCK LIME STEEL SLAG
PERMIT 1300.0 710.0 5500.0 2500.0 250.0 3000.0 3000,
% FL 0.0 11.3 0.5 0.0 0.4 0.0 2.
ACTUAL BLENDG:
STANDARD ROCKWOOL
w/0 0.0 0.0 19.5 0.0 0.7 0.0 32.
W/3PL 0.0 79.1 19.5 G.0 0.7 0.0 32.
WHITE ROC 0.0 0.0 0.0 6.0 Qa0 0.0 0.
wW/O 0.0 0.0 33,0 0.0 0.0 0.0 40,
wW/SPL 0.0 79.1 33.0 0.0 0.0 0.0 40.
FIBER-GRO 0.0 0.0 6.0 0.0 0.0 0.0 0.
w/0 0.0 0.0 4.5 0.0 0.0 . 0.0 0.
53
W/SFL 0.0 79.1 4.5 0.0 0.0 0.0 0.
DARK EROCK 0.0 0.0 0.0 0.0 0.0 0.0 0.
w/0 0.0 0.0 0.0 0.0 0.0 0.0 16,
W/SPL 0.0 79,1 0.0 0.0 0.0 0.0 16.
0.0 0.0 0.0 0.0 0.0 0.0 0.

CRYOGENIC

o

[om I i By s b e Y o0 Y o0 Y 0



AMERICAN ROCKWOOL (NASH COUNTY 880404
VI
TOTALS (BOTH CUPOLAS AT SPRING HOPE)

TEST
DATE FLUORIDE FLUORIDE FL QUT/
IN (#,5) OUT #'S FL IN
APRIL 86
(BKGRD) 134 .8 3.2 0.02373
(5PL,B) 327.2 0.6 0.00183
(SPL,M) 325.8 1.1 0.00338
JAN 88
(BKGRD) 104 .2 0.3 0.00262
(SPL350) 179.6 0.5 0.00295
(SPL700) 259.9 0.9 0.00335
FEB 5,68
(BACKGRD)  112.7 0.2 0.00204
(710 SPL)  295.8 0.9 0.00291
TEXAS :
(BKGRD) 45.0 0.6 0.01333
(SPL1000)  145.0 t.4 ©0.00966
(SPL1S00)  185.0 1.4 0.00718
FLUORIDE FLUORIDE
IN (#,S) OUT #'5
PERMIT
% FL

ACTUAL BLENDS;
STANDARD ROCKWOOL

w/0 104.3
wW/SPL 262.5
WHITE ROCKWOOL
wW/0 145.9
w/SPL 304.1
FIBER-GRO ROCKWOOL
W/ 9.0
W/SPL 167.2
CDARK ROCKWCOL

w/0O 32.0
W/SFEL 190.2

CRYOGENIC ROCKWOOL
w/G 789.9




TEST
DATE

APRIL 86
(BKGRD)
(SPL,B)
(SPL,M)

JAN 88

(BKGRD)
(5PL350)
(SPL700)

FEB 5,88
(BACKGRE)
(710 2PL)

TEXAS
(BKGRD)
(SEL1000)
(SPL1500)

~

i
AMERICAN ROCKWOOL ,NASH CQUNTY 8B0413
VIII
PER CUPOLA BASIS/HOUR FL IN IS FOR BOTH CUPOLAS(JANgFEB)
A B B/A D E (B-D)Y/(A-E) (B-D)Y/A
FLUORIDE FL OUT FL OUuT FL OUT SPL FL FL OUT/ FL OuUT/
IN (#,5) (4'5) FL IN EKGRD IN IN IN
ONLY (#'S) -BKGRD TOTAL
67.4 1.60 0.0237 1.6 0.0 0.0000 0.0000
163.6 2.45 0.0150 1.6 115.3 0.0176 0.0052
162.9 3.60 00224 1.5 114 .6 0.0414 0.0123
104 .2 0.27 G.0026 0.27 0.0 0.0000 0.0000
179.86 0.53 0.0030 0.27 38. 1 0.0018 0.0014
259.,9 0.87 ~-0.0033 0.27 81.9 0.0034 0.0023
72.1% 0.23 0.0032 0.23 0.0 0.0000 0.0000
274 ,0% 0.86 ° 0.0031 0.23 91.5 0.0035 0.0023
a9 ﬁlf‘.ﬁ ‘G’am Avw-.u o %d-f_u.‘nﬂ‘
45.0 0.60 0.0133 0.6 0.0 0.0000 Q.0000n
14%.0 1.40 0.0097 0.6 0.0 0.0055 0.005%
195.0 1.40 0.0072 0.6 0.0 0.004 1 0.0041




TEST
DATE

AFPRIL 86
(BKGRD)
{SFL,B)
(SPL,M)

JAN 88
(BKGRD)
(2PL350)
(sPL700)

FEE 5,88
(BACKGRD)
(710 SPL)

TEXAS
(BK3GRD)
(ZPL1000)Y
(3FL1500)

-~

AMERICAN

PER HOUR

A
FLUQRIDE
IN (#,5)

67.
163.
162,

w o,

104 .2
179.
258.9

o

72.
274.0

—_

us.0
145,0
195.,0

KROCKWQOOL ,NASH
IX

valve vsed W ?«-m}\ awllca’o}on

COUNTY 880413

\\ N

BASIS FL IN IS FOR BOTH CUPOLAS({JANRFEB) QJ/
B D F (&-D)/F G (B-D)&TA*G)
FL OUT FL OUT $OF FL INCR BKGRD EMISSION
{(#'5) BKGRD SPL FROM SPL CHARGE COF FACTOR
ONLY CHARGED #/HR/#SRL FL #/HR
1.60 1.6
2.45 1.6 1020.0 0.0008 0.0052
3.60 1.8 1014.0 0.0020 0.0123
0.27 0.27 104
0.53 0.27 674.0 0.0004 104 0.0034
0.87 G.27 1450.0 0.06004 104 0.0038
0.23 0.23 . 72
0.86 0.23 1620.0 0.0004 72 0.0031
0.60 N.6 45
t.40 0.6 1000.0 0.0008 45 0.g0080
1.40 0.6 1500.0 0.0005% 45 G.Ca57




APPENDIX B

XRKAMERTCAN ROCKWOQOL **X

FLOURIDES: .02/.008 THOUGH SEPT 87 bDgeoais
.002/.004 BEGIN OCT 87
MONTH/YR:AUGUST 86

MATERIAL AMOUNT FLUORIDE BURDEN SPL
TYPE USED(#) %X, 01 FL IN(#) FACTOR BFL/MONTH #FL/MONTH
DUQ. SLAG 2848700 0.004% 13269.2 0.0200 265.38
TENN SLAG 995750 0.0240 23898.0 0.0200 477.96
LIME 53699 0.0041 220.2 0.0200 4 .40
SPL 6355 0.1075% 683.2 0.0080 5.47
TOTAL FL/MONTH IN = 38070.5
TOTAL FL/MONTH OUT= 753,21
HRS/MONTH
$FL/HR = ERR
MONTH/YR:SEPTEMBER 86
MATERIAL AMOUNT FLUORIDE BURDEN 5PL
TYPE USED(#) ¥, 01 FL IN(#) FACTOR HFL/MONTH #FL/MONTH
DUG. SLAG 4275200 0.0045 19238.4 0.0200 384.77
TENN SLAG 1553075 0.0240 37273.8 0.0200 745.48
LIME " 36336 0.0041 149.0 g0.0200 2.98
SPL 535300 0.1075 57544L.8 0.0080 460.386
TOTAL FL/MONTH IN = 114205.9
TOTAL FL/MONTH 0UTs= 1563.58
HRS/MONTH
BFL/HR = ERR
MONTH/YR:OCTOBER 86
MATERIAL AMOUNT FLUGRIDE BURDEN S5PL
TYPE USED(#) %X, 01 FL IN{(#) FACTOR #FL/MONTH #FL/MCNTH
DUG. SLAG 3357900 D.0045 15110.6 0.0200 302.21
TENN SLAG 1194000 0.0240 28656.0 0.0200 573,12
LIME 0 0.0041 0.0 0.0200 0.00
5pL 560850 0.1075 60291.4 0.0080 48%2.33
TOTAL FL/MONTH IN = 10405%7.9
TOTAL FL/MONTH OQUT= 1357.66
HRS/MONTH
HFL/HR = ERR

MONTH/YR:NOVEMBER 86




MATERTAL AMOUNT FLUORIDE
TYPE USED(#) %¥.01
DUQ. SLAG 3345700 0.0045
TENN SLAG 1181500 0.0240
LIME 300 0.004 1
5PL 698120 0.1075

TOTAL FL/MONTH IN =

HRS/MONTH :

$#FL/HR = ERR
MONTH/YR:DECEMBER 86
MATERIAL AMOUNT FLUCRIDE
TYPE USED () %%,01
DUG. SLAG 2460000 0.0045
TENN SLAG 809150 0.0240
L IME 0 0.0041
SPL 626825 0.1075

TOTAL FL/MONTH IN =

HRS/MONTH

#FL/HR = ERR
MONTH/YR: JANUARY 87
MATERIAL AMOUNT FLUORIDE
TYFE USED (4 ) %¥.01
OUG. SLAG 1824900 0.0045
TENN SLAG 618250 8.0240
LIME 0 0.0041
SPL 578275 0.1075%

TOTAL FL/MONTH IN =

HRS/MONTH

#FL/HR = ERR
MGNTH/YR : FERRUARY 87
MATERIAL AMOUNT FLUORICE
TYFE USED(H) %%, 01
Cud. 3LAG 2759050 0.0045
TENN SLAG 980500 0.0240
LIME 1 g.0041
SPL 0.1075

573300

15055,
28596,

i,
15047,

118700,

FL IN(H)

g212.
14838,
0.
62272.

85322.

0.
61629.

1

0
0
1

1

BEURDEN
$FL/MONTH
301.11
571.92
0.02

FACTOR
0.0200
0.0200
86.0200
0.0080

TOTAL FL/MCNTH 0OUT=

EURDEN
$FL/MONTH
221.40
388.39
0.00

FACTOR
0.0200
0.0200
0.0200
0.0080

TOTAL FL/MONTH 0UT=

BURDEN
$FL/MONTH

FACTOR

TOTAL FL/MONTH QUT=

BURDEN
$FL/MONTH

FACTOR

SPL
$FL/MONTH

600.38

1473 .44

SPL
§FL/MONTH

$39.07

1148, 86

SPL
#FL/MONTH

498.18

859.18

SFL
BFL/MONTH




MONTH/YR:

MATERIAL
TYFE

puQ.

LITME
SPL

MONTH/YR:

MATERIAL
TYPE

GUR. SLAG
TENN SLAG

LIME
SPL

MONTH/YR:

MATERIAL
TYPE
DUG.
TENN SLAG
LIME

SPL

MONTH/YR:

SLAG
TENN SLAG

SLAG

TOTAL FL/MONTH IN =

HRS/MONTH :

$FL/HR = ERR
MARCH 87
AMOUNT FLUORIDE
USED(#) %%, 01
2979550 0.0045
1048800 0.0240
¢} 0.0041
612700 0.1075
TOTAL FL/MONTH IN =
HRS/MONTH
#FL/HR = ERR
APRIL 87
AMOUNT FLUORIDE
HEED(#) %% .01
3270850 0.0045
1155100 0.0240
b 0 0.0041
689725 0.1075%
TOTAL FL/MONTH IN =
HRS/MONTH
#FL/HR = ERR
MAY 87
AMOUNT FLUORIDE
USED( %) %*.01
2907000 0.0045
1219800 0.0240
0 0.004 1
709100 0.1075
TOTAL FL/MONTH IN =
HRS/MONTH
$FL/HR = ERFR
JUNE 87

§97577.

5

FL IN{#)

13408.
25173.

0.
65865 .

t0LL4LB.,

116586,

13081.
28927%5.

