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DEPARTMENT OF ENVIRONMENTAL MANAGEMENT - 

Fldd 01lic~s: 

P. 0. Bo. 953 
D."I"h AL 
15642 
2OY35bll l l  

Unit W6. Building 8 
US Oimoor Cirtl. 
Blrmingham. AL 
lSZO9 
205/S42-8168 

wil 26, 1983 

Ms. Amy J. Nebon 
Mi- Research Institute 
4505 Rc& 
Raleigh, Nc 27612 

A-82-33 
3 - 0 - 1 4 1  

DearMs. Nelsan: 

h c l o s e d i s a t e s t w o f t h e N o .  1andNo. 2 k i l n s a t ' J h b i g h e  
~ g h t w & g h t  Aggregate ocnporatian in Livbqston I - .  %report 
includes particulate ard sulfur dioxide emission data and particle s i z e  
analysis. 

dlplicatim. The check sty.uld be lmde payable to D€prbE%lt of hvimnnen tal 
KmagEnmt, Air program. It shrxlld be sent to the follaving address: 
AlakmaDepartmentofFrlvkmm t i t  MaFilgemerrt, State C a p i t o l ,  Mmtgmw?f, 
Alabama 36UO. 

Thisdata- ' of 56 pages. A charge of $14.00 is assessed far 

If I lnay be of furtkr assistance, please h t e  or call me at 834- 
6570. 

sincerely I 

.. 



August 9,  1979 

Mr. Freddie 8. Thomas, Jr. 
Alabama Air Pollution Control Commission 
645 South McDonough Street  
Montgomery, AL 36130 

Dear Freddie: 

As requested, enclosed is a copy of t h e  source tes t s  conducted on t h e  No. 1 kiln at 
Tombigbee Lightweight Aggregate Corporation, Livingston, Mabama. 

Since our last conversation, Resource Consultants, Inc. has performed additional source 
tests on the  No. 1 and No. 2 kilns at Tombigbee Lightweight Aggregate. These tests 
were performed af te r  t he  installation of a i r  seals at the  outlet  of the kiln which changed 
the air flow characterist ics somewhat. A report on these findings is being prepared, and 
a copy will k forwarded to you as soon as possible. 

In an effor t  to speed up the  process of equipment selection, the results of these tests 
have already b e e n  phoned to the prospective vendors. A resubmittal of their proposals is 
forthcoming. A compliance schedule will be submitted as won as these new proposals 
have been received and evaluated. 

Thank you for your understanding in this matter. If you have any questions or if I may be 
of any assistance, please let me know. 

Sincerely, 

RESOURCE CONSULTANTS. INC. 

BRN/dl 

Enclosure 

Billy R. kiXols 
Pollution Control Specialist 

DLG 
R E C E I V E D  ~. 

P.O. Box 498 * Two Maryland Farms - Sulte 340 * Brentwood. Tennessee 37027 - 6 15.373-5040 
e Wnne66e.z c-M 
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RESOURCE 
CONSULTANTS 

L . i i . ~ ~ ~ i i r ? l ~ - n : . i :  * . i l ;#nvr :~  and :, l..nttsi) L~ l u n e  22, 1979 

Mr. Clem Blackburn 
Tom bi gbee Lightweight Aggregate 

Livingston, A 1  35470 

Dear Mr. Blackburn: 

This report  contains the  results f rom the  test series conducted on the  Number 1 Kiln 
exhaust gases and t h e  sulfur dioxide test conducted on the Number 2 Kiln. A summary Of 
the  resul ts  for the  .Number 1 Kiln follows: 

. P. 0. Drawer V 

329 Tempera ture ,  F 
Moisture, % by volume 20.3 
Volumetric Flow Rare, acfin 65,300 
Volumetric Flow R a t e ,  sdcfm 36,800 
Part iculate  Concentrat ion,  grldscf 13.6 
Particulate Mass Ra te ,  lbslhr 4,320 

SO2 Mass R a t e ,  Ibs/hr 403 

0 

SO2 Concentrat ion,  Ibsldscf 1 . 8 2  A O - ~  

The resul ts  for t h e  sulfur dioxide test conducted on t h e  Number 2 Kiln are as follows: 

295 

Volumetric Flow R a t e ,  acfm 110,000 

0 Tempera ture ,  F 
Moisture, '35 by Volume 18.3 

Volumetric Flow Rate, sdcfm 63,700 

SO2 Concentrat ion 1.62 x l 0  
502 Mass !?ate, Ibs/hr 619 -4 

In addition, Electrozone and Bahco particle s ize  analysis tes t s  were conducted on a sample 
from t h e  Number 1 Kiln. As before, there  is a large variation in the two methods of 
analysis; therefore ,  i t  is suggested that  t h e  electrozone analysis be used in specifying 
scrubber performance. 

Please let  m e  know if you have any questions regarding this data.  

Sincerely, 

R ESOU R C E CONSULT ANTS, INC. 

Billy R; Nichols 
Pollution Control Specialist 

I '  
, . I  .. '; J i  . li . .  

f . J < { L l ; -  I- ,  % , , . . I . . * .  

BRN/dl 

P.0 .  Box 498 Two Maryland Farms * Suite 340 * Bre-cwooa. Tennessee 57027 * 6 15-373.5040 
B L-nleSseE C W V M  
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INTRODUCTION 

This report presents the results of two isokiaetic particulate emission tes ts  and two 
sulfur dioxide emission tests conducted on June 5 and 6, 1979, at Tombigbee Lightweight 

Aggregate, Livingston, Alabama. The tests were conducted to determine particuiaie and 
sulfur dioxide concentrations and air flow characterist ics from the Number 1 Kiln. In 

addition, sulfur diou'de emission rates were measured for  t he  Number 2 Kiln. 

Mr. James  Cofburn and Mr. David Fulton arranged testing facil i t ies and programmed 
desired operating conditions for Tombigbee Lightweight Aggregate. Messrs. A I  Farmer 

and Ed Corby performed the sampling for Resource Consultants, Inc.; Mrs. Betty 
Warfield performed t h e  analysis of t he  samples. 

The following sections of this report contain a discussion of sampling, and analytical 

techniques used, a s ta tement  of results, a tabulation of test da ta  with calculations, and a 
p a r t i d e  size analysis of the sample. 

-1- 



RESULTS . 

The results of the  sulfur dioxide tes t  conducted on June 5, 1979 on the Number 2 Kiln 

exhaust gases are presented on the following table. 

Stack Temperature 
(OF) 

Moisture Content  
(% Volume) 

Volumetric Flow Ra te  

Volumetric Flow Ra te  
(sdcfm) 

' (acfm) 

SO2 Concentration 
(Ib/dscf) 

SO Mass R a t e  
4 I b h  ) 

Test 
No. 1 

295 

18.3 

110,000 

63,700 

- 

. I .62  IO-^ 
619 

The results from the  series of tests conducted on the  Number I Kiln on June 5 and 6, 
1979, are presented as follows: 

Stack p m p e r a t u r e  
( F) 

Moisture Content 
(%.  Volume) 

Volumetric Flow Rate  
(acfm)  

Volumetric Flow Rate  
(sdcf m) 

SO2 Concentration 
( Ib /dsd)  

SO2 Mass Ra te  
(Ib/hr) 

Particulate Concentration 
(gr/dscf 1 

Particulate Mass Ra te  
( I b h  ) 

Test No. 2 Test No. 3 Average 

328 330 329 

19.6 21 .o 20.3 

65,300 65,300 65,300 

2,229,000 2,190,000 2,210,000 

1.69  IO-^ 1.96 1.82  IO-^ 
377 4 29 403 

17.4 9.85 13.6 

5,550 3,080 4,320 



The particulate collected may be gravimetrically different ia ted with respect to point of 

collection within the sampling train as follows: 

Particulate Collected in 
Probe, Cyclone and Front 

Test Half of Filter Holder, 
No. mg - 

2 21,539 

3 12,301 

Particulate Total 
Collected on Particulate 

Fil ter,  Collected, 
mg mg 

1,030 22,569 

81 1 13,112 

- 3- 



DISCUSSION O F  SAMPLING AND ANALYTICAL PROCEDURES 

All sampling was performed using procedures described in the Federal Register, Volume 
4 2 ,  Number 160, dated August 18, 1977, w i t h  modifications as  discussed below. 

Three, four-inch sampling ports were evenly spaced vertically along the side of the 
horizontal ductwork connecting the kiln outlets and the multiclone inlets. Due to the  

duc t  configurations, the sampling ports were. located approximately two feet from the 
kiln outlets and two feet from the  multiclone inlet on both kilns. This resulted in errat ic  

flow across the sampling planes, especially for  t he  Number 1 Kiln. Therefore, flow rates 
for the Number 1 Kiln were measured on a straight run of 42-inch diameter duct 

downstream of the  multiclone outlet. Particulate mass r a t e  and sulfur dioxide emission 
r a t e  calculations were ma& using flow da ta  from this t raverse  location instead of flow 

ra tes  calculated f rom velocity traverses conducted at  t he  sampling location. 

