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Review Checklist 
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A. Background Information 

1. Facility name: S+at,St.e 

4. Test sponsoi 

5. Testing cont 

6. purpose of t E  

7. Pollutants mea 

orJ+ho ; \ t e d  

@ PM-10 

Others (list) : 

8. Process overvieu. on an attached page provide a block 
diagram of the unit operations and associated air 
pollution contr.01 systems at the facility. 
process tested with letters from the beginning of the 
alphabet (A, B, C, etc.) and APC systems with letters 
from end of alphabet (V, W, X, etc.). Also identify test 
locations with Arabic numerals (1,2,3, ... ) .  Using the 
ID symbols from that sketch complete the table below that 
identifies processes or unit operations tested. 

Identify 
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B. process Information 

1. Provide a brief narrative description of the process. 
With as much detail as possible, (e.g., if a furnace or 
conveyor system is used, identify the type of unit) 

. *  'describe:the equipment used for those operations tested. 
(Note: 
adequate, attach copy or reproduce here.) 

* a*alhed , , , 

I 

If process description provided in test report is 

1 '. , .  . .  
* I . . ,  

I .  

. .  
. I  

. ,  . t , 1 , ' . I  

. b i  

i .  , ' I  

, D .  
. .  

, .:, . ..: , . , 

. .  . .,.. , .. , 
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2. For each process tested list feedstock materials and 
products. Indicate if activity factors are for feed (F) 
rate or product 1P) rate. 

Basis for data: 
(Indicate pageltable NOS. in test report) 

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

3 .  

Basis f o r  data: 
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C. Air Pollution Control Systems Tested 

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

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

2 .  For each system identified above, provide a narrative 
description. For fugitive systems describe capture 
techniques as well as the removal techniques (use a 
separate page if necessary) 
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I 

3. Using the attached parameter list for guidance complete 
the table below. (Use additional pages as needed.) 

I 

I 

I I I I I I 

ypc of I I I 
PCD: I I 

I 

I 

I Reading# 

Run 1 Run 2 Run 3 PCDID Panmsta Units 
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II 
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Test location I Pollutaat n I 

YM 
YM 
YM 
YM 
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I S  & A  method 
I 

YIN 
YM 
YIN 
YIN 
YIN 

conditional Deviations *I 
II 
II I I 

I I 

Y M  YIN 
Y M  YIN 
YM YIN 
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E. Emission Data Documentation 

d3006-4/971130 

1. Tabulate the following stack gas data from the test 

I I I I I I I 

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

1 .  

.. ' 0  . .  
, )  

I ,  . . .  1 '  

3. Describe any deviations identified above. 
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2. Tabulate pollutant mass flux rates 
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3 .  Present example emission factor calculations below. 
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4 .  Tabulate emission factors 

b3006-4/971130 
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Type of 
APCD 

Fabric filter 

ESP 

Venturi (or other high 
energy) scrubber 

packed-bed scrubber 

Carbon absorber 

Parameters 
Cleaning mechanism 
Bag type 
Cleaning frequency 
Air to cloth ratio (NC) 
pressure drop 
Inlet temperature 

Type (wet or dry) 
Number of fields 
Rapping cycle (if dry) 
Specific Collection Area (SCA) 
Particulate resistivity (if known) 
Spark rate 
Current and power levels 
Pressure drop 
Liquidgas (UG) ntio 
Misteliminatortype 

mkillg depth 
U G  ratio 
Caustic use (Y/N) 
PH 
Mist eliminator type 
Bed depth 
Superficial gas velocity 
Bed temperature 
Desorption mechanism (media) 
Flue-gas moisture 
Cycle length 
Time-on-line after breakthrough 
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I. INTRODUCTI9N 

Atmospheric emissions of fluorides, phosphorus pent- 

oxide, total particulate, and sulfur dioxide from Stauffer 

Chemical Company's elemental phosphorus plant at Tarpon 

Springs, Flori.da, were sampled to form a data base for 

New Source Performance Standards as authorized by the Clean 

Air Act of 1970. 

Tests were made to determine fluoride and phosphorus 

pentoxide concentrations before and after the venturi 

scrubber serving a furnace slag tapping operation. Fluoride, 

phosphorus pentoxide, total particulate, and sulfur dioxide 

concentrations before and after the spray chamber serving 

the feed nodulizing kiln were also measured. In addition, 

the fluoride and P205 concentrations in the air return line 

and the CO line leading to the kiln were measured. All 

field testing was conducted by PEDCo-Environmental 

Specialists, Inc. and all sample analyses were performed 

by the Environmental Protection Agency's Office of Air 

Quality and Planning. Table 1 summarizes the test locations, 

dates, and the measurements made. In addition, Stauffer 

. Chemical Company conducted fluoride tests at the nodulizinq 

kiln spray chamher outlet during this test series using both 

manual and continuous bubhler system:. 

This test series was interrupted h v  Hurricane Agnes. 

Sampling therefore occurred during two different periods. 
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I n  a l l  c a s e s ,  t h e  tests were run  t o  de termine  average  

emission c o n c e n t r a t i o n s  and r a t e s  under normal o p e r a t i n g  

c o n d i t i o n s .  Whenever p o s s i b l e ,  t e s t i n g  was conducted 

d u r i n g  normal o p e r a t i n g  c o n d i t i o n s .  

S lag  Tapping O p e r a t i o n  

A t  t h i s  p l a n t ,  t h e  s l a g  t app ing  p o r t s  i n  t h e  e l e c t r i c  

a r c  f u r n a c e  w e r e  covered by a movable hood system which 

vented fumes d u r i n g  s l a g  t a p p i n g  through a v e n t u r i  s c rubbe r  

and o u t  t h e  s t a c k .  S tack  g a s e s  were sampled b e f o r e  and a f t e r  

t h e  sc rubbe r  a s  shown by P o i n t s  E and F i n  F i g u r e  1. For t h e  

t h r e e  test runs  sampling was conducted o n l y  d u r i n g  t h e  

t app ing  o p e r a t i o n  t o  de te rmine  c o n c e n t r a t i o n s  of  f l u o r i d e  

and phosphorus pen tox ide  (P205). Samples of t h e  sc rubbe r  

wa te r  were a l s o  c o l l e c t e d  a t  P o i n t s  g and h as shown i n  

F igu re  1. 

Nodulizing Ki ln  

Gases from t h e  f e e d  n o d u l i z i n g  k i l n  p a s s  through cyclone 

c o l l e c t o r s  and t h e n  a l a r g e  d i a m e t e r  sp ray  chamber which a l s o  

s e r v e s  as t h e  e x i t  s t a c k .  S t a c k  g a s e s  were sampled b e f o r e  

and a f t e r  t h e  s p r a y  chamber at P o i n t s  A ,  and B and C ,  respec-  

t i v e l y ,  as shown i n  F igu re  1. The C l o c a t i o n  w a s  5.7 f t .  

above S i t e  B and was sampled t o  de te rmine  t h e  e f f e c t  of 

a d d i t i o n a l  r e s i d e n c e  t i m e  of t h e  gaseous emis s ions  i n  t h e  

-3 -  
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l a r g e  s t a c k .  Sampling s i t e  A was l o c a t e d  b e f o r e  t h e  sp ray  

chamber. Scrubber  water samples  were t aken  a t  P o i n t s  c and 

d.  

Simultaneous t e s t i n g  was done a t  t h e  t h r e e  emiss ion  t e s t  

s i tes,  A ,  B ,  and C t o  de te rmine  c o n c e n t r a t i o n s  o f  f l u o r i d e  

and P205. T r i p l i c a t e  tests were made. Simultaxieous tes ts  

were performed a t  two t e s t  s i tes ,  A and B, t o  de te rmine  

c o n c e n t r a t i o n s  of p a r t i c u l a t e  and s u l f u r  d i o x i d e .  T r i p l i c a t e  

tes ts  were made f o r  these c o n s t i t u e n t s .  During t h e  

f l u o r i d e  and p a r t i c u l a t e  t es t s ,  g a s  samples were a l s o  taken  

for molecular  weight  d e t e r m i n a t i o n s .  

Raw m a t e r i a l  and p r o d u c t  samples were also c o l l e c t e d  

d u r i n g  t h e  t e s t  p e r i o d s  and ana lyzed  f o r  f l u o r i d e s ,  P205, 

and t r a c e  metals. 

i nc luded  i n  EMB f i l e  72-MM-05. 

Complete a n a l y s i s  of  t h e s e  samples i s  

- 5- 



11. SUFlflARY AND DISCUSSION OF RESULTS 

S lag  Tapping Operat ion 

S lag  t app ing  was an i n t e r m i t t e n t  o p e r a t i o n  which occured 

Each t a p  l a s t e d  f o r  approxi- approximate ly  every  70 minutes .  

mate ly  1 2  n.Fnutes . S z p l F n g  was c o n h c t e d .  sirnulta.neously 

b e f o r e  and a f t e r  t h e  v e n t u r i  s c rubbe r  o n l y  d u r i n g  t h e  

t a 2 p i n g  p e r i o d s  t o  de t e rmine  t h e  c o n c e n t r a t i o n s  of f l u o r i d e s  

and P205. 

. .  

- .  

Tables  2 ,  3 ,  and 4 summarize t h e  s t a c k  gas  and sc rubbe r  

water d a t a  o b t a i n e d  d u r i n g  t h e s e  tes ts .  Sampling procedures  

are d e s c r i b e d  i n  S e c t i o n  V. 

a n a l y t i c a l  r e s u l t s  are i n c l u d e d  i n  t h e  append ices  t o  t h i s  

r e p o r t .  Emission d a t a  a r e  r e p o r t e d  on a c o n c e n t r a t i o n  ( g r a i n s  

per s t a n d a r d  c u b i c  f o o t )  b a s i s ,  and a l s o  a s  pounds p e r  hour 

e m i t t e d  d u r i n g  t h e  s l a g  t a p p i n g  p e r i o d s .  

More d e t a i l e d  sampling and 

The h i g h e r  g a s  f lows  measured a t  t h e  o u t l e t  s i t e  i n d i c a t e  

l eakage  of o u t s i d e  a i r  i n t o  t h e  d u c t  system around t h e  f a n .  

Measured moi s tu re  c o n t e n t  of t h e  o u t l e t  stream showed t h a t  t h e  

g a s  w a s  n o t  s a t u r a t e d  w i t h  water. This  may be  due t o  some 

r e h e a t i n g  of t h e  gas  because o f  t h e  h o t  s l a g  be ing  dumped near  

t h e  d u c t  l e a d i n g  t o  t h e  o u t l e t  s i t e ,  and also incomplete  

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

- 6- 



TABLE 2. SLAG TAPPING - SCRUBBER INLET 
FLUORIDE & P-0, EMISSIONS SUMMARY 

3 2 .  L 3  

Run Number 1 Composite 
Date 6-16-72 6-21-72 6-21-72 
Volume of Gas Sampled - DSCFa 29.78 26.00 20.10 
Percent Moisture by Volume 2.60 1.82 2.15 

Stack Volumetric Flow Rate - DSCFMb 14,000 14,600 13,100 
Stack 'Volumetric Flow Rate - ACFMC 18,900 18,200 16,900 
Percent Isokinetic 75.8 10 7 113 

Average Stack Temperature - F 219 173 189 

Percent by Volume C02 
Percent by Volume 0, 

<1 <1 <1 
21.0 21.0 21.0 - 

Percent by Volume CO <1 <1 <I 
Percent by Volume N 2  79.0 79.0 79.0 

Fluoride Emissions - water soluble 
mg Collected 
qr/DSCF 
gr/ACF 
lb/hrd 
Fluoride Emissions - total 
mq Collected 
gr/DSCF 
gr/ACF 
lbjhrd 
Fluoride Emissions, % insoluble 

P205 Emissions - water soluble  
mg Collected 
gr/DSCF 
gr/ACF 
lb/hr 
P205 Emissions - total 
mg Collected 
gr/DSCF 
gr/ACF 
lb/hrd 
P205 Emissions, % insoluble 

: l o  7 
0.0555 
0.0410 
6.66 

107.1 
0.0555 
0.0410 
6.66 
0.093 

509 
0.264 
0.195 
31.7 

509.6 
0.264 
0 . i ~ ~  
31.7 
1.18 

42.4 
0.0251 
0.0201 
3.14 

44.2 
0.0262 
0.0209 
3.28 
4.07 

353.2 
0.269 
0.215 
33.6 

465.8 
0.276 
0.221 
34.5 
2.71 

35.5 
0.0272 
0.0212 
3.06 

35.8 
0.0275 
0.0213 
3.08 
0.838 

527.6 
0.405 
0.316 
45.4 

532.3 
0.408 
0.318 
45.8 
0.883 

~ ~ 

a Dry standard cubic feet at 70 F, 29.92 in. Hg. 
Dry standard cubic feet per minute at 70 F, 29.92 in. Hq. 
Actual cubic feet per minute. 
During slag tapping only. 

-7- 

Weighted 
Average 

25.29 
2.19 
194 
13,900 
18,000 
98.6 
<1 
21.0 
<1 

79.0 

61.6 
0.0376 
0.0289 
4.48 

62.4 
0.0381 
0.0293 
4.53 
1.28 

496.6 

0.303 
0.234 
36.1 

502.4 
0.306 
0.235 
36.5 
1.16 



TABLE 3. SLAG TAPPING - SCRUBBER OUTLET 
FLUORIDE fi P205 EMISSIONS SUMMARY 

Weighted 
Run Number 1 2 3 Averaqe 
Date 6-16-72 6-21-72 6-21-72 
Volume of Gas Sampled - DSCFa 28.95 27.29 26.71 27.65 I 

Average Stack Temperature - OF 1 2 1  1 2 0  1 1 9  1 2 0  

I 
! 

Percent  Moisture by Volume 7.56 5 .62  5.86 6.35 

Stack Volumetric Flow Rate - DSCFMb 18,800 1 7 , 2 0 0  17 ,200  17 ,900  
Stack Volumetric Flow Rate - ACFMC 22,500 20 ,000  20 ,000  20 ,800  
Percent  I s o k i n e t i c  

Percent  by Volume C02 

Percent  by Volume o2 
Percent  by Volume CO 

Percent  by Volume N 2  

106  ' 1 0 7  1 0 5  1 0 6  
<1 <1 <1 <1 

21.0 21.0 21.0 21.0 
<1 <1 <1 <1 

79.0 79.0 79.0 79.0 

F luo r ide  E m i s s i o n s  - water  s o l u b l e  

mg Col lec ted  3.21 1 .70  1 .'4 0 2.10 
qr/DSCF 
gr/ACF 

lb/hrd 

F luo r ide  Zmissi.ons - t o t a l  

0 .00171 0.000960 0.000808 0.00117 
0.0143 0.000824 0.000692 0.000995 

0.276 0.142 0.119 0.179 

mg Col lec ted  4.25 2.43 1.58 2.75 
qr/DSCF 0.00227 0.00137 0.000912 0.00153 
gr/ACF 0.0189 0.00118 0.000781 0.00130 
lb/hrd 0.365 0.202 0.134 0.233 
F luo r ide  Emissions,  % i n s o l u b l e  24.5 30.0 11.4 22.0 

P205 Emissions - water  s o l u b l e  

mg Col lec ted  57.5 61.3 8 2 . 1  67.0 
gr/DSCF 
gr/ACF 
lb /h r  
P205 Emissions - t o t a l  

mg Col lec ted  
gr/DSCF 
gr/ACF 

lb/hrd 
P205 Emissions,  % i n s o l u b l e  

.O .0307 
0.0256 

4.94 

63.8 
0.0340 
0.0256 

5.48 
9 .87  

0.0346 
0.0298 
5 . 1 1  

62.4 
0.0352 

0.0298 
5 .21  
1 .76  

0.0474 
0.0406 
6.98 

83.9 
0.0484 

0.0406 

7.14 
2.15 

a Dry s t anda rd  cubic  f e e t  a t  70 OF, 29.92 in .  Hq. 

Dry s tandard  cub ic  f e e t  pe r  minute a t  70"F, 29.92 i n .  Hg. 

Actual  cubic  f e e t  p e r  minute. ' During s l a g  tapping only.  
-8- 

0.0376 
0.0325 
5.68 

69.9 
0.0390 

0.0325 
5.94 
4.15 
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@ . .  Flexible Teflon tubing was used between the probe 

and first impinger for all tests at both the inlet a,nd out- 

let sites. 

Fluoride Data Evaluation - The measured values for 
the slag tapping appear to be representative of process 

emissions except for Test 1 (inlet and outlet) which has 

approximately twice the emission rate as compared to Tests 

2 and 3 .  The following are possible reasons for the high 

fluoride measurement on Test 1: 

1. During the first slag tap the sampling crew on 
the inlet side was driven off the platform by 
the high concentration of acid-gas fumes (probably 
escaping from under the furnace fume hood). The 
EPA Project Officer, John Wilkens, had delayed 
the first slag tap for approximately two hours. 

2. The analytical results in Appendix E, show that 
for the inlet Test 1 the soluble fluorides were 
107 mg/sample as compared to 4 2 . 4  mg/sample and 
3 5 . 5  mg/sample of soluble fluorides respectively 
for Tests 2 and 3 .  Sample volumes were approxi- 

. mately the same for all three tests. 

3 .  The percent isokinetic for Test 1 inlet was only 
7 6 %  as compared to 107% and 113% for Tests 2 
and 3 .  This would result in the possibility of 
a higher grain loading. Only four traverse ports 
were used during Test 1 at the inlet. During 
Tests 2 and 3 16 traverse points were used. The 
'2'5 for this run. 

concentration was however not out-of-line 

-10- 



I 

Based on these observations, Test 1 inlet does not 

appear to be representative of normal operation. Water 

soluble fluoride emissions were in the range of 0 .025  

to 0 . 0 2 7  grains/DSCF at'the scrubber inlet and averaged 

0 . 0 0 1 2  grains/DSCF at the outlet. The scrubber collection 

efficiency,-based on pounds of total fluoride emitted, 

averaged 95%.  

P 0 Data Evaluation - The Test 3 inlet concentration 2 5  

of 0 . 4 0 5  grains/DSCF for the water soluble P205  is approxi- 

mately 35% higher than the concentration measured in Tests 

1 and 2 .  However, no reason is apparent for this, and an 

average of 0 . 3 0 3  grains/DSCF on the inlet appears to be 

representative of normal operation. The outlet concentrations, 

averaging 0 . 0 3 8  grains/DSCF and ranging from 0.031 to 0 . 0 4 8  

grains/DSCF are also considered in the range of normal 

operation. Average scrubber collection efficiency for 

water soluble P205 was 8 8 % .  

Nodulizing Kiln Operation 

Tables 5 to 1 3  summarize the data obtained on the 

nodulizing kiln spray chamber. 

total particulate, and sulfur dioxide were conducted before 

and after the spray chamber which was used to reduce atmos- 

pheric emissions. Since the outlet flow from the spray 

Tests for fluorides, P205 ,  

-11- 
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TABLE 6. FLUORIDE & P 0 EMISSION DATA SUMMARY 
Weighted NODULIZING KILN - S C R U ~ B ~ R  SPRAY CHAMBER INLET 

Run Number ~ t P  2 7 Averacre 
Date 6-13-72 6-14-72 7-18-72 
Volume of Gas Sampled - DSCEa 64.03 28.65 32.70 41.79 

i 
Percent  Moisture by Volume 1 9 . 9  1 9 . 1  20.7 19.9 I 

! -Average Stack Temperature - OF 702 6 5 3  729 695 
S tack  Volumetric Flow Rate - DSCFMb 23,900 24,'300 24,300 24,200 
S tack 'Volumetr ic  Flow Rate - ACEMC 67,000 64 ,300  70,200 67,200 

I 

Percent  I s o k i n e t i c  1 0 2  1 0 5  120 1 0 9  1 

Percent  by Volume O2 20.3 13.3 8 

Percent by Volume N2 77.1 74 .3  73.8 

Pe rcen t  by Volume C 0 2  1.7  1 2 . 4  16 

Percent  by Volume CO 0.87 <1 2.2 

F luo r ide  Emissions - water s o l u b l e  

mg Col lec ted  
gr/DSCF 
gr/ACE 

lb/hrd 
F luor ide  Emissions - t o t a l  

mg Col lec ted  
gr/DSCF 
gr/ACF 
lb/hrd 
F luo r ide  Emissions,  % i n s o l u b l e  

P205 Emissions - water  so lub le  
mg Col lec ted  

gr/DSCF 
gr/ACF 

lb /h r  
P205 Emissions - t o t a l  
mg Col lec ted  

gr/DSCF 
gr/ACF 

lb/hrd 
P205 E m i s s i o n s ,  8 i n s o l u b l e  

7300.8 

1.76 
0.626 

360 

8171.1 
1.97 
0.703 
404 
l 0 . 7  

85 .1  
0.0205 

0.00731 
4.18 

149.6 
0.0360 

0.0128 
7.36 

43 .1  

3201.5 
1 .72  
0.651 
358 

3382.6 
1 .84  
0.694 
382 
5.35 

243.1 

0.131 
0.0528 

27.2 

466.7 
0 . 2 5 1  
0 .100  
52.2 

47.9 

5401.4 

2.54 
0.880 
530 

5546.2 
2.61 
0.898 
540 
2 . 6 1  

317.5 

0.150 

0.0516 
31.1 

d 
d 
d 

d 
d 

5301 

1.95 
0.703 
405 

5700 
2.10 
0.757 
434 
6.68 

215 

0.0795 
0.0293 

1 6 . 5  

- 
- 
- 
- 
- 

Dry s tandard  cubic  fee t  at 70 OF, 29.92 in .  Hg. 

Dry s tandard  cubic  f e e t  pe r  minute a t  70'F. 29.92 i n .  Hg. 

Actual  cub ic  f e e t  p e r  minute. 

a 

C 
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1 
1 
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TABLE 7. FLUORIDE & P 0 EMISSION DATA SUMMARY 
NODULIZING KILN - S C R U B ~ E ~  SPRAY CHAMBER OUTLET B 

Run Number 1 2 3 Averaqe 
Date 6-13-72 6-14-72 7-18-72 

Volume of Gas Sampled - DSCFa 43.07 39.97 58.67 47.24 
Percent Moisture by Volume 10.0 16.7 19.0 15.2 
Average Stack Temperature'- OF 138 140 135 138 
Stack Volumetric Flow Rate - DSCFMb 26,400d 26,800d 26,80dd 26.700d 
Stack Volumetric Flow Rate - ACFMC 33,100 36,300 36,800 35,400 
Percent Isokinetic 74.1 67.8 62.6 68.2 ! 

Percent by Volume C 0 2  13.3 6.0 
Percent by Volume O2 13.4 17.9 

Percent by Volume N2 73.1 76.1 

Fluoride Emissions - water soluble, 
mg Collected 8.8 4.7 24.5 12.7 
qr/DSCF 0.00315 0.00181 0.00643 0.00414 
qr/ACF 0.00251 0.00134 0.00468 0.00313 
lb/hrd 0.689 0.404 1.47 0.947 

Fluoride Zmissions - total 
mq Collected 9.45 5.3 25.0 13,3 
qr/DSCF 0.00338 0.00204 0.00656 0.00434 
qr/ACF 0.00270 0.00151 0.00478 0.00328 

i 

i 
I 
! 

Percent by Volume CO 0.2 <1 

lb/hrd 0.742 0.457 1.50 0.992 
Fluoride Emissions, % insoluble 6.88 11.3 2.00 4.51 

P205 Emissions - water soluble 

gr/DSCF 0.00855 0.00582 0.0176 0.0115 
qr/ACF 0.00683 0.00431 0.0128 0.00859 
lb/hr 1.94 1.33 4.04 2.64 

P205 Emissions - total 

qr/DSCF 0.00951 0.00686 0.0185 0.0125 

lb/hrd 2.20 1.56 4.23 2.86 
P 0 Emissions, % insoluble 10.2 15.2 4.84 7.83 

mq Collected 23.9 15.1 67.0 35.3 

mq Collected 26.6 17.8 70.4 38.3 

gr/ACF o . o o i s o  o.00508 o.ok35 0.00933 

2 5  

a Dry standard cubic feet at 70 OF, 29.92 in. Hq. 
Dry standard cubic feet per minute at 70°F ,  29.92 in. Hq. 
Actual cubic feet per minute. 
Qutlet volumetric flows based on inlet flow measurements plus 
additional tempering air entering prior to the outlet sampling site. 

li 

.$ 
-14- - A  E:. 