0.
76228,

118585,

TOTAL FL/MONTH 0OUT=

BURDEN
$#FL/MONTH
268.16
503 .47
0.00

FACTOR

TOTAL FL/MONTH QUT=

BURDEN
#FL/MONTH

FACTOR

TOTAL FL/MONTH 0UT=

BURDEN
HFL/MONTH
261.63
585.50
0.00

FACTOR

TOTAL FL/MONTH 0UT=

1211.98

SPL
HFL/MONTH

526.92

1298.55

SPL
#FL/MONTH

583.16

141,98

SPL
$FL/MONTH

509,83

1456.86




MATERIAL AMOUNT FLUORIDE
TYPE USED(#) %%, 01
CUQ. 3LAG 3692850  0.0045
TENN SLAG 1654300  0.0240
L IMF 0 0.0041
Sl 1182100 0.1075

TOTAL FL/MONTH IN =

HRE/MONTH &

BFL/HR = ERR
MONTH/YR:JULY 87
MATERIAL AMOUNT FLUORIDE
TYPE USED(#) %% .01
DUQ. SLAG 4028200  0.0045
TENN SLAG 1761300 0.0240
L IME 0 0.0041
SPL 1321800  0.1075

TOTAL FL/MONTH IN =

HRS/MONTH :

$FL/HR = ERR
MONTH/YR:AUGUST 87
MATERIAL AMOUNT FLUORIDE
TYPE USED(#) %%, 01
OUG. SLAG 3816100  0.0045
TENN SLAG 1748400  0.0240
LIME 0 0.0041
spL 647275 0.1075

TOTAL FL/MONTH IN =

HRS/MONTH

$FL/HR = ERR
MONTH/YR: SEFTEMBER 87
MATERIAL AMOUNT FLUORIDE
TYPE DSED(#) %%, 01
DUG. SLAG 4142600  0.0045
TENN SLAG 1938600  0.0240
LIME 22650  0.0041
SPL 0  0.1075

127075.

183396.8

- o e

142093,

2024G1.86

128716, 1

BURDEN
#FL/MONTH

FACTOR

TOTAL FL/MONTH 0OUT=

BURDEN
#FL/MONTH
362.54
845.42
0.00

FACTOR
0.06200
0.0200
0.0200
0.0080

TOTAL FL/MONTH 0UT=

BURDEN
#FL/MONTH

FACTOR

TOTAL FL/MONTH 0UT=

BURDEN
¥FL/MONTH

FACTOR

SPL
#FL/MONTH

1016,61

2143.03

SPL
$FL/MONTH

1136.75

2344 .71

SPL
$FL/MONTH

556.66

1739.34

SFL
$FIL./MONTH




TOTAL FL/MONTH IN =

HRS/MONTH

§FL/HR = ERR
MONTH/YR:OCTOBER 87
MATERIAL AMOUNT FLUORIDE
TYPE USED(#) %%, 01
DUQ. SLAG 4445475 0.0045
TENN SLAG 2147000 0.0240
LIME . 73637 C.004L 1
seL 0 0.1075

1]

TOTAL FL/MONTH IN

HRS/MONTH

$FL/HR = ERR
MONTH/YR:NCVEMBER 87
MATERIAL AMQUNT FLUORIDE
TYRE USED(#) %%.01
DUQ. SLAG 3313650 0.0045
TENN SLAG 1385550 0.0240
LIME 61022 0.0041
SPL 0 0.1075%

TOTAL FL/MONTH IN =

HES/MONTH

#FL/HR = ERR
MONTH/YR:DECEMBER 87
MATERIAL AMOUNT FLUORIDE
TYPE USED(#) %% .01
oUG. 3LAG 3147350 0.0045
TENN SLAG 1071550 0.0240
LIME 62062 0.004 %
zpL 0 0.1075

TOTAL FL/MONTH IN

HRZ/MONTH

$#FL/HR = ERR

MONTH/YR: JANUARY 88

65261.

71834,

0

FL IN(H)

TLg11.4

33253.
250.
Q.

L84 th.

2
2
0

8

FL IN(#)

tL163.
25717,
254,
0.

40134,

TOTAL FL/MONTH 0UT=

BURDEN
$FL/MONTH
40,01
103.06
0.60

FACTOR
0.0020
0.0020
0.0020
0.0040

TOTAL FL/MONTH 0UT=

EVURDEN
$FL/MONTH
29.82
66.51
0.50

FACTOR
0.0020
$0.0020
0.0020
0.0040

TOTAL FL/MONTH 0OUT=

BURDEN
$FL/MONTH
28.33
51.43
0.51

FACTOR

TOTAL FL/MONTH QUT=

1305.22

SPL
#FL/MONTH

143.67

SPL
$FL/MONTH

96.83

SFL
#FL/MONTH

80.27




MATERIAL AMOUNT FLUCRIDE
TYFE USED (%) %%, 09
DUQ. SLAG 1194879 0.0045
TENN SLAG 331177 0.0240
LTME 35359 0.0041
SPL 77410 0.1075

TOTAL FL/MONTH IN =

HRS/MONTH

#FL/HR = ERR
MONTH/YR:
MATERIAL AMOUNT FLUORIDE
TYPE USED (%) %%, 01
DUG. SLAG 0.0045
TENN SLAG 0.0240
LIME 0.0041
SPL 0.1075

TOTAL FL/MONTH IN =

HFRS/MONTH

#FL/HR = ERR
MONTH/VR:
MATERIAL AMOUNT FLUORIDE
TYPE USED(#) %%.,01
DUG. SLAG 0.0045
TENN SLAG 0.0240
LIME 0.0041
SPL 0.1075

TOTAL FL/MONTH IN ®©

HRZ/MONTH

BFL/HR = ERR
MONTH/ YR :
MATERIAL AMOUNT FLUORICE
TYPE HSEC(#) %%, 01
DUG. SLAG 0.0045
TENN SLAG 0.0240
LIME 0.0041
spL 0.1075

FL IN(%)

FL OINCH)

BURDEN

FACTOR $FL/MONTH
0.0020 10.75
0.0020 15.890
0.0020 0N.29
0.0040

TOTAL FL/MONTH 0OUT=

BURDEN
#FL/MONTH

FACTOR

TOTAL FL/MONTH 0OuUT=

BURDEN
$FL/MONTH

FACTOR

TOTAL FL/MONTH OWT=

EURDEN
$FL/MONTH

FACTOR

sPL
#FL/MONTH
33.29
60.23
spL
#FL/MONTH
0.00
0.00
SFL
BFL/MONTH
0.00
0.00
sPL
$FL/MONTH
0.00




'2 YEAR HISTORY (OCT 1984-SEF 1986):

140.68/HR*423HR/YR* 1 2MONTHS /YR=7 13 ,,686#FL IN/YR
*(.02)=142734FL IN/YR +5085 =19368 ALLOWABLE #FL OUT/YR

X(.002)=14274FL IN/YR +5095 =6522 ALLOWABLE #FL OUT/YR




Loy UG 7 (euUgs JUUR DuEtAnLyY

FL IN/ FL OUT/ CUMULATIVE
MONTH MONTH MONTH #FL/YEAR
AUGEE
38070.5
753.21
SEPTEB
114205.9
1593.58
OCT 86
104057.9
1357.66
NOVE6
118700.8
1473 .44
DECS6
87873.3
1148.86
JANB?
85322.1
958,18
FEBB?
97571.5
1211.99
MARS7?
10L4456.8
1298.55%
APRILS7?
116586.7
441,99
MAYS87?
. 118585.0
1456.86
JUNES7? -
183396.8 .
2143.03
JULYB?
202491.6
2344, 71
17183
AUGS7
128716.1
1739.34
18169.3
SERT87
65261.0
1305.22
17880.9
2CT87
71834.5
143.67
16666.9
NOVE?

L8414.8




LIV D
DEC8?
40134.7
80.27
14221.7
JANSS
21791.8
60.23
13322.8




EEXAMERICAN ROCKWOOL X*%
FLOURIDES: .002/.004 ALL MONTHSX%x 0880418

MONTH/YR: AUGUST 86

MATERIAL AMOUNT FLUORIDE . BURDEN SPL
TYPE LSED(#) %%, 01 FL IN(#) FACTOR  #FL/MONTH #FL/MONTH
DUG. 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 0.0020 0.44
SPL 6355 0.1075 683.2 0.0040 2.73
TOTAL FL/MONTH IN = 38070.5
TOTAL FL/MONTH 0QUT= 77.51
HRS/MONTH :
$FL/HR = ERR
MONTH/YR:SEPTEMBER 86
MATERIAL AMOUNT FLUORIDE BURDEN - SPL
TYFE USED(#) %¥.01 FL IN(#) FACTOR  #FL/MONTH #FL/MONTH
DUQ. SLAG 4275200 0.0045 19238.4  0.0020 38.48
TENN 5LAG 1553075 0.0240 37273.8 0.0020 74,55
LIME 36336  0.0041 i49.0 0.0020 0.30
SPL 535300 0.1075 57544.8  0.0040 230.18
TOTAL FL/MONTH IN = 114205.9
TOTAL FL/MONTH QUT= 343.50
HRS/MONTH
#FL/HR = ERR
MONTH/YR:OCTOBER 86
MATERIAL AMOUNT FLUORIDE BLRDEN SPL
TYPE USED(#) - %*.01 FL IN(#) FACTOR  #FL/MONTH #$#FL/MONTH
DUG. SLAG 3357800 0.,0045 151t0.8 0.0020 30.22
TENN SLAG 1194000 0.0240 28656.0 0.0020 57.31
L IME 0 0.0041 0.0 0.0020 0.00
SPL 560850 0.1075 60291.4  0.0040 241,17
TOTAL FL/MONTH IN = 104057.9
TOTAL FL/MONTH 0UT= 328.70
HRE/MONTH
BFL/HR = ERR

MCNTH/ YR :NOVEMBER 86

jo




MATERIAL AMOUNT FLUORIDE
TYPE USED(#)  %%.01
DUR. SLAG 3345700 0.0045
TENN SLAG 1191500  0.0240
LIME 300  0.0041
SPL 698120 0.107%

TOTAL FL/MONTH IN =

HRS/MONTH

¥FL/HR = ERR

MONTH/YR:DECEMBER 86

MATERIAL AMOUNT FLUORIDE
TYPE USED(#) %*.01

CUQ. SLAG 2460000  0.0045%
TENN SLAG 809150 0.0240
LIME 0 0.00&41
SPL 626825 0.1075

TOTAL FL/MONTH IN

HRS/MONTH :
#EL/HR = ERR

MONTH/ YR : JANUARY 87

MATERIAL AMOUNT ~  FLUORIDE
TYPE USED(#) %%, 01

OUG. SLAG 1824800  0.0045
TENN SLAG 618250  0.0240
LIME 0 0.0041
SPL 579275  0.1075

TOTAL FL/MONTH IN =

HRS/MONTH :
#FL/HR = ERR

MONTH/YR:FEBRUARY 87

MATERIAL AMOUNT FLUCRIDE
TYFE USED(#) %%, 01

0.0045
0.0240
0.0041
0.1075

DUG. SLAG 2758050
TENN SLAG 980500
L.IME 0
ZPL 573300

FL OIN(#)

15055.7
28586.0

1.2
75047.89

118700.8

FL IN(#)

11070.0
19419.6

0.0
67383.7

97873.3

FL IN(#)

8212.1
14838.0
0.0
822721

B85322.1

FL OIN(H)

12415.7
23532.0

0.0
G1629.8

BURDEN

FACTOR #FL/MONTH
0.0020 30.11
0.0020 57.18
0.0020 0.00
0.0040

TOTAL FL/MONTH 0UT=

BURDEN
#FL/MONTH

6.0020 22.14

FACTOR

0.0020 38.84
0.0020 0.00
0.0040

TOTAL FL/MONTH OUT=

BURDEN
#FL/MONTH

FACTOR

TOTAL FL/MONTH 0OWT=

BURDEN
HFL/MONTH

FACTOR

0.0020 24.83
0.0020 47.06
0.0020 0.00
0.0040

SPL
$FL/MONTH

300.19

387.5%0

SPL
#FL/MONTH

269.53

330.51

SPL
$FL/MONTH

249,08

285.19

SPL
$FL/MONTH

246.52

s




TOTAL FL/MONTH IN =

HRS/MONTH

$FL/HR = ERR
MONTH/YR:MARCH 87
MATERIAL AMOUNT FLUORIDE
TYPE HSED(#) %¥.01
DlQ. SLAG 2979550 0.0045
TENN SL.AG 1048900 0.0240
LIME 0 0.0041
SPL 612700 0.107%

ft

TOTAL FL/MONTH IN

HRS/MONTH :

$FL/HR = ERR
MONTH/YR : APRIL 87
MATERIAL AMOUNT FLUORIDE
TYPE USED(#)  %*.0f
DUG. SLAG 3270850  0.0045
TENN SLAG 1155100  0.0240
|.IME 0 0.0041
s5pL 689725  0.1075

-

TOTAL FL/MONTH IN

"

LIRS/MONTH :

#FL/HR = ERR
MONTH/YR:MAY 87
MATERTAL AMOUNT FLUORIDE

TYPE USED{#) %X, 01
CUG. SLAG 2807000 0.0045
TENN SLAG 12188006 0.0240
L IME 0 0.0041%
SPL 708100  0.1078
TOTAL FL/MONTH IN =
HRS/MONTH
#FL/HR = ERR