Sample run number one was taken on the  Number 2 Kiln for  sulfur dioxide concentrations 
only; therefore,  there  a r e  no calculations for isokinetic sampling rates. Run numbers two 

and three were performed on the Number 1 Kiln according to EPA Method Five 
procedures for particulate mass rates. In addition, sulfur dioxide concentrations were 
measured simultaneously by replacing the deionized water  in the f i rs t  and second 

impingers with a 3% hydrogen peroxide solution. Run number four was performed so tha t  
a particulate sample could be obtained for  particle size analysis without being subjected 

to acetone. This was accomplished by dry brushing the probe and f i l ter  holder. 

Due to the e r r a t i c  flow and high grain loadings encountered, several problems occurred 
during the test runs. During the second tes t  run, high vacuums due t o  fi l ter  p l u g a g e  

caused difficulties in obtaining desired sampling rates at several points and reduced 

sampling time. Also, the erratic flow conditions caused negative velocity pressure 

readings on the lower traverse of the Number 1 Kiln, variations of flow rates at any 

given point, and thus resulted in wide variations in the  isokinetic sampling rates. For the 
third and fourth runs, the middle traverse was sampled twice, so tha t  a sufficient air 
volume would be obtained. 
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APPENDIX A 

SUMMARY OF TEST DATA 
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P a r ~ i c u l a t e  Sarripling Train 

Sampl ing  nozzle d i a inc t c r ,  in. 

Sampl ing  nozzle c ross -scc t iona l  a r e a ,  f t .  

Sampl ing  t ime,  rnin. 

S a m p l e  gas  voluine-meter conditions,  11. 

A v e r a g e  meter  lernpcra ' ture ,  OR 

A v e r a g e  orifice pressure  drop, in. H .O 

p a r t i c u l a t e  col lected,  rng. 

Sample  gas  volume @ s t a n d a r d  conditions,  f t . 3  (dry) 

2 

3 

2 

. 
Velocity Trave r se  

2 S t a c k  a r e a ,  11. 

A v e r a g e  s tack pressure,  in. Hg absolute  

A v e r a g e  s lack  t e m p e r a t u r e ,  O R  

Static pressure in s t a c k ,  in. H 0 
A v e r a g e  +e loc i ty  head 

Molecular  weight of s t a c k  gas  

Baromet r i c  pressure,  in. Hg 
S t a c k  gas  veiocitg, ft./sec. @ s :ack  conditions 

2 

Stack Moisture Con ien t  

Toral water  co l iec led  by t r a in ,  ml 

Volume of w h l e r  vapor @ sr3n6ard condi t ions.  11 

Mois ture  in  s tack  gas, % 

3 

Emission DaTa 

S t a c k  gas flour r a t e ,  ac f in  

S l a c k  g a s  f low r a t e ,  scfh 

Total part icu!at e conccn l  ra t ion ,  grldscf 

P a r t i c u l a t e  mass r a t e .  Jbsllv 

P e r c e n t  isokinetic of les t  

- - 
- Dn 

An e 36 

26.23 
"m 

558 
Tm 

O H  1.8. 
- 

24.92 
M n  

"mstd 

755 
-0 .55  

1.20 

27.7  

TS 
P 

g 
(*P) @ - 

M S  

'bar 30.25 

"5 
81.8 

113.8 

5.57 
"wst d - 
M 18.3 

"IC 

PC 

110,000 

3,824,000 
QS 

='s 
Qsstd - 
PM R 
1 - 

- 
- 

. 
AESOUPCE 
C 0 N 5 U LTA N T 5 



CORRECTION OF D X Y  CAS S A h l P L E  

VOLUME TO S T A N @ A R D  CONCITIONS 

Date __ b / 5 / B -  Run 1- 

36 Sampling t ime,  min. 

26.23 
3 0 . 2 5  Barometric pressure, In. Hg. 

3 Sample gas  volume, meter  conditions, f t .  

Average orifice pressure drop, in H 0 

Average meter  temperature ,  inlet ,  OF 

Average meter  temperature ,  ou t le t ,  OF 

2 I .8 
105 

92 

558 Average meter  tempera?ure,  OR 
3 24.92  Sample gas volume @ standard conditions, f t  (dry) 

0.99  - Dry gas meter  calibration factor (dimensionless) 

+ 460 Tad + Tae 
2 .  

(1) Tm = 

T = 55.2 rn 

( 2 )  "mstd 0 ("a. 

= 24 .92  'mstd 

RESOURCE 
U LTA N TS 



DETERUINATION OF ,MOISTURE IN STACK C4S (Method 5 )  

Run No. 1 Date 6 / 5 / 7 9  - 

Total volume of water collected in impingers and silica gel (Iflc) ml = 118.8 

. J Volume of water vapor (Vwstd)  f t .  

3 = (0.0474 f t .  /ml) (VIc) 'wstd 

5.57 
'wstd - 

Proportion by volume of water vapor in the gas s t ream (Bwo) 

V - wstd 

Bwo 'wstd ' 'rnstd 

- 0.183 
Bwo - 

Percent moisture in stack gas (M ) % 
PC 

= 1 0 0 ~  Bwo 
PC 

M 

= 18.3 % 
Pc M 



G A S  A N A L Y S I S  FOR DRY . M O L E C U L A R  W E I G H T  ( M e t h o d  3 )  

, 
% Volume Molecular 

Component Dry Basis Weight 

9.0  44 

32 

=O2 

O2 12 .0  

CO + N2 79.0 28 

Da t.e 6 /5 /79  R u n  No. __ 1 

Dry Molecular Weight of Stack Gas (Md) 

Md = (0.44) ( 9 . 0  ) + 0.32 (12.0) + 0.28 ( 7 9 . 0 )  

2 9 . 9  

Molecular Weight of Stack Cas (wet basis) (MS) 

MS = Md (I-Bwo) + 18 Bwo 

Ms = 27.7 



D E T E f : \ l I S A T I d S  OF STACK G A S  V E L O C I T Y  
AND 

VOLUMETRIC FLOW RATE 
(Method 2) 

Date 6/5/79 Run No. I- 
. .  

P = - 0 . 5 5  S t a t i c  pressure  in s l ack ,  in. H20 
g 

'bar 
C = O*s4 Pitot t u b e  coeff ic ient ,  dimcnsionless  
P 

- 30.25 Barocnetric pressure,  in. Hg 

R = 85.48 ft./sec. I b  mole  
K P-4 

1.20 A v e r a g e 7 / v e l o c i t y  head (&) @ '  - 755 Average  s t a c k  t empera tu re ,  0 R 
TS - 27.7 

= 528 R Absolu te  t empera tu re  @ s t a n d a r d  conditions 

5 29.92 Absolu te  pressure  @ s t anda rd  conditions,  in. Hg. 

Molecular  weight of s t a c k  gas 
MS 0 

'std 2 

"S 3 .  

Tstd 

A = 22.5 S t a c k  area, f t  

P = 3 L . Z . L  Average  s t a c k  pressure,  in. Hg, absolute '  

= 81.8 S t a c k  gas velocity,  ft/sec, @ stack 'condi t ions 

= %OD Stack gas volumetr ic  f low r a t e ,  a c t u a l  f t  /rnin. 

;. -0b;ack gas volumetr ic  flow r a t e ,  s t d  f t  /hr (dry) 

S 

3 QS 

Qsstd 

3 13.6 + 'bar 

P =  30.21 
S 

(2) v S = KP CP (G) @ .T 
ps MS 

=81.II 
vS 

(3) Q, = 60 A Vs 

RESOURCE 
C 0 N 5 U LTA N T S 



SO2 CALCULATIONS 

D )  - - (7.06 x 10 ) (Vt  - Vb)(N)(VSOLN a - 5  

s02 'm(std) 
P M R  = c  

C 

x Volumetric Flow Rate 
s02 

Where: 

7.06 x = Ib/meq. 
= Volume of titrant, rnl 

= Volume of titrant used for blank, rnl 
Vt 

'tb 
N = Normality of barium perchlorate 

'SOLN 
"a 
"m(std)  
C 

P M R  

= Volume of sample,  rnl 
= Volume of aliquot, rnl 
= Volume of air sampled, d s d  
= Concentration of SO2, Ib/dsd 

= Pollutant mass rate,  Ib/hr 
s02 

Run No. 1 

= (7.06 x 10-5)(14.5 - 0.1)(.0097)(409/1) 
s02 24.92 

C 

= 1.62 

P M R  = (1 .62 x 10-4)(3,824,000) 

= 619 

RESOURCE 



S l ! f 3 4 R Y  OF LABORATORY DATA 
. .  