TABLE 8.  FLUORIDE & P 2 0 5  EMISSION DATA SUMMARY 
N O D U L I Z I N G  K I L N  - SCRUBBER SPRAY CHAMBER OUTLET C 

Weighted 
Run Number 1 2 c 3 .  Ave raa  e 

6-13-72 6-14-72 7-18-72 Date 

Volume of Gas Sampled - DSCFa 
Percent  Moisture by Volume 
Average S tack  Temperature - O F  

Stack Volumetr ic  Flow Rate - DSCFM 
Stack Volumetric Flow Rate - ACFMC 

Percent  I s o k i n e t i c  

Percent  by Volume C 0 2  

Percen t  by Volume O2 
P e r c e n t  by Volume CO 

Pe rcen t  by Volume N2 

b 

F luor ide  E m i s s i o n s  - water s o l u b l e  
mg Col lec ted  

gr/DSCF 
gr/ACF 
lb /hrd  

F luo r ide  Z m i s s i o n s  - t o t a l  
mg Col lec ted  
gr/DSCF 
gr/ACF 
lb /hrd  
F luo r ide  Emissions,  % i n s o l u b l e  

P205 Emissions - water s o l u b l e  
mg Col lec ted  

gr/DSCF . 
gr/ACF 

lb /h r  
P205 Emissions - t o t a l  
mg Col lec ted  

gr/DSCT 
gr/ACF 
lb /hrd  
P205 Emissions, % i n s o l u b l e  

44.78 
3.17 
136  
26,400d 
30,700 

74.7 
13.3 
13.4 

0.2 
73 .1  

39.42 27.07 
1 4 . 1  9 .01  
1 4  0 1 3 8  
26,800' 26,800d 
35,200 32,900 

65.8 1 0 5  
6 .0  

1 7 . 9  

<1 
76.1 

4 . 1  6.4 11.1 
0.00141 0.00250 0.00631 

0.00122 0.00191 0.00514 
0.320 0.576 1 . 4 5  

4.42 7.6 11.6 
0 .00151 0.00297 0.00660 
0.00130 0.00226 0.00537 
0.343 0.684 1.52 
i ' .2 1 5 . 8  ..4 .31 

11.5 1 7 . 1  25.5 
0.00395 0.00668 0.0145 
0.00340 0.00510 0.0118 
0.898 1 .54  3.33 

1 3 . 2  19.7 26.4 
0.00454 0.00770 0.0150 
0.00391 0.00588 0.0122 
1 . 0 3  1 . 7 7  3 .45  
12.9 13 .2  3 . 4 1  

37.09 
8.76 
1 3 8  

26, 700d 
32,900 

81.8 

7.20 
0.00299 

0.00243 
0.684 

7.87 
0.00327 
0.00266 
0.748 
8 . 5 1  

18.0 

0.00747 
0.00605 
1 .72  

19.8 
0.00822 
0.00662 
1 . 8 8  

9.09 

a Dry s t anda rd  cub ic  f e e t  a t  70 OF, 29.92 in .  Hg. 
Dry s t anda rd  cub ic  f e e t  p e r  minute a t  7OoF, 29.92 i n .  Hg. 

A c t u a l  c u b i c  f e e t  p e r  minute. 

O u L l d L  v o l u w t r i c  f i O W 5  h s e u  on inlet i l o w  rnwsurclncnts p lus  
a d d i t i o n a l  tempering air  e n t e r i n g  p r i o r  t o  t h e  o u t l e t  sampling s i t e .  

C 

d 

-15- 



TABLE 9 .  PARTICULATE EMISSION DATA 
NODULIZING KILN-SCRUBBER SPRAY CHAMBER INLET 

1 
I 
I 

WEIGHTED 
RUN NUMBER 1 2 3 AVERAGE 

Date - .  7 - 2 0 - 7 2  - 7 - 2 1 - 7 2  7-21-72 

Volume of Gas Sampled-DSCFa 2 3 . 0 2  2 5 . 0 0 6  2 4 . 8 1  2 4 . 2 8  

2 0 . 1  1 8 . 4  1 8 . 1  1 8 . 9  Percent Moisture by Volume 

Average Stack Temperature-OF 6 5 2  

Stack Volumetric Flow Rate- 

6 8 2  6 7 0  6 6 8  
I 

1 8 , 1 0 0  20 ,700 2 0 , 2 0 0  1 9 , 7 0 0  DSCFM~ 

Stack Volumetric Flow Rate- 5 2 , 9 0 0  
48 ,500 5 6 , 1 0 0  5 4 , 0 0 0  ACFM~ 

I 
1 1 4  1 0 8  1 1 0  111 Percent Isokinetic 

Percent Excess Air 

Feed Rate-ton/hr 

1 6 7  3 9 . 4  4 4 . 7  8 3 . 7  

Particulates-probe, cyclone, 
and filter catch 

1 0 6 9  1054.; 1 1 1 4 . 5  1 0 7 9  mg 
gr/DSCF 0 . 7 1 5  0 . 6 5 0  0 . 6 9 2  0.685 

gr/ACF 0 . 2 6 6  0 . 2 4 0  0 . 2 5 9  0 . 2 5 4  

111 115 1 2 0  1 1 6  lb/hr 

Particulates-total catch 
I 

mg 
( .  gr/DSCF 
y: gr/ACF 
.1 

l b / h r  

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

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

0 . 3 4 5  0 . 2 7 2  0.313 0 . 3 0 9  

1 4 3  1 3 1  1 4 5  1 4 0 .  

2 2 . 7  1 1 . 9  1 7 . 3  1 7 . 6  Percent impinger catch 

a Dry standard cubic feet at 7 0 ° F ,  2 9 . 9 2  in. Hg. 
Dry standard cubic feet per minute at 7 0 ° F ,  2 9 . 9 2  in. Hg. 

I 
I $  &? 

4:: Actual cubic feet per minute 

-16- 
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TABLE 10. PARTICULATE EMISSION DATA 
NODULIZING KILN-SCRUBBER SPRAY CHAMBER OUTLET 

RUN NUMBER 
WEIGHTED 

1 2 3 AVERAGE 

Dry standard cubic feet at 70°F, 2 9 . 9 2  in. Hg. a 

Date 

Volume of Gas Sampled-DSCFa 

Percent Moisture by Volume 

Theoretical Saturated per- 
cent moisture 

Average Stack Temperature-OF 

Stack Volumetric Flow Rate- 
DSCFM~ 

Stack Volumetric Flow Rate- 
ACFM~ 

Percent Isokinetic 

Feed Rate-ton/hr 

Particulates-probe, 
and filter catch 

mg 
gr/DSCF 
gr/ACF 
lb/hr 

Particulates-total catch 

mg 
gr/DSCF 
gr/ACF 

I .  

lb/hr 
?: 

Percent impinger catch .* 
.,.. 

7 -20-72 

1 0 5 . 5 7  

1 9 . 6  

1 2 . 0  

1 2  2 

2 5 , 2 0 0  

3 1 , 2 0 0  

1 1 9  

3 8 6 . 4  

0 . 0 5 6 4  

0 . 0 4 5 5  

1 2 . 3  

6 3 4 . 5  

0 . 0 9 2 6  

0 . 0 7 4 9  

2 0 . 1  

3 9 . 1  

7 - 2 1 - 7 2  

1 0 9 . 3 8  

22.7 

1 3 . 5  

1 2 6  

2 4 , 7 0 0  

31,300 

1 2 7  

4 1 7  

0 . 0 5 8 7  

0 . 0 4 6 6  
1 2 . 5  

7 9 9 . 3  

0 . 1 1 3  

0 . 0 8 9 2  

2 3 . 9  

4 7 . 8  

7 - 2 1 - 7 2  

1 0 5 . 5 1  

2 0 . 1  

11.5 

1 2 0  

2 3 , 2 0 0  

28,490 

1 3 0  

3 0 0 . 3  

0 . 0 4 3 9  

0 . 0 3 6 0  
8 . 7 6  

6 3 0 . 2  

0 . 0 9 2 2  

0 . 0 7 5 4  

1 8 . 4  

5 2 . 3  

1 0 6 . 8 2  

2 0 . 8  

1 2 . 5  

1 2 3  

2 4 , 4 0 0  

30 ,300 

1 2 5  

3 6 8  

0 . 0 5 3 1  

0 . 0 4 2 6  
11.1 

6 8 8  

0 . 0 9 9 3  

0 . 0 7 9 7  
2 0 . 8  

46 .5  

Dry standard cubic feet per minute at 7OoF, 2 9 . 9 2  in. Hg. 
Actual cubic feet per minute calculated from saturated 

$ 'tio NO?&?:co& ouugt volumetric f l o w s  are based on inlet duct gas 
flow plus 2 5 3 0  SCFM for dilution air entering the gas 
stream prior to the outlet sampling point. 

- 1 7 -  



1 TABLE 11. NODULIZING KILN 
SUMMARY OF GASEOUS TESTING 

A .  CARRIER G A S E S ~  

DATE GAS COMPOSITION (VOLUME % D R Y )  
eo I RUN NO.  ' 

- O2 - - c 0 2  - 
6 --13 - 7 2 

7 7 . 1  
1 F l u o r i d e  1 

I n l e t  1 . 7 0  2 0 . 3  0 . 8 7  

O u t l e t  

F l u o r i d e  2 6-14-72 
I 

I n l e t  
O u t l e t  I 

1 3 . 3  1 3 . 4  0 . 2 0  7 3 . 1  

1 2 . 4  1 3 . 3  <1 7 4 . 3  

6 . 0  1 7 . 9  (1 7 6 . 1  

F l u o r i d e  3 7-18-72 
1 6 . 0  . 8 . 0  2 . 2  7 3 . 8  I n l e t  

o u t l e t  

1 
I 
I 
I ., 
I 
,i 
'1 1: 

P a r t i c u l a t e  1 7-20-72 
I n l e t  ' . 1 8 . 6  1 2 . 1  1 . 9 3  . 6 7 . 4  

O u t l e t  
- - - - 

P a r t i c u l a t e  2 7-21-72. 
1 8 . 3  6 . 4 7  2 . 0 0  7 3 . 3  I n l e t  

O u t l e t  1 2 . 2  1 0 . 7  2 . 9 0  7 4 . 2  

P a r t i c u l a t e  3 7-21-73 
1 8 . 4  6 . 7 0  1 . 4 3  7 3 . 4  I n l e t  

O u t l e t  11 .3  1 0 . 8  2 . 3 0  7 5 . 6  - 

.. . B.  SULFUR DIOXIDE EMISSIONS 
DATE SPRAY CHAMBER INLET SPRAY CHAMBER OUTLET g' RUN N O .  - ppm SO; PPm so; .; 

7-19-72 2 5 4 0  1 4 4  1 
2 1 0 0  210  2 7-20-72 

3 7-20-72 7 8 7  4 1 5  '1 
'1 4 W e i g h t e d  Average 1 6 1 0  W e i g h t e d  Average 2 3 5  

45 Et.: 

-18-  
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RUN NO. 

1 

DATE - - -  

TABLE 11. Continued 

C. FLUORIDE EMISSIONS 
(CO LINE TO KILN) 

6-15-72 

d 
FLUORIDE EMISSIONS, (GR/DSCF ) 

WATER SOLUBLE TOTAL 

0 . 0 0 0 6 3 0  

a O r s a t  a n a l y s i s  
Determined by d i f f e r e n c e s ,  i n c l u d e s  o t h e r  g a s e s  

P a r t s  p e r  m i l l i o n  by volume 

Gra ins  p e r  d r y  s t a n d a r d  c u b i c  f e e t  

1 

0 . 0 0 0 6 3 0  

I : -  -1.9- 



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

I 

1 :  

TABLE 1 2 .  A I R  RETURN L I N E  
FLUORIDE & P205 DATA SUMMARY 

Run Number 1 2 3 Averaqe  
Date 7-19-72 7-19-72 7-19-72 

Volume of Gas Sampled - DSCFa 5 .73  5.72 5.62 5.68 
P e r c e n t  M o i s t u r e  by  Volume 2.90 3.36 3.26 3.18 
Average  S t a c k  T e m p e r a t u r e  - OF 700 700 700 700 
S t a c k  Volumetric Flow Rate - DSCFMb 1 6 , 9 0 0  16 ,800  16 ,800  1 6 , 8 0 0  
S t a c k  V o l u m e t r i c  Flow Rate - ACFMC 36,400 36 ,400  36,400 36,400 

Weighted  

P e r c e n t  I s o k i n e t i c  

P e r c e n t  by  Volume C 0 2  

P e r c e n t  by Volume O 2  

P e r c e n t  by  Volume CO 

P e r c e n t  by V o l u m e  N 2  

P l u o r i d e  E m i s s i o n s  - water soluble 
m g  C o l l e c t e d  
gr/DSCF 

gr/ACF 
l b / h r d  

- S e e  n o t e  - - 
0 0 Assumed 

O ) v a l u e s  

0 0 0 )  on  a i r  
b a s e d  2 1  2 1  2 1  ) 

79 79 79 ) 

79.Sd 42.6 63.4 61.8 
0.214d 0 .115  0.174 0.168 
0.0995d 0.0530 0.080 0.0775 
31.1 1 6 . 5  25.2 24.3 

F l u o r i d e  E m i s s i o n s  - t o t a l  
m g  C o l l e c t e d  79.6 4 2 . 7  63.5 61.9 
gr/DSCF 0.21Sd 0.115 0.174 ' 1  0.168 
gr/ACF 0.0996d 0.0531 0 .080 .  0.0776 

lb /h rd .  31.1d 16.6 25.2 24.3 
F l u o r i d e  E m i s s i o n s .  % i n s o l u b l e  0.13d 0.23 0.16 0.16 

P205 E m i s s i o n s  - w a t e r  s o l u b l e  
mg C o l l e c t e d  1 .2  1 .3  1 . 4  1 . 3  
gr/DSCF . 0.00323 0.00350 0.00384 0.00352 
gr/ACF 0.00149 0 .00161 0.0018 0.00163 
l b / h r  0.48 0.51 0.55 0 .51  

P205 E m i s s i o n s  - t o t a l  

gr/DSCF 0.00457 0 .0051 0.0055 0.00506 

gr/ACF 0 .00211 0.0023 0.0025 0.00230 

l b / h r d  0.68 0.74 0.79 0.74 

P205 E m i s s i o n s ,  % i n s o l u b l e  29 31.6 30 31 .6  

mg C o l l e c t e d  1 .7  1 . 9  2.0 1 . 9  

Dry s t a n d a r d  c u b i c  f e e t  a t  70 OF, 2 9 . 9 2  i n .  Hg. 
Dry s t a n d a r d  c u b i c  f e e t  p e r  m i n u t e  a t  7OoF, 29.92 i n .  Hg. 

A c t u a l  c u b i c  f e e t  p e r  m i n u t e .  
a 

U ~ S L Y ; L ~  ~ a ~ ~ r i c ~ n c s  in a n a i y s i s  (rea S a n p l i n g  6 A n a l y t i c a l  
P r o c e d u r e s  S e c t i o n ) .  

Note: Run n o t  c o n d u c t e d  u s i n g  i s o k i n e t i c  s a m p l i n g  p r o c e d u r e s  

a 

. .  d u e  t o  s m a l l  s a m p l i n g  p o r t .  -20- - 
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chamber was t o o  low t o  measure wi th  a p i t o t  t u b e ,  t h e  v a l u e  

was c a l c u l a t e d  and based on  t h e  sum of t h e  i n l e t  f low and 

t h e  o u t s i d e  tempering a i r  which e n t e r e d  t h e  d u c t  j u s t  b e f o r e  

t h e  induced d r a f t  f a n  (see T a b l @  5 ) .  Two o u t l e t  t e s t  s i tes  

were used t o  measure f l u o r i d e s  and P205- 

d e s i g n a t e d  by tes t  numbers BIZ and CX were 5 .7  f t .  a p a r t  

near  t h e  t o p  of t h e  s p r a y  t o w e r  (see F i g u r e  6 ,  Page 3 8 ) .  

Sampling p o r t s  B ,  D ,  F ,  and H were a s s o c i a t e d  wi th  tes t  

s i te  B K ,  and P o r t s  A ,  C ,  E ,  and G were a s s o c i a t e d  w i t h  t h e  

upper (downstream) s i t e  CK.  

These s i t e s ,  

Table  5 summarizes t h e  measured gas  v e l o c i t i e s  a t  t h e  

i n l e t ,  and t h e  c a l c u l a t e d  v e l o c i t i e s  and volumes a t  t h e  o u t l e t .  

F l u o r i d e  Eva lua t ion  (Water s o l u b l e )  - T e s t s  1 and 2 

w i th  i n l e t  l oad ings  of 1 . 7 6  grains/DSCF and 1 . 1 2  g r a i n s /  

DSCF, r e s p e c t i v e l y ,  .as s een  i n  T a b l e  6 ,  seem t o  be r e p r e -  

s e n t a t i v e  of normal k i l n  o p e r a t i o h .  Carbon monoxide from 

t h e  f u r n a c e  supp ly ing  f u e l  t o  t h e  k i l n  and r e s i d u a l  f u e l  

oil were normal d u r i n g  t e s t i n g ,  and pH c o n t r o l  of t h e  

scrubber water by a d d i t i o n  of  l ime was c o n t r o l l e d  s a t i s -  

f a c t o r i l y  a s  shown by t h e  d a t a  i n  Table  13. T e s t i n g  w a s  

i n t e r r u p t e d  by inc lement  wea the r  (Hurr icane Agnes) and 

T e s t  3 was conducted a month l a t e r  on J u l y  18 ,  1 9 7 2 .  T h e  

fo l lowing  o b s e r v a t i o n s  a r e  p e r t i n e n t  t o  T e s t  3: 

- 2 2 -  
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1. Due t o  equipment l i m i t a t i o n s  a t  t h e  i n l e t  s i t e ,  
f o u r  p o i n t s  on t h e  1 2  p o i n t  t r a v e r s e  were n o t  
sampled and t h e  remaining e i g h t  p o i n t s  were 

. used i n  o b t a i n i n g  t h e  s tack  sample (see Appendix 
C ,  F i e l d  D a t a ) .  

2 .  Table  1 3  shows t h a t  t h e  pH of t h e  i n l e t  s c r u b b e r  
water was n o t  w e l l  c o n t r o l l e d  d u r i n g  T e s t  3.  
Measurements of 5.5 t o  6 . 0  pH f o r  T e s t  3 were 
o b t a i n e d  as compared t o  7.65- t o  9 . 0 0  p H  measure- 
ments f o r  T e s t s  1 and 2 .  

I n l e t  T e s t  3 i s  t h e r e f o r e  n o t  too r e p r e s e n t a t i v e  o f  

normal o p e r a t i o n ,  b u t  is i n d i c a t i v e  of emis s ion  c o n t r o l  

I' 
f 
1 
1 
I 
I 
I 
I 
I 
I 

I 

f l u c t u a t i o n s  which can be expec ted .  

f o r  t h e  water soluble  f l u o r i d e s  averaged 1 . 9 5  grains/DSCF 

b e f o r e  t h e  sp ray  chamber, and 0 . 0 0 4 1  a t  t h e  o u t l e t .  Total  

f l u o r i d e s  measured a t  t h e  i n l e t  s i t e  averaged 4 3 4  pounds/ 

Average g r a i n  l o a d i n g s  

hour .  

f l u o r i d e  c o n c e n t r a t i o n s  and achieved  an average  c o l l e c t i o n  

e f f i c i e n c y  of more t h a n  9 9 %  wi th  an average o u t l e t  l o a d i n g  

o f  0 . 9 9  polind/hour a t  s i t e  BK. 

The s p r a y  chamber w a s  very e f f e c t i v e  i n  reducing  

The a t t e m p t  a t  r e l a t i n g  i n c r e a s e d  r e s i d e n c e  t i m e  o f  

t h e  gas stream i n  t h e  s p r a y  chamber t o  a r e d u c t i o n  i n  

emiss ions  was n o t  c o n c l u s i v e  s i n c e  only s l i g h t l y  lower 

v a l u e s  were measured on t h e  average a t  t h e  downstream 

sampling s i te .  The c l o s e  p rox imi ty  of t h e  downstream 

sampling s i te  t o  t h e  s t a c k  e x i t  caused t h e  flow and probably 

t h e  p o l l u t a n t  c o n c e n t r a t i o n s  t o  be a f f e c t e d  hy t h e  wind. 

-23- 
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Eva lua t ion  - O u t l e t  B,  T e s t s  1 and 2 appear  r e p r e -  '2'5 

s e n t a t i v e  of  normal o p e r a t i o n  w i t h  average water s o l u b l e  

load ings  of 0.0058 t o  0.0086 grains/DSCF. I n l e t  '2'5 

l oad ings  of 0 . 0 2  t o  0 . 1 3  grains/DSCF were measured a t  

t h i s  t i m e .  Carbon monoxide from t h e  fu rnace  supp ly ing  

f u e l  t o  t h e  k i l n  and r e s i d u a l  f u e l  o i l  usage w e r e  normal 

d u r i n g  t e s t i n g .  The s c r u b b e r  w a t e r  pH was s a t i s f a c t o r i l y  

a d j u s t e d  t o  an a l k a l i n e  range  t o  c o n t r o l  emis s ions .  

T e s t  3 ,  t h e  i n l e t  t o t a l  P205  l o a d i n g  i s  n o t  r e p o r t e d .  

i n s o l u b l e  p o r t i o n  c o n s i s t e d  of a very l a r g e  amount of 

p a r t i c u l a t e  m a t t e r  and upon f u s i o n  w i t h  sodium hydroxide i n  

t h e  a n a l y s i s  procedure a g e l  was formed. The s o l u b l e  

P205 f o r  t h i s  t e s t  was s l i g h t l y  h i g h e r  t h a n  f o r  T e s t s  1 

and 2 .  

For 

The 

Concen t r a t ions  of w a t e r  s o l u b l e  P 0 averaged 0 .08  

grains/DSCF a t  t h e  i n l e t  and 0 .009  a t  t h e  sp ray  chamber 

out1e.t and appear  t o  be  r e p r e s e n t a t i v e  of  emiss ions  f o r  

t h i s  u n i t  ove r  extended p e r i o d s  of  t i m e .  The spray  chamber 

c o l l e c t i o n  e f f i c i e n c y  f o r  P205 removal was approximately 

87% based  on t h e  d a t a  a t  S i t e  B .  

2 5  

Table 8 summarizes t h e  d a t a  o b t a i n e d  a t  t h e  downstream 

o u t l e t  s i t e ,  CI:. 

are approximate ly  25% lower t h a n  t h o s e  measured a t  S i t e  B. 

Average v a l u e s  fo r  bo th  f l u o r i d e s  and P205 

-24- 
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However, one cannot  s t a t e  whether  these lower c o n c e n t r a t i o n s  

a r e  caused by t h e  i n c r e a s e d  r e s i d e n c e  t i m e  i n  t h e  sp ray  

chamber o r  by d i l u t i o n  w i t h  o u t s i d e  a i r  which blew i n t o  t h e  

chamber. 

.. . 

I s o k i n e t i c  sampling r a t e s  a t  t h e  o u t l e t  were g e n e r a l l y  

l o w  f o r  t h e  f l u o r i d e  runs .  T h i s  was due t o  a v a r i e t y  of  

f a c t o r s  i n c l u d i n g ;  sampling ra tes  so low t h a t  o r i f i c e  p r e s s u r e  

could  n o t  be  r e a d  a c c u r a t e l y ;  h i g h e r  t h a n  expec ted  moi s tu re  

con ten t :  and n o t  account ing  f o r  d i l u t i o n  a i r  added t o  v e n t  

gas  f l o w  between i n l e t  and o u t l e t  s i tes .  T h i s  low i s o k i n e t i c  

sampling r a t e  would t e n d  t o  b i a s  t h e  t e s t  r e s u l t s  on t h e  h igh  

s i d e .  

P a r t i c u l a t e  Eva lua t ion  - Tables  9 and 1 0  p r e s e n t  t h e  

p a r t i c u l a t e  emis s ion  d a t a  o b t a i n e d  f o r  t h e  i n l e t  and o u t l e t  

of t h e  sp ray  chamber. Only t h e  lower (BK)  o u t l e t  sampling 

s i t e  was used f o r  p a r t i c u l a t e  measu remen t s  and samples were 

taken  a t  a s i n g l e  p o i n t  approximate ly  s i x  f e e t  i n t o  t h e  

s t a c k  a t  each p o r t  f o r  a t o t a l  of  f o u r  sampling p o i n t s .  

The d e f i n i t i o n  o f  t r u e  p a r t i c u l a t e  i n  t h i s  t y p e  of gas  

. stream when sampled w i t h  a t r a i n  us ing  a g l a s s  probe and 

f i b e r  g l a s s  f i l t e r  i s  ve ry  d i f f i c u l t  because of t h e  re- 

a c t i v i t y  of  gaseous f l u o r i d e s  w i t h  t h e  sampling equipment. 

.25- 
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The i n l e t  tes ts  a r e  r e p r e s e n t a t i v e  of u n c o n t r o l l e d  

emiss ion  r a t e s  and agreed f a i r l y  w e l l  from test  t o  t e s t  

and averaged 0 .69  grains/DSCF f o r  t h e  f r o n t  p o r t i o n  of  t h e  

sampling t r a i n  (p robe ,  c y c l o n e ,  and f i l t e r ) .  The " t o t a l  

p a r t i c u l a t e " .  c o n c e n t r a t i o n  averaged  0.83 grains/DSCF. The 

o u t l e t  samples a l s o  ag reed  f a i r l y  w e l l  from tes t  t o  tes t .  

A l l  of t h e s e  tests were r u n  a t  a sampling r a t e  which was 

approximately 25% t o o  h i g h ;  t h u s  b i a s i n g  t h e  r e s u l t s  on 

t h e  l o w  s i d e .  O u t l e t  p a r t i c u l a t e  c o n c e n t r a t i o n s  averaged 

0 . 0 5 3  and 0 . 0 9 9  grains/DSCF r e s p e c t i v e l y  f o r  t h e  f r o n t  p o r t i o n  

(probe and f i l t e r )  and t o t a l  t r a i n  f r a c t i o n s .  The impinger 

c o n t e n t s  averaged 46.5% of t h e  t o t a l  p a r t i c u l a t e  c o l l e c t e d .  

Excess ive ly  h igh  moi s tu re  c o n t e n t  of t h e  s t a c k  gas  

confirms t h e  observed p resence  of e n t r a i n e d  wa te r  d r o p l e t s .  

The s p r a y  chamber removed an average of 9O%of t h e  

p a r t i c u l a t e  as de te rmined  by t h e  f r o n t  p o r t i o n  of  t h e  

sampling t r a i n .  