MONTH/YR ;. JUNE 87

§7577.5
TOTAL FL/MONTH 0UT=

BURDEN
FL IN(#} FACTOR $FL/MONTH
t3408.0 0.0020 26.82
25173.6  0.0020 50.35
0.0 0.0020 0.00
65865.3 0.0040
to44u6.8
TOTAL FL/MONTH OUT=
BURDEN
FL. IN(#) FACTOR $FL/MONTH
14718.8 0.0020 28.44
27722.4 0.0020 55.44
0.0 0.0020 0.00
Th145.4 0.0040
116586.7
TOTAL FL/MONTH OUT=
BURDEN
FL IN(#) FACTOR #FL/MONTH -
13081.5 0.0020 26.16
28275.2 0.0020 58.55
0.0 0.0020 0.00
76228.3 0.0040
118585.90

TOTAL FL/MONTH QUT=

318.41

SPL
#FL/MONTH

263.46

340.62

SPL
#FL/MONTH

296,58

381.48

SsPL
#FL/MONTH

304,91

389.63




MATERIAL AMOUNT FLUCRIDE
TYPE USED(#) %%, 01

CuQ. SLAG 3682850 0,0045
TENN SLAG 1654300 0.02u0
LIME 0 0.0041
3PL 1182100 0.1075

TOTAL FL/MONTH IN =
HRS/MONTH :
BEL/HR = ERR

MONTH/YR:JULY 87

MATERIAL AMOUNT FLUCRIDE
TYPE USED(#) %*.01

DUQ. SLAG 4028200 0.0045
TENN SLAG 1761300 0.02u0

LIME 0 0.004f
SPL 1321800 0.1075
TOTAL FL/MONTH IN =
HRS/MONTH @
#FL/HR = ERR

MONTH/YR : AUGUST B7

MATERIAL AMOUNT =~ FLUCRIDE
TYPE USED(#) %%, 01t

CUS. SLAG 3816100  0.0045
TENN SLAG 1748400 0.0240
LIME 0 0.0041
ZPL 647275 0.,10375

u

TOTAL FL/MONTH IN

HRS/MONTH :
§FL/HR = ERR

MONTH/YR:SEFTEMBER 97

MATERIAL AMOUNT FLUCRIDE
TYPE USEC(#) %*.01

CUQ. SLAG 4142600  0.0045
TENN SLAG 1938600  0.0240
L.IME 22650  0.0041
2pL 0 0.1075

SPL

BURDEN
FL IN(#) FACTOR  #FL/MONTH #FL/MONTH
16617.8  0.0020 33.24
39703.2 0.0020 79.41
.0 0.0020 0.00

127075.8 0.0040

183396.8
TOTAL FL/MONTH QUT=

BURDEN
FL IN(#) FACTOR  #FL/MONTH
18126.9  0.0020 36.25
42271.2  0.0020 8L . 54
0.0 0.0020 0.00
142093.5  0.0040
202491.6
TOTAL FL/MONTH OUT=
BURDEN
FL IN(#) FACTOR  #FL/MONTH
17172.5  0.0020 34,34
41961.6  0.0020 83.92
0.0 0.0020 0.00
69582.1  0.0040
128716. 1
TOTAL FL/MONTH OUT=
BIRDEN
FL IN(#) FACTOR  #FL/MONTH
18641.7  0.0020 37.28
46526.4  0.0020 93.05
92.9  0.0020 0.19

0.0 0.0040

508.30

620.85

SPL
$FL/MONTH

568.37

688.17

SPL
#FL/MONTH

278.33

396.60

SPL
#FL/MONTH




TOTAL FL/MONTH IN =

HRS/MONTH :

#FL/HR = ERR
MONTH/YR:OCTOBER 87
MATERIAL AMOUNT FLUORIDE

TYPE USED(#) %»*.01

LUQ. SLAG 4445475 0.0045
TENN SLAG 2147000 0.0240
LIME 73637 0.0041
SPL g 0.1075

IN

TCOTAL FL/MONTH

HRS/MONTH :

#FL/HR = ERR
MONTH/ YR :NOVEMBER 87
MATERIAL AMOUNT FLUORIDE

TYPE USED(#) %*.01

OUQ. SLAG 33138%0 0.0045
TENN SLAG 1385550 0.0240
LIME 61022 0.0041
sPL 0 0.1075

-~

TOTAL FL/MONTH IN

HRS/MONTH

$FL/HR = ERR
MONTH/YR :DECEMBER 87
MATERIAL AMCUNT FLIJORIDE
TYFE USEC(#) %* .01
DUQ. SLAG 2147350  0.0045
TENN SLAG 1071550  0.0240
LIME 62062  0.0041
spL 0 0.1075

H

TOTAL FL/MONTH IN

HRS/MONTH :

#FL/HR = ERR

MONTH/ YR : JANIJARY 88

65261.0
TOTAL FL/MONTH OUT=

BURDEN
FL IN(#) FACTCR #FL/MONTH
20004 .6 0.0020 40.01
51528.0 0.0020 103.06
301.8 0.0020 0.60
0.0 0.0040
71834.5
TOTAL FL/MONTH OUT=
BURDEN
FL IN(#) FACTOR #FL/MONTH
1mg11.4 0.0020 29.82
332%3.2 0.0020 66.51
250.2 0.0020 0.50
0.0 0.0040
48414.8
TOTAL FL/MONTH 0uUT=
BURDEN
FL IN{#) FACTOR #FL/MONTH
14163 .1 0.0020 28.33
25717.2 0.0020 51.43
254.5 3.0020 0.51%
0.0 0.0040
LO13L.7

TOTAL FL/MONTH OUT=

130.52

SPL
#FL/MONTH

0.00

143,867

SPL
#FL/MONTH

0.00

96.83

SPL
#FL/MONTH

0.00

80.27




MATERYIAL AMOUNT FLUORIDE BURDEN SPL

TYPE USED(#) - %*.01 FL IN(#) FACTOR  #FL/MONTH &FL/MONTH
DUG, SLAG 1194879  0.0045 5377.0 0.0020 10.75
TENN SLAG 331177 0.0240 7848.2 0.0020 15.90
LIME 35359  0.0041 145.0  0.0020 0.28
SPL 77410 0.107%5 8321.8 0.0040 33.29
TOTAL FL/MONTH IN = 21791.8
TOTAL FL/MONTH OUT= 60.23

HRS/MONTH :
#FL/HR = ERR




IT AMERICAN ROCKWOOL ANNUAL FLUCORIDE TOTALS
(.002/.004) SCENARIO

FL IN/ FLL OUT/ CUMULATIVE
MONTH MONTH MONTH #$FL/YEAR
AlLGBE
38070.5
77.51
SEPTB6
114205.9
343.50
OCT 86
104057.9
328.70
NOVB6E
118700.8
387.50
DEC8B6
97873.3
330.51
JANS?
85322.1
295.19
FEB87
97577.5
318.41
MARST
104446.8
340.62
APRILS?
116586.7
- 381.486
MAY87
118585.0
388.863
JUNESB?
183396.8
620.95
JULY8?
202491.86
689.17
4503.2
AUGE?
128716.1
396.860
4822.2
SEFTE?
65261.0
130.52
4609.3
ocTe?
71834.5
t43.67
L4224 .2

NOVB7 -




DEC87

JANBS

L8414 .8

96.83
40134.7

80.27
21794.8

60.23

4133.8

3883.3

3648.4




IT AMERICAN ROCKWOOL ANNUAL FLUORIDE TOTALS
.02/.012 THROUGH SEPT 87
.002/,004 BEGIN OCT 87
ALLOWABLE IS 19368 #FL OUT/YR

FL IN/ FL OUT/ CUMULATIVE
MONTH MONTH MONTH #FL/YEAR
AUGBSE
38070.5
755.94
SEPTE6
114205.9
' 1823.76
OCT 86
1040%7.9
1598.83
NOVESE
118700.8
1773.63
DECS86
97873.3
1418.40
JANB7
85322.1
1208.27
FEBB?
87577.5
1458.51
" MARE7
’ 1QL4L6.8
© 1562.01
APRILSY -
116586, 7
: 1738.57
MAYRY
118585.0
1761.87
JUNEB7
183396.8
2651.33
JuLye?
202491.6
2913.08
20684 .2
AUGE7
128716, 1
2017.67
21925.9
SERTEY
65261.0
1305.22
21407 .4
OCTE7
71834.,5

143.67




NOV8?

DEC87

JANSGS

L8414 .8

40134 .7

21791.8

96.83

80.27

60.23

“1.8852L 23

18275.4

16837.3

15789.3

9.
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APTiL 12, 1988 . “CDENNIS WEETER
Mr. Ken Schuster., P.E. [ ASSOCIATES

N.C. Dept. of Natural Resources

3800 Barrett Drive
P.0O. 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 April~“86 %
F numbers and the Feb. 88 burden mass 1lcadings.) The effect is
to change the JAN/FEB " 88"NO SpL" emission factors to
0.0030-0.0038. Note the calculated F input was 264.7#/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 pérmit modification request, I will present detailed
calculations on these emission factors,

With regard toc a mass balance on F, closure was between
8.5-13.1%. The werror 1is 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,

Y Pt

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

Enclosure
cc:Bart Bromley;Ron Small;Lee Blayden;Jim Apicella

ce ?)9?3 Woored
G188 -28

INDUSTRIAL WASTES - HAZARDQUS WASTES - TOXICS MANAGEMENT- RESOURCE RECOVERY




ALUMINUM COMPANY OF AMERICA
¢

ALCOA TECHNICAL CENTER
ALCOA CENTFR, PA. 15069 ALCOA

(412) 3396651

1988 April 8

Dr. Dennis Weeter

Dennis Weeter Associates
Route 4, Box 283
Louisville, TN 37777

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

Dear Dr. Weeter:

Environmental Control Laboratory personnel with assistance from American
Rockwool personnel conducted a fluoride material balance on the No. 1
cupola and No. 2 cupola in 1988 February. The purpose of this material
balance was to show where the deposition of fluorides introduced into the
system occurred and the relative accuracy {closure) of these
measurements. The fluoride distribution results are shown in Table 1
with the balances of 1988 February 3 (Background Tests 1 and 2), 1988
February 4 (Background Test 3) and 1988 February 5 (710 1b/hr SPL per
cupola-Tests 4 through 7) having closures of 110.7%, 113.1% and 108.5%,
respectively (Table 2).

PROCEDURES AND CALCULATIONS

The mass flow rate of solids for the raw materials, products and
sparkbox/baghouse catches was determined by obtaining the total process
weight of each item per unit time. For the raw materials, each component
of every charge was weighed and recorded with the actual charging time.
Samples of all raw materials were obtained and prepared for analysis

as detailed in Report 93-88-003. The mineral wool was collected in 29 1b
bags and production was tracked by the number of bags produced per hour
and one bag was randomly selected from each operating condition for
analysis. The sparkbox/baghouse catch was collected in tared 55 gallon
drums over specific time periods then weighed. Random 2 1b samples

from every barrel were analyzed for each operating condition. The amount
of particulate air emissions was determined by EPA Method 5 and the
amount of particulate and gaseous fluorides was determined by Alcoa
Method 4075-A. The cupola drop could not be directly measured because
there was no practical solution to the probTem of collecting the molten
cupola drop material. Cupota drop was estimated by subtracting solids
out from s019ds in and then subtracting the amount of carbon burned., A
random five gallon sample was obtained for each operating condition.

Fluoride analyses on all the collected materials were completed by the
Analytical Chemistry Division of Alcoa using Method 4076A.

ALCOA

CENTENNIY

’1988




DR, DENNIS WEETER
1988-04-08
Page 2

DISCUSSION OF RESULTS

While the emission test runs were one hour in duration, the other
materials were collected over longer periods of time during "steady
state" operation of the system in order to obtain better representative
weights and unbiased composite samples for analysis.

The data in Table 2 show the closures to range from 108.5% to 113,1%,
The collection and analysis of the air emissions, product and raw
materials were controlled to the extent they would not cause this
deviation from 100%. The sparkbox/baghouse catch was determined by
collecting what was discharged from that system. This will not give the
exact sparkbox/baghouse weight values but has the best accuracy possible
without shutting down the process and cleaning out each baghouse between
trials. Even so, the sparkbox/baghouse should not see a total weight of
solids much more/less than reported. Therefore, the majority of fluoride
“overcollection" must come from the cupola drop. The cupola drop mass
flow is not a measured quantity, but rather a calculated estimate that
comes from a basic material balance that cannot account for l1osses such

as unusable product and shot.