1;: ~ M P ~ N G E R  rio, F I N A L  VOLUME, ml I I i I T I A L  VOLUME, in1 

I , .  209.8 * g  200 Pg 

1 O T A L  618.8 500 

233 150 

176 150 

0 

NET GAIN, ml 
83 
26 

9 .8  8g 

1 l X . X  

COMPONENT I D  NO, F I N A L  WT.. e I N I T I A L  WT,, P, 

PROBE WASH 

ACETONE BLANK 

PROBE WASH (-BLK) 

C Y  C L 0 NE . 
F I L T E R  I 

MPINGER H 2 0  t I O G  ml A L I Q U O T )  

PART I CULATE COLLECTED (EXCLUDING IMPI NGER C A T C H )  = R 
P A R T I C U L A T E  C O L L E C T E D  ( I N C L U D I N G  I M P I N G E R  CATCH)  = g 

NET WT, , !? 

- 

ORSAT A N A L Y S I S  COMMENTS: SO, Analysis 
I 

A 2 ml Sample - 28 .8  ml 0.0097N 

B 1 rnl " - 14.7 ml 'I 

c I ml " - 14.5 ml 'I 

BaC104 

Blank 0.1 ml I' 

S I GNED 



. , ': . .  : . ' .  , .. 
. .  . . '  , '  '. . . : .._ . , . 

PARTICULATE FIELD DATA. . 

i',,,, . .. . I  

L o  ' , 

. .  

T ~ T A L  WIGHT @IN . . 



SUhlhqARY D F  TEST DATA 
Source r:arne ___ Tomh$bee Lightweight Aggregate 

L oca1 ion .--- 

R u n  No. 

- Kiln t 1 

2 D a t e  6/5/79 

Par t icu la te  Sampling Train 

Sampling nozzle d i amc lc r ,  in. 

Sampling nozzle cross-sc-ctional a r ea ,  11. 

Sarnpling t ime,  rnin. 

Sblnple gas vD!uine-meler conditions, f t .  

Avcrdge meler te inpcra lure ,  OR 

Average orifice prc5sure drop, in. H20 
Pdrt iculate  collected,  rng. 

Sarnple gas volume @ s t anda rd  conditions,  f1.3 (dry) 

2 

3 

. 
Velocity T r a v e r s e  

2 Stack area,  f1 .  

Average slack pressure,  in. Hg absolu te  

Average stack t empera tu re ,  

S i a l i c  pressure in s t a c k ,  in. H 0 

Average <velocity head 

Molecular weight of s t a c k  gas 

Barometric pressure, in. Hg 
Stack gss velociry, ft./sec. @ stack conditions 

R 0 

2 

0.187 

0.000191 

42 

Dn 

An e 
vrn 
Tm 

OH 

21.30 

564 

0.73 

22,569.0 

19.99 
M n  
"mstd 

A 12.25 

30.24 

788 
ps 
T< - 
P -0.17 

1.22 

27.7 

30.25 

85.0 

($P) @ 

M S  

'bar 
\I 

Is - 
Slack Moisture C o n l e n l  

103.2- 
"IC To:al Uaier col lecled by t ra in ,  ml 

\rolume of c a t e r  vapor @ s tandard  conditions ~ f t  

Moisrure in stack gas,  % 

3 4.86 
"wsrd 
M 19.6 
PC 

Emission Data  

Slack gas flou- ra te ,  ac f in  * Q s  65.300 
Siack gas flow race, scfh 

17.4 

Part jculare  mass r a t e  . Ibs/lir PMR 5550 

Percent  isokinetic of tesr 

t 2.229.000 
Qsstd 

Total  particulate conccni ra r ion ,  gr/dscf =Is 

I 91 

calculated from velocity t raverse  taken downstream 'from Qs ' Qsstd 
rnulficlone outlet .  . 

R E S O U R C E  
C 0 N S U LTA N T S 



CORRECTION OF DRY CAS SA!dPLE 
VOLUME TO 5TAND.4RD CONDITIONS 

D a t e  6/5/79 Run 2 

42 
21.30 
30.25 
0.73 
109 

98.6 
561r 

19.99 

0.99 

Sampling t ime,  min. 

Sample gas volume, meter  conditions, f t .  

Earometric pressure, in. Hg. 
Average or i f ice  pressure drop, in H20 
Average me te r  tempera ture ,  inlet, OF 

Average me te r  tempera ture ,  out le t ,  OF 

Average me te r  temperature ,  R 
Sample gas volume @' siandard conditions, ft (dry) 

Dry gas me te r  calibration f a c t o r  (dimensionless) 

3 

0 

3 

OH = (,?.6Q - OR 
"mstd in. Hg 

- 19.99 
'mstd - 



DETERMINATION OF MOiSTL'RE IN STACK GAS (Vethod 5 )  

Date 6/5/79> Run NO. 2 

Total volume of water co l l ec ted  in impingers and silica gel ( V I c )  ml = 103.2 - 
3 Volume of water vapor (Vwstd) f t .  

3 = (0.0474 f t .  /ml) (VlC) 'wstd 

- 4.86 
'wstd 

Proportion by volume of water vapor in the gas stream (Bwo) 

- "wstd 

wo  'wstd + 'rnstd 
- B 

Percent moisture in stack gas (M ) % Pc 

M = 100 x Bwo 
Pc 

RESOURCE 
C 0 N SU LTA N T S 



GAS ANALYSIS FOR-DRY MOLECULAR UEICHT (,Vethod 3) 

- 
% Volume Molecular 

Component Dry Basis Weight 

~ 

44 

32 

I 9.0 

14.0 

=O2 I 
O2 

CO + N 2  77.0 28 
J 

Date 6/5/79 Run No. 2 

Dry Molecu!ar Weight of Stack Cas (Md) 

Md 

Md = 30.0 

= (0.44) ( 9.0 ) + 0.32 (14.0) + 0.28 (77.0) 

Molecular Weight of Stack Gas (wet basis) (MS) 

MS = Md (I-Bwo) + 18 Bwo 

MS = 27.7 



.. D E T E X \ \ l S , \ T 1 3 5  OF STACK GAS VELOCITY 
A N D  

VOLUMETRIC FLOW RATE 
(Method 2) 

. .  
Date  6/5/79 Run No. -2 - 

ALlL Sta t ic  pressure in s lack ,  in. H 0 2 
= 30.25 Barometric pressure, in. Hg 'bar 

cn - QJ!!!.- Pitot tube coeff ic ient ,  dimensionless 

'g 

- 
r 

K = 85.48 ft./sec. 
P (w) @ = Average7/ve loc i ty  head 

= 788 Average s tack  tempera ture ,  OR 

= 27.7 Molecular weight of s t a c k  gas 
= 528'R Absolute tempera ture  @ s tandard  conditions 

= 29.92 Absolute pressure @ s tandard  conditions, in. Hg. 

TS 

M S  

Tstd 

A = l.2.22 Stack a rea ,  f t  'std 2 

QS 3 

= 3.2L Average s tack  pressure,  in. Hg, absolute 

= _8211 Stack gas  velocity,  ft/sec, @ stack'conditions 
3 .  = 65.300 Stack gas volumetric flow r a t e ,  ac tua l  f t  /nun. 

= L229.000Stack gas VOlUmeKriC f low r a t e ,  s td  f t  /hr (dry) 

'S 

vs 

Qsstd 

(1) P = 
S & 'bar 

- 30.24 ps - 

(2) vs = KPCP(*) @ -P- 
ps M S  

= 85.0 

(3) Q, = 60 A Vs 

vs 

- - 2,229,000 
Qsstd 



.. ..' 

DETERMINATION OF PARTICULATE EMISSlOh'S (Method 5 )  
. .  

