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To the best of my knowledge and in my professional judgement, all 

applicable field and analytical procedures comply with modern engineering 

principles and all test data and plant operating data are true and correct. 

$7 
John'B. Koo er, Ph.D., P . E .  

s/ '7 I /U/ 
Date 



1.0 INTRODUCTION 

Caro l i na  S o l i t e  owns and operates a l i g h t w e i g h t  aggregate product ion 

f a c i l i t y  near Aquadale, North Caro l i na .  Shale i s  q u a r r i e d  on the  

proper ty ,  hauled t o  the  l i g h t w e i g h t  aggregate f a c i l i t y ,  and c a l c i n e d  i n  

r o t a r y  k i l n s  t o  produce a l i g h t w e i g h t  aggregate used i n  t h e  c o n s t r u c t i o n  

i ndus t ry.  

On May 16, 1991, Koogler & Associates Environmental Services o f  

G a i n e s v i l l e ,  F l o r i d a ,  conducted s u l f u r  d i o x i d e  measurements a t  t h e  i n l e t  

t o  t h e  scrubber c o n t r o l l i n g  emissions from K i l n  No. 5 i n  accordance w i t h  

EPA Method 8 as descr ibed i n  40CFR60, Appendix A. The purpose o f  t h e  

t e s t i n g  was t o  determine t h e  s u l f u r  d i o x i d e  t r a n s p o r t  r a t e  t o  t h e  scrubber 

( o r  t h e  u n c o n t r o l l e d  s u l f u r  d i o x i d e  emission r a t e  f rom t h e  k i l n ) .  

P r i o r  t o  t h e  t e s t  date, t he  Nor th Caro l i na  Department o f  Environment, 

Hea l th  and Na tu ra l  Resources, D i v i s i o n  o f  Environmental Management (NCDEM) 

was n o t i f i e d  o f  t h e  t e s t  schedule and t h e  t e s t  method. M r .  Mike Landis 

o f  NCDEM was present d u r i n g  the  t e s t  p e r i o d  t o  observe p l a n t  operat ions 

and t e s t  procedures. 

Dur ing t h e  p e r i o d  o f  t e s t i n g ,  the No. 5 l i g h t w e i g h t  aggregate k i l n  was 

opera t i ng  a t  a p roduc t i on  r a t e  o f  8.0 tons o f  product  pe r  hour. The k i l n  

was being f i r e d  w i t h  coal  a t  a r a t e  o f  1.3 tons pe r  hour; o r  a t  a heat 

i n p u t  o f  34.8 m i l l i o n  BTU pe r  hour. 
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The s u l f u r  d i o x i d e  t r a n s p o r t  r a t e  was c a l c u l a t e d  u s i n g  two procedures. 

One procedure i nvo l ved  the  use o f  t he  "F" f a c t o r  as descr ibed i n  EPA 

Method 19, 40CFR60, Appendix A and t h e  second method invo lved  c a l c u l a t i n g  

the  mass t r a n s p o r t  r a t e  o f  s u l f u r  d i o x i d e  (pounds pe r  hour) and d i v i d i n g  

by t h e  measured heat  i n p u t  t o  t h e  k i l n .  The concen t ra t i on  o f  s u l f u r  

d i o x i d e  measured i n  t h e  s tack gas and used i n  both methods o f  c a l c u l a t i n g  

s u l f u r  d i o x i d e  t r a n s p o r t  was 9.29 x 10.' pounds o f  s u l f u r  d i o x i d e  per  d r y  I 

standard cubic  f o o t  o f  s tack gas. The "F" f a c t o r  f o r  b i tuminous coal  i s  

9780 d s c f  per  m i l l i o n  BTU heat i n p u t  a t  zero percent oxygen i n  t h e  s tack 

gas. The average oxygen concen t ra t i on  measured i n  t h e  s tack  gas d u r i n g  

the  t h r e e  t e s t  runs was 11.3 percent  r e s u l t i n g  i n  an oxygen co r rec ted  "F" 

f a c t o r  o f  21,359 d s c f  pe r  m i l l i o n  BTU heat i npu t .  The s u l f u r  d i o x i d e  

emission r a t e  based on t h e  c o r r e c t e d  "F" f a c t o r  was 1.98 pounds pe r  

m i l l i o n  BTU heat i n p u t .  

To c a l c u l a t e  t h e  s u l f u r  d i o x i d e  mass emission ra te ,  a s tack gas f l o w  o f  

9797 d r y  standard cub ic  f e e t  pe r  minute was measured. Th is  s tack  gas f l o w  

r a t e  and the  measured s u l f u r  d i o x i d e  concen t ra t i on  r e s u l t e d  i n  a mass 

s u l f u r  d i o x i d e  t r a n s p o r t  r a t e  o f  54.63 pounds pe r  hour. Based on measured 

heat i n p u t  o f  34.8 m i l l i o n  BTU per  hour, t h e  c a l c u l a t e d  s u l f u r  d i o x i d e  

t r a n s p o r t  r a t e  was 1.57 pounds per  m i l l i o n  BTU heat i n p u t .  