Yours truly,

Jouwsa V. Gpreelle.

James V, Apicella
Environmental Scientist
Environmental Control Laboratory
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TABLE 2

Fluoride Balance

Background 142 Background 3
88-02-03 88-02-04

Total
Fluoride in
1b/hr 72.1 71.0
Total
Fluoride out
1b/hr 79.8 80.3

% Closure 110.7 113,1

710 SPL

88-02-05

274.0

297.2
108.5




TABLE R1

SPRING HOPE PRODUCTION DATA 88-02-03 ]
TIME 10:30AM - 5:30PM BACKGROUND TESTS |
UNIT 1 UNIT 2 TOTAL |

PRODUCT  BAGS 1764 1764 ' PRODUCT LB/HR
POUNDS 51156 51156 ! 0.3 %F 43.8
TIME (hr) 7 7 :
LB/HR 7308 7308 14616 !
COKE  POUNDS 9464 10301 ' COKE
TIME (hr) 7.02 7.00 : 0.04 %F 1.1
LB/HR 1348 1472 2820 !
SPL  POUNDS 0" 0 ' SPL
TIME (hr) 7.02 7.00 o 12.6 %F 0.0
LB/HR 0 0 0 !
DUQUESNE POUNDS 31201 34575 ' DUQUESNE
TIME (hr) 7.02 7.00 ! 0.14 %F 13.1
LB/HR 4445 4939 9384 !
[)
TRAP  POUNDS 26338 29188 ' TRAP
TIME (hr) 7.02 7.00 ; 0.05 %F 4.0
LB/HR 3752 4170 7922 !
[)
LIME  POUNDS 1162 1317 ' LIME
TIME (hr) 7.02 7.00 : 0.02 %F 0.1
LB/HR 166 188 354
STEEL  POUNDS 9958 10970 ! STEEL
TIME (hr) 7.17 7.22 : 0.07 %F 2.0
LB/HR 1389 1519 2908
TENNESSEE POUNDS 9669 10515 | TENNESSEE
TIME (hr) 7.02 7.00 : 1.8 %F 51.8
LB/HR 1377 1502 2879 !
TOTAL CHARGE LB/HR 12476 13790 26267 |FLUORIDES 721




*
-

TABLE R2

SPRING HOPE PRODUCTION DATA 88-02-04 i
TIME 8:00AM - 11:00AM BKGRD TESTS |
UNIT 1 UNIT 2 TOTAL |

PRODUCT  BAGS 784 784 ' PRODUCT LB/HR
POUNDS 22736 22736 : 0.3 %F 45.5
TIME (hr) 3 3 : |
LB/HR 7579 7579 15157 |
COKE POUNDS 4491 4440 ' COKE
TIME (hr) 3.18 3. 12 ! 0.04 %F 1.1
LB/HR 1412 1423 2835 |
¥
SPL POUNDS 0 0 ' SPL
TIME (hr) 3 3 ! 12.6 %F 0.0
LB/HR 0 0 0!
t
DUQUESNE POUNDS 14109 14190 ' DUQUESNE
TIME (hr) 3.18 3. 12 ! 0.14 %F 12.6
LB/HR 4437 4548 8985 !
TRAF POUNDS 12142 12160 | TRAP
TIME (hr) 3.18 3.12 : 0.05 %F 3.9
LB/HR 3818 3897 7716 |
LIME POUNDS 504 499 | LIME
TIME (hr) 3.18 3.12 ! 0.02 %F 0.1
LB/HR 158 160 318 |
STEEL  POUNDS 4477 4441 | STEEL
TIME (hr) 3.17 3.15 ! 0.07 %F 2.0
. LB/HR 1412 1410 2822 !
TENNESSEE POUNDS 4479 4501 ' TENNESSE
TIME (hr) 3.18 3.12 : 1.8 %F 51.3
LB/HR 1408 1443 2851 !
TOTAL CHARGE LB/HR 12646 12881 25527 'FLUORIDES 71.0




TABLE R3

A N

SPRING HOPE PRODUCTION DATA 88-02-05 '
TIME . 8:00AM - 4:00PH 710# SPL i
UNIT 1 UNIT 2 TOTAL ¢

PRODUCT  BAGS 1862 1813 { PRODUCT LB/HR
POUNDS 53998 52577 : 1.1 ¥F  146.5
TIME (hr) 8 8 :
LB/HR 6750 6572 13322 !
COKE  POUNDS 7155 - 8222 ' COKE
TIME (hr) 8 8 : 0.04 %F 0.8
LB/HR 894 1028 1922 !
[}
SPL  POUNDS 6056 6715 | SPL
TIME (hr) 8 8 : 12.6 %F  201.1
LB/HR 757 839 1596 |
DUQUESNE POUNDS 36435 39675 | DUQUESNE
TIME (hr) 8 g : 0.14 %F 13.3
LB/HR 4554 4958 9514 !
t
TRAP  POUNDS 30468 33600 | TRAP
TIME (hr) 8 8 : 0.05 %F 4.0
LB/HR 3809 4200 8009 !
:
LIME  POUNDS 1436 1606 | LIME
TIME (hr) 8 8 : 0.02 %F 0.1
LB/HR 180 201 380 !
STEEL  POUNDS 11343 12384 | STEEL
TIME (hr) 8 8 ! 0.07 %F 2.1
LB/HR 1418 1548 2966 |
TENNESSEE POUNDS 11142 12224 | PENNESSE
TIME (hr) 8 8 : 1.8 %F 52.6
LB/HR 1393 1528 2921 |
TOTAL CHARGE LB/HR 13004 14303 27308 !FLUORIDES  274.0
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1988 August 4

NC NRDC

Air Quality Section

P.0. Box 27687

Raleigh, NC 27611

Attn: Mr. Robert Wooten

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

Dear Mr. Wooten:

As per your request, this letter demonstrates how fluoride emissions were
calculated from the 1988 May testing at American Rockwools Spring Hope, NC,
Facility. Run 1, 1988 May 17, has been chosen for specific examples. Al}
referenced data can be found in the formal report, #93-88-005, dated 1988 May
14, or in the attachment.

Fluoride Emissions - Fluoride emissions were determined using Alcoa Sampling
Method 4075A coupled with Alcoa Analytical Method 4076A. The equation used for
mass emission of F is as follows:

1b/hr F = Mc (Qstd) 11b 60 min (A)
Vmstd 453600 mg 1hr

In equation (A) Vmstd is the dry standard volume of stack gas sampled during
Run 1 and Q t is the dry standard volumetric flow rate for the stack gas
during Run 1:% The term M. stands for the total mass of fluoride recovered from
the Method 4075-A sampling train. This particular train has three areas that
collect fluoride - the nozzle, the thimble and the impingers. Particulate .
fluoride is collected in the nozzle and thimble while gaseous fluoride is ﬁm{

captured in the impingers. For analysis, the nozzle wash and a 100 ml sample ,uf”7,,n
from the impinger solution were_girectlyﬂgiggjlled‘ggylfgcip_acidﬁdistillatjgp)jTJ””

~1t0 500 ml volume. They were then diredtlf‘hnalyzed by Specific lon Electrode _@ *ﬁjyﬂ
(SIE) and the impinger value was corrected for a dilution., The contents of the m»-
himble had Ca0 added, were ashed and then fused with NaOH before being

distilled {

sulfuric acid distillation) for analysis by SIE. (Refer to Method

4076A.) D V-T.‘élﬁ Vr‘)gﬁf“.CV/d/' ¢ - _,1:) M 7,7/& Loz’

. . ] ) 38 WA s byn mys _&ffw[u 0&
For an SIE analysis, a calibration is completed w1tﬁ known concentrations

(analytical standards) of fluoride solutions. For each fluoride solution SIE
yields a specific millivolt reading. From the millivolt readings and their
respective fluoride concentrations a line can be determined. The millivolt
reading is plotted vs the 1og of the F concentration. The F concentration of a
sample solution (usually a 10 ml aliquot from the H,S0, distillate) is
determined from this graph (or by the equation of the ?ine) by taking the
antilog of the Y-axis value for the corresponding X-axis voltage. The fluoride
concentration obtained is then factored for dilution (when applicable) and
converted to total fluoride mass. Sample calculations for the nozzle wash,
thimble and impinger (Fn’ F, and F, respectively) F content follow. ALCOA
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Please note that the total mass of fluoride (M ) collected by this train is

equal to the sum of F n? Ft and F

The nozzle:

Y X LOG Y
Calibrations: 2 mg F/1 828 mV 0.301
20 mg F/1 . 244 my 1.301
0.20 mg F/1 1341 mV -0.699
200 mg F/1 -346 mV : 2.301

These values can either be plotted (X vs log Y) or an eguation can be
developed:

Y =10 mx+b slope
intercept

where m
h

The Run 1 nozzle wash sample produced an SIE millivolt reading of 1205 mV which
corresponded to a concentration of 0.395 mg F/1. Since the distillation volume
was 500 ml (0.5 1): _ '

= (0.395 mg F/1) (0.5 1) = 0,198 mg F or 0.20 mg F
Catibration plots can be found in the attachments.

The Thimble:

Y X LOG Y

Calibrations: 2 mg F/1 844 mv 0.301
20 mg F/1 266 mV 1.301

0.20 mg F/1 1357 mv -0.699

200 mg F/1 =327 mv 2.301

SIE for the Run 1 thimble sample gave a reading of 728 mV which corresponded to
a concentration of 3,175 mg F/1. Therefore, total fluoride for the thimble is
equal to:

= (3.175 mg F/1) (0.51) = 1,588 mg F or 1.59 mg F

The Impingers:

Y X LOG Y

Calibrations: 2mg FN 898 my 0.301
20 mg  F/1 308 mv 1.301

0.20 mg F/1 1420 nV -0.699

200 mg F/1 =279 mV 2.301

The analysis of the impingers differs from that of the nozzle and thimble. The
nozzle and thjmble;;naly5g§_g;ke_u§g_gf_;hg__ﬂLJIIL;ﬂﬂmnigggg_igmglgL Due to
the Targe volume of the impinger field sample (V. = 0.510 1) only a 100 ml
aliquot (Va) is used for analysis. This fluor1d£ containing aliquot is
distilled by sulfuric acid distillation to a fluoride containing distillate
volume (V) of 500 ml. This is equivalent to a five-fold dilution in the
fluoride goncentration because the same mass of fluoride that was originally in
the 100 ml aliquot is now in the 500 ml distillate.
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From the distillate a 10 ml aliquot is taken for SIE analysis where it produced
a reading of 1238 mV, This value corresponded to a distillate fluoride
concentration (Cd) of 0.479 mg F/1. The distillate concentration is not equal
to field sample concentration (Ca).

Therefore:

Ca = (vd/Va) Cd = {500 m1/100 ml) (0.479 mg F/1) = 2.395 mg F/1

Since the field sample volume was 0.510 1 and its concentration was 2,395 mg
F/1, the same as the 100 ml aliquot, the total mass of fluoride contained in
the impingers {Fi} equals:

Fi = Vf Ca = (0.510 1) (2.395 mg F/1) = 1.22 mg F.

Total Fluoride:

MF =Fn +Ft +Fi =0.20mg + 1.59 mg + 1.22 mg = 3.01 mg F.
Therefore, equation (A) yields:
1b/hr F = 3,01 mg Fy [38019 ds ft3] [1 b ] [60 min] = 0.39 1b F/hr

38.28 dsft min 453600 mg hr

Review of the laboratory data in the attachment shows QA/QC measures {spiked
samples, duplicate samples and blanks) that have been taken.

I hope this letter addresses your needs regarding laboratory caiculations. If
I can be of any further assistance, please do not hesitate to call.

Sincerely,

Swso V. Goree e

rﬂé
JAMES V. APICELLA o1k

Attachments

CC: L. C. Blayden, ATC-C
R. G. Small, Pittsburgh 23
D. Weeter Associates, Louisville, TN
B, W. Bromley, American Rockwool, Spring Hope, NC.




This attachment contains:

A) Field testing raw data.
B} Preliminary field testing reduced data.
C) Fluoride laboratory raw and reduced data.

1) Nozzle data.

2) Thimble data.

3) Impinger data.

4) SIE calibration plots.

For ease of identification, the LSN/I1D# is provided for each fluoride
sample obtained in Run 1.