S u l f u r  Dioxide E v a l u a t i o n  - T a b l e  11 p r e s e n t s  t h e  SO2 

d a t a  o b t a i n e d  a t  t h e  s p r a y  chamber i n l e t  and o u t l e t .  I n l e t  

c o n c e n t r a t i o n s  averaged 1 6 1 0  ppm and t h e  o u t l e t  averaged 

235 ppm y i e l d i n g  a s c r u b b e r  e f f i c i e n c y  o f  approximately 

85%. Th i s  e f f i c i e n c y  was,  however, very v a r i a b l e .  
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Presen ted  i n  T a b l e  11 a l s o -  a r e  t h e  f l u o r i d e  r e s u l t s  

from t h e  CO l i n e  tes ts .  Due t o  t h e  h igh  carbon monoxide 

c o n t e n t  of t h i s  l i n e ,  and t h e  p o t e n t i a l  p re sence  of t r a c e  

amounts of phosphorus,  a severe exp los ion  haza rd  e x i s t e d  

when t h e  sampling p o r t  was opened: For  t h i s  r eason ,  on ly  

one t e s t  was run a t  t h i s  l o c a t i o n .  A very  low f l u o r i d e  

c o n c e n t r a t i o n  of 0 . 0 0 0 6 3  grains/DSCF was found. 

A i r  Re tu rn  L i n e  

Table  1 2  summarizes t h e  d a t a  o b t a i n e d  on t h e  a i r  

r e t u r n  l i n e .  These samples were t aken  by sampling a t  a 

c o n s t a n t  rate w i t h  a s t r a i g h t  probe s i n c e  l i t t l e ,  i f  any, 

v i s i b l e  p a r t i c u l a t e  m a t t e r  w a s  p r e s e n t  i n  t h i s  gas s t ream.  

The c o n c e n t r a t i o n s  o f  soluble f l u o r i d e s  i n  t h e  a i r  

r e t u r n  l i n e  range from 0.115 t o  0 . 2 1 4  grains/DSCF. So lub le  

phosphorus pentoxide  c o n c e n t r a t i o n s  range  from 0.00323 t o  

0.00384 grains/DSCF. 

'Scrubber Water Samples 

P resen ted  i n  Table  1 3  are t h e  a n a l y t i c a l  r e s u l t s  of 

t h e  sc rubbe r  water samples ,  c o l l e c t e d  d u r i n g  t h e  f l u o r i d e  

and P205 sampling a t  t h e  n o d u l i z i n g  k i l n  sp ray  chamber. 

The lower pH of t h e  scrubber water i n t a k e  d u r i n g  Run 3 (5.7 

-27- 



compared to 8.5 and 8 . 7  for Runs 1 and 2) did not result 

in any significant change in scrubber efficiency for 

fluorides and P205. 

Three separate samples were taken during each test 

period at approximately one-hour intervals. 
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III. PROCESS DESCRIPTION AND OPEPATION 

Elementa l  phosphorus i s  produced from phosphate  rock 

by r e d u c t i o n  i n  an  e lectr ic  a rc - fu rnace .  T y p i c a l  o r e s  

c o n t a i n  10-13% phosphorus s o  t h a t  about  1 0  t o n s  of rock 

must be p rocessed  - .  p e r  t on  of phosphorus produced. Con- 

s i d e r a b l e  q u a n t i t i e s  of coke ,  s i l i c a ,  and r e c y c l e d  m a t e r i a l s  

are f e d  t o  t h e  fu rnace  w i t h  t h e  b e n e f i c i a t e d  ore. T a b l e  1 4  

p r e s e n t s  a t y p i c a l  a n a l y s i s  f o r  t h e  f l u o r i d e  c o n t e n t  of 

v a r i o u s  m a t e r i a l s  used i n  t h e  e l emen ta l  phosphorus manu- 

f a c t u r i n g  p r o c e s s  ( s e e  F i g u r e  1). 

P r i o r  t o  be ing  f e d  t o  t h e  f u r n a c e ,  t h e  o r e  i s  agglom- 

e r a t e d  and heat-hardened i n  a direct- f i r e d  r o t a r y  k i l n .  

The p a r t i a l l y  fused  p r o d u c t  i s  cooled and crushed t o  a 

s p e c i f i e d  s i z e  b e f o r e  b e i n g  f e d  t o  t h e  e l e c t r i c - a r c  fu rnace .  

Aside from some p a r t i c u l a t e s ,  t h e  major emiss ions  from 

t h i s  f e e d  p r e p a r a t i o n  s t e p  a r e  f l u o r i d e s .  

A t  S t a u f f e r ' s  Tarpon Spr ings  P l a n t ,  t h e  r o t a r y  k i l n  

i s  f i r e d  w i t h  a combinat ion of CO from t h e  phosphorus 

f u r n a c e  and r e s i d u a l  f u e l  o i l .  The gaseous k i l n  e f f l u e n t  

is passed  through l o w  p r e s s u r e  drop  cyc lones ,  d i l u t e d  wi th  

quench a i r ,  blown through a f a n  and scrubbed w i t h  water  

i n  a s p r a y  tower.  The s c r u b b e r  wa te r  h a s  an i n l e t  des ign  

pH of 7 t o  1.5 which is mainta ined  by l i m e  a d d i t i o n .  

P a r t i c u l a t e  c o l l e c t e d  i n  t h e  cyclones i s  r e c y c l e d  t o  t h e  

k i l n  f e e d .  
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TABLE 14. FLUORIDE CONTENT OF 
VARIOUS PROCESS STREAMS 

Kiln Feed 
coarse 
Fine 

Kiln Product 

Furnace Phosphate 
Rock Feed 

35 - 45 
32 

31 

38 

Residual Fuel O i l  0.06 

Kiln Nodules 
Coke 0.14 
Silica Sand 0.06 

28.5 
Furnace Slag 

3 3  

Ferro Phosphorus 0.10 

phosphorus Condenser Water 
276 mq/liter pH 1 . 6 3  

/.. 
y:. 
1 
*. 
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Ki ln  o p e r a t i o n  i s  u s u a l l y  e r r a t i c .  Not o n l y  do 

mechanical  and o p e r a t i n g  problems a f f e c t  i t s  performance,  

bu.t fu rnace  problems are a l s o  r e f l e c t e d  a t  t h e  k i l n .  T h e  

k i l n  u s e s  CO d i r e c t l y  from t h e  fu rnace  a s  a p a r t i a l  f u e l  

s o u r c e .  Because of the e r r a t i c  furnace  o p e r a t i o n ,  t h e  k i l n  

d i d . n o t  o p e r a t e  smoothly d u r i n g  t e s t i n g .  However, t h i s  i s  

r e p r e s e n t a t i v e  of "usua l "  o p e r a t i n g  procedures  and produc- 

t i o n  r a t e s  were reasonab ly  c l o s e  t o  d e s i g n  c a p a c i t y .  

- .  

Rock f e d  t o  t h e  k i l n  i s  of two t y p e s .  The two m a t e r i a l s  

a r e  weighed (moist)  i n t o  the  k i l n .  An undetermined,  v a r i a b l e  

amount of unde r s i zed  p r o d u c t  i s  r e t u r n e d  t o  t h e  k i l n  from t h e  

cyc lone  c o l l e c t o r s .  

The f u r n a c e  f e e d  i s  c a r e f u l l y  p ropor t ioned  w i t h  s i l i c a  

and coke b e f o r e  b e i n g  t r a n s f e r r e d  t o  f e e d  b i n s  d i r e c t l y  above 

t h e  f u r n a c e .  The f e e d  mix tu re  t h e n  moves by g r a v i t y  from t h e  

b i n s  down i n t o  t h e  f u r n a c e  a s  t h e  f u r n a c e  f e e d  i s  consumed. 

The r e a c t i o n  w i t h i n  t h e  f u r n a c e  is approximated by t h e  

fo l lowing  e q u a t i o n :  

(2300-2700 'F)  
2 Ca3 ( P 0 4 ) 2  + 1 0  C + 6 S i 0 2  --j P 4  + 1 0  CO + 6 C a S i O 3  

Elemental  phosphorus and carbon monoxide l e a v e  t h e  fu rnace  

as a gas .  

p r e c i p i t a t o r  and t h e  phosphorus vapor  i s  condensed o u t  i n  

Dust is  removed from t h e  s t r eam by an e l e c t r o s t a t i c  

-3 1- 



J' 

direct-contact water condensers. Waste CO gas is used as a 

fuel in the kiln operation or flared. 

for kiln fuel when the furnace is down, or insufficient CO is 

available. 

Fuel oil is also used 

The non-gaseous by-products of slag and ferrophos (FeP4) 

are periodically tapped from the furnace into open-pits and 

quenched with water. Ferrophos is tapped into molds. 

Furnace tapping operations are a source of particulate 

emissions in the form of P205, coke smoke, and fluorides. 

Hooding over the front of the furnace and over the slag runner 

is satisfactory. However, the hood over the metal catch pot 

is unsatisfactory since it is too small and poorly placed. 

There is no hood over the ferrophos molds. Vent gases from 

the hood system pass through a water saturator and then 

through a venturi. scrubber. 

Make-up water for the scrubber is fed into the circulating 

pump discharge. 

pressure gauge on the water line to the venturi. 

instrumentation combined with the make-up water feed method 

makes estimates of the total water circulation rate difficult. 

Total instrumentation on this system is a 

The lack of 
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IV. LOCATION OF SAMPLING POINTS 

Slag Tapping 

Figures 2, 3 ,  and 4 show the slag tapping scrubber inlet 

E 

and outlet sampling sites. A s  shown, 16 points were used at 

the horizontal inlet duct (8 along each diameter), and 36 

points (18 along each diameter) at the outlet site. Both ducts 

- .  

were circular. 

Nodulizing Kiln 

Figures 5, 6, and 

the kiln spray chamber 

Tarpon Springs Plant. 

7 show the sampling port locations on 

inlet and outlet respectively for the 

The inlet site was located in a vertical 

round section leading down to the induced-draft fan. Twelve 

points were sampled along each diameter. 

in the top of the spray chamber, approximately 78 feet above 

the inlet line. The two outlet sites were identical except 

that site CK was 5 . 7 '  downstream from site BK. Sixty sampling 

points However, due to 

probe length limitations caused by the narrow platform, Point 

15 in each port was not sampled. 

The outlet sites were 

were to be used at each outlet site. 

$: . Particulate was sampled only at the lower (BK) site at the 
i 

spray chamber outlet, and since a rigid probe was used, only a 

single point approximately 6' into the chamber was sampled at 

each of the four ports. 

- 3 3 -  
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TRAVERSE POINT 
DISTANCE FROM ; 
INSIDE OF STACK 
(INCHES) 

1 .  1.0 , 
2 .  1.6 
3 .  2.7 
4 .  3.9 
5'. 5 .2  
A .  6 .7  -. 
7. 8.4 
8 .  10.6 
9 .  13.7 

10. 22.1 
11.  25.2 
12.  27.3 
13. 29.1 
14. 30.5 
15. 31.9 
16. 32.1 
17. 34.3 
18. 34.9 

. .~ . .~ 
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I 
. !  

1' 

- 5 1  
I --; 

. F- 

sampling 
- - i  Ports '.,,. 
> .  

Outlet duct leading 
from venturi scrubber. 
Sampling ports were 
later installed 3' from 
top. 

... '. 

.- 
Lc__.__--.. -- 

.@ 
'& .. Figure 4. Slag tapping Sampling sites. 
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lQ/.'.'E@SE P 3 l h l  
CIS-AhCE FROM 
INSIDE OF STACK , 

. . (INCHES) - 
1. 2.1 
2 .  6.9 
3 .  11.7 
4. . 16.4 
5 .  21.7 
h .  26.1 

9 :  45.2 
IO. 52.2 
1 1 .  59.9 
12. 68.4 
13. 78.4 
14. 90.1 
15. 108.5 

I 
i :  

1 

5 
S M P L I N G  
S I T E C K  ' -1 

5 .  

SAMPLING, + 
SITE B K  

CIECULAR 
SPRAY 
C H M ? L R  

F i g u r e  6 .  Kiln s c r u b b e r  o u t l e t  sampl ing  s i t e  
S t a u f f e r  Chemical Co. ,  Tarpon S p r i n g s ,  F l o r i d a  

- 3 8 -  
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Spray chamber. O u t l e t  
sampling p o r t s  were 
l a t e r  l o c a t e d  3 '  and 
8 . 7 '  from t o p  of chamber 

I n l e t  s i t e  showing 
e x i s t i n g  p o r t s  near  
f l o o r .  Cyclone hoppers 
s een  i n  r i g h t  foreground 

.$ Figure  7. Spray chamber i n l e t  and o u t l e t  sampling s i t e s .  
.g 4- 
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Gas samples t a k e n  f o r  Orsat a n a l y s e s  w e r e  c o l l e c t e d  by 

t r a v e r s i n g  a c r o s s  t h e  s p r a y  chamber i n l e t  and o u t l e t  d u c t s .  

S u l f u r  d i o x i d e  samples were taken  at. a s i n g l e  p o i n t  i n  t h e  

sp ray  chamber o u t l e t ,  and a t  two l o c a t i o n s  (one i n  each p o r t )  

a t  t h e  i n l e t .  . . .  

-40- 
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V. SAMPLING APTD ANALYTICP-L PP.OCEDURCS 

All sampling procedures were selected by EPA prior to 

field sampling. A l l  analyses of collected samples were also 

performed by EPA. Details of the sampling procedures are 

presented in Appendix D. At all sampling sites, narrow work 

space and poor accessibility hindered completion of the work. 

In addition, interruptions due to process malfunctions and 

thunderstorms further delayed the test program. 

Velccity and Gas Temperature 

All gas velocities were measured with a type S pitot tube 

and inclined draft gage. 

at each sampling point across the stack diameter to determine 

an average value according to procedures described in the 

Federal Register' - Method 1. 
long stem dial thermometers, except at the spray chamber outlet 

sites where a chromel-alumel thermocouple was used because of 

the 1arge.diameter. 

In all cases, velocities were measured 

Temperatures were measured by 

Molecular Weight 

An integrated sample of the stack gases was collected 

during each run by pumping gas into a Mylar 

approximately 0.5 liter per minute. 

analyzed with an Orsat apparatus for C 0 2 ,  O2 and CO. 

bag at the rate of 

This bag sample was then 

Federal Register, Vol. 36, No. 241, December 2 3 ,  1971 

-41- 



F l u o r i d e s  and p p 5  

The b a s i c  t r a i n  f o r  a l l  t o t a l  f l u o r i d e s  and phosphorus 

pentoxide samples i s  shown i n  F igu re  8 and c o n s i s t e d  of t h r e e  

s t a n d a r d  Greenburg-Smith impingers  c o n t a i n i n g  1 0 0  m l  each of 

1 0 %  sodium hydrox ide ,  one empty, s t r a i q h t  t i p  impinger ,  a 3 "  

o r  4 "  unheated Whatman #1 paper  f i l t e r ,  and an impinger 

con ta in ing  approximate ly  200 grams of a c c u r a t e l y  weighed s i l i c a  

g e l .  The impingers  were con ta ined  i n  a n  ice-water  b a t h .  A 

s t a i n l e s s  s t e e l  n o z z l e  and g l a s s  l i n e d  probe were used i n  a l l  

c a s e s .  

t h e  probe t o  t h e  f i r s t  impinger  when sampling a t  t h e  s l a g  t a p  

i n l e t  and o u t l e t  s i t e s ,  and when sampling f o r  f luo r i c?es  and 

P205 a t  t h e  k i l n  sp ray  chamher o u t l e t .  

was used s ince  t r a v e r s i n g  w i t h  a r i q i d  t r a i n  was n o t  p o s s i b l e  

a t  t h e s e  si tes.  

A f l e x i b l e  Te f lon@ l i n e ,  approximate ly  7 ' l o n g ,  connected 

A f l e x i b l e  connec tor  

I n  most c a s e s  sampling w a s  conducted under i s o k i n e t i c  

c o n d i t i o n s  e i t h e r  by c a l c u l a t i n g  an average v e l o c i t y  and 

sampling rate,a o r  by mon i to r ing  t h e  v e l o c i t y  w i t h  a p i t o t  

t u b e  and ac i jus t ing  t h e  sampling r a t e  acco rd ing ly .  

T r a i n  clean-up c o n s i s t e d  of measuring t h e  volume i n c r e a s e  
f.. 
.% 

7. 

. .  of t he  impinger c o n t e n t s  and s i l i c a  g e l  weight  g a i n ,  a t r i p l e  

water  r i n s e  of  a l l  components from n o z z l e . t i p  t o  f i l t e r  h o l d e r ,  

and t r i p l e  ace tone  r i n s e  of  a l l  components. The impinger 

a)  Th i s  was r e q u i r e d  a t  t h e  kiln o u t l e t  where t h e  sampling .5 & 
.. v e l o c i t y  was t o o  low t o  measure.  

-42- 
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contents, filter, and water rinse were combined in one glass 

sample jar and the acetone rinse was placed in a separate jar. 

Particulates 

Method 5. as described in. the Federal Register, December 

2 3 ,  1971, was used to measure particulate matter. This sampling 

train is shown in Figure 9. At the kiln inlet, a cyclone was 

used just before the filter and the duct was traversed for 

only six of the 12 points along each diameter. 

site, one point was sampled in each of the four ports at the 

'B' test site. This sampling point was about 6' inside the 

stack wall. 

At the outlet 

The train clean-up procedure included measuring the 

water collected and weighing the silica gel to determine 

moisture content. The probe, cyclone, and front half of the 

filter holder were then rinsed with acetone and placed in a 

container. The rear half of the train consisting of the rear 

half of the filter holder, impingers, and connectors was 

rinsed with water and the water then added to the impinger 

contents. The rear half of the train was then rinsed with 

acetone and the washings placed in a third sample jar. The 

filter was placed in a separate container. 
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S u l f u r  Dioxide 

EPA Method 6 i-n t h e  F e d e r a l  RegFster ,  December 2 3 ,  1 9 7 1 ,  

w a s  used t o  measure SOz. The sampling t r a i n  is shown i n  

F igu re  1 0  and c o n s i s t e d  of a h e a t e d  g l a s s  probe ,  a midget  

bubb le r  ( f r i t t e d  g l a s s  t i p )  c o n t a i n i n g  15 m l  of 8 0 %  i s o p r o p y l  

a l c o h o l ,  g l a s s  wool,  two midget impingers  c o n t a i n i n g  1 5  m l  each 

of 3% H202, and a f o u r t h  d r y  impinger .  

t h e  bubb le r  c o n t e n t s  w e r e  d i s c a r d e d  a f t e r  each r u n .  The  midget 

impinger c o n t e n t s  were p l a c e d  i n  a g l a s s  sample c o n t a i n e r .  

These impingers  were t h e n  r i n s e d  w i t h  d i s t i l l e d  water and 

the washings p l a c e d  i n t o  t h i s  same c o n t a i n e r .  

The probe washings and 

- 4 6 -  
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APPENDIX A 

FLUORIDE, P205 ,  AND PARTICULATE 

SAMPLING DATA 

Th i s  Appendix c o n t a i n s  sampling and a n a l y t i c a l  d a t a ,  

example c a l c u l a t i o n s ,  and a l i s t i n g  of f i e l d  d a t a  f o r  each 

r u n .  Table  A 1 5  l i s t s  t h e  e q u a t i o n s  used f o r  t h e  p a r t i c u l a t e  

emission c a l c u l a t i o n s .  A l s o  shown i n  Table  A15 a r e  example 

c a l c u l a t i o n s  f o r  Pa r t i cu la t e -Run  1 a t  t h e  n o d u l i z i n g  k i l n  

s c rubbe r  sp ray  chamber i n l e t .  

S tandard  c o n d i t i o n s  a r e  t a k e n  a s  70'F and 2 9 . 9 2  i n .  of 

Hg. on a dry  b a s i s .  
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Slag Tapping Opera t ion  

F l u o r i d e  & P205 Emission Sampling Data 



T a b l e  A l .  S l a g  Tapping - Scrubber  I n l e t  
Data Summary For  Run 2 I- 

Run No. 2A 2B 2 Composi.te 

T e s t  Date 6-21-72 6-21-72 6- 2 1- 72 

Sampling Time, 24 hour  c l o c k  1250-1300  1455-1742 1250-1742 

Sampling Nozzle Diameter, i n .  0 . 1 8 7 5  0 . 1 2 5  0 . 1 3 8 5  

N e t - T i m e  of T e s t ,  Min. 1 0 . 4  3 7 . 6  4 8  

Barometric P r e s s u r e ,  i n .  Hg 2 9 . 8 5  2 9 . 8 5  29 .85  

I 

1. 
I 
I 

Dn 

I Tt 

Absolute  'b 

pm Drop, i n .  

'm 

1; 3 3  0 .509  0 . 6 8 2  Average O r i f i c e  P r e s s u r e  
2O 

Volume of Dry Gas Sampled a t  6 . 9 8 9  1 9 . 7 9 1  26 .780  
Meter Cond i t ions ,  DCF 

Average Gas Meter Temperature ,  85 86 86  
OF Tm 

'm 

vW 

vW 

Volume of Dry Gas Sampled a t  6 . 8 0  1 9 . 1 8  25 .98  
s t d  S tanda rd  Cond i t ionsa ,  DSCF 

I 
I 
I 
I 
I 
1 

T o t a l  H 2 0  C o l l e c t e d  i n  Impin- - - 1 0 . 2  
g e r s  and S i l i c a  G e l ,  m l  

Volume of : iater Vapor C o l l e c t e d  - - 0 . 4 8 3  
gas  a t  S t anda rd  Cond i t ionsb ,  

SCF 

- % M  % Moisture  i n  S t a c k  G a s ,  by 
Volume 

- Mole F r a c t i o n  of Dry Gas Md 
% C 0 2  Volume % Dry <1 

% O 2  Volume % Dry 

% CO Volume % Dry I 
- % N 2  Volume '% D r y  1 ' -  . _  
.: % EA P e r c e n t  Excess  A i r  

2 1 . 0  

<1 

7 9 . 0  

- 
9: 

Molecular  bieicjht of S t a c k  Gas,  2 8 . 9  1 :  +. md Dry Basis 

I 
I .J 

4;. 

1. 8 3  

- 

<I 

21 .0  

<1 

7 9 . 0  

- 

2 8 . 9  

0 .982  

<1 

2 1 . 0  

<1 

7 9 . 0  

28 .9  



T a b l e  Al. ( C o n t ' d . ) S l a g  T a p p i n g  - S c r u b b e r  I n l e t  I 
2B 2 Composite 2A Run No. 

I 
- - Molecular W e i g h t  of  S t a c k  

Gas, Wet B a s i s  

P i t o t  Tube  C o e f f i c i e n t  0 .850  0 . 8 5 0  

A v e r a g e  S t a c k  T e m p e r a t u r e  159 1 7 7  
i cp 

OF . .  TS 

4 15 N Net S a m p l i n g  P o i n t s  
8 

S t a t i c  P r e s s u r e  of S t a c k  -0 .70  - 0 . 7 0  
Gas, i n .  H g  

2 9 . 1  . S t a c k  Gas P r e s s u r e ,  i n .  H g  
Absolu te  

2 9 . 1  

6180 S t a c k  Gas V e l o c i t y  a t  S t a c k  5 4 3 0  
C o n d i t i o n s ,  f p m  

2 436 436 S t a c k  A r e a ,  i n .  

Dry S t a c k  G a s  Volumetric Flow 1 3 , 4 0 0  1 4 , 9 0 0  I As 

I Rate a t  S t a n d a r d  Condi- 
t i o n s ,  DSCFM 

Qs 

S t a c k  Gas V o l u m e t r i c  Flow Rate 1 6 , 4 0 0  1 8 , 7 0 0  
a t  S t a c k  C o n d i t i o n s ,  ACFM Qa I 

% I P e r c e n t  I s o k i n e t i c  

~ I % 0 P e r c e n t  o p a c i t y  
I 

7 6 . 6  

- 
1 2 2  

- 

y: 1 . :  
I C 

a Dry s t anda rd  cub ic  f e e t  a t  70°F, 29 .92  i n .  Hg. 

S t a n d a r d  c o n d i t i o n s  a t  70°F, 2 9 . 9 2  i n .  Hg. 
Dry s tandard  cub ic  feet  per minute  a t  7 0 ° F ,  2 9 . 9 2  i n .  H g .  

I .  

28.7  

0.850 

1 7 3  

20  

-0 .70  

2 9 . 1  

6020  

436 

1 4 , 6 0 0  

1 8 , 2 0 0  

1 0 7  

- 
- 
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Tab le  A2. S l a g  Tapping - Scrubber  I n l e t  

F l u o r i d e  & P205  Emission Data 
Run No. 1 2 composi te  3 

T e s t  Date 

Sampling Time, 24 hour  c lock  

Sampling Nozzle Diameter, i n .  

Net Time of T e s t ,  Min. 