2 Date  615179 Run No. 

Particulate concentration (Cis), grldscf 

5 E) mg ( 'rnstd ".) 
C' = 17.4 

W h e r e  Mn = Particulate  co l l ec ted  in mg 

5 

Particulate mass ra te (PMR)  , lbs/hour 

. 
P.MR = 5,510 

Isokinetic Variation 

I :  91 % 



SO2 CALCULATIONS 

PMR 
"m(std)  

x Volumetric Flow Rate = cso2 

Where: 
7.06 x 

Vt 

"SOLN 
va 

'tb 
N 

"m(std) 
C 

PM R 
s02 

Run No. 2 

s02 
C 

PMR 

= Ib/meq. 
= Volume of titrant, ml 
= Volume of titrant used for blank, ml 
= Normality of barium perchlorate 
= Volume of sample, ml 
= Volume of aliquot, rnl 
= Volume of air sampled, dscf 
= Concentration of SO2, Ib/dscf 

= Pollutant mass rate,  I b h  

= (7.06 x 10-5)(12.5 - 0.1)(.0097)(398/1) 
19.99 

= 1.69 IO-$ 
= (1.69 x 10-4)(2,229,000) 

= 337 



SI IPXARY OF LABORATORY DATA 

I M P  I NGER NO, F I N A L  VOLUME, ml I N I T I A L  VOLUME, in1 
I .  236 I50 
2 .  162 150 

C L  1 ENT Tornbiebee -egate DATE -6/5/79 

VET GAIN,  ml 
86 
12 

I 205.2 * g  4. 200 Ig I 5 . 2  * g  

PART I CULATE 

I O G  mi ALIQUOT) 

T O T A L  400 

oo= 
IOU 

I M P I N G E R  H20 - CORRECTED 
TO T O T A L  I M P I N G E R  VOLUME 

103.2 

I P A R T I C U L A T E  COLLECTED ( E X C L U D I N G  I M P I N G E R  CATCH) = 22.5690 R 
LPARTICULATE COLLECTED (INCLUDING IMPINGER C A T C H )  = a 

COMMENTS: SO2 Analysis ORSAT A N A L Y S I S  

A lml Sample - 12.6ml 0.0097N BaClO 
B lml " - 12.6ml 
C Iml " - l2 .3ml . 

" 
" 

S I G N E D  





. " 

SUhthtARY OF TEST DATA 

Source Kame Tmhgbed-@L-egata 
L oca! ion Kiln # 1 

Run No. 3 D a t e  d 6 1 7 9  

Par t icu la te  Sampling Train 

Sampling nozzle diarnetcr ,  in. 
Sampling nozzlr c . ro s~- s rc t iona I  a rca ,  it. 

Sainpling time, rnin. 

Sainple gas  volume-meter conditions,  ft.  

Average  meter te inpcra~lure ,  OR 

Average  orifice pressure drop, in. H i 0  

Pa r t i cu la l e  col i rc ted,  rng. 

Sample gas  volume @ s t anda rd  conditions,  f t ?  (dry) 

2 

3 

Velocity T r a v e r s e  
2 Stack a r e a ,  11. 

A v e r a g e  s lack pressure,  in. Hg absolu te  

Average  stack t empera tu re ,  

S t a t i c  p e s s u r e  in s t a c k ,  in. H 0 

Average  7/Velocity head 

Molecu!ar weight of s t ack  gas 

Barometr ic  pressure, in. Hg 

R 0 

2 

Stack gas velocity, it./sec. @ s tack  conditions . .  

0.187 

0.0001 91 

32 

Dn 

An 
e 

21.89 

567 
'm 

Tm 
1.92 OH 
13,112.4 

20.49 M n  

'mstd 

A 12.25 

30.24 

790 
ps 
T< - 
P -0.17 

1.27 

27.5 

g 
($PI (3 

M 
30.25 

S 

'bar 
88.9 

"S 

Stack  Moisture  Conlent  
115.7 

"IC 
Total water  col lected by t r a in ,  ml 

Volume of water vapor @ s tandard  condi t ions.  if 
Moisture  in stack gas, % 

3 5.45 

21 .o 'wsid 
M 

PC 
Emission D a t a  

65,300 

2,190,000 

9.85 

3,080 

Qs 

=IS 

Stack gas flow ra le ,  acfin 

S:ack gas flow ra te ,  sc fh  

Total par t icu la te  conccnt ra t ion ,  gr/dscf 

pa r t i cu la t e  mass r a t e  . Ibslhr PMR 
Percent  isokinciic of test I 118 

.. 
Osstd  

Q, and QStd calculated from velocity traverse taken downstream from multiclone outlet. . 
REsouacE 
C 0 NS ULTA NT S 



CORRECTION OF D R Y  GAS SAMPLE 
VOLUME TO STANDARD CONDITIONS 

3 2  
-L 
- x l , L  

1.97 
117 
97 
567 
20.49 
0.99 

- + 460 - Tad + Tae 

Run -7 

Sampling t ime,  min. 

Sample gas volume, meter conditions, f t .  

Barometric pressure, in. Hg. 
Average orifice pressure drop, in H20 
Average meter temperature, inlet, OF 
Average meter temperature, outlet,  OF 
Average meter temperature, O R  

Sample gas volume @' standard conditions, f t 3  (dry) 

Dry gas meter calibration factor (dimensionless) 

3 

+ S) 
Tm 

'mstd 

= 20.49 "mstd 



D E T E R M I N A T I O N  OF h!OlSTURE IN STACK GAS (Method 5 )  

Date 6/6/79 Run No. 3 

115.7 Total volume of water co l lected  in irnpingers and silica gel (V ) ml = 
IC 

3 ~ o l u m e  of water vapor (Vwstd) It. 

3 = (0.0474 f t .  /ml)  (VIc) Vupstd 

5.45 
'wstd - 

Proportion by volume of water vapor in the gas stream (Bwo) 
- 

V wstd .. .. - 
wo "wstd + 'rnstd 

B 

= 0.210 - -  wo B 

Percent moisture in stack gas  (M ) % 
PC 

= 100 x Bwo 
P C  

M - - 21.0 % 
PC 

. .. 



CAS ANALYSIS FOR DRY MOLECIJLAR U'EICHT (Method 3) 

Component 

=O2 

O2 

CO i N2 

Date-6- Run No. 3 

Molecular I Weight 
% Volume 
Dry Basis 

I 
9.0 44 

32 

28 

I 14.0 

77.0 

Dry Molecular Weight of Stack Cas  (Md) 

= (0.44) ( 9 . 0  ) i 0.32 (14.0) + 0.28 (77.0) 
Md 

- 30.0 
Md - 

Molecular Weight of Stack Cas  (wet  basis) (MS) 

MS = Md (1 - Bwo) i 18 Bwo 

- 27.5 
M S  - 



. " D t T E R . \ : I 5 . 4 T l O N  OF STACK CAS \ ' €LOCITY 
AND 

VOLUMETRIC FLOW RATE 
(:.lethod 2) 

u _ .  
Date  6/6/79 Run No. 

P = -0.17 
= 30.25 

a 
'bar 

= 0.84 
=P 
K = 83.48 

(&) @ '  1.27 

- - 790 
- 27.5 

TS 

M- 

Sta t ic  pressure in s t a c k ,  in. H 0 

Barornetric pressure,  in. Hg 
Pitot tube  coefficient, dimensionless 

ft . /sec.  (A+) Ib mole R 

Average7 /ve loc i ty  head 

Average stack t empera tu re ,  OR 

Molecular weight of s t a c k  gas  

2 

0 
5 

= 528 R Absolute t e m p e r a t u r e  @ s tandard  conditions 

= 29.92 Absolute pressure @ s t anda rd  conditions, in. Hg. 
Tstd 

A = X...YL Stack area, f t  

P 

'std 2 

= -3QJ.4- Average stack pressure,  in. Hg, absolute,  

= U Stack gas  veloci ty ,  ftlsec, @ stack 'condi t ions 
3 .  = 65.ZOO Stack gas volumetr ic  f l o w  r a t e ,  ac tua l  f t  /min. 

I .  c 
=?$93r000Stack 92s volumetr ic  f low r a t e ,  s td  f t  /hr (dry) 

S 

vS 7 

QS 3 
Qsstd 

(1) P = 
S & + 'bar 

(2) vs = K P C P ( G )  @ 7F- 
's MS 

= 88.9 
vS 

(3) Q, = 60 A Vs 
.. 

= 2.190.00Q 
Qsstd 

RESOURCE 



DETERMINATION OF PARTICULATE EMISSIONS (Method 5 )  

Run No. 3 Date 6/6/79 

Particulate concentration (CIS), gr/dscf 

= (0.0154 K) mg ( "rnstd ".) 
C' = 9 . u  

S 

Where Mn = Particulate co l l ec ted  in rng 

Particulate mass rate(P.MR) , Ibs/hour 

PMR = (0.000143) (CIS) (Qsstd) 

PMR = 3080 
.. 

Isokinetic Variation 

1 . 6 6 7 s )  TS [(0.00267 rn, bar 
1 :  



SO2 CALCULATIONS 

PMR x Volumetric Flow Rate = cso2 

Where: 
7.06  IO-^ 
Vt 
'tb 
N 

'SOLN 
'a 
'rn(std) 
C 

PMR 
s02 

Run No. 3 

s o 2  
C 

PMR 

Ibfmeq. 
Volume of titrant, ml 
Volume of titrant used for blank, ml 

Normality of barium perchlorate 
Volume of sample,  ml 
Volume of aliquot, ml 
Volume of air sampled, d x f  
Concentration of SO2. Ib/dsd 

= Pollutant mass rate ,  l b h  

= (7.06 x 10-5)(14.6 - 0 . 1 ) ( . 0 0 9 7 ) ( 4 0 5 / 1 )  
20.49 

= 1.96 

= ( 1 . 9 6  x 10-4)(2,190,000) 

= 429 



SlIPPlARY OF LABORATORY DATA 
. .  