SAMPLE . LSN/ID#
Nozzle 816053/539375
Thimble 816064/539386

Impingers 816041/539363
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PLANT Spcw.q W
CITY &7 % STATE_'AlC
DATE &4 - - (7

5 _. —
RUN A METHOD “O 7< —/4
UNIT lifﬁtL
O INLET COMMENTS :

X OUTLET i’)ﬂ CL
STA:TLTIME g4.25 @pn P MM—Lu.j QLM((

FINISH TIME /D24  £M/pM

PARAMETER SHEET

ALCOA

METER OPERATOR SV /]
METER BOX NO. 2 P FILTER NO.
DH @ /83 THIMBLE NO. J
| ]
DATA RESULTS
1 Pb 29, & ] "Hg Vmstd 35,28 dscf
2 Static — <, (L *we Vwstd O.74  scf
3 Vic /6,86 m Bwo C.oL
4 Mn g Md 24.04 _ 1b/1b-mole
5 0 (>  min Ms 25.%2 1b/ib-mole
6 %0, (& ' Vs 2L NT ft/s
7 300, pa %1 01,4
8 DH /. SS  “wc acfm ~USTD
9 Cp o, 84 ' dscfm 25020
10 Tm 80 F Particulate gr/dscf
11 '\/; Az ’J"wc 1b/hr
12 Ts . lo 3 F S0 1b/hr
——————— 2 s
13 Vm 3914 g3 Gaseous F 1b/hr
14 . 0n O 243 in Particulate F 1b/hr
15 As 2827 1l Total F 1b/he
16 Yd 1,00 cffcf L fF 7,06
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ALCOA TECHNICAL CENTER
ANALYTICAL CHEMISTRY DIVISION

A e L A LA T A LA S e Ly e e

FEXXXEERAXKAREXAX KKK
3 FINAL REPORT ¥
IS0 SRS 2828

LA LA AT e 1% SRRV TR S

88-46-15 B:55 PAGE 1

i

J.0. : 88-07/232S NO. SAMF. : 28 ~ AFPROVED : B88-06-03
SUEMITTéBvBY : L.D.PENIX FHONE : 2572
LOCATION : ENVIRONMENTAL CONTROL LAE

SHOP ORDER 1 14H1000891 TID :

SYSTEM 1ID. : SPRING HOPE 4075A°'S AM. ROCKWOOL

PROJ. LEADER : JOE GIBEEB PHONE : 2597

REFORT CC

L.C.BLAYDEN,J.E.GIBE,J.V.AFICELLA

LSN
B1604}
816042
B16043
816044
B16045
816046
8156047
816048
816049
8146052
B1&0G3
8146054
8146055
814006
816057
8146058
8146059
8160460
816061
816064
8146065
81460646
816067
816048
816069
816070
816071
B146072

N.D. (OR ND)
- (OR BLANE)

SAMPLE

IDENTIFICATION

=== i 3t 3 111

9393463
839364

539365
9393646
939367
239368
939349
S393I70
939371

239374
39375
S39376
S39377
339378
539379
539380
539381
539382
539383
539386
339387
939388
539389
939390
839391

939392
S3FI93
939394

o

IMFPINGERS
IMPINGERS
IMPINGERS
IMPINGERS
IMP INGERS
IMPINGERS
IMPINGERS
IMP INGERS
IMPINGERS
ELANK

NDZZLE
NOZZLE
NDZZLE
NOZZLE
NOZZLE
NOZZLE
NOZZLE
NOZZLE
NOZZLE
THIMELE
THIMELE
THIMBLE
THIMBLE
THIMBLE
THIMELE
THIMELE
THIMELE
THIMBLE

LSONOCABUWN-

[4
VONCODUNK IDNEUNLGEN

NOT DETECTED
NOT DETERMINED
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ALCOA TECHNICAL CENTER 88-06—-15% 8:55 PAGE 2
ANALYTICAL CHEMISTRY DIVISION J.0. NO. 88~Q52325

AREA: 201 - FLUORIDE LAH AFFROVED : 88-04-03
ANALYSIS: FLUORIDE
UNITS:TOTAL MG

LSN/ID § .. FLUORIDE

8146041 1.2

Q39363 IMF

INGERS 1

816042 4.8

339364 IMF

INGERS 2

816047 4.9

S3IF3I6S IMF

INGERS 3

| 816044 12.8
S839366 IMF
INGERS 4

816045 456.9 V/é

. 839367 IMF
! INGERS &

B16046 87.2
o 539368 IMF
INGERS &
B146047 &6.0
| 539369 IMF
INGERS 7

| 816048 26.0
+ 839370 IMF

INGERS 8
| 816049 37.5

539371 IMF

INGERS 9

Yg16082 #
S39374 ELA
CONK
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. ALCOA TECHNICAL CENTER
ANALYTICAL CHEMISTRY DIVISION

ANALYS1S: FLUORIDE

UNITS: TOTAL MG

FLUORIDE

==

LSN/ID _
E=EERES=
816053
839375 NOZ
ILE 1

-

816054 0.2
539376 NOZ
ILE 2

88-06-15
J.0. NO.

8:55 PAGE 3

88-05232%

B1&£055
S39377 NOZ
ILE S

i e e e S B ) S —— S f—

‘8160546
539378 NOZ
ZLE 4

816057
539379 NOZ
ILE 5

8146058
539380
ILE &6

NOZ

816059
53938l
ILE 7

NOZ

—— e S ———— ——— 1 T S i $om

816060
539382
ILE 8

NOZ

e g

816061
539383
ILE 9

NOZ

———

i ——— ———— —
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ALCOA TECHNICAL CENTER o 88-04-15 B:94 PAGE 4
. ANALYTICAL CHEMISTRY DIVISION J.0. ND. 88-052325

ANALYSIS: TOTAL PARTICULATE FLUORIDE
UNITS:TOTAL MG

LSN/ID . TOTAL PARTICULATE FLUORIDE

816044 1.6
539386 THI
MELE 1

B16045 i.8
S3F387 THI
MELE 2

8160646 1.9
- 539388 THI
MBELE 3

8160467 4.3 o
839389 THI
MBLE 4

— e e —

8156049 5.8
939391 THI
® MBLE &
816070 b6.6
T 839392 THI
MBLE 7

816071 6.1
. S39393 THI
MELE 8

816072 6.7
539394 THI
MBLE 9

- ——— — —
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ALCOA TECHNICAL CENTER : 88-06-15 B8:36 FAGE

sANALYTICAL CHEMISTRY DIVISION J.0. NDO. 88-05232%5
COMMENTS :
saMFLES WERE ANALYZED BY METHODS 913C (DISTILLATION) AND 914F (SIE)
DUFLICATE: RUN 1 MG/L RUN 2 MG/L
LSN#816047 122 125

SFIKE: LSN# 816045 -~ SML OF A 1000 MG/L FLUORIDE STD WAS ADDED
TO S0 ML OF SAMFLE IN THE DISTILLATION FLASE. FINAL DISTILLATIDON
VOLUME WAS 300 ML.

SFIKED SAMFLE ANALYSIS 200.8 MG/L

UNSFIKED SAMFLE ANALYSIS 99.9 MG/L

RECOVERED FLUORIDE 100.9 MG/L

ADDED FLUORIDE 100,00 MG/L

“ RECOVERY : 101 % .

# ~ NO VOLUME WAS RECEIVED ON LSN# 816052 (CAUSTIC BLANE )

THE FLUORIDE RESULT WAS 0.3 MG/L !

NOZZLE WASH DUFLICATE: RUN1 MG/L RUNZ MG/L

LSN# B1&60%55 1.6 1.6

SFIFE: LSN# 8186058 — S ML OF A 1000 MG/L FLUDRIDE STD WAS ADDEDR TO

50 ML OF SAMFLE IN DISTILLATION FLASK. FINAL DILUTION YOLUME
WAS SO0 ML. '

SFIKED SAMFLE ANALYEIS 103.5 MG/L
UNSFIEED SAMFLE ANALYSIS 2.6 MG/L
RECOVERED FLUORILDE 100,92 MG/L
ADDED FLUORIDE 100.0 MG/L
% RECOVERY 101 % ‘
SMALL BLK THIMERLE - 0.1 TOTAL MG FLUORIDE

SFIKE: 1050 G NAF WAS ADDED TO A ELE THIMELE. TO ALL THIMELES
.9G CAD WAS ADDED. ALL WERE ASHED, FUSED WITH NAOH, DISTILLED
AND ANALYZED SIE.

47 .5 MG OF FLUORIDE WAS ADDED TD THE THIMEBLE - 48.0 MG

OF FLUODRIDE WAS RECOVERED PR 101 %

Lt AR REFERENCES: 2760:213, 2760:214, 2760:2135

ANALYST(S): SANDRA DEISEROTH
EXXELRERREKENR LKA R . X )

AFFROVED EBY: NORMA J. HORNUNG
FINAL AFFROVED BY: HNANCY M. FITZIGERALD

¥%x¥ END OF REFORT ¥XX
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1 3 MG FoL 538 MV .
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MINERAL WOOL EMISSION FACTORS DEVELOPED FROM AP-40

Production Mass
rate, flux, Emission factor flow rate,
Process Pollutant tons/hr tbs/hr kg/Mg Ibs/ton % DSCFM
Cupola PM (filt.) 3525/2000 50 14 28
PM (filt.) 4429/2000 46 10 21 Concen.,
PM (filt.) 3625/2000 29 8.0 16 mg/DSCF
AVERAGE 11 22
S02 3525/2000 20 5.6 11 32.6 4550
S0O3 3525/2000 11 3.2 6.3 18.5 4550
%
CO 3525/2000 160 45 91 0.9 4550
Reverberatory PM (filt.) 3050/2000 7.3 24 4.8
furnace
Blow chamber PM (filt.) 3525/2000 9.2 2.6 52
PM (filt.) 3625/2000 7.1 2.0 3.9
PM (filt.) 3525/2000 98 28 56 Concen,,
PM (filt.) 4120/2000 8.3 2.0 4.0 mg/DSCF
AVERAGE 8.6 17
S02 3525/2000 1.5 0.43 0.87 1.04 11,100
aldehydes | 3525/2000 1.5 0.43 0.86 1.03 11,100
Curing oven PM (filt.) 3525/2000 9.0 2.5 5.1 8.2 1,530
PM (filt.) 3625/2000 5.2 1.4 2.9
PM (filt.) 3050/2000 2.3 0.7 1.5
PM (filt.) 5180/2000 15 2.9 5.9 Concen.,
PM (filt) | 3500/2000 5.0 1.4 2.9 mg/DSCF
AVERAGE 1.8 3.6
S02 3525/2000 2.0 0.58 1.2 3.23 4,740
aldehydes | 5180/2000 1.9 0.37 0.73
aldehydes | 3500/2000 2.2 0.63 1.3
AVERAGE 0.50 1.00
NO2 5180/2000 0.60 0.12 0.23
NO2 3500/2000 0.15 0.043 0.086
AVERAGE 0.079 0.16
cooler PM (filt.) | 3525/2000 0.75 0.21 0.43
PM (filt.) 3700/2000 2.6 0.69 1.4
PM (filt.) 3050/2000 3.6 1.2 2.3 Concen.,
PM (filt.) 3050/2000 8.4 2.8 55 mg/DSCF
AVERAGE 1.2 2.4
S02 3525/2000 0.12 0.034 0.068 0.49 1,850
aldehydes | 3525/2000 0.074 0.021 0.042 0.30 1,850
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5. DRAFT AP-42 SECTION 8.16
8.16 MINERAL WOOL MANUFACTURING

8.16.1 General!'?

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 8.11), 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 materials are processed into insuiation 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; 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 high-density fiber felts and blankets, which are 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 3-05-017.

8.16.2 Process Descriptiont**>

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 process has three primary com.ponentx—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 meiting 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 inciude 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 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 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 film on the surfaces of the rotors
and then is thrown off by centrifugal force. As the material is discharged from the rotor, smali
globules develop on the rotors and form iong, fibrous tails as they travel horizontally. Air or steam
may be blown around the rotors to assist in fiberizing 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 ail 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 woo! by gravity immediately following fiberization.

Depending on the desired product, various chemical agents may be applied to the newly formed
fiber immediately foilowing 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 toose wool or bulk products, no further chemical
treatment is necessary. If the mimeral wool product is required to have structurat rigidity, as i bans
and industrial felt, a binding agent is applied with or in place of the oil treatment. This binder is
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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-and/or
oil-coated 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 bianket 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 batts 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 asphalt-coated 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 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 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 packaghg.