Barometric P r e s s u r e ,  i n .  Hg 

Dn 

Tt- 

Absolute  'b 

'm 

'm 

Tm 

'm 

vW 

vW 

Average O r i f i c e  P r e s s u r e  
Drop, i n .  H 2 0  

Meter Cond i t ions ,  DCF 

Average Gas Meter Temperature ,  

Volume of  Dry Gas Sampled a t  

OF 

Volume of Dry Gas Sampled a t  
s t d  S tanda rd  Condi t ionsa ,  DSCF 

T o t a l  H20 Col lec ted  i n  Impin- 

Volume of Xater  Vapor C o l l e c t e d  

g e r s  and S i l i c a  Gel ,  m l  

b g a s  a t  S t anda rd  Cond i t ions  , 
S CF 

%M % Mois ture  i n  S t a c k  Gas,  by 
Volume 

Mole F r a c t i o n  of Dry Gas Md 

% C 0 2  Volume % - D r y  

% O2 Volume % Dry 

% CO Volume % Dry 

Volume % Dry :.: % N 2  

'! % EA P e r c e n t  Excess  A i r  

., .<.rnJd 
9: 

Molecular  Weight of S t a c k  Gas, 
Dry B a s i s  

B 
-4 r- 

6-16-72 

1344-1900 

0 .1875  

4 4 . 1  

29 .97  

1 . 3 9  

3 0 . 8 0 5  

92 

2 9 . 7 8  

1 6 . 6  

0 . 7 8 7  

6-21-72 

1 2  50-1742 

0.1385 

48 

2 9 . 8 5  

0 .682  

26 .780  

86 

2 6 . 0 0  

10 .2  

0 . 4 8 3  

2 . 6 0  1. 82 

0 .974  0 . 9 8 2  

<1 <1 

21.0  21 .0  

<1 <1 

7 9 . 0  7 9 . 0  

- - 

2 8 . 9  2 8 . 9  

6-21-72 

1858-220 

0 .125  

48 .1  

29 .80  

0 .  4'33 

20 .616  

82 

20 .10  

9 . 3  

0 . 4 4 1  

2 . 1 5  

0 . 9 7 9  

<1 

21.0  

<1 

79.0  

- 

28.9  
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T a b l e  A 2 . ( C o n t ' c , . )  S l a g  T a p p i n y  - S c r u b b e r  I n l e t  
F l u o r i d e  & P 2 0 5  E m i s s i o n  Data 

Run No. ,1 2 Composite 3 

Mw 

P 
C 

Ts 

N P 

Pst 

ps 

" s  

AS 

Qs 

Qa 

% I  

% O  

I C  

mf 

mt 

FC 

Fao 

Molecular W e i g h t  of S t a c k  
Gas,  Wet B a s i s  

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

Average S t a c k  T e m p e r a t u r e  
OF ' .  

N e t  S a m p l i n g  P o i n t s  

S t a t i c  P r e s s u r e  of S t a c k  
Gas, i n .  H g  

, S t a c k  G a s  P r e s s u r e ,  i n .  H g  
A b s o l u t e  

S t a c k  Gas V e l o c i t y  a t  S t a c k  
C o n d i t i o n s ,  fpm 

2 S t a c k  Area, i n .  

Dry S t a c k  Gas Volumetric Flow 
Rate a t  S t a n d a r d  C o n d i -  
t i o n s  ,' DSCFM 

S t a c k  Gas V o l u m e t r i c  F low Rate 
a t  S t ack  C o n d i t i o n s ,  ACFM 

P e r c e n t  I s o k i n e t i c  

P e r c e n t  O p a c i t y  

U n i t  F e e d  R a t e - t o n / h r  

F l u o r i d e  E m i s s i o n s  
Water S o l u b l e ,  m g  

F l u w i d e  E m i s s i o n s  
T o t a l ,  m g  

F l u o r i d e  E m i s s i o n s  
% ,  I n s o l u b l e  

F l u r o i u e ,  Water S o l u b l e ,  g r /SCF 

F l u o r i d e  - T o t a l ,  g r /SCF 

2 8 . 6  

0 .850  

219 

1 5  

- 0 . 8 6  

2 9 . 1  

6250  

436 

1 4 , 0 0 0  

1 8 , 9 0 0  

7 5 . 8  

- 
- 

1 0 7  

1 0 7 . 1  

0 . 0 9 3  

0 . 0 5 5 5  

0 . 0 5 5 5  

2 8 . 7  

0 .850  

1 7 3  

20 

- 0 . 7 0  

2 9 . 1  

6020  

436 

1 4 , 6 0 0  

1 8 , 2 0 0  

1 0 7  

- 
- 

4 2 . 4  

44 .2  

4 . 0 7  

0 . 0 2 5 1  

0 . 0 2 6 2  

2 8 . 7  

0 . 8 5 0  

189  

1 7  

0 . 7 0  

2 9 . 1  

5570  

436 

1 3 , 1 0 1  

1 6 , 9 0 0  

1 1 3  

- 
- 

3 5 . 5  

3 5 . 8  

0 . 8 3 8  

0 . 0 2 7 2  

0 . 0 2 7 5  



Table  A2. ( C o n t ' d . ) S l a g  Tapping - Scrubber  I n l e t  
F l u o r i d e  & P 2 0 5  E m i s s i o n  Data 

1 2 Composite 3 

I, 
Run NO. 

F l u o r i d e  - Water S o l u b l e ,  
F a t  gr/ACF 

F F l u o r i d e  - T o t a l ,  gr/ACF 

F l u o r i d e  -dWater S o l u b l e ,  
au 

. Faw l b / h r  
I 

d F l u o r i d e  - T o t a l ,  l b / h r  I Fax 
- Water S o l u b l e ,  mg 

- T o t a l ,  mg 
*Of '2'5 I Pot '2'5 

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

0 . 0 4 1 0  0 . 0 2 0 1  0 .0212  

0 . 0 4 1 0  0 . 0 2 0 9  0 . 0 2 1 3  

6 . 6 6  3 . 1 4  3 . 0 6  

6 . 6 6  3 . 2 8  3 . 0 8  

509 4 5 3 . 2  5 2 7 . 6  

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

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

0 . 4 0 5  0 . 2 6 4  0 .269  

- % I n s o l u b l e  

- Water S o l u b l e ,  
'2'5 

"an '2'5 gr/SCF 

"a0 '2'5 

"aw '2'5 

''ax 

0 . 2 6 4  0 . 2 7 6  0 . 4 0 8  - T o t a l  gr/SCF 

- Water s o l u b l e ,  l b / h r  d 3 1 . 7  3 3 . 6  45 .4  

d 3 1 . 7  3 4 . 5  4 5 . 8  p 2 0 5  - T o t a l ,  l b / h r  

.. 

, .  

9: 
.% . .  
.~ 

aDry s t a n d a r d  c u b i c  f e e t  a t  7 0 ° F ,  2 9 . 9 2  i n .  Hg. 
bStandard c o n d i t i o n s  a t  7 0 ° F ,  2 9 . 9 2  i n .  Hg. 

Dry s t a n d a r d  cubic f e e t  p e r  m i n u t e  a t  7 0 " F ,  2 9 . 9 2  i n .  Hg. C 

. -  .e dDuring s l a g  t a p p i n g  only .  
..fi 4% 
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Tab le  A3. S l a g  Tapping  - Scrubber  O u t l e t  

F l u o r i d e  & P205  E m i s s i o n s  Data 

Run No. 1 2 3 

T e s t  Date 6-16-72 6-2 1- 7 2 6 - 2 1-7  2 

Sampling T i m e ,  24 h o u r  c l o c k  I 3  4 4 - 1 9  0 0 1 2  5 0 -17 4 2 1 8 5 8-2 2 0 ' 

Sampling Nozzle Diameter, i n .  0 . 1 8 7 5  0 . 1 8 7 5  0 . 1 8 7 5  

Net T i m e  of T e s t ,  Min. 5 3  5 4  5 4  

Dn 

T t  
Barometric P r e s s u r e ,  i n .  Hg 

Absolute  'b 

Average O r i f i c e  Pressure  
Drop, i n .  H 2 0  

Pleter C o n d i t i o n s ,  DCF 

m 

'm 

Tm 

"m 

vW 

vW 

P 

Volume of Dry Gas Sampled a t  

Average Gas Meter Tempera ture ,  
O F  

Volume of Dry Gas Sampled a t  
s t d  S tanda rd  Cond i t ionsa ,  DSCF 

T o t a l  H 2 0  C o l l e c t e d  i n  Impin- 

Volume of  X a t e r  Vapor C o l l e c t e d  

gers and S i l i c a  G e l ,  ml 

gas a t  S t anda rd  Cond i t ionsb ,  
S CF 

% M  % Mois ture  i n  S t a c k  G a s ,  by 
Volume 

Mole F r a c t i o n  of Dry G a s  Md 

% C 0 2  Volume % Dry 

% O2 Volume % Dry 

% CO Volume % Dry 

% N 2  Volume % Dry 

% EA P e r c e n t  Excess A i r  

Mwd Molecular  weight  of S t a c k  G a s ,  
Dry B a s i s  

2 9 . 7 0  2 9 . 8 5  29 .80  

0 . 8 9 3  0 . 6 9 6  0 . 6 9 6  

3 0 . 5 3 0  28 .392  2 7 . 5 8 4  

9 7  ' 9 1  86 

2 8 . 9 5  2 7 . 2 9  2 6 . 7 1  

49 .9  3 4 . 3  3 5 . 1  

2 . 3 7  1 . 6 3  1 . 6 7  

7 . 5 6  

0 . 9 2 4  

<1 

2 1 . 0  

il 

7 9 . 0  

- 

2 8 . 9  

5 .62  

0 . 9 4 4  

<1 

2 1 . 0  

<1 

7 9 . 0  

- 

28 .9  

5.86 

0 . 9 4 1  

(1 

2 1 . 0  

<1 

7 9 . 0  

- 

28.9  
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T a b l e  A3. ( C o n t ' d . )  S l a g  T a p p i n g  - S c r u b b e r  G ' Q t l e t  

F l u o r i d e  & P 2 0 5  E m i s s i o n s  Data 
Run N O .  l 2 3 

&PI . M o l e c u l a r  W e i g h t  of S t a c k  
Gas, Wet B a s i s  

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

A v e r a g e  S t a c k  Tempera ture  
cP 

Ts " F  ' .  

2 8 . 1  2 8 . 3  2 8 . 3  

0 . 8 5 0  

1 2  1 

0 . 8 5 0  

1 2 0  

0 . 8 5 0  

1 1 9  

N 
P 

Pst'. 

Net S a m p l i n g  P o i n t s  

S t a t i c  P r e s s u r e  of S t a c k  
Gas, i n .  H g  

. S t a c k  Gas P r e s s u r e ,  . i n .  H g  
Absolute 

S t a c k  Gas V e l o c i t y  a t  S t a c k  
C o n d i t i o n s ,  fpm 

2 S t a c k  A r e a ,  i n .  

Dry S t a c k  Gas Volumetric F low 
Rate  a t  S t a n d a r d  Condi- 
t i o n s ,  DSCFM 

S t a c k  Gas Volumetr ic  F low Rate  
a t  S t a c k  C o n d i t i o n s ,  ACFM 

P e r c e n t  I s o k i n e t i c  

P e r c e n t  O p a c i t y  

U n i t  F e e d  R a t e - t o n / h r  

F l u o r i d e  E m i s s i o n s  - Water 
S o l u b l e ,  m g  

F l u o r i d e  E m i s s i o n s  - T o t a l ,  mg 

F l u o r i d e  E m i s s i o n s  - 
% ,  I n s o l u b l e  

. F l u o r i d e  - Water S o l u b l e ,  
g r /SCF 

F l u o r i d e  - T o t a l ,  gr /SCF 

3 6  3 6  

t . 0 3  

'3 6 

+ . 0 3  + . 0 3  

pS 2 9 . 7  2 9 . 8  2 9 . 8  

" S  
3 2 0 0  2 8 6 0  2860 

AS 

QS 

1 0 1 2  

1 8 , 8 0 0  

1 0 1 2  

1 7 , 2 0 0  

1012  

1 7 , 2 0 0  

Qa 2 2 , 5 0 0  2 0 , 0 0 0  

1 0 7  

0-10 

2 0 , 0 0 0  

% I  

% Q  

I C  

mf 

1 0 6  

0-15 

- 

3 . 2 1  

1 0 5  

0-10 

- 

1 . 4 0  1 . 7 0  

4 . 2 5  

2 4 . 5  

t m 

FC . .  

2 . 4 3  

3 0 . 0  

1 . 5 8  

1 1 . 4  

0 . 0 0 1 7 1  0 . 0 0 0 9 6 0  0.00080,  

Fao 0 . 0 0 2 2 7  0 . 0 0 1 3 7  0 . 0 0 0 9 1 .  



Table  A3. (Con t ' d . )  S l a g  Tapping - Scrubber  O u t l e t  
F l u o r i d e  & P205  E m i s s i o n s  D a t a  

1 2 3 Run NO. I 
I F l u o r i d e  - Water S o l u b l e ,  

gr/ACF Fat  0 . 0 1 4 3  

F luo r ide  - T o t a l ,  gr/ACF 0 . 0 1 8 9  Fau 

I Faw 

I Fax 

F luor ide  - Water S o l u b l e ,  0 . 2 7 6  

F luo r ide  - T o t a l ,  l b / h r  d 

lb /hrd  

0 . 3 6 5  

- Water S o l u b l e ,  mg 

- T o t a l ,  mg 

- % I n s o l u b l e  

- Water S o l u b l e ,  gr/SCF 

'Of '2'5 

Pot '2'5 

'OC '2'5 

''an '2'5 

''a0 

'Oaw '2'5 

''ax '2'5 - T o t a l ,  l b / h r  

I 

I 
I 

P205 - T o t a l ,  gr/SCF 

d - Water S o l u b l e ,  l b / h r  

d 

5 7 . 5  

6 3 . 8  

9 . 8 7  

0 . 0 3 0 7  

0 . 0 3 4 0  

4 .94  

5 . 4 8  

a Dry s t a n d a r d  cubic f e e t  a t  70°F, 2 9 . 9 2  i n .  Hg. 

S tandard  Condi t ions  a t  70°F, 2 9 . 9 2  i n .  Hg. 

Dry s t a n d a r d  c u b i c  f e e t  p e r  minute  a t  70°F, 

I 
c I :* 2 9 . 9 2  i n .  . 4: d 'I' During s l a g  t a p p i n g  only.  

0 . 0 0 0  824  

0 .00118  

0 . 1 4 2  

0 . 2 0 2  

6 1 . 3  

6 2 . 4  

1 . 7 6  

0 .0346 

0 .0352 

5 .11  

5 . 2 1  

0 .00069  

0 . 0 0 0 7 8  

0 . 1 1 9  

0 .134  

8 2 . 1  

8 3 . 9  

2 . 1 5  

0 .0474  

0 .0484  

6 . 9 8  

7 .14  
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Table A-4 VOLUMETRIC FLOWRATE DATA FOR THE 

NODULIZING KILN TESTS 

INLET 

Fluoride 
Run No. 1 2 3 

Test D a t e  6/13/12 6/14/12 

Sampling Time, 24 hour clock 1245-2010 1045-1415 

Pb Barometric Pressure. In. Hg 

t n t noieture in Stack Gas, by . 

nd nole Fraction of ~ r y  cas 

md nolecular Height of stack Gas, 

W Molecular Height of Stack 
G a s ,  Wet B a s i a  

C Pitot Tube Coefficient 

Ts Average Stack Temperature 

N Net Sampling Points 

A b S O l U t e  

Volume 

Dry B a s l a  

P 

.F 

P 
Pst Static Pressure of Stack 

Gas. i n .  Hg 

Ps 

Vs Conditions, fpm 

As Stack Afea. i n . 2  

Stack GOB Pressure, in. Hg 

Stack Gas Velocity at Stack 

Absolute 

OB Dry Stack Gas Volumetric Flow 
Rate at Standard 
nswn 

Qa Stack Gas Volumetric Flow Rate 
at Stack Conditions, ACFn 

al Each traverse point empled at least _ .  

, .  

9: 
.+, 
~ . .  

30.04 

19.9 

0.801 

29 .l 

26.9 

0.850 

102 

52' 

- 0 . 8 4  

29.2 

6490 

1486 

23,900 

61,000 

two timea. 

30.01 

19.1 

0.809 

30.5 

28.1 

0.850 

653 

24 

-0.10 

29.4 

6230 

1486 

24,300 

64,300 

1/18/12 

1115-1545 

30.22 

20.1 

0.193 

30.9 

28.2 

0.050 

729 

21 

-0.89 

29.3 

6800 

1486 

24,300 

10,200 

Particulate 

1/20/12 

900-1915 

30.20 

20.1 

0.199 

31.5 

28.8 

0.850 

665 

24 

-0.09 

29.3 

5960 

1486 

22,700 

61,500 

1/2 1/12 
0930-0945 
1055-1110 

30.23 

18.4 

0.816 

31.2 

28.8 

0.850 

690 

24 

-0.94 

29.3 

5840 

1486 

22,200 

60,300 

1/21/12 
1055-1110 
1330-1345 

30.23 

18.2 

0.818 

I 31.2 

28.8 

0.850 

680 

24 

-0;95 

29.3 

5390 

1486 

20,100 

55,600 
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Table A-5 VOLUMETRIC FLOWRATE DATA FOR THE 

NODULIZING KILN TESTS 
OUTLET'- 

fluoride 
Run N O .  1 2 3 

Test Date 6/13/12 6/14/12 1/18/12 

Sampling Time, 24 hour clock 1245-2010 1045-1415 1115-1545 

Barmetric Presllurs. in. Hg 
AbsolYte 30.0 

I Moisture in Stack Gaa, by 

Theoretical Saturated Prx- 

noie Fraction of D ~ Y  cas 
Uole,Fraction Of Dry Gas (Theorstiealll2) 

nolecular Weight of Stack Cas, 
Dry Basis 30.7 

Uoltcular Weight Of Stack 
Gas, Wet Baais 12) 

Pitot Tube Coefficient 0.850 

Average Stack Temperature 

Volume 12) 

cent Hoistwe 

.F 12) 

Net Sampling Polnta 60 

Static Pressure of Stack 
G a s ,  in. Hg 0 

Stack Gas Pres~ure, in. Hg 
Abhso1ute 30.0 

8-86.4 Stack Gas velocity at Stack 
Conditions, fpm c-80.0 

55,238 2 Stack Are?. in. 

Dry Stack Gaa Volumetric Flow 
Rate at Standard Conditions, 
DSCFM 26,400 

SteCk Gas Volumetric Ilw Rate 
at Stack Conditione, ACFU 12) 

30.1 

12) 

121 

29.1 

12) 

0.850 

12) 

60 

0 

30.1 

8-94.7 
C-91.9 

55,238 

26,800 

12) 

30.2 

12) 

12) 

29 

121 

0.850 

(21 

60 

0 

30.2 

8-95.9 
c-85.8 

55.238 

26;800 

12) 

Particulate 
1 2 3 

1/20/72 1/21/72 
0830-0945 

900-1915 1055-1110 

30.20, 

19.6 

12.0 

0.804 
0.880 

3 0 . 0  

27.6 

0.850 

122 

24 

0 

30.2 

81.2 

55,238 

25.200 

31.200 

~ ~~~ 

. .  1) Outlet volumetric flows based on inlet flow measurements plua additional tempering 
air entering prior to the Outlet sampling site [see Table 5 in tart). 

, .  2 )  Data is separated according to Points 8 and C. 

30.23 

22.7 

13.5 

0.173 
0.865 

30.4  

21.6 

0.850 

126 

24 

0 

30.2 

81.6 

55,238 

24.100 

31,300 

7/21/12 
1055-1110 
1330-1345 

30.23 

20.1 

11.5 

0.199 
0.885 

30.2 

21.7 

0.850 

120 

24 

0 

30.2 

14.1 

55.238 

23,200 

28,400 
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APPENDIX A - 2 

Nodulizing Kiln Operation 

Includes: Spray Chamber Inlet and Outlet, 
CO,.and Air Return Lines. 

Fluoride, P205, and Particulate 
Emission Sampling Data 
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Tab le  A6 Nodul iz ing  Kiln - Scrubbe r  Spray Chamber I n l e t  
Data Summary f o r  Run 1 F l u o r i d e ,  P 2 0 5  

1 composi te  19 1B 
R u n  Xo. 

T e s t  Date 6-13-72 6-13-72 6-13-72 

Sampling T i m e ,  24  h o u r  c l o c k  1245-1338 1415-2010 1245-2010  . .  
Sampling Locat ion  

'm 

T m  

s t d  'm 

V 
W 

% M  

Md 

: % co* 
, .  

% N2 

% EA 

Sampling Nozzle Diameter, i n .  0 .250  

N e t  T i m e  of T e s t ,  idin. ' 3 0 . 5  

Barometr ic  P r e s s u r e ,  i n .  Ng 30 .04  
Absolu te  

1 . 3 7  
Average O r i f i c e  P r e s s u r e  

H2° Drop, i n .  

20 .670  V o l u m e  of Dry Gas Sampled a t  
i4eter C o n d i t i o n s ,  DCF 

9 1  Average Gas Heter Tempera ture ,  
O F  

Volume of Dry Gas Sampled a t  2 0 . 0 1  

T o t a l  H 0 C o l l e c t e d  i n  Impin- - 
Standa rd  Cond i t ionsa ,  DSCF 

2 g e r s  and S i l i c a  G e l ,  m l  

Volume of Water Vapor . C o l l e c t e d  
a t  S t anda rd  Cond i t ionsb ,  SCF 

- 

% Mois ture  i n  Stack Gas,  by - 

Nole F r a c t i o n  of Dry Gas - 
Volume % Dry - 
Volume % Dry - 
Volume % Dry - 
Volume % Dry - 

Volume 

P e r c e n t  Excess  A i r  - 
Molecular  Weight of S t a c k  Gas, - 

Dry Basis 

0 . 1 8 7 5  

8 9 . 5  

30.04 

0 . 7 0 3  

45 .296  

8 8  

44 .02  

- 

- 

- 

- 

- 
- 
- 
- 
- 
- 

0 .203  

1 2 0  

30 .04  

0 .857  

65.966 

89 

6 4 . 0 3  

335  

1 5 . 9  

1 9 . 9  

0 . 8 0 1  

1 . 7 0  

2 0 . 3  

0 . 8 6 7  

7 7 . 1  

- 

2 9 . 1  
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T a b l e  A6 ( c o n t ' d . )  

14w Molecular  \ .]eight of S t a c k  - 
Gas, Wet B a s i s  

- 26.9 

C P i t o t  Tube C o e f f i c i e n t  
P 

0.850 0.850 0.850 

Average S t a c k  Tempera ture ,  674 710  702 
O F  

Ts . 

N N e t  Sampling P o i n t s  12 40 52 
P 

S t a t i c  P r e s s u r e  of S t a c k  -0.84 -0.84 -0.84 
Gas, i n .  H20 P S t  

P Stack  Gas P r e s s u r e ,  i n .  Hg 
. 5 Abso lu te  29.2 29.2 29.2 

Stack  Gas V e l o c i t y  a t  S t a c k  5440 6810 6490 
C o n d i t i o n s ,  fpm 

2 

"S 

AS S tack  Area ,  f t .  1486 1486 1486 

a Drv S tack  Gas V o l u m e t r i c  F low 
C 

23,900 
S R a t e  a t  S t anda rd  C o n d i t i o n s ,  

DSCFM 20,500 24,900 

Stack  G a s  Volumetr ic  F ~ O W  Rate 
Qa a t  S t ack  C o n d i t i o n s ,  ACFM 56,100 70,300 67,000 

% I  P e r c e n t  I s o k i n e t i c  96.5 106 102 

' Standa rd  c o n d i t i o n s  a t  7OoF, 29.92 i n .  I ly .  
C Dry s t a n d a r d  c u b i c  f e e t  pe r  m i n u t e  a t  70°F, 29.92 i n .  i t . ) .  

.i e NOTE: Complete i n l e t  t e s t  r e s u l t s  can be 
- 4  4; found i n  t h e  f o i l o w i n g  tables.  

. .. 



Table  A7 Nodul iz ing  K i l n  - Scrubber  Spray  Chamber I n l e t  
F l u o r i d e  and P205Emission Data Summary 

Run ;do. 1 composi te  2 .3 

T e s t  Date 6-13-72. 6-14-72 7-18-72 

Sampling T i m e ,  2 4  hour  c lock  1245-2010 1045-1415 1115-1545 > 
Sampling Locat ion 

Dn .. 

Tt N e t  T i m e  of T e s t ,  Min. '120 60 60 

Sampling Nozzle Diameter, i n .  0.203 0.1875 0.1875 

30.04 30.07 30.22 Barometr ic  P r e s s u r e ,  i n .  iig 
Absolute  pb 

Average O r i f i c e  P r e s s u r e  

H 2 °  Drop, i n .  'rn 0.857 0.655 0.807 

Volume of Dry Gas Sampled a t  65.966 29.613 33.926 
ideter C o n d i t i o n s ,  I)CF "rn 

'm 

'm 

Average Gas Meter Tempera ture ,  89 91 9 6  
O F  

V o l u m e  of Dry Gas Sampled a t  64.03 28.65 32.70 
s t d  S tanda rd  Cond i t ionsa ,  DSCF 

T o t a l  H 0 C o l l e c t e d  i n  Impin- 335 14 3 180 
W 2 

V 
q e r s  and S i l i c a  G e l ,  ml 

"w Volume of Water Vapor C o l l e c t e d  15.9 6.77 8.54 
gas  a t  S t anda rd  Cond i t ionsb ,  SCF 

% f.1 % Moisture  i n  S tack  Gas,  by 19.9 19.1 20.7 
Volume 

"d Nole F r a c t i o n  of Dry Gas 0.801 0.809 0.793 

% C 0 2  Volume % Dry 1.70+ 12.4 16.0 

% O2 Volume % Dry 20.3 13.3 8.0 

S CO Volume % Dry 0.867 Cl 2.2 

% N2 Volume % Dry 77.1 74.3 73. 8 

% EA P e r c e n t  Excess  A i r  - - - 

f.iw Molecular  Weight of S t a c k  G a s ,  29.1 30.5 30.9 
R h  Dry B a s i s  

-iE 4' . .  
+ value appea r s  low 



Table A7 (cont'd.) 