C L I E N T  Tornbigbee Liahtweight Amrenate D A T E  6/6/79. 

SOURCE # I Kiln BOX N O .  9 RUN NO, 3 

I M P I N G E R  NO. 1 F I N A L  VOLUME, rnr- 1 I N I T I A L  VOLUME, m l  

1 .  I 225 150 
180 150 

0 

2 .  
3 .  

4 .  210.7 t g  200 rg 
T O T A L  400 

CONDENSATE 

NET G A I N ,  ml 

75 

30 

10.7 vg 

115.7 

COMPONENT 
PROBE WASH 

ACETONE BLANK 

P A R T I C U L A T E  
~ 

I D  NO, F I N A L  WT.. R 1 I N I T I A L  WT, ,  E NET WT., P. 
319 116-8790 104.5778 12.3012 
310 106.6670 106.6670 - 0.0000 

CYCLONE I I I 
MPINGER H 2 0  t I O G  mi AL I QUOT) 

I M P I N G E R  H20 - CORRECTED 
TO TOTAL I M P I N G E R  VOLUME 

00- 
700- 

I 

F 1 L T E R  

I PARTICULATE COLLECTED (EXCLUDING IMPINGER CATCH)  = 13 .1124  , 
I PART I CUCATE COLLECTED ( 1 N C L U D l  NG I M P  I NGER CATCH) = g 

COMMENTS: SO, Analysis ORSAT A N A L Y S I S  

A 

0 

C 

L 

I rnl  Sample - 14.6rnl 0 .0097N BaCl 
Irnl " - 14.6rnI It 

S I GNED 





SUh4MAR.Y.OF TEST DATA 

Source Fame Tornbinbee Lightweight AaareLa- 
1 oca1 ion Kiln I 1 
Run No. -- 4 D a t e  6 / 6 / 7 9  

Part iculate  Sampling Train 

Sampling nozzle diarncter ,  in. 

Sampling nozzle cross-sect ional  a rea ,  f t .  

Sampling time, min. 

Sample gas volume-meter conditions, ft. 

Average meter l empcra lu re ,  R 
Average orifice pressure drop, in. H 2 0  

Par t icu la te  collected,  mg. 
Sample 92s valurne @ s tandard  conditions, ft.3 (dry) 

2 

3 
0 

. 
Velocity Traverse 

2 Stack  area, 11. 

Average  slack pressure,  in. Hg absolute 

Average stack t empera tu re ,  OR 

Sialic pressure in  s t a c k ,  in. H20 
Average  velocity liead 

Molecular weight of s t a c k  gas  

B a r o m e u i c  pressure, in. Hg 

S;ack gas velocity, fl./sec. @ s lack  conditions 

Stack Moisture Content  

Total  uzler col iected by t ra in ,  ml 

Volume of xa t e r  vapor @ standard conditions.  f t  

Moisture in  slack gas, % 

3 

Emission D a t a  

S tack  gas flou- ra te ,  aciin 
Stack  pas flow ra te ,  scfh 
Total  particulate conccnt ra l ion ,  gr/dscf 

Par t icu la te  mass r a t e  . Ibs/hr 

percent  isokinetic of t e s t  

0.187 

0.0001 91 

24 

20.61 

576 

2.5 . 

Dn 
A n  e 
"rn 

Tm 
OH 

I, 

19.02 
'mstd 

A 12.25 

P 30.24 

3 

P 

@" 
-0.17 

1.62 

27.7 

30.25 

112.8 
'bar 

"s 

91r.5 
'IC 
vwstd 4.45 
M 0.190 

PC 

-- 
QS 

-- P M R  
1 112 

. 
R E S O U R C E  
C 0 N S U  LTA N T S 



CORRECTION OF DRY GAS SAMPLE 

VOLUME TO STANDARD CONDITIONS 

Date 4lhLze___ Run 4 

--2o Sampling rime, min. 

361 3 Sample gas volume, meter conditions, f t .  

30.25 Barometric pressure, in. Hg. 
Average orifice pressure drop, in H 0 

Average meter temperature, inlet, OF 

Average meter temperature, outlet, OF 

Sample gas volume @' standard conditions, f t 3  (dry) 

Dry  gas meler calibration factor (dimensionless) 

2 1.62 
125 
107 

576 Average meter temperature, OR 
19.02 

0.99 

+ 460 'ad + Tae 

2 .  
(1) Tm = 

- 19.02 
'mstd - 



DETERhllNATION OF MOISTURE IN STACK CAS (Method 5 )  

Date 6/6/79 R u n  No. 4 

Total volume of water col lected in impingcrs and silica gel (Vlc) ml = 94.5 

3 Volume of water vapor (Vwstd) f t .  

'wstd 

'wstd - 

3 = (0.0474 f r .  /ml) (V,c) 

- 4.45 - 

Proportion by volume of water vapor in the gas stream (Bwo) 

"wstd - 
Owo "wstd + 'mstd 

- - 0.190 
Bwo 

Percent moisture in stack gas (M ) % Pc 

= 100 x Bwo 
pc 

M 

M - - 19.0 96 
F 



GAS ANALYSIS FOR DRY MOLECULAR U'EIGHT (Method 3) 
. .  

% Volume 
Component D r y  Basis 

9.0 

O2 14.0 

CO + N2 

- =OZ 

77.0 - 

4 Date  6/6/79 Run No. 

Molecular 
Weight 

4 4  

32 

28 

Dry Molecular Weight of Stack Gas (Md) 

M d  , = (0.44) ( 9.0 ) + 0.32 (14.0) + 0.28 (77.0) 

30.0 Md = 

Molecular Weight of Stack Cas ( w e t  basis) (MS) 

27.7 
= 

. . -. . 



R m  No. -4 C a r e  - 6/6/79 _ .  

P = rLdL Srat ic  pressure in s tack,  in. H 0 
g 2 

'bar = -_ 30.25 

- 0.84 
Rdrometric pressure, in. Hg 
Pirot rube coefficient, dimensionless - 

=I, r 

K = 83.48 ft./sec. (Idm%R) 

(&) @ = 
1*67 Average7/ve loc i ty  head 

TS 

M S  

Tstd 

A 
PStd 

'S 

vs 

Qs 

Qsstd 

s (1) P 

P 
S 

(2) vs 

I =  

. 

- - -- 788 Average stack ternperarure,  O R  

- - 27.7 Molecular weight of stack gas 
0 = 528 R Absolute.temperature @ srandard conditions 

= 29.92 Absolute pressure @ srandard conditions, in. Hg. 
2 = 1231_ Stack area,  f t  

= 30.21 Average stack pressure, in. Hg, absolure 

= 113 Stbck gas velocity, f t /sec,  @ s txk ' cond i t ions  
3 .  - - 

- 3 Siack gas volumetric flow ra te ,  std f t  /hr (dry) 

-- Stack gas volumetric flow rare ,  actual  11 /inin. 

- -- 

& ' 'bar 

= -  

lsokinetic Variation 

1 . 6 6 7 2 )  TS [(0.00267 i n  Hg rnl c u -  "R f t j  (vlc) + (2) kaar + ")I 13.6 

e v s  's A" 

R E S O U R C E  
C 0 N S U LTA N T S 

. .  

. .- 



I I I I I I I I I I 

I I . .. 
I I 

1 
. .  

WEIGHT OF PARTICUUTE COLLECTEO. mg 
FINAL WilG*l-lAtl W i I G W l  = W I 1 G M l  GblN 

F l L l f I  

TOTAL M16W GAIN 

I I I I I 
I I I I I I I I I I I I 

I 
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PARTICl€  D A T A  LABORATORIES, 1TD. 