8.16.3 Emissions and Controls’

The sources of emissions in the mineral wool manufacturing industry are the cupola, 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,
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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 than
10 micrometers (um) in diameter (PM-10) emissions, although no particle size data are available.
Coke combustion in the furnace produces carbon monoxide (CO), carbon dioxide (CO,), and nitrogen
oxide (NO,) emissions. Finally, because blast furnace slags contain sulfur, the cupola is also a source
of sulfur dioxide (SO,) and hydrogen sulfide (H,S) emissions.

The blowchamber is a source of PM (and probably PM-10) emissions. Also, the annealing oils
used in the process can lead to VOC emissions from the process. Other sources of VOC emissions
include batt application and the curing oven. Finally, fugitive PM emissions can be génerated 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 control, with two-thirds of the cupolas in operation having fabric filter 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 control device being low-energy 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 bilow chambers and curing ovens and CO emissions from cupolas.
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No A0
TABLE 8.16-1. (METRIC UNITS)

%
EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING® &a)d’l ’

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

Process {SCC) Filterable PM?

Cupola® S 8.2 E

(30501701)

Cupola with fabric filterd 0.051 D

(30501701)

Reverberatory furnace® 2.4 E
“ (30501702)

Batt curing oven® 1.8 E i

(30501704)

Batt curing oven with ESPf 0.36 D

(30501704)

Blow chamber® 6.0 . E

(30501703)

Blow chamber with wire mesh filters 0.45 b
" (30501703)

Cooler® 1.2 E

(30501705)

*Factors represent uncontrolled emissions unless otherwise noted.
®Filterable PM is that PM collected on or prior to the filter of an EPA
Method S (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.

fReference 9.

EReference 7. Activity level is mass of molten mineral feed charged.
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TABLE 8.16-1. (ENGLISH UNITSY
EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING*

All emission factors in Ib/ton of product uniess noted
Ratings (A-E) follow each emission factor

Process (SCC) ' Filterable PMP

Cupola® 16 E
(30501701)

Cupola with fabric filterd 0.10 D
(30501701)

Reverberatory furnace® 438 E
(30501702)

Batt curing oven® 36 E
(30501704)

Batt curing oven with ESPf 0.72 D
(30501704)

Blow chamber® 12 E
(30501703)

Blow chamber with wire mesh filter® 091 D
(30501703)

Cooler® 2.4 E
(30501705)

#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.
“Reference 12.

fReference 9. . _
EReference 7. Activity level is mass of molten mineral feed charged.

9/92 Mineral Wood Manufacturing 8.16-7




TABLE 8.16-2 (METRIC UNITS)
EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING*

All emission factors in kg/Mg of tota] feed charged uniess noted

Ratings (A-E) follow each emission factor
1=_=—=F==—=#==F==-_ﬁ==-==== |
Source
(SCC) . cob Co,° SO, SO,

Cupola ~ | 125 | D | 260 D 4.0° D 3.4 E
(30501701) _

Cupola with| NA NA NA 0.07*| E
fabric fiiter
(30501701)

Cupola with] NA NA NA e
fabric filter
(30501701)

Bartcuring | e e 05881 E e

oven
(30501704)

Blow e 80f E 0.43d E e
chamber
(30501703) ||

Cooler e e 0.0344 E e
(30501705)

NA = Not applicable.

ntroiled emissions unless otherwise noted.

=T

6. O@
6, 10, and 11,
U™

12.

B

)QJ& > UD@W U&g&@/

8.16-8 EMISSION FACTORS 9/92




TABLE 8.16-2 (ENGLISH UNITS)
EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING®

All emission factors in ib/ton of total feed charged unless noted
Ratings (A-E) follow each emission factor

Source :
(SsCC) - cob Cco,® S0, SO,

lfcupota 2% | p | 50| p [se*]| D |63 ]| E
(30501701)

Cupola with| NA NA NA 0.15 | E
fabric filter
"(30501701)

Cupola with| NA NA NA e
fabric filter
(30501701)

Batt curing 1.2d E

{joven
(30501704)

Blow 160f E [0.087| E
chamber
(30501703)

Cooler 0.0684 E
(30501705) _

NA = Not applicable.
*Factors represent uncontrolled emissions unless otherwise noted.
J bReference 6.
“References 6, 10, and 11.
dReference 12.
“No data available.
" fReference 9.
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All emission factors in kg/Mg of total feed charged unless noted

TABLE 8.16-3 (METRIC UNITS) .
EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING*

Ratings (A-E) follow each emission factor

Process (SCC) . NO, N,O H,S Fluorides
lcupota osot701) 0.8° ) 1.5° D
|gg;c())l;;7v(;:t)h fabric filter | ¢ D\D b P 0019 | D
8:1)2(:)1;:?)11 fabric filter c }\3‘@ c\)‘p }&9 0.19° D

g%f;?f) oven cw% 0079| E | 15: D ¢ /\D

|-

m

2Factors 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 byproducts.
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All emission factors in Ib/ton of total feed charged unless noted
Ratings (A-E) follow each emission factor

Process (SCC)

TABLE 8.16-3 (ENGLISH UNITS)
EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING*

NO

N,0

HZS

Fluorides

Cupola (30501701)

X
1.6°

C

3.0°

<

Cupola with fabric filter
(30501701)

c

¢

0.038¢

Cupola with fabric filter
(30501701)

0.38°

Batt curing oven
30501714)

*Factors represent uncontrolled emissions unless otherwise noted.
PReference 1.

“No data available.
9dReferences 10 and 11. Coke only used as fuel.

“References 10 and 11. Fuel combination of coke and aluminum smelting byproducts.

Wm
o

!
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EMISSION FACTOR DOCUMENTATION FOR AP-42 SECTION 8.16
Mineral Wool Manufacturing

1. INTRODUCTION

The document Compilation of Air Pollutant Emission Factors (AP-42) has been published by
the U. S. Environmental Protection Agency (EPA) since 1972, Suppiements 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 quantity (weight) of pollutants emitted to 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 information from test reports and other
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 data sets and the results of
data analyses. Section 5 preseats AP-42 Section 8.16, Minerat Wool Mamufacturing.




2. INDUSTRY DESCRIPTION!-

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 8.11), 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 materials 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; 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 high-density fiber felts and blankets, which are 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 3-05-017.

2.1 CHARACTERIZATION OF THE INDUSTRY!?

Because the U.S. Department of Commerce aggregates the mineral wool manufacturing
industry, as defined in this 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.



TABLE 2-1. DISTRIBUTION OF MINERAL WOOL

MANUFACTURING FACILITIES!
State No. of facilities

Alabama 3 4
California 1 o
Colorado 1 o

f| Dtinois ! /
Indiana 5 4
Minnesota 2 |
Missouri 2 N, &
New Jersey 1 o
North Carolina 1 J
Ohio 1 /

" Pennsylvania 3 2
Tennessee 1. |/
Texas 3 {
Virginia 1

| Washington 1 /
WisC ot |
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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 10° megagrams (Mg) (3.0 x 10° tons) of structural mineral wool insulation
products with a value of about $100 million during 1980. A growth rate of less than 2 percent per
year was projected at-that time.

PROCESS DESCRIPTION!43

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 siag include the copper,
lead, and phosphate industries. The production process has three pritnary components—molten
mineral generation in the cupola, fiber formation and collection, and final 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 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 film on the sprfac&s of the
rotors and then is thrown off by centrifugal force. As the material leaves the surface, small globules
develop and form long, fibrous tails as they travel horizontaily. Air or steam may be blown around
the rotors to assist in fiberizing the material. A second fiberization method, the Downey process,
uses a spinning concave rotor with air or steam atteuation. 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 2 high-velocity

stream of air or steam.

During the spinning process, not all globules that develop are converted into fiber. The
nonfiberized globul&s‘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. Shot is usually separated from the wool by gravity
immediatety 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 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 cil 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 oil-coated 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 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 thrdugh the oven.
A cooling section foilows the oven, where blowers force air at ambient temperatures through the wool
blanket.

To make batts 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 asphalt-coated 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 batts, can be packed for shipment immediately after cutting.

Loose wool products consist primarily of blowing wool and buik 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,
l-inch-diameter 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

‘3\1L_ Sources of (CWASewter Sm'age & tveatment
e sS 1o 7 j’ birder Sorage ., SO

The sources of emissions in the mineral wool manufacturidg industry are the cupola, 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 (H,S), 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 .5
N

0
.than 10 micrometers in diameter (PM-10) emissions, although no particle size data are available. Qz\\’ .
ogen

Coke combustion in the furnace produces carbon monoxide (CO), carbon dioxide (CO,), and nitr 7"\1“;
oxide (NO,) emissions. Finally, because coke and blast furnace slags contain sulfur, the cupola is Ny

also a source of sulfur dioxide {SO,) and H,S emissions.

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 bart application and the curing oven. Finally, fugitive PM
emissions can be generated during cooling, handling, and bagging operations.
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2.4 CONTROL TECHNOLOGY'

Mineral wool manufacturers use a variety of air poilution 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, with two-thirds of the cupotas in operation having fabric filter controt
systems. Some cupola exhausts are controlied 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
contrel, with the predominant control device being low-energy 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 biow chambers and curing ovens and CO emissions from 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

Number of process sources controlled by indicated devices
Fabric Wet After-
Process source Total Filters ESP | scrubbers | Cyciones| burners | Other | None
Cupolas® 53 35 2 3 20 2 2 3
Blowchambers® 46 2 0 21 3 2 0 214
Curing ovens 15 1 0 0 0 6 0 8
Coolers 6 0 0 0 0 1 0 | s

3Two cupolas are controiled with fabric filters followed by direct-flame afterburners; two cupolas are
controlied by wet scrubbers followed by ESP’s; seven cupolas are controlled by cyclones followed
by fabric filters; and one cupoia is controlied by a cyclone followed by a wet scrubber.

dCarbon monoxide contro! 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
scrubbers, and one plant has cyclones plus a fabric filter.
dIncludes nine units reported to use wire mesh filters.
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3. GENERAL DATA REVIEW AND ANALYSIS
3.1 LITERATURE SEARCH AND SCREENINGS '

Data for this 'inv&stigation were obtained from a number of sources within the Office of Air
Quality Planning and Standards (QAQPS) and from outside organizations, The AP-42 Background
Files located in the Emission Inventory Branch (EIB) were reviewed for information on the industry,
processes, and emissions. The Crosswalk/Air Toxic Emission Factor Data Base Management System
(XATEF) and VOC/PM Speciation Data Base Management System (SPECIATE) data bases were
searched by SCC code for identification 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 Minerals Yearbook and Census of Manufactures 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 disaégregated for mineral wool manufacturing, this
information was obtained from the Source Category Survey Report. The Aerometric Information
Retrieval System (AIRS) 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 (TSAR) data base was conducted to
identify test reports for sources within the mineral wool industry. Copies of these test reports were
obtained from the ﬁl&s 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 Insuiation Manufacturers Association (NAIMA), were

contacted 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 referenced study that does not reiterate information from

previous studies.

b. The 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 not be determined, the document was eliminated.

2. The referenced study must contain test resuits 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 rejected).

A final set of reference materials was compiled after a thorough review of the pertinent
reports, documents, and information according to these criteria.

!
3.2 EMISSION DATA QUALITY RATING SYSTEMQ

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. Test series averages reported in units that cannot be converted to the selected reporting

units;

2. Test series representing incompatible test methods (i.e., comparison of EPA Method §
front half with EPA Method 5 front and back half);

3. Test series of controlled emissions for which the control device is ot 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 AP-42 sections. The data were rated as follows:

~ A-Muiltiple 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--Tests that were based on 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 operation. 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. Sampling procedures. 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
procedures could influence the test results.
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3. Sampling and process data. Adequate sampling and process 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. Analysis and calculations. The test reports contain original raw data sheets. The
nomenclature and equations used were compared 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 and completeness of other areas of the test report.

{
3.3 EMISSION FACTOR QUALITY RATING SYYI'E[MD

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

the following general criteria:

A=Excellent: Developed only from A-rated test data taken 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 minimized.

B--Above average: 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.

D-—Below gverage: The emission factor was developed only from A- and B-rated test data
from a small number of facilities, and there is reason to suspect that these facilities do not represent a
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random sample of the industry. There also may be evidence of variability within the source category

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

E--Poor: The emission factor was developed from C- and D-rated test data, and there is
reason to suspect 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 SECTION NARRATIVE!