8 
il 
8 
1 
E 
c 
Y 
I 

Run No. 1 Composite 2 3 

F Fluoride-water soluble 
gr/ACF at 0.626 0.651 0.880 

F Fluoride-total,, gr/ACF 0.703 0.694 0.898 au - 

F 1.u o r i de -w a t e r s o 1 u b 1 e 
lbjhr 360 '' 358 530 

Fax Fluoride-total, lb/hr' 404 382 540 

PO1 P205-water soluble, mg 85.1 243.1 317.5 

149.6 466.7 d Pot P205-total, mg 

pOC '205 % insoluble 43.1 47.9 d 

P205-water soluble 
gr/SCF 

''an 0.0205 0.131 0.150 

''a0 '205- total, gr/SCF 0.0360 0.251 d 

'Oaw P205-water soluble 

'Oat P205-water soluble 
gr/ACF C 

I' P - 0  -total, qr/ACF 'Oaa 2 5  

4.18 27.2 31.1 

7.36 52.2 d 

0.00731 0.0528 0.0516 

0.0128 0.100 d 

i 9;. .:. 

i 
% 3  .&  

I 

... 
aDry standard cubic feet at 70 degrees F, 29.29 in. Hg. 

bStandard conditions at 70 degrees F, 29.29 in Hg. 

CDry standard.cubic feet per minute at 70 degrees F, 29.29 in. Hg. 

dAnalysis of P205 insoluble portion for Run No. 3 was impossible 4:: 
.. due to gel being formed when sodium hydroxide was combined with sample. 



Table  A7 ( c o n t ' d . )  

R t i ; ~  i.10. 1 composi te  2 3 

26.9 i,ibl Molecular Weight of S tack  
Gas,  !kt Bas i s  2 8 . 1  28.2 

C P i t o t  Tube C o e f f i c i e n t  0 .850  0.850 0.850 P 
Average S tack  Tempera ture ,  702 653 729 

O F  
TS 

N - Net Sampling P o i n t s  52 24 24 P 

S ta t ' i c  P r e s s u r e  of S tack  -0.84 -0.70 -0.89 
Gas, i n .  H20 

Absolu te  

Ps t  

. ps  

vs 

Stack  Gas P r e s s u r e ,  i n .  Ilg 29.2 29.4 29.3 

Stack  Gas V e l o c i t y  a t  S tack  6490 6230 6800 
C o n d i t i o n s ,  fpm 

2 1486 1486 1486 Stack  Area ,  f t .  

Dry S tack  Gas  Volumetr ic  F lowc  23,900 

AS 

Q S  24,300 24,300 
Rate a t  S tanda rd  C o n d i t i o n s ,  
DSCFM 

Stack  Gas Volumetr ic  Flow Rate  
a t  S tack  C o n d i t i o n s ,  ACr'I4 67,000 64,300 70,200 Qa 

% I  P e r c e n t  I s o k i n e t i c  1 0 2  105 120 

% O  - P e r c e n t  Opac i ty  - - - 
Uni t  Feed Rate- ton/hr  - - - Tc 

F l u o r i d e  Emissions-  
mg, water s o l u b l e  

mf 7300.8 3201.5 5401.4 

m t F l u o r i d e  Emiss ions ,  T o t a l ,  m g  8171.1 3382.6 5546.2 

FC F l u o r i d e  Emiss ions  % i n s o l u b l e l 0 . 7  5.35 2.61 

Fan Fluoride-Water s o l u b l e  g r / ~ ~ ~  1.76 1.72 2.54 

' Fluoride-Total, gr /SCF 1.97 1.84 2.61 
FaO 



Tab le  A8 Nodul iz ing  K i l n  - Scrubbe r  Spray Chamber O u t l e t s  S i t e  B 
F l u o r i d e  and P205 Emission Data Summary 

2 3 
-~ 

T e s t  Date 6-13-72' 6-14-72 7-18-72 

Sampling Time. ,  24 hour  c l o c k  1240-2018 1058-1559 1040-1500 
1 .  

Samy,ling Locat ion  

Dn .. Sampling N o z z l e  Diameter,  i n .  0.924 0.924 1.43 

Net T i m e  of T e s t ,  Min .  '183 180 120 Tt 

Pb Barometr ic  P r e s s u r e ,  i n .  lig 30.0 30.1 30.2 
Absolu te  

Average O r i f i c e  P r e s s u r e  
Drop, i n .  H20 'm d d d 

Volume of Dry Gas Sampled a t  
'm X e t e r  C o n d i t i o n s ,  D C F  44,310 41.403 60.908 

92 96 Average Gas Meter Tempera ture ,  87 
O F  

Tm 

43.07 39.97 58.67 Volume of Dry Gas Sampled a t  
s t d  St.andard C o n d i t i o n s a ,  DSCF m V 

169 290 T o t a l  H 2 0  C o l l e c t e d  i n  Impin- 

Volume of Water V a p o r . C o l l e c t e d  4.79 8.01 13.7 

101 W 
V 

g e r s  and S i l i c a  G e l ,  m l  

ga s  a t  S t anda rd  Cond i t ionsb ,  S C F  
vw 

% M  P, Mois ture  i n  S t a c k  G a s ,  by 1 0 . 0  16.7 19.0 
Volume 

Md Nole F r a c t i o n  of Dry Gas 0.900 0.833 0 .810  

13.3 6.0 e 

Volume 4, Dry 13.4 17.9 e 

0.2 C l  e 

% N2 Volume % Dry 73.1 76.1 e 

% E A  P e r c e n t  Excess  A i r  - - - 

.: % C 0 2  Volume % Dry 

?: 
. .  = 6 co Volume 9, Dry 

:: % 0 2  

.* 

.* 

.: wd Molecular  Weight of S t a c k  G a s ,  30.7 .* Dry B a s i s  - &  E;- 

29.7 30. Oe 



- 
Table A8 (cont'd.) 

1 2 3 I, Run 1.10. 

# Gas, Wet Basis, 
i.1w hlolecular Pieight of Stack 29.4 2 7 . 7  2 7 . 7  

C Pitot T u b e  Coefficient 0.850 0 . 8 5 0  0 .850  P 
Average Stack Temperature, 1 3 8  1 4 0  1 3 5  

TS O F  

I 
14 . N t t  Sampling Points 6 0  6 0  6 0  P 

0 Stsiic Pressure of Stack 
Gas, in. H20 Pst 

30.0  Stack Gas Pressure, in. Fig 
i ibso lu  te '.pS 

vs I Stack Gas Velocity at Stack 8 6 . 4  
Conditions, fpm 

2 5 5 , 2 3 8  Stack Area, ft. 

Drv Stack Gas Volumetric Flow- c: Rite at Standard Conditions, 
2 6 , 4 0 0  DSCFM 

3 3 , 1 0 0  Stack Gas Volumetric Flow Rate 
at Stack Conditions, ACFM 

Percent Isokinetic 1 4 . 1  

Percent Opacity - 
Unit Feed Rate-ton/hr - 
Fluoride Emissions- 
mq, water soluble 8 . 8  

Fluoride Emissions, Total, mg 9 . 4 5  

Fluoride Emissions % insolublq.88 

Fluoride-Water soluble , 0 .00315  

Fluoride-Total, gr/SCF 0 . 0 0 3 3 8  
gr/SCF 

.. 

0 

3 0 . 1  

94.1 

5 5 , 2 3 8  

26 .800  

3 6 , 3 0 0  

67 .8  

- 

4 .7  

5 .3  

1 1 . 3  

0 . 0 0 1 8 1  

0 . 0 0 2 0 4  

0 

30 .2  

95 .9  

5 5 , 2 3 8  

26.800 

3 6 , 8 0 0  

62 .6  

- 

- 

24.5  I 

25 .0  I 
2.00 

0 . 0 0 6 4 3  

0.03656 i 
I 



I 
Table A8 (cont'd.) 

1 2 3 'I Run NO. 

F Fluoride-water soluble 0.00251 0.00134 0.00468 
gr/ACF at 

I au F - Fluoride-total, gr/ACF 0.00270 0.00151 0.00478 

Fluoride-water soluble 
lb/hr Faw 0.689 0.404 1.47 

Fax Fluoride-total, lb/hr 0.742 0.457 1.50 

PO1 P205-water soluble, mg 23.9 15.1 67.0 

Pot P205-total, mg 26.6 17.8 70.4 

p°C p205 % insoluble 

''an P205-water soluble 
gr/SCF 

P205- total, gr/SCF 

10.2 15.2 4.84 

0.00855 0.00582 0.0176 

0.00951 0.00686 0.0185 

I 'Oaw P205-water soluble 
lb/hr 

''ax P205-total, lb/hr 

I J 'Oat P205-water soluble 
gr/ACF 

P 0 -total, qr/ACF 'Oaa 2 5  

1.94 1.33 4.04 

2.20 1.56 4.23 

0.00683 0.00431 0.0128 

0.00760 0.00508 0.0135 

I 1 :  
::: 1' '*. . -. 

aDry standard cubic feet at 70 degrees F, 29.29 in. Hg. 

bStandard conditions at 70 degrees F, 29.29 in Hg. 

'Dry standard cubic feet per minute at 70 degrees F, 29.29 in. lig. 

P 
d: . f  

?;- Assumed atmospheric pressure at meter. 

eMeasured data were incorrect. Use value based on test 1 and 2. 



. .  

Tab le  A9 Nodul iz ing  K l i n  - Scrubbe r  Spray Chamber O u t l e t  C 
Data Summary f o r  Run 3 F l u o r i d e ,  P 0 2 5  

3A 3B 3 composite Run N o .  

T e s t  Date 7-18-72 7-18-72 7-18-72 

1040-1228 1327-1458 1040-1458 Sampling T i m e ,  24 hour  c l o c k  

Sampling Locat ion  

Dn 

Tt 

. .  

Sampling Nozzle Diameter ,  i n .  1.43 0.500 0.965 

N e t  T i m e  of T e s t ,  Min. 60 60 120 

Barometr ic  P r e s s u r e ,  i n .  H g  
pb Absolute  30.22 30.22 30.22 

- Average O r i f i c e  P r e s s u r e  

H2° Drop, i n .  'm 

17.658 10.229 27.887 Volume of Dry Gas Sampled a t  
Meter Cond i t ions ,  DCF 'm 

Average Gas Meter Tempera ture ,  90 92 9 1  
OF Tm 

Volume of Dry G a s  Sampled a t  17.16 9.91  27.07 
s t d  S tanda rd  Cond i t ionsa ,  DSCF 'm 

T o t a l  H20 C o l l e c t e d  i n  Impin- - - 56.5 

V o l u m e  of  Water Vapor C o l l e c t e d  

W 
V 

g e r s  and S i l i c a  G e l ,  m l  

ga s  a t  S tanda rd  Cond i t ionsb ,  SCF - - 2.68 vW 

- - 9.01 % M  % Moisture  i n  S t a c k  Gas,  by 
Volume 

Mole F r a c t i o n  of  Dry Gas - - 0 . 9 1 0  
Md 

% C02 Volume % Dry d - - 
,. 

i :: % 0 Volume % Dry 

5 CO Volume % Dry 

Volume % Dry % N2 1' % EA P e r c e n t  Excess A i r  

& mid Molecular  Weight of S t a c k  Gas, 1 ..? Dry Basis  .:e g-. 

d 
30 



T a b l e  A9 ( con t inued)  
3 composite 

\ \ \  
3A 3B Run No. 

b1W 

C 
P 

TS 

N 
P 

Pst  

, ps 

" 5  

AS 

QS 

Qa 

% I  

M o l e c u l a r  W e i g h t  of S t a c k  
Gas, Wet B a s i s  

P i t o t  Tube  C o e f f i c i e n t  

Average S t a c k  T e m p e r a t u r e ,  

~ g t  S a m p l i n g  P o i n t s  

S t a t i c  P r e s s u r e  of S t a c k  

OF 

Gas, i n .  H20 

A b s o l u t e  
S t a c k  Gas P r e s s u r e ,  i n .  Hg 

S t a c k  Gas V e l o c i t y  a t  S t a c k  
C o n d i t i o n s ,  fpm 

2 S t a c k  Area,  f t .  

- 

0 . 8 5 0  

1 3 8  

30 

0 

30 .2  

8 5 . 8  

5 5 , 2 3 8  

Dry S t a c k  Gas V o l u m e t r i c  F low 
R a t e  a t  S t a n d a r d  C o n d i t i o n s , % 6 , 8 0 0  
DSCFM 

5 2 , 9 0 0  
S t a c k  Gas  V o l u m e t r i c  F l o w  R a t  
a t  S t a c k  C o n d i t i o n s ,  ACFM 

P e r c e n t  I s o k i n e t i c  36 .6  

- 27.7  

0 .850  0 .850  

1 3 8  1 3 8  

30 60 

0 0 

30 .2  30 .2  

8 5 . 8  8 5 . 8  

5 5 , 2 3 8  5 5 , 2 3 8  

2 6 , 8 0 0  2 6 , 8 0 0  

3 2 , 9 0 0  3 2 , 9 0 0  

1 7 3  1 0 5  

a 

' S t a n d a r d  c o n d i t i o n s  a t  7 0 " F ,  2 3 . 3 2  i n .  i lg .  

Dry s.c;nL:ard c u b i c  fcc'; at 7O0?, 2 3 . 9 2  in. l i i j  

Dry s t a n d a r d  c u b i c  f e e t  p e r  m i n u t e  a t  70°1:, 2 9 . 3 2  i n .  i P l .  
C 

dMeasured d a t a  are inco r rec t .  U s e  va lue  b a s e d  on t e s t  1 and 2 a t  s i t e  B. 



Table A 1 0  Nodul iz ing  Kiln-Scrubber  Spray Chamber O u t l e t  C 
F l u o r i d e  and P 2 0 5  Emission Data Summary 

E. 
1' 

1 2 3 composi te  Run N o .  

6-13-72 6-14-72 7-18-73 I' T e s t  D a t e -  

Samsling T i m e . ,  2 4  hour  c l o c k  I! 1240-2018  1058-1559 1040-1500 
~~ 

Sampling Locat ion  

0 . 9 3 1  0 . 9 3 1  0 . 9 6 5  Sampling Nozzle Diameter ,  i n .  

N e t  T i m e  of T e s t ,  Min. 1 8 3  1 8 0  1 2 0  
Tt 1. Barometr ic  P r e s s u r e ,  i n .  Hg 3 0 . 0  30.1 30 .2  

A b s o l u t e  'b 

Average O r i f i c e  Pressure  d d d 

H2° Drop, i n .  
1, 

Volume of Dry Gas Sampled a t  45 .873  40 .542  2 7 . 8 8 7  
kleter C o n d i t i o n s ,  UCF . 

Average Gas ivleter Tempera ture ,  84 
OF 

Volume of Dry G a s  Sampled a t  44.78 
s t d  S tanda rd  C o n d i t i o n s a ,  DSCF 

T o t a l  H 0 C o l l e c t e d  i n  Impin- 3 0 . 9  2 g e r s  and S i l i c a  G e l ,  ml 

gas  a t  S t anda rd  C o n d i t i o n s b ,  SCF 

I "w 

Volume of  Water Vapor C o l l e c t e d  1 . 4 6  vw 

% M  % Mois ture  i n  S t a c k  Gas, by 3 .17  
Volume 

Mole F r a c t i o n  of Dry Gas 0 .968  

1 3 . 3  

I' 

' V o l u m e  3 Dry 

-' 3 CO Volume '% Dry 

Volume % Dry I %. N 2  

1 3 . 4  

0 . 2  

7 3 . 1  

- 
% EA Percent  Excess  A i r  

Molecular  Weight of S t a c k  G a s ,  3 0 - 7  3 
Dry Basis  2% d 

~. 

I. . . 

8 8  

39 .42  

1 3 7  

6 .49  

1 4 . 1  

0 .859 

6 . 0  

1 7 . 9  

L1 

7 6 . 1  

- 
29.7 

9 1  

2 7 . 0 7  

56.5 

2 . 6 8  

9 . 0 1  

0 .910  

- 
30 e 



R u n  N O .  1 2 3 composite I 
I 
I 
1 
I 
1 
I 
I 
1 
I 
I> 
I 
1 
I 
I 
I 
I 
I 
I 

i%lii' 

C 
P 

TS 

ii 
P 

Ps t  

. ps 

vs 

"s 

QS 

Qa 

% I  

% O  

TC 

m f  

m t 

FC 

Fan 

F a O  

30.3 1.10 1 e c u  .la r IJe i y 11 t 0 f S t a c k  
Gas, b k t  B a s i s  

P i t o t  Tube C o e f f i c i e n t  0.850 

Average S t a c k  Temperature ,  136 
O F  

Ntt Sampling P o i n t s  60 . .  
S t j f i c  P r e s s u r e  of  S tack  0 

Gas,  i n .  Ii20 

Stack  Gas P r e s s u r e ,  i n .  Ilg 30.0 
Ti bs o 1 u t e 

Stack Gas V e l o c i t y  at S t a c k  80.0 
C o n d i t i o n s ,  fpm 

2 55,238 Stack  Area,  f t .  

Dry S tack  Gas Volumetr ic  F ~ O V J _  
L 

R i t e  a t  S t anda rd  C o n d i t i o n s ,  26,400 
DSCFM 

Stack  Gas Voluii ietric Flow Rate  30,700 
a t  S t ack  C o n d i t i o n s ,  ACFM 

P e r c e n t  I s o k i n e t i c  74.7 

.Percent Opac i ty  - 
- U n i t  Feed Rate- ton/hr  

F l u o r i d e  E m i s s i o n s -  4.10 
mg, w a t e r  s o l u b l e  

F l u o r i d e  E m i s s i o n s ,  T o t a l ,  mg 4.42 

F l u o r i d e  Emiss ions  % i n s o l u b l e 7 . 2 0  

Fluoride-Water  s o l u b l e  0.00141 

Fluor ide -To ta l ,  gr/SCF 0.00151 

28.0 

0.850 

140 

60 

0 

30.1 

91.9 

55,238 

26,800 

35,200 

65.8 

- 
- 

6.4 

7.6 

15.8 

0.00250 

0.00297 

28.0 

0.850 

138 

60 

0 

30.2 

85.8 

55,238 

26,800 

32,900 

105 

- 
- 

11.1 

11.6 

4.31 

0.00631 

0.00660 



Table A10 (cont'd) 

Run No. 1 2 3 composite 
I . -- 
F 
at 

F 
au 

Fax 

PO1 

Pot 

p°C 

''an 

''a0 

PO,, 

PO,, 

Post 
'Oaa 

. .  

Fluoride-water soluble 
gr/ACF 

Fluoride-total, gr/ACF 

FLuoride-water soluble 
lbfhr 

Fluoride-total, lb/hr 

P205-water soluble, mg 

P205-total, mg 

P2O5 % insoluble 

P205-water soluble 
gr/SCF 

P205- total, gr/SCF 

P205-water soluble 
lb/hr 

P205-total, lb/hr 

P 0 -waste soluble, 
g $ / k F  

P205-total, gr/ACF 

0.00122 

0.00130 

0.320 

0.343 

11.5 

13.2 

12.9 

0.00395 

0.00454 

0.898 

1.03 

0'.00340 
0.00391 

. .. 

2 9 . 9 2  ill. i l ( j ,  

0.00191 

0.00226 

0.576 

0.684 

17.1 

19.7 

13.2 

0.00668 

0.00770 

1.54 

1.77 

0.00510 
0.00588 

0.00514 

0.00537 

1.45 

1.52 

25.5 

26.4 

3.41 

0.0145 

0.0150 

3.33 

3.45 

0.0118 
0.0122 

' ~ t a i i ~ i i l r d  coiirlitiuiis at ~ O O F , ,  2 1 . 9 2  in. i i g .  

C D r y  s t a n d a r d  cubic f e e t  per  minute a t  7 0 ° F ,  2 9 . 9 2  in. i '  ' .  

dAssumed atmospheric pressure at meter. 

eMeasured data incorrect. Use value based on data from test 1 and 2 at 
site B. 



I, Table All. P a r t i c u l a t e  Emission Data 
Nodul iz ing  K i l n  - Scrubbe r  Spray Chamber I n l e t  I 

I 
1 
I 
I 
I 
1 
1 
I 
1 
I 
I 

2 - 1 R u n  No. - 
T e s t  Date ,  1 9 7 2  

Sampling Time, 24 h o u r  clock 

Sampling Locat ion  

Dn 

'r t 
pb 

pm 

'm 

" m 

vrn 

7-20-72 7-21-72 

1500-1730 0855-1050 
, .  

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

60 60 

30.20 3 0 . 2 3  

Sampling N o z z l e  Diameter ,  i n .  

N e t  T i m e  of Tes t ,  Idin. 

Barometr ic  P r e s s u r e ,  i n .  Hg 

Average O r i f i c e  Pressure  0 . 3 9 5  0 .482  

Volume of Dry Gas Sampled a t  2 3 . 7 0 1  2 5 . 7 9 8  

Absolu te  

Drop, i n .  H 2 0  

i4eter C o n d i t i o n s ,  DCF 

Average Gas Meter Tempera ture ,  9 1  9 3  
OF 

23 .02  2 5 . 0 1  Volume of D r y  Gas Sampled at 
s t d  S tanda rd  C o n d i t i o n s a ,  DSCF 

1 2 2  1 1 9  T o t a l  H 2 0  C o l l e c t e d  i n  Impin- 

Volume of b7ater Vapor C o l l e c t e d  

g e r s  .and S i l i c a  G e l ,  m l  

gas  a t  S t anda rd  Cond i t ionsb ,  SCF 

I'W 

vW 

5 . 7 8  5 .64  

2 0 . 1  1 8 . 4  
% M  % Moisture  i n  S tack  Gas ,  by 

V o l u m e  

I Mole F r a c t i o n  of Dry Gas 

Volume % Dry 

' z  % CO Volume % Dry 

q: % 0 2  i .!- .. 

3 - 
7-21-73 

1220-1324 

0 . 1 8 7 5  

6 0  

3 0 . 2 3  

0 . 4 8 3  

2 5 . 8 7 0  

9 9  

2 4 . 8 1  

1 1 6  

5 . 5 0  

1 8 . 1  

0 .799  0 . 8 1 6  0 . 8 1 8  

1 8 . 6  1 8 . 3  1 8 . 4  

1 2 . 1  6 . 4 7  6 . 7 0  

1 . 9 3  2 . 0 0  1 . 4 3  

67 .4  7 3 . 3  73 .4  

4 4 . 7  

31 .5  31 .2  31 .2  

Volume % Dry 

% EA P e r c e n t  E x c e s s  A i r  

% N 2  
1 6 7  3 9 . 4  I 

I :@ b'lJd Molecular Weight of S t a c k  Gas,  
D r y  Basis .& 4 -  
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Table All. (cont'd.) 
2 - 1 Run NO. - 

l4\r bio lecular  l ; i c ? i c j h t  of S t a c k  2 8 . 8  2 8 . 8  
'Gas, Wet B a s i s  - - 

C P i t o t  T u b e  C o e f f i c i e n t  0.850 0 . 8 5 0  

I 6 5 2  6 8 2  i . - i e r a g e  S t a c k  T e m p e r a t u r e ,  
P 

-73 

S -1 I? 

IJ  Net S a m p l i n g  P o i n t s  1 2  1 2  P 

i' S t a t i c  Pres.?ure of S t a c k  -0 .89 -1.07 s t  Gas ,  i n .  IIg 

S t a c k  Gas P r e s s u r e ,  i n .  fig 29.3 2 9 . 2  :> 
s A b s o l u t e  

\7 S t a c k  Gas V e l o c i t y  a t  S t a c k  4 7 0 0  5 4 4 0  
S C o n d i t i o n s ,  fpm 

2 
1, S t a c k  A r e a ,  i n .  1 4 8 6  1 4 8 6  

Dry S t a c k  G a s  V o l u m e t r i c  Flow 1 8 , 1 0 0  20 ,700 
s 

Rate a t  S t a n d a r d  C o n d i t i o n s  ,' 
DSCFEl 

O* 

c., a S t a c k  G a s  V o l u m e t r i c  Flow R a t e  4 8 , 5 0 0  5 6 , 1 0 0  
a t  S t a c k  C o n d i t i o n s ,  iiCFf.1 

..A 1 P e r  c e n  t Is  o k  i n  e t i  c 1 1 4  1 0 8  

6 0  P e r c e n t  O p a c i t y  - 
U n i t  P r o d u c t i o n  R a t e  - - 

l 'C 

P a r t l c u l a t c  - P r o b e ,  C y c l o n e ,  
a n d  F i l t e r ,  mg f ni 1 0 6 9  1 0 5 4 . 6  

P a r t i . c u l a t e  - T o t a l ,  mg 1 3 8 2 . 9  1 1 9 6 . 7  t m 

I C % I m p i n g e r  C a t c h  22.7 11 .9  

P a r t i c u l a t e  - Probe,  C y c l o n e ,  0 . 7 1 5  0 .650 
a n d  F i l t e r ,  g r /SCF . .  

'an 

P a r t i c u l a t e  - Tota l ,  gr /SCF 0 . 9 2 5  0 . 7 3 8  

' 3  - 

2 8 . 8  

0 .850 

670 

1 2  

-1 .08  

29 .2  

5 2 3 0  

1 4 8 6  

2 0 , 2 0 0  

54 ,000  

110 

- 
- 

1 1 1 4 . 5  

1 3 4 7 . 9  

1 7 . 3  

0 . 6 9 2  

0 . 8 3 8  



Table A l l .  ( c o n t ' d . )  

3 - 2 
L 

1 Run ;do. - 
I I . 3 r t i c u l a t e  - P r o b e ,  C y c l o n e ,  0 .266  0 .240 .  0 . 2 5 9  

P a r t i c u l a t e  - Total, g r / A C F  0 .345  0 .272  0 . 3 1 3  

F?rticlJl .atf;  - ProlJc, C y c l o n c ,  

and F i l t e r ,  ~ L - / A C F  'at 

I 
I 

111 1 1 5  120 
as1 

1' i: 
Y i i t e r ,  1h;iTr. 