115 Hahn Sfrcer E l m h u r s f ,  I l l inois 60126 13121 832.5658 

J u n e  13, 1 9 7 9  

Resource  C o n s u l t a n t s  
P.O. BOX 4 9 8  
Maryland Farms 
S u i t e  340  
Brentvood,  Tennessee  37027 

A t t n :  M r .  B i l l y  R. Nichols 

Sub j :  Bahco A n a l y s i s  
PDL Project 1-5775 

Gentlemen: 

Two samples  s u b m i t t e d  f o r  a Bahco a n a l y s i s  were oven d r i e d  
t o  d e t e r n i n e  v o l a t i l e s  and t h e n  g i v e n  a s i e v e  a n a l y s i s  t o  
remove pa r t i c l e s  g r e a t e r  t h a n  100  mesh ( 1 4 9 ~ ) .  The material  
p a s s i n g  t h e  1 0 0  mesh s i e v e  was g i v e n  a s t a n d a r d  Bahco a n a l y s i s .  
The r e s u l t s  of t h e  t es t  ser ies  are as  fol lows:  

V o l a t i l e s  a t  ~ O O O C  % By Weight  

N i l  C lay  K i l n  

S i e v e  A n a l y s i s  

Sample M e :  S i z e  Mic rons  % Re 3 i n e d  

Clay  K i l n  1 0 0  149  59.1% 

Your samples  w i l l  be  r e t u r n e d  t o  you u n d e r  s e p a r a t e  cover f o r  
your  examina t ion .  

Bahco A n a l y s i s  

T h e  r e s u l t s  of t h i s  t e s t  series are  shown i n  t h e  f o l l o w i n q  
d a t a  g r o u p i n g s .  Each g r o u p  c o n s i s t s  of a t e r m i n a l  s e t t l i n g  
v e l o c i t y  and a micron  s i z e  d i s t r i b u t i o n  by w e i g h t  pe r fo rmed  
i n  a c c o r d a n c e  w i t h  t h e  American S o c i e t y  of Mechanica l  E n g i n e e r s  
Power T e s t  Code 28. 



PARTICLE D A T A  LABORATORIES, LTD. 

- 2 -  
Resource C o n s u l t a n t s  
J u n e  1 8 ,  1 9 7 9  

E l e c t r o z o n e  A n a l y s i s  

The sample w a s  g i v e n  a s and 
i n c l u d e b )  and i n  b o t h  c a s e s ,  

r d  E l e  t r o z o  
t h e  d a t a  was 

e A n a l y s i s  ( b r o c h u r e  
e x t r a p o l a t e d  back  below 

We e n c o u r a g e  you t o  c a l l  us, and w e  w i l l  d i s c u s s  1 . 2  m i c r o n s .  
y o u r  d a t a  on a one- to-one  b a s i s  a s  w e  h a v e  a n  e x a c t  d u p l i c a t e  
copy on  f i l e .  

Conc lus i o n  

The sample  was a n a l y z e d  on  a Bahco c lass i f ier  u s i n g  t h e  ASME 
Power T e s t  Code 2 8 .  I n  a d d i t i o n ,  t h e  m a t e r i a l  w a s  g i v e n  a 
s i e v e  a n a l y s i s  for m a t e r i a l  g r e a t e r  t h a n  100 mesh and t h e  
specif ic  g r a v i t y  o f  a composite sample was d e t e r m i n e d  a s  per 
ASTM method C135. 

It has been a p l e a s u r e  s e r v i n g  Resource C o n s u l t a n t s ,  and  w e  
l o o k  forward t o  t h e  p l e a s u r e  o f  s e r v i n g  you a g a i n  i n  t h e  f u t u r e .  

R e s p e c t f u l l y  s u b m i t t e d ,  

PARTICLE DATA LABORATORIES, LTD. 

K i r k  Evans 
T e c h n i c a l  S t a f f  

KE/ j h  



. .,k'.G;:7,IT!-E S i Z E  ;*Np>~)F;: R Y  F A R T I C L E  D A ' i A  LC.:.S. - E~;:I)~:E f i E T R u r I  
115 HAHN STREET, ELi3CiilFiE.T. I L  tGIZ6 

TELEFHONE: 312/63?-5658 

.. . 
F O R  : RESOCRCE CONSULTANTS 
ON SAMPLE: CLA-Y K I L N  
DATE: 18 J U N  79 

S T A T I S T I C S  FOR VOLUME D I S T R I B U T I O N :  

1 N D  I CES 

VOLUME MODE = 1.22 MEI i IAN = 1.50 MICRONS ANI1 LARGER 

GEOMETFtIC VOLUME MEAN = 1.59 +/-  2.35 (147.84%) SKEWNESS = .16 

ARITHMETIC VOLUME MEAN = 2.61 +/- 4.14 (157.90%) SKEWNESS = .34 

FERCENTILE:  
PERCENTILE: 
PERCENTILE:  
PERCENTILE:  
PERCENTILE: 
PERCENTILE: 
PERCENTILE:  
FERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE: 
PERCENTILE: 
PERCENTILE: 
PERCENTILE:  
FERCENTILE:  
PERCENTILE: 
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE: 
PERCENTILE:  

0.48 
0.60 
0.76 
0.95 
1 e20 
1.50 
1.90 
2.40 
3.80 
4.80 
10.0 
15.0 
22.0  
27.0 
32.0 
38.0 
45.0 
53.0 
63.0 
75.0 
90.0 
106. 
125. 
150. 

AT 0.77 SIGMA I N T E F  

PERCENTILE:  
FERCENTILE:  
PERCENTILE: 
PERCENTILE:  
PERCENTILE: 
FERCENTILE:  
PERCENTILE:  
PERCENTILE:  
FERCENTILE:  

00.1% 
01.0% 
06.0% 
22 * 0% 
50 0% 
78.0% 
94.0% 
99.0% 
99.9% 

MICRONS ANI1 LARGER HAS 
MICRONS A N D  LARGER HAS 
MICRONS ANI1 LARGER HAS 
MICRONS ANI1 LARGER HAS 
MICRONS ANI1 LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS ANI1 LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS ANI1 LARGER HAS 
MICRONS ANTI LARGER HAS 
MICRONS A N D  LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS A N D  LARGER HAS 
MICRONS ANI1 LARGER HAS 
MICRONS A N D  LGRGER HAS 
MICRONS ANI1 LARGER HAS 
MICRONS ANI1 LARGER HAS 
MICRONS ANI1 LARGER HAS 
MICRONS ANI1 LARGER HAS 
MICRONS ANI1 LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS A N D  LARGER HAS 

MICRONS AND LARGER HAS 
MICRONS ANI1 .LARGER HAS 

93.032 OF VOLUflE 
88.18% OF VOLUME 
81.54% OF VOLUME 
73.21% OF VOLUflE 
60.24% O F  VOLUME 
50.16% OF VOLUME 
40.55% O F  VOLUflE 
28.99% . OF VOLUHE 
16.33% OF VOLUflE 
11.51% OF VOLUME 
4.71% OF VOLUME 
2.24% OF VOLUME 
.87% OF VOLUME 
.50% OF VOLUME 
.34% CF UOLUME 
,19% O F  VOLUflE 
- 1 2 %  OF VOLUME 
. 0 8 %  OF VOLUME 
.04% O F  VOLUME 
.02% OF VOLUME 
+01% OF VOLLJME 
-00% O F  VOLUME 
~ 0 0 %  OF VOLUME 
.OO% OF VOLUME 

:VALS ON P R O B A B I L I T Y  PAPER: 

OF 
OF 
OF 
O F  
O F  
OF 
OF 
OF 
OF 

VOLUME 
VOLUME 
VOLUME 
VOLUME 
VOLUME 
VOLUME 
VOLUME 
VOLUME 
VOLUME 

IS AT 44.67 MICRONS 
I S  AT 20.84 MICRONS 
I S  AT 7.90 MICRONS 
I S  AT 2.79 MICRONS 
I S  AT 1.50 MICRONS 
I S  AT .80 MICRONS 
I S  AT .46 MICRONS 
I S  AT . 26  MICRONS 
I S  A T  .16 MICRONS 

ANI1 LARGER 
A N D  LARGER 
ANI1 LARGER 
ANI1 LARGER 
A N D  LARGER 
AND LARGER 
AND LARGER 
ANI1 LARGER 
ANI1 LARGER 



F ; . % i I C l , C  & . ! d r , ~ y s J s  i i Y  F k ; i . T i C i E  I i d T d  L,;E;S. - .?:.ZCIdE f lETHSi l  
., ., . 4 .  115 H&HN S l R E E T v  ELHEL;F:51, I L  60126 

TELEFHONE: 312,'E32--5658 

FOR: RESOURCE CONSULTANTS 
ON SAMPLE: CLPF KILN 
DATE : 18 JUN 7 9  

P A R T I C L E  S i Z E  U S .  VOLUME ( t )  AND j :  OF VOLUME LARGER THAN SIZE ( x )  
G R A F "  - FROM : TO : - SKIP: $1 

50 75 100 

!...............!....*....*.,...!,..............!...............! 0 25 

* * * * * 
* 

. 11::.t 
;.t . 14:::.t 
;:. . 19:::. t 

. 25;:. t 

t33:. 

. 43::: 

':. t * 
* * .i' t 

t * t * .I 

t * .... t 
57;. 

> 
,753 

:> . 99). 

i . 3 0 >  
;.. 