Section 8.16, Mineral Wool Manufacturing, 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. Consequently, the narrative was completely rewritten. 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, contains 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 these 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 cannot 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 SO,
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 tests to calculate CO and CO, emission factors. The SO, measurements
were made with a Standard EPA Method 8 train; sulfur trioxide (SO,) measurements also were
obtained from this train. Volumetric flow rates were obtained via EPA Method 2, and CO and CO,
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 process 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. | fired a mixture of coke (~ 15 percent) and slag
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TABLE 4-1. SUMMARY OF SOURCE CATEGORY SURVEY EMISSION

FACTOR DATA FOR UNCONTROLLED MINERAL WOOL CUPOLAS

Emission factor
kg/Mg feed Ib/ton feed

Pollutant ] No. of tests Range Average Range Average

PM , 3 2.3-6.8 53 4.6-13.7 10.6

S0, 10 NA 53 NA 10.6

H,S 3 NA 1.5 NA"- 3.0

CcOo 3-156 78 6-312 156

NO, 6 0.1-1.9 0.8 0.2-3.7 1.6

NA = not available.

TABLE 4-2. SUMMARY OF SOURCE CATEGORY SURVEY EMISSION
FACTOR DATA FOR UNCONTROLLED MINERAL WOOL BLOW CHAMBERS

|| Emission factor
kg/Mg feed Ib/ton feed

Source No. of tests Range Average Range Average

PM 2 0.7 0.9 0.8 1.4-1.8 1.6

VOC's 2 NA 0.2 NA 0.4
%—I

TABLE 4-3. SOURCE CATEGORY PARTICLE SIZE DATA FOR

UNCONTROLLED

Particle size range, um

MINERAL WOOL CUPOLAS

Percent by weight

+30
9.2-30°
5.59.2

3.35.5

2.0-3.3

1.0-2.0
0.2-1

5.6
0.1
0.5
1.0
5.0
67.8
20.0
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(~ 85 percent), while cupola No. 2 fired a mixture of coke (~ 15 percent), slag (~ 80 percent), and

ore (~5 percent).

The data are fated A for CO, CO,, and SO, because standard methodology was used, no
problems were reported, and all results were fully documented. Unlike these gaseous pollutants (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 SO, data are rated B.

4222 Reference 3. 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 CO, 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 activated carbon tubes for 24 hours, then filtering and evaporating the liguid to

dryness at room 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 considersd 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 CO, 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 process diagrams 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 operations.

The PM test data are rated B. Tests were conducted with standard EPA methods and no
problems were reported. However, the process information was inadequate to warrant a higher
rating. The CO, data are rated C due to the relative inaccuracy of Fyrite analysis.

42.2.4 Reference 5. This facility-sponsored test was conducted to demonstrate that the PM
emissions from the batt curing ovent 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 matfunction, leaving three valid runs. The
report does not provide process or emission data for the two discarded runs. Fyrite was used to

quantify CO, emissions.

The process information in the report is quite limited. The introduction d(')&i note that
emissions are directed through an ESP, bui 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 batt produced, but the exact basis for the process weights could not be
confirmed from the raw data,

The test data from this report are rated C. Tests 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 the

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, SO,, 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

Charge (1 1b) Condition A Condition B Condition D
SPL* 0 210 450
Lime 0 0 ‘ . 50
Coke 385 260 140
Duquesne slag 1,300 1,300 1,300
Trap rock 1,100 1,100 1,100
Steel slag 400 - 400 400
Tennessee slag 400 400 400
Avg. No. charges/hr 35 34 3.0

The test design for this program was somewhat unusual. The facility operates two cupolas,
each with its own spark arrestor and fabric filter. The exhaust from the fabric filters 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 Alcoa 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 111°F), the condensible PM fraction should be negligible.
Therefore, the filterable PM results should be relatively accurate for AP-42 emission factor
development with a one-step quality down-rating. The SO, samples were obtained with a glass-bulb
technique that is purported to be similar to EPA Method 15 procedures. The concentration of SO,
was measured with a gas chromatograph/flame photometric detector. Although the test method
appears to be acceptable, there is inadequate informa-tion 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 methods were used, no
problems were reporéd, and results were fully documented. The PM data were rated B because the
method used is somewhat less reliable than EPA Method 5. The SO, data were rated D because a
nonstandard method was used and no information was presented on its reliability, accuracy, precision,
or equivalence to other methods. The CO, data are rated C due to the relative inaccuracy of Fyrite

analysis.

4.2.2.6 Reference 7. This test program was sponsored by the facility to demonstrate that
PM, SO,, and fluoride emissions from the cupola were 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

I Baseline l 710 Ib/hr SPL

Charge b Charge Ib
Coke 385-400 Coke 260
SPL 0 SPL 225
Duquesne slag 1,300 Duquesne slag 1,300
Trap rock 1,100 Trap rock 1,100
Lime 50 Lime 50
| Steel 400 Steel 400
| Tennessee slag 400 " Tennessee siag 400

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.




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
resuits. The C02 data are rated C due to the relative inaccuracy of Fyrite analysis.

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, ail 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 Background Files

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 SO, 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 earty (1967) version of
AP-40 (Reference 11). In addition, Reference 11 includes emission data on uncontrolled emissions of
SO; and CO from cupolas; SO, and aldehydes from blow chambers; SO,, nitrogen dioxide (NO,),
and aldehydes from curing ovens; and SO, 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 Apalysis

For mineral wool masufacturing cupoias, the test reports and documents described above
provided sufficient data to develop emission factors for uncontrolled and controlled filterabie PM
emissions; uncontrolled CO, CO,, S(_)z, H,8, and NO, emissions; uncontrolled and controlled SO,
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emissions; and controlled fluoride emissions. For reverberatory furnaces, an uncontrolled filterable

PM emission factor was developed. For mineral wool batt curing ovens, emission factors were
developed for uncontrolled and controlled filterable PM emissions and for uncontrolled SO, and N»O
emissions. For mineral wool blow chambers, emission factors were developed for uncontrolled and
controlled filterable PM emissions and for uncontrotled 802 and CO, emissions. Finally, for mineral
wool coolers, emission factors were developed for filterable PM and SO, emissions. The data used
in the analysis are summarized in Tables 44 and 4-5. Table 4-6 summarizes the emission factors
developed from data found in AP-40 (Reference 11). The final emission factors that were
incorporated into the revised AP-42 section and their ratings are tabuiated 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-filter-controlled 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 AP-42 section on mineral wool manufacturing for
uncontrolled CO and CO, emissions from cupolas were developed from Reference 2. Emission
factors for CO, 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 kg/Mg (250 tb/ton), and the data
from the other four references are rated C and average 205 kg/Mg (410 Ib/ton). However, emission
factors developed from C-rated data can only be rated E. For that reason, the emission fact‘or.for

CO, emissions from cupolas developed from Reference 2 was used.

Although the CO and CO, emissions were measured downstream from a fabric filter, these
emission factors are considered to be uncontrolled because fabric filters are not expected to affect CO
and CO, 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 FOR MINERAL
WOOL MANUFACTURING CUPOLAS

“Refer to Section 4.2.2.5 for composition of charge material,
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1 | || |  Emission factor, kg/Mg (blton) food | ’
- No. of | Data
Facility | Source ID | APCD {Pollutant | runs | rating Range Average | Ref.
A Cupola No. 1 FF |CO 3 A 130-140 (260-280) 130 (260) 2
(slag) ) .
S0, 3 A [2.5-3.8 (5.1-7.6) 3.1 (6.2) 2
CO, 3 A 230-270 (470-550) 250 (510) 2
. S0, 3 B  |0.0085-0.43 (0.017-0.86) 0.15 (0.30) 2
Cupola No. 2 FF |CO 3 A 120-130 (230-260) 120 (250) 2
(slag/ore)
50, 3 A [3.3-3.8 (6.5-7.6) 1.4 (6.9) 2
CO, 3 A |250-310 (490-620) 270 (540) 2
50, 3 B 0.0010-0.0050 0.0034 (0.0067) 2
{0.0040-0.010)
B Cupola No. 4 FF |PM 3 B 0.0020-0.049 0.025 {0.050) 3
(slag) (0.0041-0.098)
None |CO, 3 C  {310-350 (610-690) 330 (650) 3
Cupola No. 1 FF |PM 3 B [0.015-0.072 (0.030-0.14) 0.041 (0.082) 4
None |CO, 3 C 150-290 (290-580) 220 (430) 4
Cupola No. 2 FF |PM 3 B [0.016-0.053 (0.033-0.11) 0.032 (0.065) 4
None |CO, 3 C 110-200 (210-390) 150 (290) 4
Cupola No. 3 FF |PM 3 B [0.037-0.073 (0.073-0.15) 0.050 (0.099) 4
(slag, shale,
|phosphate slag)
None |CO, 3 C  {200-250 (390-500) 230 (450) 4
C Cond. 1° FF |PM 3 B 0.035-0.057 (0.069-0.11) 0.049 (0.098) 6
50, 3 D |[|3.74.5(7.4-8.9) 4.2 (8.3) 6
Fluorides 3 A ]0.016-0.036 (0.031-0.072)  ]0.029 (0.058) 6
None |CO, 3 C 160-170 (320-330) 170 (330) 6
Cond. 2 None |PM 4 B 0.019-0.095 (0.038-0.19) |0.074 (0.15) 6
50, 4 D |1.94.1 (3.8-8.1) 1.8 (7.6) 6
Fluorides 4 A |0.059-0.49 (0.19-0.98) 10.32 (0.63) 6
None [CO, 4 C  [100-180 (200-360) 120 (240) 6
Cond. 3 None |PM 2 B [0.076-0.079 (0.15-0.16) 0.18 (0.37) 6
S0, 2 D [2.0-2.9 (4.1-5.8) 2.5 (5.0) 6
Fluorides 2 A 0.19-0.26 (0.37-0.51) 0.22 (0.44) 6
None {CO, 2 C 110-170 (220-340) 140 (280) 6
C Cond. 1* FF |PM 3 A ]0.061-1.1 (0.12-2.2) |0.084 (0.17) 7
50, 3 A [5.0-6.5 (10-13) 5.5 (11.0) 7
Fluorides 3 A |0.0073-0.011 (0.015-0.021) |0.0085 (0.017) 7
None CO, 3 C 240-260 (480-510) 250 (500) 7
Cond. 2 None |PM 4 A 0.12-0.17 (0.24-0.33) 0.14 (0.28) 7
50, 4 A [|3.74.5(7.59.0) 4.1 (8.2) 7
Fluorides 4 A ]0.026-0.036 (0.052-0.073)  [0.032 (0.064) 7
None |CO, 3 C  |230-240 (460-480) 240 (470) 7




TABLE 4-5. SUMMARY OF EMISSION TEST DATA FOR MINERAL WOOL
MANUFACTURING CURING AND BLOWING

Emission factor, kg/Mg (1b/ton)
feed

Data
rating Range Average | Ref.

C |0.23-0.60 (0.46-1.2)| 0.36 (0.72) 5

60-110 (110-220) 80 (160) 5
B 10.30-5.9 (0.59-1.2) | 0.45 (0.91) 3
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TABLE 4-6. SUMMARY OF UNCONTROLLED EMISSION FACTORS
DEVELOPED FROM AP-40!l:2

*All emission factors rated E except where indicated.
bEmission factors are unrated.
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Range Average
No. of
Process Pollutant tests kg/Mg Ib/ton = { kg/Mg Ib/ton
Cupola [ PM (filterable) 3 8.0-14 16-28 11 22
SO, 1 5.6 1t
SO, 1 3.2 6.3
Cco 1 435 91
Reverberatory PM (filterable) 1 2.4 4.3
furnace
Blow chamber PM (filterable) 4 2.0-28 4.0-56 8.6 17
so, 1 0.43 0.87
aldehydes® 1 0.43 0.86
Curing oven PM (filterable) 51 0.74-2.9 1.5-5.9 1.8 3.6
S0, 1 0.58 1.2
aldehydesP 2 | 0.370.63 | 0.73-1.3 0.50 1.00 I
NO, 2 | 0.0430.12 } 0.086-0.23 0.079 0.16
Cooler PM (filterable) 4| 02128 | 04355 1.2 2.4
S0, 1 0.034 0.068
aldehydes® 1 0.021 0.042




TABLE 4-7. MINERAL WOOL MANUFACTURING EMISSION FACTORS

e iy
Emission factor
Ref.
Source Control Pollutant kg/Mg Ib/ton Rating No.
Cupola® Uncontrolled | Filterable PM 8.2 16 E 1,11
co 125 250 D 2
co, 260 520 D 2
SO, 4.0 8.0 D 2,7
50, 32 6.3 E 1
ii 1.5 3.0 E 1
NO, 0.8 1.6 E 1
Fabric filter Filterable PM 0.051 0.10 D 2,3,4,6,7
S0, 0.077 0.15 E 2
Fluorides 0.019 0.038 D 7
Fluorides® 0.19 0.38 D 6
Reverberatory |Uncontrolled | Filterable PM 24 4.8 E 11
tFurnace
Batt curing Uncontrolled  |Filtsrable PM 1.8 3.6 E 11
oven?
S0, 0.58 1.2 E 11
NO, 0.07 | 0.16 E 1
co, 80 160 E 5
ESP Filterable PM 0.36 0.72 D 5
Blow chamber® {Uncontrolled |Filterable PM 6.0 12 E 1.11
SO, 0.43 0.87 E 1
Wire mesh Filterable PM 0.45 091 - D 3
filter
Cooler Uncontrolled  |Filtorable PM 1.2 2.4 E 11 "
S0, 0.034 0068 { E 11
LActivity level is total feed-charged.
®Only coke was used as fuel.