1 4  3 P a r t i c u l a t e  - T o t a l ,  l b / l i r .  ax 
1 3 1  145 

1 
I 
I 
1 
I 
1 
1 
I 
I 
I 

Dry s t a n d a r d  c u b i c  f e e t  a t  7 0 ° F ,  2 9 . 9 2  i n .  l l g .  a 

S t a n d a r d  c o n d i t i o n s  at 70°F, 2 9 . 9 2  i n .  Hg. I 
Dry s t a n d a r d  c u b i c  f e e t  p e r  m i n u t e  a t  70°F, 2 9 . 9 2  i n .  Ilg. C 

I +  4 
L: 



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

Table  A12. P a r t i c u l a t e  Emission Data 
Modulizing K i l n  - Scrubber  Spray Chamber O u t l e t  

Run No. 3 - 2 - 1 - 
7-21-72 T e s t  Date ,  1972 7-20-72 7-21-72 

Sampling T i m e ,  24  hour  c l o c k  1510-1805 0828-1100 1133-1407 

Sampling Locat ion  

Dn 

't 

Pb . 

'm 

'm 

Tm 

'm 

vw 

"w 

% M  % Moistui-e i n  S t a c k  Gas,  by 19.6 22.7 20.1 

1.426 1.426 1.426 
Sampling Nozzle Diameter ,  i n .  

N e t  Time of T e s t ,  I d i n .  

Barometr ic  P r e s s u r e ,  i n .  Iig 3 0 . 2 0  30.23 30.23 

2.38 2.60 2.50 

120 120 120 

r ibso lu te  

Average O r i f i c e  P r e s s u r e  
Drop, i n .  H20 

iwleter C o n d i t i o n s ,  DCF 

108.700 113.007 110.010 V o l u m e  of Dry Gas Sampled a t  

93 97 103 Average Gas Meter Tempera ture ,  
O F  

105.57 109.38 105.51 

543 679 559 

V o l u m e  of Dry Gas Sampled a t  
s t d  S tanda rd  C o n d i t i o n s a ,  DSCF 

T o t a l  H20 C o l l e c t e d  i n  Impin- 

Volume of Water Vapdr C o l l e c t e d  

g e r s  and S i l i c a  G e l ,  m l  

ga s  a t  S t anda rd  C o n d i t i o n s b ,  SCF 

25.7 32.2 26.5 

. . voiu:nc With E n t r a i n m e n t  
T h e o r e t i c a l  S a t u r a t e d . M o i s t u r e ,  % 1 2 . 0  13.5 11.5 

0.804 0.773 0.799 
Based on T h e o r e t i c a l  Mois ture  0 . 8 8 0  0.865 0.885 
Moie F r a c t i o n  of Dry Gas Md 

' '  S C02 -Volume % Dry - 12.2 11 .3  
$ 

- 10.7 10.8 
L % o* Volume % Dry 

- 2.9 2.3 % CO Volume % Dry 

Volume % Dry - 74.2 75.6 % N2 
- - - 

4:- bR$ Molecular  Weight of S t a c k  Gas,  30.0 30.4 30.2 
d 

% EA P e r c e n t  Excess A i r  3 .:g 
Dry B a s i s  d 
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Table  A12. (cont'd.) 

M o l e c u l a r  !,!cicjht of S t a c k  
Gas,  Net Bas i s  

Based on Theoretical Moisture 
P i t o t  T u b e  C o e f f i c i e n t  

! .verage S t a c k  Temperature ,  
O F  

Net S a m p l i n g  P o i n t s  

S t a t i c  P r e s s u r e  of S t a c k  
G a s ,  i n .  Hg 

S t a c k  Gas P r e s s u r e ,  i n .  flg 
A b s o l u t e  

S t a c k  Gas V e l o c i t y  a t  S t a c k  
; o i i d i t i o n s  , f p m  

2 
S t a c k  A r e a ,  i n .  

Dry S t a c k  Gas V o l u m e t r i c  Flow 
Rate a t  S t a n d a r d  C o n d i t i o n s  ,= 
USCFM 

S t a c k  Gas V o l u m e t r i c  Flow Rate 
a t  S t a c k  C o n d i t i o n s ,  iiCF:,l 

P e r c e n t  I s o k i n e t i c  

Pe rcen t  O p a c i t y  

U n i t  P r o d u c t i o n  Rate - 

P a r t i c u l a t e  - P r o b e ,  
and F i l t e r ,  my 

P a r t i c u l a t e  - T o t a l ,  mg 

% I r n p i n g e r  C a t c h  

P a r t i c u l a t e  - Probe ,  C y c l o n e ,  
a n d  F i l t e r ,  g r / S C F  

P a r t i c u l a t e  - ' ro ta l ,  gr /SCF 

1 - 

2 7 . 6  

2 8 . 6  
0.850 

1 2 2  

24 

0 

30 .2  

8 1 . 2  

5 5 , 2 3 8  

2 5 , 2 0 0  

3 1 , 2 0 0  

1 1 9  

- 
- 

386 .4  

6 3 4 . 5  

3 9 . 1  

0 .0564  

0 . 0 9 2 6  

3 - 2 - 
2 7 . 6  27 .7  

28 .7  2 8 . 8  
0 .850  0 . 8 5 0  

1 2 6  1 2 0  

24  24 

0 0 

3 0 . 2  30 .2  

8 1 . 6  7 4 . 1  

5 5 , 2 3 8  5 5 , 2 3 8  

2 4 , 7 0 0  2 3 , 2 0 0  

3 1 , 3 0 0  2 8 , 4 0 0  

417  3 0 0 . 3  

7 9 9 . 3  , 6 3 0 . 2  

4 7 . 8  5 2 . 3  

0 .0587  0.0439 

0 . 1 1 3  0 .0922  



Table  A12. ( c o n t ' d .  I. 
Run ;.lo. I 3 - 2 _. 1 - 

P a r t i c u l a t e  - P r o b e ,  Cyclone ,  0 . 0 4 5 5  0 . 0 4 6 6  0 . 0 3 6 0  

0 .0749  0 . 0 8 9 2  0. 0754 

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

and i ? i l t e r ,  gr/ACF 
C a t  

'au P a r t i c u l a t e  - T o t a l ,  gr/ACF 

P a r t i c u l a t c  - Probe, Cyclone ,  

I 
I C  aw and l > i l t e r ,  l b j h r .  

2 0 . 1  2 3 . 9  1 8 . 4  P a r t i c u l a t e  - ' I 'o ta l ,  I b / l l r .  I C  a >: 

. _  
Dry- s t a n d a r d  c u b i c  f e e t  a t  7OoF,  29 .92  i n .  Hg. 

Dry s t a n d a r d  c u b i c  fee t  per minute a t  7 0 ° F ,  29 .92  i n .  Hg. 
based on i n l e t  f low p l u s  d i l u t i o n  a i r .  

:; a 

-: . b  Standard c o n d i t i o n s  a t  7 0 ° F ,  29 .92  i n .  Hg. 
.-. I 

d Assumed v a l u e  based on t e s t s  2 & 3 .  

e O u t l e t  vo lumet r i c  f lows based on s e p a r a t e  i n l e t  v e l o c i t y  t r a v e r s e  
r u n s  conducted b e f o r e  and a f te r  each  i n l e t  t e s t ,  p l u s  2530 SCFN 
f o r  d i l u t i o n  a i r  e n t e r i n g  t h e  system p r i o r  t o  t h e  o u t l e t  sampling 
p o i n t .  

I 
I $ ' 

qr- 
(See Tab le  5 i n  body of r e p o r t ) .  
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TABLE A-13. CO LINE TO KILN 
FLUORIDE DATA SUMMARY 

~ 

RUN NUMBER 1 

Date 6-15-72 

Volume of Gas Sampled-DSCFa 26.89 

Percent Moisture by Volume 5.78 

Average Stack Temperature-OF NM 

NM Stack Volumetric Flow Rate-DSCFM 

Stack Volumetric Flow Rate-ACFMC NM 

Fluoride Emissions-Water Soluble 

b 

mg 1.1 

gr/DSCF 0.000630 

Fluoride Emissions-Total 

mg 1.1 

gr/DSCF 0.000630 

Fluoride Emissions % Insoluble 0 

a Dry standard cubic feet at 70°F, 29.92 in. Hg. 
Dry standard cubic feet per minute at 70°F, 29.92 in. Hg. 
Actual cubic feet per minute 

NM - Not measured-sampling conditions were too dangerous 
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T a b l e  A14 Air R e t u r n  L i n e  
Data Summary 

1 2 3 
Run NO. 

T e s t  Date 7-19-72 7-19-72 7-19-72 

Sampling T i m e ,  24  hour  c lock  1028-1058  1104-1134 1142-1212 

Sampling Locat ion  

Dn 

*t 

. .  

d 0 . 4 7 2  0 . 4 7 2  0 . 4 7 2  Sampling Nozzle Diameter,  i n .  

N e t  T i m e  of T e s t ,  Min. 

Barometr ic  P r e s s u r e ,  i n .  Hg 30.15 30 .15  30 .15  

30 30 30 

Absolu te  'b 

Average O r i f i c e  P r e s s u r e  
Drop, i n .  H 2 0  'm 0.115 0.110 0.100 

Volume of D r y  Gas Sampled a t  , 5 . 9 7 1  6 . 0 3 0  5 .957  
ide t e r  C o n d i t i o n s ,  DCF 'm 

Average Gas Meter Tempera ture ,  9 8  1 0 4  1 0 6  
O F  

" m 

vm 

vw 

vw 

V o l u m e  of Dry Gas Sampled a t  5 . 1 3  5 . 7 2  5 .62  
s t d  S tanda rd  Cond i t ionsa ,  DSCF 

T o t a l  H 0 C o l l e c t e d  i n  Impin- 3 .6  4.2 4 . O  
2 g e r s  and S i l i c a  G e l ,  m l  

ga s  a t  S t anda rd  Cond i t ionsb ,  SCF 
volume of Noter  Vapor. C o l l e c t e d  0 171 0 .199  0 .190  

% M  % Moisture i n  Staclc Gas, by 2.90 3 . 3 6  3 . 2 6  
Volume 

M o l e  F r a c t i o n  of Dry Gas 0 . 9 7 1  0 .966  0 .967  
Md 
% c02 Volume % Dry 

Volume % Dry 

I C o  Volume % Dry 

Volume  % Dry 

% EA Percent Excess A i r  

2 i: % 0 

% N2 - 
.@qd Molecular  Weight of S t a c k  Gas, 2ge 
45 Dry B a s i s  
E:. 

.. 

2ge 

- 

2ge 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 
I 
I 
I 
I 
I 
I 

- 

i 

T a b l e  A14 ( c o n t ' d . )  
h U : l  No. 1 2 ' 3  

i.;W 

C 

T 
P 

S 

id 
P 

P S t  

P .s 

" s  

AS 

O S  

*a 

% I  

% O  

TC 

mf 

t m 

FC 

Fan 

.. . Fao 
3: 
.-. 

,$ 
.& 
g:: 

i.1olecular Wciyht of S t ack  
Gas,  i.kt Bas i s  

P i t o t  Tube C o e f f i c i e n t  

Average S tack  Temperature ,  
O F  

i d k t  Sampling P o i n t s  

S t a t i c  P r e s s u r e  of  S tack  
Gas, i n .  Ii20 

Absolute 
Stack  Gas P r e s s u r e ,  i n .  tlg 

Stack Gas V e l o c i t y  a t  S t a c k  
C o n d i t i o n s ,  fpm 

L Stack Area,  f t .  

2 8 . 7  

0 .850  

700  

6 

+1 .17  

31.3 

4390  

1 1 9 5  

Dr'q Stack Gas Volumetr ic  Flow- 
ti Rite a t  S t anda rd  C o n d i t i o n s ,  1 6 , 9 0 0  

DSCFM 

Stack  Gas Voluinetr ic  Flow Rate  
a t  S tack  C o n d i t i o n s ,  liCFi4 3 6 , 4 0 0  

P e r c e n t  I s o k i n e t i c  7.6 

- . P e r c e n t  Opaci ty  

U n i t  Feed Rate- ton/hr  - 

F l u o r i d e  E m i s s i o n s -  7 9 . 5  f 
mg, w a t e r  s o l u b l e  

F l u o r i d e  Emiss ions ,  T o t a l ,  mq 79 .6  f 

F l u o r i d e  Emiss ions  % i n s o l u b l e  0 . 1 3 ~  

Fluoride-Water  s o l u b l e ,  qr/SCF 0 .214  

F l u o r i d e - T o t a l ,  gr/SCF 0 . 2 1 5  f 

28 .7  

0 . 8 5 0  

7 0 0  

6 

+1 .17  

3 1 . 3  

4390  

1 1 9 5  

1 6 , 8 0 0  

3 6 , 4 0 0  

7 . 7 1  

- 

- 

42.6  

4 2 . 7  

0 . 2 3  

0 . 1 1 5  

0 . 1 1 5  

2 8 . 7  

0 .850  

700  

6 

+1 .17  

3 1 . 3  

4390 

1 1 9 5  

1 6 , 8 0 0  

3 6 , 4 0 0  

7 . 6 0  

- 

- 

63 .4  

6 3 . 5  

0 .16  

0 .174  

0 . 1 7 4  
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T a b l e  A 1 4  ( c o n t ' d )  

F 
a t  

F 
a u  

Faw 

Fax 

Pot 

PD 

''an 

''a0 

''ax 

' O a t  

f 
F 1 u o r i. d e  - wa t e r so  1 ub 1 e 
yr/ACF 

F l u o r i d e - t o t a l ,  g r / A C F  0 .0996f  

F 1 , u o r i d e - w a t e r  s o l u b l e  3 1 . 1  
l b / h r  

F l u o r i d e - t o t a l ,  l b / h r  3 1 . 1  

0 . 0 9 9 5  

f 

f 

P 2 0 5 - w a t e r  s o l u b l e ,  

P 2 0 5 - t o t a l ,  my 

p 2 0 5  % i n s o l u b l e  

P 2 0 j - w a t e r  s o l u b l e  
gr /SCF 

P 2 0 5 - t o t a 1 ,  g r /SCF 

P205-water  s o l u b l e  
l b / h r  

P 2 0 5 - t o t a l ,  l b / h r  

P 2 0 5 - w a t e r  s o l u b l e  
gr/ACF 

P 0 - - t o t a l ,  qr/ACF 
2 3  

mq 1 . 2  

1 . 7  

29  

0 .00323  

0 .00457  

0 . 4 8  

0 . 6 8  

0 . 0 0 1 5 0  

0 . 0 0 2 1 1  

0 . 0 5 3 0  

0 . 0 5 3 1  

1 6 . 5  

1 6 . 6  

1 .3  

1 . 9  

3 1 . 6  

0 . 0 0 3 5 0  

0 . 0 0 5 1 5  

0 . 5 1  

0 .74  

0 . 0 0 1 6 1  

0 . 0 0 2 3 5  

aDry s tandard cubic  fee t  a t  70 degrees F, 29.29 i n .  Hg. 

0.080 

0 .080  

2 5 . 2  

2 5 . 2  

1 . 4  

2 .0  

0 .00384  

0 . 0 0 5 5 5  

0 . 5 5  

0 . 7 9  

0 .00177  

0 . 0 0 2 5 3  

b S t a n d a r d  c o n d i t i o n s  a t  7 0  d e g r e e s  F,  29 .29  i n .  Hg. 

CDry.s tandard c u b i c  feet  per m i n u t e  a t  70  degrees F ,  29.29 i n .  Hq. 

dNot poss ib le  t o  use  a n o z z l e  d u e  t o  smal l  por t  o p e n i n g .  

eBased on a i r  

Assumed 
I . D .  of probe t o  be 1 2  mm o r  0 .472  inches .  

fobserved in te r fe rence  w h i l e  c o n d u c t i n g  a n a l y s i s  [ il 
-$ 
E 1  

.. .. .. 
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TABLE A-15. EXAMPLE CALCULATIONS 

N o d u l i z i n g  K i l n  Spray Chamber I n l e t  - Run 2 - P a r t i c u l a t e  

1. Volume of d r y  gas  sampled a t  s t a n d a r d  c o n d i t i o n s  - 7 O o F ,  
29 .92"  H g  , f t  . 3 

/ \ 

(Tm + 4 6 0 )  = 2 5 . 0 0 6  DSCF 

3 2.  Volume of water  vapor a t  70 'F  & 2 9 . 9 2 "  Hg, F t .  

3 
= 0 . 0 4 7 4  x vw = 0 . 0 4 7 4  x 119 = 5 . 6 3 6  F t .  

gas 
vW 

3 .  % mois ture  i n  s t a c k  g a s  

= 1 8 . 4  
1 0 0  x vw 1 0 0  x 5 . 6 3 6  

%M = gas  = 2 5 . 0 0 6  + 5 . 6 3 6  

gas 
+ vw s t d  'm 

4 .  Mole f r a c t i o n  of d r y  g a s  

5. A v e r a g e  molecular  w e i g h t  of dry s t a c k  gas  

M W = ( % C 0 2  X 44) + ( % 0 2  X - 3 2 )  + [ ( % N 2 + % C 0  x - 2 8 ) ]  + 
100 

~ 

100 100 

( 1 8 . 2 7  x . 4 4 )  + ( 6 . 4 7  x . 3 2 )  + L ( 7 3 . 2 6  + 2 . 0 )  x A]= 3 1 . 2  
100 
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6.  Molecular  we igh t  of s t a c k  g a s  

M W = M W X Md + 1 8  ( I  - M d )  = 3 1 . 2  x . 8 1 6  + 1 8  ( 1 - . 8 1 6 )  = 2 8 . 7 6  d 

7 .  S t a c k ' v e l o c i t y  @ s t ack  c o n d i t i o n s ,  fpm 

- - 

= 5440  
-r = 5128.8C X v  AP X (Ts + 4 6 0 )  - 

vS P 

5 1 2 8 . 8  ( . 8 5 ' i V  1 .15  ( 6 8 2  + 4 6 0 )  1 
[ 2 9 . 1 6  x 2 8 . 7 6  

8.  S t a c k  g a s  volume @ s t a n d a r d  c o n d i t i o n s ,  SCFM 

0 . 1 2 3  X V X AS X Md X P 
- S s -  - 

Q s  - 

(Ts + 4 6 0 )  

0 . 1 2 3  x 5 4 4 0  x 1 4 8 6  x . 8 1 6  x 2 9 . 1 6  = 2 0 , 7 0 0  
6 8 2  + 460 

9 .  Pe r  c e n t  i s o k i n e t i c  

1 0 3 2  X ( T s  + 4 6 0 )  X Vm 
=108% std - 1 0 3 2  ( 6 8 2 + 4 6 0 ) 2 5 . 0 0 6  - %I = 

5 4 4 0 ~ 6 0 ~ 2 9 . 1 6 ~ .  816x  ( . 1 8 7 5 )  Vs X Tt X Ps X Md X ( D n )  2 

10. P a r t i c u l a t e  - probe, c y c l o n e ,  & f i l t e r ,  g r /SCF 

1 0 5 4 ' 6  = 0 . 6 5 0  M = 0 . 0 1 5 4  X f = 0 . 0 1 5 4  x 2 5 . 0 0 6  - 'an I 7  

m s t d  v 



11. P a r t i c u l a t e  t o t a l ,  gr/SCF 

I = 0 . 0 1 5 4 3  X Mt = 0 . 0 1 5 4 3  x 25.006 1196.7 = 0 . 7 3 8  - 'ao . I  

I 
1 2 .  P a r t i c u l a t e  - p r o b e ,  cyc lone  & f i l t e r ,  

gr/CF a t  s t a c k  c o n d i t i o n s  I' 

1 3 .  P a r t i c u l a t e  - t o t a l ,  gr/CF @ s t a c k  c o n d i t i o n s  

I 
I 
I 

1 7 . 7 1  X Cao X P X Md S 

- - = 1 7 . 7 1  x 0 . 7 3 8  x 2 9 . 1 6  x . 8 1 6  = o .272  
6 8 2  + 4 6 0  

'au 

(Ts + 4 6 0 )  

1 4 .  P a r t i c u l a t e  - probe ,  c y c l o n e ,  & f i l t e r ,  l b / h r .  ,I 
= 0 . 0 0 8 5 7  X Can X Qs = 0 . 0 0 8 5 7  x 0 . 6 5 0  x 2 0 , 7 0 0  = 1 1 5  caw 

1 5 .  P a r t i c u l a t e  - t o t a l ,  l b / h r .  
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APPENDIX .B 

GASEOUS RESULTS 

The results of the testing for sulfur dioxide are presented 
in the following tables. 

TABLE B-1. SULFUR DIOXIDE EMISSIONDATA SUMMARY 
NODULIZING KILN SCRUBBER SPRAY CHAMBER INLET 

(Barium Perchlorate Method) 

RUN NO. 

~~ 

WEIGHTED 
1 2 3 AVERAGE 

Date 

Sampling Time 

7 - 1 9 - 7 2  7 - 2 0 - 7 2  7 - 2 0 - 7 2  

1 1 : 4 5  14:OO 1 5 : 4 5  
1 2 : 2 0  1 4 : 3 0  1 6  : 1 5  

mg so2 3 3 7 . 6  2 6 9 . 0  1 7 6  .? 2 6 1 . 1  

T -Aver’age Gas Meter 
Temperature, OF 9 1  9 2  90 9 1  

P -Barometric Pressure, 
“Hg 3 0 . 1 5  3 0 . 1 5  3 0 . 1 5  3 0 . 1 5  

V -Volume of Dry Gas , 5)!’ 
- I + .  -7 

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

ppm SO2 by Volume 2 , 5 4 0  2 , 1 0 0  7 8 7  1 , 6 1 4  

lb/SCF 4 . 2 0  3 . 4 8  1 . 3 0  2 .67  

3 
Sampled @ Meter 
Conditions, Ft. 

m 

I .  

F: 
? 
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TABLE B-2. SULFUR DIOXIDE EMISSION DATA SUMMARY 
NODULIZING KILN SCRUBBER SPRAY CHAMBER OUTLET 

(Barium Perchlorate Method) 

RUN NO. 1 2 3 

~ 

WEIGHTED 
AVERAGE 

Date 

Sampling Time 

2 mg SO 

Tm-Average Gas Meter 
Temperature, OF 

P -Barometric Pressure, 
"Hg 

Vm-Volume of Dry Gas 
Sampled @ Meter 
Conditions, Ft. 3 

ppm SO2 by Volume 

lb/SCF 

7-19-72 

1 1 : 2 5  
1 2 : 5 0  

2 7 . 0  

9 3  

3 0 . 1 5  

2 . 5 7 2  

1 4 4  

2 . 3 8  

7 - 2 0 - 7 2  

1.3 : 5 0 
1 5 : 1 5  

40 .5  

93 

3 0 . 1 5  

2 . 6 4 8  

2 1 0  

3 . 4 8  

7 - 2 0 - 7 2  

1 5 : 3 0  
17:OO 

5 0  . O  

9 0  

3 0 . 1 5  

1 . 6 4 9  

415 

6 . 8 7  

3 9 . 2  

9 2  

3 0 . 1 5  
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APPENDIX C 

ORIGINAL FIELD DATA 
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APPENDIX C - 1  

SLAG TAPPING OPERATION 

T h r e e  I n l e t  and T h r e e  O u t l e t  T e s t s  

for Fluor ide  and P 2 0 5  
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APPENDIX C-2 

N O D U L I Z I N G  K I L N  SPRAY CHAMBER INLET AND OUTLET 

3 I n l e t  t e s t s  f o r  F l u o r i d e s  and P205 

6 O u t l e t  t es t s  f o r  F l u o r i d e s  and P 2 0 5  

3 I n l e t  tes ts  f o r  P a r t i c u l a t e  

3 O u t l e t  t e s t s  f o r  P a r t i c u l a t e  

2 Ve loc i ty  t raverses  f o r  D i l u t i o n  A i r  
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-DCo- ENVIRONMENTAL -. 
SUITE 8 A T K I N S O N  S Q U A R E  

CINCINNATI .  OHIO 4 5 2 4 6  
5 1 3  J 77 1-4330  

r 
II; 

LABORATORY DATA 

t 
I 
I 
I 
I 
I* 

1 
I TOTAL i 

FILTER DRYING PROCEDURE 

VOLUME OF I 

CONDENSATE COLLECTED, V c 
. .. . 

IMPINGER S I L I C A  GEL 
VOLUME, WEIGHT 

ml 9 
I 

! 715 676 I €5 I 

-7_ G. 0 't. I 
! 

! 6 q L . <J ", I N I T I A L  400 

. 
I 

1. 
- - _  

L I Q U I D  COLLECTED I ,3 15 ', 

TOTAL VOLUME COLLECTED ~ 4&.& *-+A<- y y c 7 ~  ,? S i 9 =20,0ml i 
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I"; 
3'20- ENVIRONMENTAL 

S U I T E  e * A T K I N S O N  S O U A R E  
CINCINNATI.  OHIO 4 5 2 4 6  

t 

LABORATORY DATA 

S I T E  ,VI; ,d 5if.ibbc8 . d -c,.c7 I L- &* 3 L - r , =  / 

WEIGHT O F  PARTICULATE COLLECTED, M n  

I F I N A L  WEIGHT I TARE WEIGHT 1 WEIGHT GAIN 

grams CONTAINER/FILTER , 
NUMBER 

I I A 

TOTAL J 

FILTER DRYING PROCEDURE 

I .  VOLUNE OF 
CONDENSATE COLLECTED, Vc 

. ~. . 