1 . 72:::. 
2. 27:;:. 1; 

2.  99::. * 
.? * 

3 . 9 5 >  * t 
.:> * t 

5.213 * t 
;> * t 

6 87;. * t 
,.:. * t 

9.07:::. * t 
::> * t 

::. * t 

>. * t 

:..* t 
27 +50::.*+ 

I:.* t 
36 28:::.*+ 

>.*t 
47.88T* :. * 
63.17>* 

i* 
83.36:*.* 

::. * 

I:. 

;:. 

.... * 

1 1 . 97:::. * t 

15.79::.* * t 

20.84:. * t 

. . . . . . . . . . . . . . . . . . . . . . .  

* 

.. 

t * 
t * 

t * 
* t 

*t 

* t * t * t * t 
t 

t 
t 

t 
t 

..... ................................. 
~~~~ ~~ 



~~ 

. , . I  F ' A R T i C L E  SIZE I ' , i < A L Y S I S  FY F f i k T I C i E  F A T A  LABS.  - E!.;i?:;E M E T H J U  
115 HAEN STREET, ELK?.:ilSST* I L  60126 

TELEFHONE: 312/837-5658 

FOR: RESOURCE CONSULTANTS 
ON SAMPLE: CLdY KILN 
ElATE: 18 JUN 79 

T A B U L A T I O N  

D A T A  I D  5775 UATE 18 I U N  
S IZE-NORMAL I Z E D  VOLUME TIISTRIBUT ION 
TOTAL = 1.12199E 8 

CHNL 

6 
7 
8 
9 

10 
11 
12 
13 
1 4  
15 
16 
17 
18 
19 
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

S I Z E  VOLUME CHNL S1ZE bOLUtiE 

-12 8329 
.12 11893 
.13 16804 
. I 4  23490 
.I5 32490 
.I6 44462 
-17  58241 
.19 78275 
.20 104235 
. 2 1  137489 
.23 179541 
.25 132171 
.26 297307 
.28 376313 
.30 470671 
.33 581500 
.35 709508 
.37 854756 
.40 1017018 
.43 1195894 
. 4 6  1389893 
.49 1596565 
.53 1812849 
.57 2035330 
.61 2260305 
.65 2484346 
.70 2704815 
-75  2918638 
-80 3121674 

.92 3472593 

.99 3607127 
1.06 3706122 

.a6 3308481 

39 1.13 3706430 
40 1.22 3786419 
41 1.30 3775858 
42 1.40 3735109 
43 1-50 3673754 
44 1.60 3598391 
45 1.72 3512994 
46 1.84 3418358 
47 1.97 3312278 
48 2.12 3190533 
49 2.27 3048691 
50 2.43 2884145 
51 2.60 2696942 
52 2.79 2490226 
53 2.99 2270156 

.- 54 3.21 2044802 

56 3.68 1612799 
57 3.95 1421633 
58 4.23 1254484 
59 4.54 1114050 
60 4.86 1000737 
61 5.21 912689 

63 5.98 796382 
64 6.41 757918 
65 6.87 725690 
66 7.37 695517 
67 7.90 664595 
68 8.46 631510 
69 9.07 596010 
70 9.72 558663 
7 1  10.42 520354 

. _ _  

55 3.44 1822003 

62  5 . 5 8  846195 

CHNL 

72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90  
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 

- SIZE 

11.17 
11.97 
17.83 
13.75 
14.74 
15.79 
16.93 
18.14 
19.44 

.20.84 
22 34 
23.94 
25.66 ~ ~~ 

27 50 
29.47 
31.59 
33.85 
36.28 

41.68 
44.67 
47.88 
51.31 
55 e 00 
58.94 
63.17 
67.71 

38.89 

72.57 
77.78 
83 36 
89.34 
95.75 

102.63 

VOLUME 

481888 
443840 
406572 
370284 
335094 
301148 
268646 
237815 
208882 
182047 
157474 
135257 
115409 

82556 
69291 
57899 
48186 
39954 
33014 
27191 
22313 
18264 
14915 
11155 

8031 
6687 
5379 
431 1 
3443 

. 2739 
2171 

97870 

9888 



, .I . . 
‘CONVERT FROh UOLUiiE TO COUNT TOTAL= 3 . 7 7 1 8 4 E  8 



~- 

., F',AkTICl.E C I T E  A N A L Y 5 I S  EY F'AK'TICLE < <:lA L h E S .  - E L i S N E  hf.Ti+CLI 
" ' . )  115 HAHN S7F:EETv E iK! i i lRSTv I L  60!26 

TELEF'HONE: 312/833-5658 

FOR: RESOURCE CONSULTANTS 
ON SAMF'LE: CLAY K I L N  .. . 
DATE: 18 JUN 79 

S T A T I S T I C S  F O R  COUNT D I S T R I B U T I O N :  

I N D I C E S  

COUNT MODE = .33 MEDIAN = .33 MICRONS ANI1 LA5:GER 

GEOl iETRIC COUNT f lEAN = .34 +/-  .28 ( 81.38%) SKEWNESS = * 06 

4 R I T H M E T I C  COUNT MEAN = .41 +/- + 31 

P E R C E N T I L E :  
P E R C E N T I L E :  
P E R C E N T I L E :  
PERCENTILE:  
P E R C E N T I L E :  
P E R C E N T I L E :  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
P E R C E N T I L E :  
P E R C E N T I L E :  
PERCENTILE:  
P E R C E N T I L E :  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  

0.48 
0.60 
0.76 
0.95 
1.20 
1.50 
1.90 
2.40 
3.80 
4.80 
10.0 
15.0 
22.0  
27.0 
32.0 
38.0 
45.0 

63.0 
75.0 
90.0 
106. 
125. 
150. 

53.0 

AT 0.77 SIGMA INTEF; 

PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
PERCENTILE:  
P E R C E N T I L E :  
P E R C E N T I L E :  
PERCENTILE:  

00.1% 
01.. 0% 
06. 0% 
22.0% 
50.0% 
78 0% 
94.0% 
99,0% 
99.97. 

MICRONS AND LARGER HAS 
MICRONS AND LARGER HAS 
'MICRONS AND LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS AN!J LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS ANI1 LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS ANI1 LARGER HAS 
MICRONS ANI1 LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS ANI1 LARGER HAS 
MICRONS AND LARGER HAS 
MICRONS AND LARGER HAS 

iUALS ON P R O B A B I L I T Y  PAPER: 

( 74.10%) SKEWNESS = e29 

28.12% OF COUNT 
18.40% O F  COUNT 
11.23% OF COUNT 
6.39% OF COUNT 

1.33% OF COUNT 
2.71% OF COUNT 

-62% OF COUNT 
e 2 1 X  OF COUNT 
,037. OF COUNT 
.Ol% OF COUNT 
-00% OF COUNT 
.OO% OF COUNT 
.OO% OF COUNT 
-00% OF COUNT 
.OO% OF COUNT 
.OOX OF COUNT 
.OO% OF COUNT 
.OO% OF COUNT 
.OO%, OF COUNT 
.OO% OF COUNT 
.OO% OF COUNT 
.OO% OF COUNT 
.OOX OF COUNT 
.OO% OF COUNT 

OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 
OF 

COUNT 
COUNT 
COUNT 
COUNT 
COUNT 
COUNT 
COUNT 
COUNT 
COUNT 

IS AT 2.79 MICRONS 

I S  AT .92 MICRONS 
I S  AT -53 MICRONS 
I S  AT .33 MICRONS 

I S  AT - 1 4  MICRONS 
I S  AT .12 MICRONS 
I S  AT + 1 2  MICRONS 

I S  AT 1.60 MICRONS 

' I S  AT $ 2 1  MICRONS 

ANI1 LARGER 
AND LARGER 
AND LARGER 
AND LARGER 
AND LARGER 
AND LARGER 
AND LARGER 
AND LARGER 
ANI1 LARGER 



F A h ;  ICL: S i Z E  fili;~LySIS % Y  F&K:ICL. .E : ( A T A  l.;.i;S. -- b.! .:CNE MEIHSII 
. .I .' . . a ,' 115 HAH!< S T R E E T ,  EL?k!!UF<;STr I L  60176 

. . .  TELEFHONE: 312/932-5658 

FOR: KESCIUKCE CONSULTANTS 
ON SAMPLE: CLAY K I L N  . .  
DATE: 18 JUN 7 9  

PARTICLE SIZE US. COIJNT ( t )  ANI! X OF COUNT LARGER THAN S I Z E  (E) 

GRAPH - FkOH : TO : - %IF: #I 

G 1 5  50 7 5  100 ................................................................. 
.11>t * 
. 1 4 ::. t * 2 t * 

> 
-19:: 

... 

... 

t 
t 

* * * 
t 

+ 

> 
.25:2 

. 33:::. 

.43> * 

.57>, * 

r' 

.j. t 

,:' * 
> * . t  * t 
i * 
i *  .+ - ~~ 

1.30> I: T 

> *  t 
1 . 7 2 3  t :.* t 
1.27:::.*+ 

::: * t 
2 .  99:.-* 

3.95>* 
1.. x 

5 . 2 1 ::., 
1::. * 

6.87;.* 
:> * 

9 . 0 7 M  
;. * 

11 97:.* 
>* . 

15.79>* 
:>* 

20,84:.* :. * 
27 * so:>* 

:. * 

,e... . J,' 

t ~. 

.99> * :..+ 

;> x 

............................................................. 
0 2 . 0 9 7 1 5 E  6 4 .19430E 6 6 . 2 9 1 4 6 E  6 8 . 3 8 8 6 1 E  6 