‘Fuel was a combination of coke and aluminum smeiting byproducts.

dActivity level is mass of product.

®Activity level is mass of mohen mineral feed.
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For SO, 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.

Uncontrotled emission factors for SO, H,S, and NO, emissions from cupolas were developed
from secondary references (References ! 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 uncontrolied 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 factors

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 rated D. Fluoride emission factors 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 uncontrolied filterable PM emission factor for blow chambers is based oﬁ 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-controlled PM emission factors for curing ovens indicates a control 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 capsidered to be useful for
order-of-magnitude estimates and have been included in the revised AP-42 section.
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5. DRAFT AP-42 SECTION 8.16
8.16 MINERAL WOOL MANUFACTURING

8.16.1 Generall?

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 8.11), 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 materials 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; 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 high-density fiber felts and blankets, which are 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 3-05-017.

8.16.2 Process Descriptiop!**

Most mineral wool produced in the United States today is produced from siag 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 process has three primary com‘ponents-molten

9/92 Minerdl Wood Manufacturing 8.16-1
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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. Thé 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 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 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 fiberization methods. The Poweli 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 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 fiberizing 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 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
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Figure 8.16-1. Mineral wool manufacturing process 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-and/or
oil-coated 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 coﬁtaining 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 bianket 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 batts 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 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 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. : ~ .
8.16.3 Emissions and Controls! bince '54—1):—(19-} ¢t Mix “‘rj 7

1612 TR ?.3“?‘0'-"-?()9 oot mme 7

s

The sources of emissions in the mineral wool manufacturing industry are the cupola, 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,
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depending on the particular types of slag and binding agents used, the fagqilities 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 (um) in diameter (PM-10) emissions, although no particle size data are available.
Coke combustion in the furnace produces carbon monoxide (CO), carbon dioxide (COy), and nitrogen
oxide (NO,) emissions. Finally, because blast furnace slags contain sulfur, the cupola is also a source
of sulfur dioxide (SO,) and hydrogen sulfide (H,S) emissions.

I

pyes

The blowchamber is a source of PM (and probably PM-10) emissions, Also, the annealing oils
used in the process can iead to VOC emissions from the process. Other sources of VOC emissions
include batt application and the curing oven. Finally, fugitive PM emissions can be genermed 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 poliutants. The industry has given greatest
attention to cupola PM control, with two-thirds of the cupolas in operation having fabric filter 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 control device being low-energy 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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TABLE 8.16-1. (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

" Process (SCC) Filterabie PMP H
Cupola® o 8.2 E
(30501701)

|[ Cupola with fabric filterd 0.051 D
(30501701)

Reverberatory furnace® 2.4 E
(30501702)
Batt curing oven® 1.8 E
(30501704)
Batt curing oven with ESPf 0.36 D
(30501704)
Blow chamber® 6.0 _E
(30501703)
Blow chamber with wire mesh filter® 0.45 D
(30501703)
Cooler® . 1.2 E
(30501705)

2Factors 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.

fReference 9.

EReference 7. Activity level is mass of moiten mineral feed charged.
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TABLE 8.16-1.

(ENGLISH UNITS)y

EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING*

All emission factors in 1b/ton of product unless noted
Ratings (A-E) follow each emission factor -

Filterable PMY u

9/92

Process (SCC)
Cupola® 16 E
(30501701) ,
Cupola with fabric filterd 0.10 D
(30501701)
Reverberatory furnace® 48 E
(30501702)

{| Bart curing oven® 3.6 E
(30501704)
Batt curing oven with ESPf 0.72 D
(30501704)
Blow chamber® 12 E
(30501703)
Blow chamber with wire mesh filter8 0.91 D
(30501703)
Cooler® 24 E
(30501705)

3Factors 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.

®Reference 12.
fReference 9.

EReference 7. Activity level is mass of molten mineral feed charged.'
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TABLE 8.16-2 (METRIC UNITS)
EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING*

All emission factors in kg/Mg of total feed charged unless noted
Ratings (A-E) follow each emission factor

— |

Source
(SCO) . cob Co,° 50, S0,

Cupola 1251 D 260 D 4.0° D 3.4 E
(30501701)

Cupola with| NA NA NA 0.077% | E
fabric filter
(30501701)

Cupola with] NA NA NA e
fabric filter
(30501701)

Batt curing e e 0.584 E e

oven H]
(30501704)

Blow e gof E 0.434 E e
chamber
(30501703)

Cooler e e 00344 E e
(30501705)

NA = Not applicable.

“Factors represent uncontrolied emissions unless otherwise noted.
PReference 6.

“References 6, 10, and 11.

dReference 12.

“No data available.

fReference 9.

8.16-8 EMISSION FACTORS 9/92



L4l

9/92

TABLE 8.16-2 (ENGLISH UNITS)
EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING*

All emission factors in ib/ton of total feed charged unless noted
Ratings (A-E) follow each emission factor

@
Source

(SCC) cob Co,’ 50, SO,

"Cupola 250} D | 520 [ D [ 80*| D | 63 | E

(30501701)

Cupola with| NA NA NA 0.15* | E
fabric filter
(30501701)

Cupola with] NA NA NA e
fabric filter
(30501701}

Batt curing 1.24 E
oven

(30501704)

Blow 160f E 0.0879 E
chamber
(30501703)

Cooler 0.0684 E

(30501705)

NA = Not applicable.

*Factors represent uncontrolled emissions unless otherwise noted.
PReference 6.

“References 6, 10, and 11,

dReference 12.

®No data available.

fReference 9.
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Process (SCC)

TABLE 8.16-3 (METRIC UNITS) .

NO,

All emission factors in kg/Mg of total feed charged unless noted
Ratings (A-E) follow each emission factor

H,$

EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING*

Fiuorides

Cupola (30501701)

0.8b

1.5b

c

(30501701)

Cupola with fabric filter

0.019¢

(30501701)

Cupola with fabric filter

0.19°

(30501714)

SFactors represent uncontrolled emissions unless otherwise noted.
bReference 1.

°No data available.

dReferences 10 and 11. Coke only used as fuel.

Batt curing oven

C

0.079| E

<

m

®References 10 and 11. Fuel combination of coke and aluminum smelting byproducts.
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TABLE 8.16-3 (ENGLISH UNITS)
EMISSION FACTORS FOR MINERAL WOOL MANUFACTURING*

All emission factors in Ib/ton of total feed charged unless noted

Ratings (A-E) follow each emission factor

Process (8CC) * NO, N,O H,S Fluorides
Cupola (30501701) 1.6° c 3.0 c
Cupola with fabric filter { . ¢ c c 0.0384
(30501701) |
Cupola with fabric filter c c c 0.38¢
(30501701)
Batt curing oven ¢ 0.16 E c ¢
(30501714)
e e . . —
AFactors 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 byproducts.
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COMPARISON OF MINERAL WOOL MANUFACTURING EMISSION
FACTORS IN AP-40 (1967) AND SOURCE CATEGORY SURVEY (1980)

Uncontrolled emission factors in kg/Mg
AP-40 Source cat. survey
Process Pollutant EF No. tests EF No. tests
cupola PM 11 3 5.3 3 fola ant
SO2 5.6 1 5.3 10 "
SO3 3.2 1
H2S 1.5 3 i§ it fr? § 30
CO 45 1 78 9 apttase olf
NOx 0.8 6 tse
Blowchamber PM 8.6 4 0.8 2
S02 0.58 1
VOC's 0.2 2
aldehydes| 0.43 1
Curing oven PM 1.8 5 v b
S02 0.58 1
NQO2 0.079 2
aldehydes; 0.5 2
Cooler PM 1.2 4
S02 0.034 1
aldehydes| 0.021 1
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MINERAL WOOL--CO2 BY FYRITE--SUMMARY OF EMISSION FACTORS

Ref. | Run | CO2,| Volum. flow | Mass flux | Process rate| Emission factor,
Process | No. | No.,| % |rate, DSCFM ib/hr ton/hr kg/Mg Iib/ton
Cupola 3 1 12 4,095 3,388 4.9 350 690
2 11 4,138 3,138 4.9 320 640
3 10 4,342 2,993 4.9 310 610
Average 330 650
Cupola 4 1 6 5,460 2,258 5.4 210 420
2 6 5,502 2,276 3.8 290 580
3 4 5,664 1,562 5.4 150 290
Average 220 430
1 6.5 4,494 2,014 5.2 200 390
2 4 4,535 1,251 4.9 130 260
3 4 4,281 1,181 5.6 110 210
Average 150 290
1 7.5 4,093 2,116 5.4 200 390
2 7.5 5,015 2,593 5.2 250 500
3 8.1 4,377 2,444 5.2 240 470
Average 230 450
Batt 5 1 0.5 8,942 308 2 80 150
curing 2 0.5 8,943 308 1.42 110 220
oven 3 0.5 8,779 303 2.79 60 110
Average 80 160
Cupola 6 1 2 30,019 4,139 12.54 170 330
2 1.5 38,947 4,028 12.54 160 320
3 1.5 39,723 4,108 12.54 170 330
Average 170 330
1 1 35,997 2,482 12.48 100 200
2 1 37,813 2,607 12.48 110 210
3 1 35,985 2,481 12.48 100 200
4 1.5 43,313 4,479 12.48 180 360
Average 120 240
1 1.5 38,129 3,943 11.52 170 340
2 1 36,781 2,636 11.52 110 220
Average 140 280
Cupola 7 1 2 48,160 6,640 13.09 260 510
2 2 48,730 6,719 13.09 260 510
3 2 45,790 6,314 13.09 240 480
Average 250 500
1 2 46,360 6,392 13.45 240 480
2 2 45,870 6,325 13.45 240 470
3 2 45,360 6,254 13.45 230 480
Average 240 470




COMPARISON OF UNCONTROLLED MINERAL WOOL MANUFACTURING EMISSION
FACTORS IN AP-40 (1967) AND SOURCE CATEGORY SURVEY (1980) WITH
CONTROLLED EMISSION FACTORS DEVELOPED FROM EMISSION TESTS

Uncontrolled emission factors in kg/Mg Average Controlled Control
AP-40 Source cat. survey emission factor, |emission factors efficiency
Process Pollutant EF No, tests EF No. tests | kg/Mg | Ibjton |APCD kg/Mg

cupola -F PM 11 3 5.3 3 8.2 16 |fabric filter 0.051 0.994
¥ S02 5.6 1 5.3 10 5.3 11

> S03 3.2 1 3.2 6.4 |fabric fiter 0.077 0.976
> H28 1.5 3 1.5 3.0
X Co 45 1 78 9 75 149
~»| NOx 0.8 6 0.8 1.6

Blowchamberyt  PM 8.6 4 0.8 2 6.0 12 |dry filter 0.45 0.925
-»| 802 0.58 1 0.58 1.2
A VOC's 0.2 2 0.20 0.40
Xjaldehydes| 0.43 1 0.43 0.86

Curing oven s PM 1.8 5 1.8 3.6 |ESP 0.36 0.800
<21 802 0.58 1 0.58 1.2
| NO2 0.079 2 0.079 0.186
x|aldehydes 0.5 2 0.5 1
Cooler - PM 1.2 4 1.2 2.4
- S02 0.034 1 0.034 | 0.068
AJaldehydes | 0.021 1 0.021 | 0.042
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COMPARISON OF EMISSION CONCENTRATIONS
MINERAL WOOL AP-42 REVISIONS

Section 4 PM S02 CO NOx T™VOC's
refer. No. |Process gr/dscf PPM PPM
2 cupola 0.86 7.8
3 cupola 0.007
3 blow cha 0.008
4 cupola 0.011
4 cupola 0.0094
4 cupola 0.0093
5 batt curin
8 cupola+ 0.018 6.26
8 cupola+ 0.013 6.72
9 cupola+ 0.025 0.278 5.78
10 cupola+ 0.014 16.17 10.7 0 0