IMPINGER S I L I C A  GEL 
VOLUME, W E I G H T  

k e o b  ml CJ 

I F I N A L  1 3@5 I 657,%, 
1 

I 
! 2 

I N I T I A L  I 300 I:Y'! .  Q l ,  ! - .. . I . !  
L I Q U I D  COLLECTED I j s5- i -M.;; 

TOTAL VOLLME COLLECTED i .: ,/ce. 7 L ;  

I 
---& 

Equiva len t  condensate volume: Vw, = 0 . 0 4 7 4  x Vc = 0 . 0 4 7 4  X io0.7 , - 7  
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-. f )Co-ENVIRONMENTAL 
SUITE 8 ATKINSON S O U A R E  

513 / 7 7 1 - P 3 3 0  
CINCINNATI. OHIO 4 5 2 4 6  

LABORATORY DATA 

~ 

F I L T E R  DRYING PROCEDURE 

I VOLUME OF 
CONDENSATE COLLECTED, 'JC 

S I L I C A  GEL 
WEIGHT 

IMPINGER 
VOLUME, 
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'-iDCo - E N V I R O N M E N T A L  
SUITE e - A T K I N S O N  S O U A R E  

C I N C I N N A T I .  OHIO 4 5 2 4 6  
5 1 3 1 7 7 1 - 4 3 3 0  

i 

WEIGHT O F  PARTICULATE COLLECTED, Mn 

LABORATORY DATA 

c"-"b 

I 
I 
I 

y: 
.i 

r 
& E:- 

T E S T  NO. .> - ..c 

1 
TOTAL I 

- 
FILTER DRYING PROCEDUKE 

VOLUME OF 
CONDENSATE COLLECTED, V_ 

:' / 3 0 I L I Q U I D  COLLECTED j 

- TOTAL VOLUME COLLECTED ~ - 

S I L I C A  GEL 
WEIGHT 

¶ 

I 
! 

6 7 G .  L 

Equiva len t - condensa te  volume: Vw = 0 . 0 4 7 4 ' ~  Vc = 0.0474 x \ q Z , e  
I c 

- =  scf 
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PERCENT ISOKIXETIC DETERMINATION 

11. p e r c e n t  M o i s t u r e  
(Wt. in cpams of m o i s t u r e  c o l l e c t e d  + g r a i n  w t .  
increase i n  s i l i c a  g e l )  x . 0 4 7 4  = scf 

( \4Z.f!~ ) x . 0 4 7 4  = 6.77 s c f  

= 97.8 % 
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-. n, 'EDCo- ENVIRONMENTAL 
SUITE e * A T K I N S O N  S O U A R E  

. .  . . . .  . 

IMPINGER 
VOLUME, 

m l  

457 
- T[>(.' 

F I N A L  1 
I N I T I A L  , 

I 

~ 

CINCINNATI.  OHIO 4 5 2 4 6  

513 1 7 7 1 - 4 3 3 0  

. .  

S I L I C A  GEL 
WEIGHT 
9 

I 
! L J c C.) L' , a 

'5- q,</ 4 

I 

TOTAL VOLUME COLLECTED I $- 12, > 
.. .a 

.4i e; . .  

I I I 
i I 

I I I 

L 

TOTAL I 

F I L T E R  DRYING PROCEDURE 

J 

I VOLUME OF 
CONDENSATE COLLECTED, V -  
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-.  axe- ENVlRONMENTAL 

I- 
SUITE 8 A T K I N S O N  S O U A R E  

CINCINNATI .  OHIO 4 5 2 4 6  
5 1 3  1771-4330 
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_ _  OCo- E N V I R O N M E N T A L  

-. v.7  

S U I T E  8 * A T K I N S O N  S O U A R E  

I 

e 
& y:- 

grams CONTAINER/FILTER ! I 

NUMBER 
1 FINAL WEIGHT TARE WEIGHT I WEIGHT LALIY 

I I I 
I I 
I I 
I 

. 7 a  ic7 - _ .  
- -- -, 

I 
i 

I 

C INCINNATI .  OHIO 4 5 2 4 6  

5131771-4330 

.B O f  5 .3 
I WEIGHT O F  PARTICUL. 

F I L T E R  DRYING PROCEDURE 



N O M O G R A P H  C A T A  

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. ti20 

AVERAGE METER TEMPERATURE (AfrIBIENT+23°F),eF 

PERCENT MDISTURE IN GAS STREAM BY VOLUME 

BAROMETRIC PRESSURE AT METER. in. H g  

STATIC PRESSURE IN STACK. in. % GC;& 

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

RATIO OF STATIC PRESSURE TO METER PRESSURE 

AVERAGE STACK TEXPERATURE. O F  

AVERAGE VELOCITY HEAD. in. $0 

MAXIMUM VELOCITY HEAD, in. H2D 

C FACTOR 

CALCULATED NOZZLE DIAMETER. in. 

ACTUAL NOZZLE DIAftlETER. in. 

REFERENCE Ap. in. $0 

EPA (Dur) 234 
4/12 

1 
Savg. 

APavg. 

39 

90 

30. z. 2 

-?6  

I 

1.23 
I .  177 

e 







- _  

PERCENT I S O K I N E T I C  DZTERVIXATION 

11. p e r c e n t  X o i s t u r e  

(Wt. i n  grams of m o i s t u r e  c o l l e c t e d  + g r a i n  w t .  
incresse i n  s i l i c a  g e l )  x . 0 4 7 4  = scf a,& -d5&n-Q &r a/";oRfiA ,:nCZh-h.Z 

( ) x . 0 4 7 4  = &%%- s c f  F r p 0 S Q - s .  

scr or mois iu ; c  - x i b U  
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! TOTAL 
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m l  

S I L I C A  GEL 
WEIGHT 
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1 TOTAL VOLUHE COLLECTED 5G.5 9 =  ml I 

Equiva len t  condensate volume: Vw = 0.0474 x Vc = 0 .0474  x 
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INSIDE OF NEAR WALL TO 

, I  

' '  NEAREST UPSTREAM DISTURBANCE 4 - - 7 f i  
.- ~ 

SCHEMATIC OF SAMPLING LOCATION 
NEAREST DOWNSTREAh! DISTURBANCE 

COLUlilNS 2 AND 3 
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SCHEMATIC OF SAMPLING LOCATION CALCULATOR f< n t 
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11. P e r c e n t  M o i s t u r e  

( W t .  i n  g r a m s  of m o i s t u r e  co l lec ted  + g r a i n  w t .  
increase i n  s i l i c a  g e l )  x . 0 4 7 4  = s c f  
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TOTAL VOLUME COLLECTED i 

2 00 
5e-? 

I 

L I Q U I D  COLLECTED 
I 

542 ,C- 
L 

513 1777-4330 

S I L I C A  GEL 
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VOLUME OF 
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APPENDIX C-3 

SO2 TESTS ON NODULIZING KILN SPRAY 

CHAMBER INLET AND OUTLET 

3 Inlet 

3 Outlet 
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PEDCO-ENVIRONMENTAL SPECIALISTS, INC. 

GAS SMPLING F I E L D  DATA 

blaterial Sampled f o r  

Date / 7  .JULY i V 7 L  

s 0 -L- 

Plant  2 ~ R Y ~ F E ~  Location 7 B f f O A !  5 yJ??fl65 

Bar. Pressure "Hg Comments : /?/Ld /NL 

Ambient Temp. - yo O F  

Run No. 1 
- 

Power S t a t  S e t t i n g  

F i  I t e r  Used: Y e s N b - -  

Operator /GM 

/ Impingers with /.>- ml o f  / . ~ L J ~ A * O F ' Y L  

2- Irnpingers with / f i e L  ml o f  3 2 //L 0- 
Total number o f  Impingers 4 
Sample Bo t t l e  No. 

Impinger Bucket No. 

Meter Box No. 



. . -. . . . -. . ,. 
PEDCO-ENVIRONMENTAL SPECIALISTS, INC. 

GAS SR4PLING F I E L D  DATA 

Material Sampled f o r  so= 
Date /F  Glk4 /771 

Y V  
Plant  S 7 2 ' u F A ~ f i  Locat< on y / / f L l /  5 T H / ~ G S  

Bar. Pressure  "Hg Coments  : 
/ Y / L  d Sc ~ U ~ P ~ E C  o u 7 ~ ~ 7  

Ambient Temp. 8.c O F  

Run No. 1 

Power S t a t  S e t t i n g  

F i  1 t e r  Used: Y e s N b - -  

Operator t? R 

/ Impingers w i t h  /<5- m l  o f  ~ ~ ~ ' P / ? ~ , f r ~  

Impingers w i t h  / 5-&: m l  o f  3 70 /I? GL 
Total  number o f  Impingers 7 C ( ( I : ? I  
Sample Bo t t l e  No. 

Impinger Bucket N O .  

Meter Box No. 
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PEDCO-ENVIRONMENTAL SPECIALISTS, INC . 

GAS SPfVLIFIG F I E L D  DATA 

hiaterial  Sampled for S O -  

‘I / / L d / N L  k-7- Bar. Pressure zoo ”Hg Comments: 

Ambient Temp. . -  90 O F  

Run No. ‘a- 
Power S t a t  S e t t i n g  

F i l t e r  Used: Y e s N d - -  

Operator 

/ Impingers w i t h  /_< m l  o f  / ‘ S O f ’ R o P f ~  

2 Impingers rri t h  K3-4 n i l  of  .3 ;3 f71 O L  

Total number o f  Impingers 

Sample B o t t l e  No. 

Impinger Bucket No. 

Meter B o x  No. 



. .  

Bar. Pressure 3 0, i "Hg Coments: 

Ambient Temp. 92 O F  

3- Run No. 

Power S t a t  Setting 

Fi l ter  Used: Yes NO -)- 

Operator /? /A 

-- 

I I. I 
-, 
<..', 6 $ 

r/ 0 d 7 L  lk 7 

METER TEMPERATURE 

I Impingers with / 57 ml of / c c) 

,'_;;'. 7.' / I . / ,  J .: a Impingers with m l o f  

Total  number o f  Impingers 

Sample Bottle No. 

Impinger Bucket No. 

Meter Box No. 



GAS SAI4PLING F I E L D  DATA 

Ambient Teinp. g s  " F  

Run No. 3 
Power S t a t  S e t t i n g  

Fi 1 t e r  Used: Y e s N a _ -  

Operator 

3; 40 - 4: /$ 

/ Impingers with /s ml o f  /.s 0 f,rO PYL 

Total number o f  Impingers 4 (/a% 1 
?- Impingers with /<pfc m l  o f  3 %/+% L.'L 

Sample B o t t l e  No. 

Impinger Bucket No. 

Meter Box No. 
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CLOCK FLOW M E l E R  
TINE METER ( F t . 3 )  SETTING 

.. 7' . d8. ?.) d l  .-$, 7 c3- 
I 4, 2-71 s 
3-6, ?:>q 
5 7, 'qs.2 
5 -7, 9-?q 

GAS SMPLING FIELD DATA 

M E T E R  TEMPERATURE 

F 6  
s' 7' 

4/ ' L  

-;" 
,;i - 
r .  

.-, 

. .  . .. 

Ambient  Temp. 90 O F  

' -7 Run No. - .I  

P o d c r  S t a t  S e t t i n g  

F i l t e r  Used: Yes Nd Y 

O p e r a t o r  R 5 4 

r 

-- 
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APPENDIX C-4 

A I R  RETURN L I N E  - 3 TESTS FOR FLUORIDES AND P205 

CO LINE - 1 TEST FOR FLUORIDES AND P205 
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F'EDCo- ENVIRONMENTAL 
S U I T E  8 * A T K I N S O N  S Q U A R E  

CINCINNATI. OHIO 45246  
513 1771-4330 

E 

~ I 1 F I N A L  WEIGHT 

I 

TARE WEIGHT W I G H T  GAIN 

LABORATORY DATA 

VOLUME OF 

c CONDENSATE COLLECTED, V 

IMPINGER S I L I C A  GEL 
VOLUME, WEIGHT 

ml g 

I' 
i 

i 
I F I N A L  I 528  I"k3 d 

F I L T E R  DRYING PROCEDURE 

I 

I L I Q U I D  COLLECTED I 

I 
I N I T I A L  I 5 0  0 

28 

1 

Lib. b 

L. 8 
TOTAL VOLUME COLLECTED i 2 8  + L ,  8 . a, ;+ 

. =  0 . 0 4 7 4  x Vc = 0 . 0 4 7 4  x 3 q S b  E q u i v a l e n t  condensate volume: Vw 
! .& 

C (-3% 100 '= q.bf i=  q ,?  '/lo -kks% = scf 
*I,vio\u*e 
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APPENDIX D 

SAMPLING PROCEDURES 

I 



DETERMINATION OF PARTICULATE EMISSIONS FROM STATIONARY SOURCES 

INTRODUCTION 

The following method was used in this test program. 

Sampling and analytical procedures followed those described 
1 in the Federal Register. 

SAMPLING APPARATUS 

The particulate sampling train in the procedure used 

in these tests met design specifications established by the 

EPA. The following equipment was used. 

Nozzle - Stainless steel (316) with sharp, tapered leading 
edge. 

Probe - Pyrex glass with a heating system capable of maintaining 
a minimum gas temperature of 250'F at the exit end during 

sampling and prevent condensation from occurring. 

Pitot Tube - Type S attached to probe to monitor stack gas 
velocity. 

Filter Holder and Filter - A Pyrex glass filter holder with a 
heating system capable of maintaining minimum temperature of 

225OF was used. A 3" diameter fiberglass filter (MSA 1106BH) 

was used in all tests. 

Federal Register, Vol. 36, No. 247, Part I1 - Thursday, 
Dec. 23, 1971. 



Impingers - Four impingers connected in series with glass 

ball joints were used. The first, third, and fourth impingers 

were of the Greenburg-Smith design, modified by repiacing 

the tip with a 1/2 inch I.D. glass tube extending to 1/2, 

inch from the bottom of the flask. The second impinger was 

of the Greenburg-Smith design with a standard tip. The 

impingers were contained in an ice-water bath. 

Metering System - Vacuum gauge, leak-free pump, thermometers 

capable of measuring temperature to within 5"F,  dry gas meter 

with 2% accuracy, and related equipment, were used to maintain 

an isokinetic sampling rate and to determine sample volume. 

Barometer - An aneroid barometer was used to measure atmospheric 
pressures to within 0.01 inches Hg. 

SAMPLING PROCEDURE 

After selecting the sampling site and the number of 

traverse points, the stack pressure, temperature, moisture, 

and range of velocity head were measured according to procedures 

described in Methods 1, 2 ,  and 4 of the Federal Register 

(December 23, 1971). 

Approximately 200 grams of silica gel were'weighed in a 

sealed impinger prior to each test. Glass fiber filters (3" 

diameter) were desiccated for at least 24 hours and weighed 



t o  t h e  n e a r e s t  0 . 1  mg. One-hundred m l .  of d i s t i l l e d  wa te r  was 

p laced  i n  each of t h e  f i r s t  t w o  impingers ;  t h e  t h i r d  impinger 

w a s  i n i t i a l l y  empty; and t h e  impinger  c o n t a i n i n g  t h e  s i l i c a  g e l  

was p laced  n e x t  i n  series. The t r a i n  was s e t  up a s  shown i n  

F igu re  D-1. The sampling t r a i n  w a s  l e a k  checked a t  t h e  sampling 

s i t e  by p lugging  t h e  i n l e t  t o  t h e  f i l t e r  h o l d e r  and p u l l i n g  a 

1 5  i n .  Hg vacuum. Leakage ra tes  of  less t h a n  0 . 0 2  c f m  a t  a 

vacuum of 15 i n .  H g  were r eco rded  i n  a l l  c a s e s .  The probe 

assembly was t h e n  a t t a c h e d  and crushed  i c e  was p l aced  around 

t h e  impingers .  More i c e  w a s  added d u r i n g  t h e  run  t o  keep t h e  

tempera ture  of t h e  g a s e s  l e a v i n g  t h e  l a s t  impinger  a t  approxi-  

mately 70°F. 

During sampling,  p e r t i n e n t  sampling d a t a  were recorded  

a t  each sampling p o i n t  and when s i g n i f i c a n t  changes i n  g a s  

f low c o n d i t i o n s  r e q u i r e d  a d d i t i o n a l  ad jus tmen t s  i n  f low r a t e .  

I s o k i n e t i c  sampling ra tes  were set throughout  t h e  sampling 

p e r i o d  wi th  t h e  a i d  of  a nomograph. 

SAMPLE RECOVERY PROCEDURE 

The sampling t r a i n  w a s  moved c a r e f u l l y  from t h e  t e s t  

s i t e  t o  t h e  c l e a n u p  a r e a  a t  t h e  p l a n t .  Samples of t h e  

ace tone  and w a t e r  used i n  t h e  sample recovery  were t aken  

f o r  use  a s  b l anks .  The sample f r a c t i o n s  w e r e  r ecove red  as 

f o l l o w s :  



I 
I 
I 
1 
I 
I' 
3 
I 
I 
I 
1 
I 
0 
I - 

1 i 

I 
P 
I 
I 

-I 
4 
V ,-. 

I 

d 
C 
V 

C 

m 
L 
Y 

.r 

m 
C 
.r - 
Q' 
E 
m 
v) 

a, 
c) 

rn 

2 
U 

Y 
L 
m 

7 

.r 

n 

7 

0 
a, 
L 
3 
m .- 
LL 



Container No. 1 - The filter was removed from its 
holder and placed in a petri dish and sealed. 

Container No. 2 - Loose particulate and acetone 
washings from all sample-exposed surface prior to 
the filter were placed in a glass jar and sealed. 

Container No. 3 -'The condensate from the first 
three Greenburg-Smith impingers was measured with- 
in + 1 ml. and placed into a glass jar. Water 
rinFings from the back half of the filter holder, 
the fritted glass support, all connectors, and 
the first three Greenburg-Smith impingers were 
placed in this container and the container sealed 
with tape. 

Container No. 4 - Acetone rinsings from the 
back half of the filter holder, the fritted 
glass support, all connectors, and the first 
three Greenburg-Smith impingers were placed 
in this container and sealed. 

The silica gel from the fourth impinger was weighed 

and recorded. The used silica gel was discarded. 

ANALYTICAL PROCEDURES 

The following procedures were used and followed the 

methods described in the Federal Register of August 17, 
1 1971. 

Container No. 1 - The filter and any loose 
particulate matter from this sample container 
was placed into tared glass weighing dish, 
desiccated to a constant weight and weighed 
to the nearest 0.1 mg. 

1. Federal Register August 17, 1971, V o l .  36, No. 159 
Part 11, 



Container No. 2 - The acetone washings were 
transferred to a tared beaker and evaporated 
to dryness at ambient temperature and- pressure; 
desiccated to a constant weight; and weighed to 
the nearest 0.1 mg. 

Container No. 3 - Organic matter from the impinger 
solution was extracted with three 25  ml. portions 
each of ethyl ether and chloroform. The extracts 
were combined into a tared beaker; evaporated ~ 

until no solvent remained at about 7OoF. The 
sample was then desiccated to a constant weight 
and weighed to the nearest 0.1 mg. The remaining 
water was evaporated by boiling in a tared beaker, 
and the residue weighed. 

Container No. 4 - The acetone washings from the 
back half of the filter holder, fritted support, 
connectors and first three Greenburg-Smith 
impingers were transferred to a tared beaker, and 
evaporated to dryness at ambient temperature and 
pressure. The sample was then desiccated to a 
constant weight and weighed to the nearest 0.1 mg. 

The total particulate weight was obtained by totaling 

the weights of the individual sample components. The front 

half of the sample consisted only of the filter and probe 

washings. All liquid fractions were corrected for acetone 

and distilled water blank values. 



DETERMINATION OF FLUORIDES AND P205 

INTRODUCTION 

The following method was used in this test program to 

measure total fluorides and 

SAMPLING APPARATUS 

The sampling train use 

total phosphorus compounds. 

in these tests met specifications 

established by the EPA and consisted of the following components: 

Nozzle - Stainless steel (316) with sharp, tapered leading edge. 

Probe - Pryex glass. No heating of the probe was done in the 

tests. 

impinger. 

A TeflonR flexible tube connected the probe to the first 

Pitot Tube - Type S attached to probe to monitor stack gas 

velocity. 

Filter Holder - Pyrex glass with coarse porosity frit. A 3 "  

diameter Whatman No. 1 filter paper was used. No heating of 

the filter was done in these tests. 

Impingers - Five impingers connected in series with glass ball 

joints were used. The first three impingers were of the 

standard Greenburg-Smith design. The fourth and fifth impingers 

Registered Trademark-DuPont Co. 
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were modified by replacing the tip with a 1/2 inch I.D. glass 

tube extending to 1/2 inch from the bottom of the flask. The 

filter was located between the fourth and fifth impinger as 

shown in Figure D-2. 

Metering System - Vacuum gauge, leak-free pump, thermometers 
capable of measuring temperature to within 5OF, dry gas meter 

with 2% accuracy, and related equipment, were used to maintain 

an isokinetic sampling rate and to determine sample volume. 

Barometer - An aneroid barometer to measure atmospheric pressure 

to within 0.01 inches Hg. 

SAMPLING PROCEDURE 

After selecting the sampling site and the number of 

traverse points, the stack pressure, temperature, moisture, 

and range of velocity head were measured according to procedures 

described in Method 1, 2 ,  and 4 of the Federal Register (December 

2 3 ,  1971). 

Approximately 200 grams of silica gel were weighed in a 

sealed impinger prior to each test. A filter was placed into 

the filter holder. One-hundred ml. of 10% NaOH was placed in 

each of the first three impingers; the fourth impinger was 

initially empty; the filter was placed after this impinger; 

and the fifth impinger containing the silica gel was placed next 
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in series. The sampling train was leak checked at the sampling 

site by plugging the inlet to the first impinger and pulling 

a 15 in. Hg vacuum. Leakage rates of less than 0.02 cfm at a 

vacuum of 15 in. Hg were recorded in all cases. The probe 

assembly was then attached and crushed ice was placed around 

the impingers. More ice was added during the run to keep the 

temperature of the gases leaving the last impinger at approxi- 

mately 70'F. 

During sampling, pertinent sampling data were recorded at 

each sampling point and when significant changes in gas flow 

conditions required additional adjustments in flow rate. 

Isokinetic sampling rates were set throughout the sampling 

period with the aid of a nomograph. 

SAMPLE RECOVERY PROCEDURE 

The sampling train was moved carefully from the test 

site to the cleanup area at the plant. Samples of the acetone 

and water used-in the sample recovery were taken for use as 

blanks. The sample fractions were recovered as follows: 

Container No. 1 - The condensate from the first 
four Greenburq-Smith impinqers was measured within 
+ - 1 ml. and piaced into-a glass jar. 
from the probe, flexible connector, all other 
connectors, and the first four Greenburg-Smith 
impingers were placed in this container. Three 
water rinsings were made. The filter was also 
placed in this container. 

Water rinsings 



I 

I 
I 

I 
I 

.. 

Container No. 2 - Acetone rinsings from the entire 
train were placed in this container and sealed. 
Three acetone rinsings were performed. 

The silica gel from the fifth impinger was weighed and 

recorded. The used silic'a gel was discarded. 

ANALYTICAL PROCEDURES 

All analyses were performed by Environmental Protection 

Agency staff at Research Triangle Park, North Carolina. 

The phosphomolybdovanadate colorimetric method was used. 

. .  

I 
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SULFUR D I O X I D E  SAMPLING PROCEDURE 

INTRODUCTION 

EPA Method 6' was used t o  measure s u l f u r  d i o x i d e  concen- 

t r a t i o n s .  A c o n s t a n t  sampling r a t e  was used i n  a l l  tes ts .  

EQUIPMENT 

A h e a t e d  Pyrex g l a s s  p robe  was connected by g l a s s  b a l l  

and s o c k e t  j o i n t s  t o  a midget  bubb le r .  T h i s  bubb le r  con ta ined  

15 m l  of  80% i s o p r o p y l  a l c o h o l .  The up?er p a r t  of t h i s  

b u b b l e r  w a s  packed w i t h  g l a s s  wool, and i t  was t h e n  connected 

i n  series t o  t h r e e  midget  impingers .  The f i r s t  two impingers  

con ta ined  15 m l  e ach  of 3% H 2 0 2 .  

A s i l i c a  g e l  d r y i n g  t u b e  was i n s e r t e d  i n  t h e  vacuum l i n e  

which l e d  t o  a pump, r o t a m e t e r ,  and d ry  g a s  meter assembly. 

The bubb le r  and impingers  w e r e  con ta ined  i n  an ice  wa te r  ba th .  

The t h i r d  impinger  was d ry .  

PROCEDURE 

The peroxide  r e a g e n t  w a s  p repa red  f r e s h  d a i l y  by 

d i l u t i n g  30% hydrogen p e r o x i d e  w i t h  wa te r  i n  a 1:lO r a t i o .  

F i f t e e n  m l  of 80% i s p o r o p y l  a l c o h o l  was added t o  t h e  f i r s t  

b u b b l e r ,  and 15  m l  of 3% H 2 0 2  t o  each  of t h e  n e x t  two 

impingers .  The i n l e t  t o  t h e  f i rs t  bubb le r  was t h e n  plugged 

and t h e  t r a i n  checked f o r  l e a k s  by p u l l i n g  a 15" Hg. vacuum. 

A f t e r  l e a k  checking,  t h e  p robe  was a t t a c h e d  and i t s  h e a t e r  

s t a r t e d ,  and ice  was added t o  t h e  b a t h  around t h e  impingers .  

F e d e r a l  R e g i s t e r ,  Vol. 36, No. 2 4 7 ,  P a r t  11, Dec. 23, 1971 .  
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P e r t i n e n t  d a t a  on meter volume, t empera tu re ,  and p r e s s u r e  

were recorded  d u r i n g  the sampling pe r iod .  

When sampling was completed,  ambient a i r  was passed  

through t h e  t r a i n  f o r  1 5  .minutes .  The p robe  was . then  r i n s e d  

w i t h  d i s t i l l e d  water and t h e s e  r i n s i n g s  a long  w i t h  t h e  

c o n t e n t s  of t h e  bubb le r  ( i s o p r o p y l  a l c o h o l )  were d i s c a r d e d .  