* * * 
t 

t 
i 

t 
t 



- F X T ! C ! . E  ?!:E A N A L Y S I S  EY Fi ,E : i I fLE I ( & T 4  LAh.5. - ELi i , : :E t iE .THOI l  
, . . !  115 HAHN STKEETr  ELH' lUK'ST~ I L  60116 

- . ' t  ., , 

TELEPHONE: 312/832-5658 

FOR: RESOURCE CONSULTANTS 

DATE: 18 J U N  79 

TA3iJLATION 

ON SAHFLE: C L A Y  ~ ~ I L N  

DATA I D  5775 DATE 18 JUN 
SIZE -NOFiHAL I ZEIt COUNT 
TOTAL = 1.79178E 8 

111 STK I HUT I ON 

CHNL 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

S I Z E  COUNT 

.12  2593142 

.12 3007570 

.13 3450803 

.I4 3918768 

.15 4402056 

.16 4894110 

.17 5207251 

.19 5684520 
,20 6148594 
.21 6587502 
.23 6907270 
+ 2 5  7339094 
.26 7631735 
.28 7847404 
-30 7972829 
.33 0001035 
.35 7929527 
.37 7759314 
.40 7498958 
.43 7162351 
.46 6761379 
.49 6308574 
.53 5816876 
.57 5305443 
.61 4785993 
+65 4272857 
.70 3778657 
.75 3311858 

CHNL 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

SIZE COUNT 

-80 2877198 
.86 2476861 
.92 2111630 
.99 1781624 

1.06 1486844 

1.22 1002733 
1.30 811772 
1.40 652248 
1-50 521089 
1.60 414580 
1.72 320766 
1.84 259876 
1.97 204588 
2.12 160000 
2.27 124182 
2.43 95423 
2.60 72477 
2.79 54357 
2.99 40250 
3;21 29448 
3.44 21325 
3.68 15326 
3.95 10976 
4.23 7864 
4.54 5672 
4.86 4139 

3066 d.21 

1.13 1227344 

c 

CHNL 

62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
00 
81 
82 
03 
84 
05  
86 
87 
88 

SIZE 

5.58 
5.98 
6.41 
6.87 
7.37 
7.90 
8.46 

9.72 
'10.42 
11.17 

12.83 
13.75 
14.74 

16.93 
18.14 
19.44 
20.84 
22 * 34 
23 * 94 
25.66 
27.50 
29.47 
31.59 
33.85 

9.07 

11.97 

15.79 

COUNT 

2309 
1765 
1364 
1061 
826 
641 
495 
379 
289 
218 
164 
123 
91 
68 
50 
36 
26 
19 
13 
10 
7 
5 
3 
2 

1 
1 

7 - 



PARTICLE D A T A  IABORATORIES, LTD. 
. .  

115 Hrhn Street Elmhurst, Illinois 60126 (312) 832-5658 

PARTICLE SIZE ANALYSIS 
BY BAHCO TEST METHOD 
POWER TEST CODE 28 

DATE: June 18, 1979 

Resource Consultants 

SAMPLE: Clay Kiln 

SPECIFIC GRAVITY _. - 2 . 5 5  gramslcc 

59.1 PERCENT ABOVE 100 MESH 

PERCENT BELOW 100 MESH 4 0 . 9  

PARTICLE SIZE CURVE 
EASED ON SPECIFIC GRAVITY 

- 

2 - 5 5  grams/cc - 

The particle size distribution of your sample was 
determined by data obtained from the Bahco Centrifugal 
Classifier. Analysis was performed in accordance with 
the American Society of Mechanical Engineers Power 
Test Code 28 .  The particle size distribution pre- 
sented in the graph is that part of the distribution 
which the Bahco Classifier is used for. The attached 
information details the principle and operation of 
the  Bahco Centrifugal Classifier. 

WASHINGTON D.C. OFFICE: P. 0. 80, by R e m n .  Vim'nir zm70 n n ? ~  a.17.zoam 
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DRAFT/WP 
d3006-4/971130 
03/30/92 1 ho pw%& mm 4' 

L- i f&3 Emission Test Report 
Review Checklist p bf2R~fw.w 17 

Reviewer: 
Review Date: 1 I / / B  / jZ  

A. Background Information 
1. Facility name: 7 % - 1 3 I G k  [ t e , y i W W d R r  # ~ S G W A ~ Z  cO)P 

Locat ion: Llc/~n&sw... 8 6  
2. Source category: bee  7u -€ IC//7 if&.%& 

3. Test date: 6/C -.6/6/73 
I 

4. Test sponsor: P M T  
&BU,l L t C&SUL;riPfl7J 5. Testing contractor: 

6. Purpose of test: C w  Pc, H n T 6  

7. pollutants measured 

@ PM-10 CO & NO, voc 
Others (list) : 

8. Process overview: On an attached page provide a block 
diagram of the unit operations and associated air 
pollution control systems at the facility. 
process tested with letters from the begiMing of the 
alphabet (A, B, C, etc.) and APC system with letters 
from end of alphabet (V, W, X, etc.). AAso 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 



DRAFT/WP 

03/30/92 2 

B. process Information 

d3006-4/971130 

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.) 

If process description provided in test report is 

v 



DRAFT/WP 
d3006-4/971130 
03/30/92 3 

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

Basis for  data: 
(Indicate page/table Nos. in test report) 

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

3 .  

Basis f o r  data: 



DRAFT/WP 
d3006-4/971130 
03/30/92 4 

c. Air Pollution Control Systems Tested 

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

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

2. For each system identified above, prwide a narrative 
For fugitive system describe capture 

. techniques as well as the removal techniques (use a 
description. 

separate page if necessary) 



DRAFT/WP 
Q 

B 03/30/92 5 
d3006-4/971130 

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



rest location 

Reference/ 
conditional Deviations 

Pollutant S&Amthod method noted 

YIN YIN 
YM YIN 
YM YIN 
YM YM 
YM YIN 
YM 
YM 
YM 
YN 

I 

YIN 
YIN 
YIN 
YIN 

I 

YM 
Y N  
Y N  

I Y N  I YM II 

Y N  
Y N  
Y/N 

Y N  
Y N  
Y N  
YM 

I 

YM 
YM 
YM 
YIN 

I 

Y N  
Y N  
Y N  
Y N  

I YM I YiN II 

Y N  
YM 
YM 
YM 

I I 



0 DRAFT/WP 
d3 0 06 - 4 / 9 7113 0 

"I 03/30/92 7 

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. 

3 .  Describe any deviations identified above. 



DRAFT/WP 
d3006-4/971130 
03/30/92 8 

E. Emission Data Documentation 

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

PeMnl isohhetic 



DRAFT/WP 

03/30/92 9 
d3006-4/971130 

2. Tabulate pollutant mass flux rates 



nwwT/wP 
d3006-4/971130 
03/30/92 10 

3. Present example emission factor calculations below. 



3 

'4 

DRAFT/WP 
d3006-4/971130 
03/30/92 11 

4 .  Tabulate emission factors 

b3006-4/971130 



DRAFT/WP 
d3006-4/971130 
03/30/92 12 

5 P e  of 
APCD 

Fabric filter 

ESP 

Venturi (or other high 
energy) scmbber 

carbon absorber 

Parameters 
Cleaning mechanism 
Bag type 
Cleaning frequency 
Air to cloth ratio (NC) 
Pressun drop 
Inlet tempelature 

TJW (wet or dry) 
Number of fieIds 
Rapping cycle (if dry) 
Specific Collection Area (SCA) 
particulate resistivity (if known) 
spark - 
Current and power levels 

-drop 
Liquid/gas (UG) ratio 
MiSteliminato rtype 

wcking depth 
U G  d o  
CaUStiCUSeO 
PH 
Misteliminatortype 

Beddepth 
Superficial gas velocity 
Bed temperaturs 
Desorption mechanism (media) 
mue-w - 
cycle length 
Tiie-on-line alter brealdhrough 