The c o n t e n t s  of  t h e  t h r e e  b u b b l e r s  w e r e  poured i n t o  a g l a s s  

c o n t a i n e r ,  and t h e s e  b u b b l e r s  and the  connec t ing  g l a s sware  

were r i n s e d  w i t h  d i s t i l l e d  w a t e r .  The r i n s i n g s  w e r e  p l a c e d  

i n  t h e  same c o n t a i n e r .  

Ana lys i s  was performed by Environmental  P r o t e c t i o n  

Agency's OAP and u t i l i z e d  t h o r i n  i n d i c a t o r  and t i t r a t i o n  wi th  

barium p e r c h l o r a t e .  
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A P P E N D I X  E 

ANALYTICAL PROCEDURES AND RESULTS 

E - 1  

S l a g  Tapping Opera t ion  

- A n a l y t i c a l  Procedures  and R e s u l t s  - 

I 

I 
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0 . 6  

6 . 3  

Test 
No. 

5 0 9 . 6  

63.8 

TABLE El. ANALYTICAL RESULTS 
SLAG TAPPING - TARPON SPRINGS, FLORIDA 

1 2 . 6  

1.1 

4 . 7  

1 . 8  

1 A-S 

4 6 5 . 8  

62 .4  

5 3 2 . 3  

83 .9  

1 B-S 

2 A-S 
2 B-S 

3 A-S 
3 B-S 

Emissions 
b Fluorides 

Soluble 

1 0 7  

3 . 2 1  

4 2 . 4  

1 . 7  

3 5 . 5  

1 . 4  

0 . 1 1  

1 . 0 4  

1 . 8  

0.73 

0 .27  

0 . 1 8  

Total 

107.11 
4 . 2 5  

4 4 . 2  

2 . 4 3  

3 5 . 7 7  

1 . 5 8  

Soluble 

5 0 9  

5 7 . 5  

4 5 3 . 2  

6 1 . 3  

5 2 7 . 6  

8 2 . 1  

C 
'2'5 
Insoluble 1 Total 

I 

a) Water and acetone washings, impinger contents, and filter. 
b) Analysis by SPADNS reagent. 
c) Analysis by ammonium phosphomolybdovanadate colorimetric 

method. 

AS designates the scrubber inlet site. 
BS designates the scrubber outlet site. 
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Nodul iz ing  K i l n  Opera t ion  

- A n a l y t i c a l  P rocedures  and Results - 
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S amp l i n g  
Loca t ion  

I n l e t  

O u t l e t  

I n l e t  

O u t l e t  

I n l e t  

O u t l e t  

'yable cj. p a r t i c ~ ~ a t e  Analys is  l i e s u l t s  

S t a u f f e r  Chemical,  Tarpon S p r i n g s  
Nodu l i z ing  K i l n  

Sample 
I . D .  N O .  

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

- 6 2 0  

- 6 2 1  

7 2 - 0  0 1- 6 2 2  
- 6 2 3  
- 6 2 4  

- 6 2 5  

- 6 2 6  

7 2- 00 1-6 2 7 
- 6 2 8  
- 6 2 9  

- 6 3 0  

- 6 3 1  

7 2 - 0 0 1 - 6 3 2  
- 6 3 3  
- 6 3 4  

- 6 3 5  

- 6 3 6  

7 2 - 0 0 1 - 6 3 7  
- 6 3 8  
- 6 3 9  

- 6 4 0  

- 6 4 1  

7 2 - 0 1 1 - 6 4 2  
- 6 4 3  
- 6 4 4  

- 6 4 5  

- 6 4 6  
a) sample n o t  e x t r a c t e d  

Sample F r a c t i o n  

Acetone wash of f r o n t  h a l f  
F i l t e r  
Contents  & Water wash of  back h a l f  

(mass) 

( o w )  
Contents  & Water wash of  back h a l f  

Acetone wash of back 

T o t a l  

Acetone wash of  f r o n t  h a l f  
F i l t e r  
Con ten t s  & Water wash of back h a l f  

Con ten t s  & Water wash of back h a l f  

Acetone wash  of back ( l o s t  i n  

(mass) 

( o w )  

s h i p p i n g )  
T o t a l  

Acetone wash of f r o n t  h a l f  
F i l t e r  
Contents  & Water wash of back h a l f  

Contents  & Water wash of back h a l f  

Acetone wash of back 

(mass) 

( o r g )  

T o t a l  

Acetone wash of f r o n t  h a l f  
F i l t e r  
Contents  & Water wash of back h a l f  

Contents  & Water wash of  back h a l f  

Acetone wash of back 

(mass) 

( o r g )  

T o t a l  

Acetone wash of f r o n t  h a l f  
F i l t e r  
Con ten t s  & Water wash of back h a l f  

(mass) 
Contents  & Water wash of back h a l f  

( o r g )  
Acetone  wash of bacl.. 

r r  c t : t i  

Acetone wash of f r o n t  h a l f  
F i l t e r  
Contents  & Water wash of back hil lf  

Contents  & Water wash of back h a l f  
(mass) 

( o w )  
Acetone wash of back 

T o t a l  

\ge i gh t 
Found, mg 

6 7 5 . 5  
3 9 3 . 5  
1 5 1 . 1  

1 4 6 . 3  

1 6 . 5  

1 3 8 2 . 9  

48.6 
3 3 7 . 8  
2 2 9 . 8  

1 8 . 3  

L 

634.5 

6 7 6 . 0  
3 7 8 . 6  

9 3 . 4  

a 

4 8 . 7  

1 1 9 6 . 7  

45 .3  
3 7 1 . 7  
3 3 9 . 3  

1 3 . 8  

2 9 . 2  

799.3 

845.8 
2 6 8 . 7  
2 1 4 . 4  

- 

1 9 . 0  
1 3 4 7 . 9  

2 3 . 1  
2 7 7 . 2  
2 8 8 . 9  

1 4 . 4  

2 6 . 6  

6 3 0 . 2  



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

T A B L E  E 4 .  S U L F U R  D I O X I D E  A N A L Y T I C A L  R E S U L T S  N O D U L I Z I N G  
K I L N  SPRAY CHAMBER INLET AND OUTLET 

TEST DATE 
1972 

1 I n l e t  7/19 

1 O u t l e t  7/19 

2 I n l e t  7/20 

2 O u t l e t  7/20 

3 I n l e t  7/20 

3 Outlet 7/20 

. .  

Sulfur D i o x i d e  

I . D .  N o .  mq 

72-001-672 337.6 

-671 27.0 

-674 269.1 

-673 40.6 

-676 176.6 

-675 50.0 
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TABLE E 5. ANALYTICAL RESULTS KILN AIR RETURN & CO LINE 

Test 
No. 

1 Air 
Return 

2 Air 
Return 

3 Air 
Return 

1 eo 
Line 

Emissions Founda , mg/sample 

Solubie 

79.5 

42.6 

63.5 

. .  
1.1 

b Fluorides 
Insoluble 

0.1 

0.1 

0.1 

c0.06 

79.6 I 1.17 

I 
1.1 I 

! 

C 
'2'5 
Insoluble 

0.59 

0.59 

0.59 

T o t a l  

1.76 

a Water and acetone washings, impinger contents, and filter 
b Analysis by SPADNS reagent. 
c Analysis by ammonium phosphomolybdovanadate colorimetric 

method. 

1.89 

1.99 
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APPENDIX F 

SAMPLE I D E N T I F I C A T I O N  LOG 

For more detailed information please refer to the EMB 
Report File N o .  72-MM-05. 
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TABLE F2.  (Cont ' d .  ) NODULIZING KILN OPERATION 

K i l n  F l u o r i d e  Run N o .  2 ;  Date 6-14-72 ( C o n t ' d . )  

S a m p l e  No. S a m p l i n g  Location F r a c t i o n  

72-000-762 
-763  
- 7 6 4  

72-000-765 

-766 

-767 

Scrubber water i n  S c r u b b e r  water N o .  1 
S c r u b b e r  water i n  S c r u b b e r  w a t e r  No. 2 
S c r u b b e r  water i n  Scrubber water No. 3 

S c r u b b e r  water 

S c r u b b e r  water 

S c r u b b e r  water 

discharge 

d i s c h a r g e  

d i s charge 

K i l n  F l u o r i d e  Run N o .  3 ;  Date 7-18-72 

72-001-659 

-660  

72-001-661 

. -662 

72-001-663 

72-00 

72-00 

-664 

- 6 6 5  
- 6 6 6  
- 6 6 7  

-668 

-669 

-670 

I n l e t  

I n l e t  

O u t l e t  B 

O u t l e t  B 

S c r u b b e r  water No. 1 

S c r u b b e r  wa te r  No. 2 

Scrubber water No. 3 

' I m p i n g e r  s o l u t i o n ,  
f i l t e r s  a n d  wash  

Acetone w a s h  

I m p i n g e r  s o l u t i o n ,  
f i l ters  a n d  wash  

Acetone wash  

O u t l e t  C Imiiinger s o l u t i o n ,  

O u t l e t  C A c e t o n e  wash  
f i l t e rs  a n d  wash  

Scrubber water  i n  Scrubber water N o .  1 
S c r u b b e r  w a t e r  i n  S c r u b b e r  water N o .  2 
Scrubber water i n  S c r u b b e r  water No. 3 

Scrubber  water 

S c r u b b e r  water 

S c r u b b e r  water 

d i s c h a r g e  

d i s  c h a r g e  

d i s c h a r g e  

B l a n k s  f o r  F l u o r i d e  Runs 1, 2 ,  ti 3 

72-000-889 - 
72-001-691 230 

-692 200  
-693  36 6 

Volume 

S c r u b b e r  water No. 1 

S c r u b b e r  w a t e r  No. 2 

S c r u b b e r  water No. 3 

Whatman #l f i l t e r  p a p e r :  
D i s t i l l e d  water 
Acetone b l a n k  
1 0 %  N a O H  s o l u t i o n  
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Kiln  S u l f u r  Dioxide Run N o .  2 ;  Date 7-20-72 

Sample No. 

72-001-6 7 4  

-673 

Sampling Locat ion  

I n l e t  

O u t l e t  

Ki ln  S u l f u r  Dioxide Run No. 3 ;  Date 7-20-72 

72-001-676 I n l e t  

-675 O u t l e t  

Ki ln  P a r t i c u l a t e  Sampling 

See Appendix E-2 ,  Table  E3. 

F r a c t i o n  

Impinger conten ts  and 

Impinger c o n t e n t s  and 
wash 

wash 

Impinger c o n t e n t s  and 

Impinger c o n t e n t s  and 
wash 

wash 
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APPENDIX G 

TEST LOG 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
n 
1 
I 
U 
1 
I 
I 
r 
I 

1 -  

m m o  
w w m  

Z 
4 

?4 

c.7 z 
H 
N 
H 
4 
3 

0 z 

H 

n 

+J 
0 
E3 

rl 

. .  

4J 
0 

m m  h 
~ ' " m m o  m w w o  
r ld N W  rl r n w  

. .  

1 .  

4J 
0 
h 

.., 

m m o  
w c r m  

4 4 

4J 
0 

€4 

d 

m m  
N F O P  
O W N O  
m m z r r -  
rlrlrlrl 

. .  

a 

rl 

z 

4J 
al 
d 
I: 
H 

m 
d 
\ 
W 

0 4 4  
o r l m  
m m m  
d d d  

o m m  
904 

4 4 4  
r - m m  

3 

13 

a 
4J 
5 
C O  
1 0 4 .  

W 
In4 
1 0 1  
(110 

04. 
M r l  
Pi 

5 

urn 

I: 
3 
0 a 
4 
5 
C O  
10- 

W 
1074 
1 0 1  
( 1 1 0  urn 
0 9  
M d  
Pi 



1.. 
I 
I 
I 
I 
1. ,. 

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

C ,  

4J 
0 
h 

m m o  000 
d r l m  m m w  

VI 
h z 

2 
0 
U 

O 
W 
b W  
fflz 
4 H  
J h  
W 

0 w z  
xr4 

h 
x B  
V Z  
0 4  
J h  
ULO 

H 

ffl 
B z 
4 
h 
3 
4 
J 
0 
PI 

z 
3 a 

2 
0 
pl 

z 
0 
H 

2 
U 
0 
J 

G I N  
Br. 
4 m  

4J 
0 
h 

000 
m m w  

m m m -  m m m -  
m o o r l  m o o d  
O N - 0  O N - U l  
r l d d r l  d d r l r l  

4J 
0 
h 

La La 

0 0 0  
m m w  

m m 
a, a, a 

.rl 
a 
..I 
u m  u r n  
0 0  0 0  
S N  S N  
dpl dpl 
r4 r.4 

4J 
0 
PI 

N N 

x x 
m U 

cp 
rl 
\ 
W 

m o  
v -  
d r n  
d r l  

m o  
d d  
r l m  
drl 

La 

m 
a, a 
..I 
& m  
0 0  
3 N  
dpl 
r.4 

m 

23 

4J 
a, 
rl 
c 
H 

m 

\ 
4 

l. 

La 

VI 
a, a 
.rl 
u m  
0 0  
S N  
dpl 
r4 

m 

x 
m 

0 

m 
d 
\ 
P- 

0m1.m 
o d m -  
d d,rl d 

La 

N 

4 U W U  

00 
O N  
N N  
r l r l  

m m  
v o  
d N  
d d  

N 
0 
ffl 

d 

4J 
a, 
rl 
C 
H 

0, 
rl 
\ 
I. 

m o  
m m  
d N  
r l r l  

m o  
N N  
d N  
r l d  

N 
0 
ffl 

rl 

4J 
a, 
rl 
4J 
s 
0 



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

I 
I 
I 
I 

0 0 0  
m m w  

Lo 
H z 

$ 
0 
U 

a w 
c b w  
L o 2  
4 H  
i l h  w 

a w z  
E M  
H 

x € -  ue: 
0 4  
i l H  
ULo 

H -  

Io 
B 

H 
3 
il 
il 
0 
D.l 

2 

z 
3 e: 

H c: 
0 a 

z 
0 
H 

2 
U 
0 ci 

M N  
h P  
4 m  arl 

u 
0 
h 

rl 
rd 
IU 

0 000 
m mmlw 

0 o m  
0 L o -  * m -  
rl r ld  

N 
0 
VI 

N N  

. u  
u a l  
a l d  
r l u  
s 3  
H O  

0 
N 

P’ 
\ 

rl 
m 

IU 

m 00 
rl 00 
w W P  
rl rlrl 

rn 0 0  - m m  
Lo m w  
rl rlrl 

N 
0 
Lo 

m m  

.. .. , . - 

0 
N 

p’ 
\ 

0 0  
VIm 
VIP’ 
drl 

0 0  
N O  
VIP 
rld 

al  u 
m 
4 
3 
U 
.r( u 
Ll m 
cb 

“ 

5 2  

u 
a, 
rl 
S 
H 

0 
N 

P ’  
\ 

0 0 L n m m  
d ~ o w m  
m m w w p ’  
r lddrld 

rl 

?r; 

u 
al 
d u 
3 
0 

m 

0 
N 

p. 
\ 

a 
_A 

0 0  
e m  _ . . I  

m o  
d ’  

a, u 
rl 
9 
U 
.rl 
u 
!-I 

a 

m 

m 

I 

m a  

z 

u 
a, 
d 
u 
3 
0 

m 

0 
N 

P’ 
\ 

mr. 
N -  

rl 
m o  

rnP 
V I d  

d 
coo 

N 

3 2  

u 
al 
d 
S 
H 

d 
N 
\ 
P 



I 
I 
I 

0 0 0  
m m w  

I 

u 
0 
h 

m 
E+ z 

8 
0 
U 

n 
W 
CLw 
v1Z 
4 H  
tlh w 

n w z  
Z W  
H 
h 

X h  
U a  
0 4  
t lh 
UVI 

v1 
h z 
4 
h 
3 
tl 
4 
0 
PI 

z 
3 e: 

E+ 
0 
0 
PI 

z 
0 

E+ 
4 
U 
0 
4 

H 

W N  
E + -  
4 m  arl  

0 0 0  
d m -  

m m m m o  

m m m o r l  
r n m m r l o  

CI 
0 
H 

drl 

m m m m o  

m m m o o  
c u o - o m  

4 4  

N 

m z r 4 n  

X m 
-4J 
(u 
d 
4J 
3 
0 

rl 
N 
\ 
r- 

m 

5 2  

u 
m 
d 
c 
H 

4 
N 

r- 
\ 

o r l m o o o  
rnddrnrnr -4  

Id 

m m m o r -  
m O N O m  
d"mm 
drlrlrlrl 

X 

U 
m 
d 
U 
3 
0 

m 

rl 

I 

r l N W  

I 



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

I 
I '  
I 

I '  

I - 

* 

r i  

TEST LOG 

S t a u f f e r  Chemical Co. 
Tarpon S p r i n g s ,  F l o r i d a  

Personnel :  EPA - John Wilkens and B i l l  King 

S t a u f f e r  - 3. Gabris and R. Brown 

PEDCo - R. Amick, R. Gerstle, G. F o r t e ,  G. P a r n e l l ,  
R. Zimmer, and F. Meadows 

N O D U L I Z I N G  K I L N  

DATE 

6 / 1 1 / 7 2  

- 

6/12/72 

6 / 1 3 / 7 2  

6/14 /7 2 

6 /15 /72  

TIME - 
Evening 

8 0 0 - 1 7 0 0  

1 2 0 0  

8 3 0 - 1 2 4 0  

1 2 4 0 - 1 5 0 0  

1 4 3 0 - 1 6 5 7  

- 1 9 3 0  

1 6 4 5 - 2 0 1 0  

1 8 3 0 - 2 4 0 0  

8 0 0 - 1 0 4 5  

1000 

1 0 4 5 - 1 6 0 0  

1 6 0 0 - 1 9 0 0  

8 0 0 - 1 1 0 0  

1 1 0 0  

EVENT 

G. P a r n e l l  and R. Zimmer a r r i v e  i n  Tarpon 
S p r i n g s  w i t h  PEDCo van. R. Amick, F. Meadows, 
G.  F o r t e ,  and J. Geiger  a r r ive  by a i r .  

S e t  up a t  s i t e .  

R. Gerstle arrives by a i r  from C i n c i n n a t i .  

Cont inue p r e p a r a t i o n  f o r  t e s t i n g  a t  k i l n .  
C a l i b r a t e  and checkout  Dynascience SO2 monitor .  

F l u o r i d e  T e s t  N o .  1. Frequent  p lugging  o f  
i n l e t  t r a i n .  Changed t o  s m a l l e r  nozz le  a t  1415.  

K i l n  down due t o  l a c k  o f  rock f e e d ,  also 
thunders torm de layed  t e s t i n g .  

F i n i s h  T e s t  1 a t  i n l e t .  

F i n i s h  T e s t  No. 1 a t  o u t l e t .  

Clean up t r a i n s  and p r e p a r e  f o r  n e x t  run. 

S e t  up f o r  f l u o r i d e  T e s t  N o .  2. 

R. Gerstle leaves f o r  C i n c i n n a t i .  

F l u o r i d e  T e s t  No. 2 .  F a i r l y  r o u t i n e ,  d i f f i -  
c u l t  and t i m e  consuming t o  change p o r t s  a t  
o u t l e t  sites. 

Clean up  t r a i n s  and p r e p a r e  f o r  next  run.  

P r e p a r a t i o n  f o r  T e s t  No. 3 - f l u o r i d e s .  

K i l n  down for  rest  of  day. R. Zimmer, G. 
P a r n e l l  and G. F o r t e  go back t o  Motel. 

- 
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N O D U L I Z I N G  K I L N  

DATE 

6/15/72 1100-1616 

TIME - - 
(Cont ' d )  

1616-1625 

6 /16/72  800 

1344-1920 

6/17  & 1 8 / 7 2  

,6 /19  & 20/72 

EVENT 

R. Amick 'and F. Neadows p r e p a r e  f o r  f l u o r i d e  
t e s t  on CO l i n e .  

Conduct one tes t  on CO l i n e  f o r  f l u o r i d e  
and P205.  
dangerous working c o n d i t i o n s .  

K i l n ' s t i l l  n o t  o p e r a t i n g .  Move e q u i p m e n t ' t o  
s l a g  t a p  t e s t  s i t e s  and s e t  up t h e r e .  

T e s t  1 a t  s l a g  t a p .  

Weekend - no work. 

No work - Hurr icane  Agnes 

No v e l o c i t y  t r a v e r s e  due t o  

6/21/72 700-1030 F l u o r i d e  s l a g  t a p ,  s c r u b b e r  T e s t  No. 3 .  

1250-1740 F l u o r i d e  T e s t  No. 2 ( T e s t  Nos. a s s igned  by 
J. Wilkens) . 

6/22/72  800-1400 P r e p a r a t i o n  f o r  c o l d  a i r  v e l o c i t y  t r a v e r s e  
and f l u o r i d e  k i l n  T e s t  N o .  3. 

1400-1415 D i l u t i o n  a i r  i n l e t  t o  calciner sp ray  tower 
v e l o c i t y  traverse. 

Evening PEDCo crew leaves f o r  C i n c i n n a t i ,  d e c i s i o n  
t o  come back 7 /17/72 ,  i f  p o s s i b l e .  

Pe r sonne l :  EPA - Gene R i l e y ,  John Wilkens and N e i l  Sanders  

S t a u f f e r :  X. Brown and L. Gabr i s  

PEDCo - G .  F o r t e ,  G .  P a r n e l l ,  D. Armentrout., R. Amiclc, 
and R. Zimmer 

7/17/72 800 P l a n t  a r r iva l .  

800-1200 S e t  up for n o d u l i z i n g  k i l n  T e s t  N o .  3. 

1 4 0 0  K i l n  down - f o r  I . D .  f a n  r e p a i r s .  

1430 Leave. 

2230 F. Meadows a r r i v e s  v i a  a i r .  

EPA - B i l l  King (morning) , L. Evans, Gene R i l ey ,  and N e i l  Sanders 
PEDCo - C r e w  above and F. Meadows 
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N O D U L I Z I N G  KILN 

DATE TIME 

7/18/72 700 

- - 

1115 

7/18/72 1615 

1930 

7/19/72 730 

1030-1430 

1130-1245 

1 3 0  0-al l  
a f t e r n o o n  

1 6 0 0  

7/20/72 700 

1030 

1230 

7/20/72 1400-1615 

1530 

1750 

1930 . ,  

‘J: 
1 7/21/72 730 .... 

830-1040 

1130-1430 

1430 

EVENT 

A r r i v a l .  

S t a r t e d  k i l n  t e s t  - t o t a l  f l u o r i d e s  - T e s t  
NO. 3. 

Ended k i l n  t e s t  - many p rocess  breakdowns 
i n  between. 

L e f t  p l a n t .  

A r r i v a l  - Decis ion  by EPA (Gene R i l e y )  t o  
s c r a p  remaining two tes t s  on CO l i n e  because 
o f  h i g h  p o s s i b i l i t y  of i n j u r y .  

Three a i r  r e t u r n  l i n e  ( k i l n )  tes ts  f o r  f l u o r -  
i d e s  and P205,  

One SO2 k i l n  s p r a y  tower i n l e t  and o u t l e t  
test .  

R a i l  and l i g h t n i n g  - no work. 

Leave p l a n t .  

A r r i v a l .  

S t a r t  p a r t i c u l a t e  T e s t  No. 1 on k i l n .  

O u t l e t  m o i s t u r e  p lugging  f i l t e r .  Decisi-on 
by EPA (Gene Smith)  t o  use  r i g i d  t r a i n  wi th  
hea ted  probe - no t r a v e r s e  and on ly  one 
t r a i n  used a t  lower sampling s i t e .  

Two SO2 tests a t  k i l n  i n l e t  and o u t l e t .  

Res ta r t  SO2 t e s t .  

F i n i s h  SO2 test .  

F i n i s h  clean-up and l e a v e  p l a n t .  

A r r i v a l  a t  p l a n t .  

P a r t i c u l a t e  T e s t  2 a t  k i l n  i n l e t  and o u t l e t .  

P a r t i c u l a t e  T e s t  3 a t  k i l n  i n l e t  and o u t l e t .  

F i n i s h  t es t s  and beg in  clean-up. 
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NODULIZING KILN 

DATE TIME 

7/21/72 1530 
(Cont d )  

- - 

1700 

EVENT 

G. F o r t e ,  G. P a r n e l l ,  D. Armentrout and 
F. Meadows leave f o r  a i r p o r t .  

R. Z i m m e r  and R.  h i c k  - pack t r u c k ,  f i n i s h  
clean-up and l e a v e .  

y: 
.* .. 
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APPENDIX H 

PROSECT PARTICIPANTS AT STAUEFFER CHEMICAL CO. 

TARPON SPRINGS, FLORIDA 

EPA (OAP) 

John Wilkens - P r o j e c t  O f f i c e r ,  EMB 

B i l l  King - Chemical Eng inee r ,  S D I D  

Laune i l  Sanders  - Chemical Engineer ,  EMB 

Gene R i l ey  - Techn ic i an ,  EMB 

S t a u f f e r :  

R. Brown - Environmental  S u p e r v i s o r  

L. Gabr i s  - P l a n t  Chemist ,  Tarpon Spr ings  

PEDCo: 

R. Gerstle, P .E .  - Enginee r ing  Supe rv i so r  and F i e l d  
S u p e r v i s o r  

R. Amick - Environmental  Engineer  and F i e l d  Supervisor  

F. Meadows - S e n i o r  Techn ic i an  

G. F o r t e  - Techn ic i an  

G. P a r n e l l  - Techn ic i an  

R. Zimmer - Techn ic i an  

D. Armentrout - B i o l o g i s t / T e c h n i c i a n  

- J. Geiger  - Techn ic i an  