The s u l f u r  d i o x i d e  t r a n s p o r t  r a t e s  c a l c u l a t e d  us ing bo th  methods a re  l e s s  

than t h e  s u l f u r  d i o x i d e  emission l i m i t  f o r  K i l n  No. 5 o f  2.3 pounds per  

m i l l i o n  BTU heat i n p u t .  
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2.0 PROCESS DESCRIPTION 

Shale i s  qua r r i ed  on s i t e  and hauled t o  t h e  l i g h t w e i g h t  aggregate 

produc t ion  f a c i l i t y .  The shale i s  crushed t o  s i z e  and f e d  t o  r o t a r y  k i l n s  

where i t  i s  c a l c i n e d  t o  produce l i g h t w e i g h t  aggregate. As t h e  shale i s  

heated, i t  expands approximately doub l i ng  i n  volume. The l i g h t w e i g h t  

aggregate i s  then d ischarged from t h e  k i l n ,  cooled and s ized.  The 

r e s u l t i n g  product  i s  a s t rong l i g h t w e i g h t  aggregate used i n  the  

cons t ruc t i on  i ndus t r y .  

Dur ing t h e  t e s t  p e r i o d  o f  May 16, 1991, K i l n  No. 5 was f i r e d  w i t h  coal  a t  

t he  r a t e  o f  1.3 tons  per  hour.  The hea t ing  va lue o f  t h e  coa l  averaged 

13,397 BTU pe r  pound r e s u l t i n g  i n  a heat  i n p u t  t o  K i l n  No. 5 o f  34.8 MMBTU 

per  hour; o r  4.35 MMBTU per  ton  o f  p roduc t  ( a t  a l i g h t w e i g h t  p roduc t ion  

r a t e  o f  8.0 tons  pe r  hour) .  The da ta  sheets used fo r  de termin ing  t h e  coa l  

feed r a t e  t o  t h e  k i l n  a re  inc luded i n  the  Appendix o f  t h i s  r e p o r t .  

The gas stream l e a v i n g  t h e  k i l n  passes through a scrubber system and i s  

d ischarged t o  t h e  atmosphere through a 32- inch  d iameter  s tack  a t  a he igh t  

o f  approx imate ly  90 f e e t  above grade. 
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3.0 SAMPLING POINT LOCATION 

Two sampling p o r t s  are l o c a t e d  i n  a 32- inch  diameter s tack  25 f e e t  above 

the  duc t  l ead ing  from t h e  scrubber t o  t h e  s tack  and 60 f e e t  below t h e  t o p  

o f  t he  s tack.  The two sampling p o r t s  a re  l oca ted  90 degrees t o  one 

another. Using c r i t e r i a  o f  EPA Method 1, 40CFR60, Appendix A, 12 t r a v e r s e  

po in ts  were used f o r  measuring t h e  s tack  gas f l o w  r a t e .  

The sampling f o r  s u l f u r  d i o x i d e  was conducted a t  a s i n g l e  p o i n t  near t h e  

center  o f  t h e  3 4 - i n  d iameter  duc t  upstream o f  t h e  scrubber as mu tua l l y  

agreed by Koogler  & Associates and t h e  NCDEM representa t ive .  

F igure  1 i s  a schematic diagram o f  t h e  s tack  showing t h e  sample p o r t s  and 

t rave rse  p o i n t  l o c a t i o n s  f o r  measuring the  s tack  gas f l o w  r a t e  and t h e  

l o c a t i o n  o f  t h e  sample p o r t  upstream o f  t h e  scrubber. 
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4.0 FIELD AND ANALYTICAL PROCEDURES 

The s u l f u r  d i o x i d e  sampling was conducted i n  accordance w i t h  EPA Method 

8 as descr ibed i n  40CFR60, Appendix A. Th is  t e s t  method w i t h  sampling a t  

a s i n g l e  p o i n t  i n  the  duc t  upstream o f  the  scrubber was recommended by 

NCOEM personnel. 

The s tack  gas v e l o c i t y  measurements were made i n  accordance w i t h  EPA 

Methods 1 and 2 and s tack gas mois ture measurements were made i n  

accordance w i t h  EPA Method 4, bo th  as descr ibed i n  40CFR60, Appendix A. 

The condensate volume c o l l e c t e d  i n  t h e  s tack gas w i t h  a Method 8 sampling 

t r a i n  was used f o r  t h e  Method 4 mo is tu re  determinat ion.  

, 
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5.0 SUMMARY OF RESULTS 

Dur ing t h e  t e s t  p e r i o d  o f  May 16, 1991, K i l n  No. 5 a t  Caro l i na  S o l i t e  was 

opera t i ng  under normal c o n d i t i o n s  a t  a l i g h t w e i g h t  aggregate p roduc t i on  

r a t e  o f  8.0 tons per  hour. The measured heat i n p u t  d u r i n g  t h e  t ime  o f  

t e s t i n g  was 34.8 MMBTU pe r  hour based on a coal  feed r a t e  o f  1.3 tons pe r  

hour and a coal  hea t ing  va lue o f  13,397 BTU per  pound. 

The s tack  gas f l o w  r a t e  measured d u r i n g  the  t e s t  p e r i o d  was 9797 dry 

standard cubic  f e e t  pe r  minute a t  a temperature o f  128'F, a moi 'sture 

content  o f  14.4 percent and an oxygen content  o f  11.3 percent.  The 

measured s u l f u r  d i o x i d e  concen t ra t i on  i n  t h e  gas stream upstream o f  t he  . 

scrubber was 9.29 x lo7 '  pounds pe r  dry standard cub ic  f o o t .  

Using t h e  "F"  f a c t o r  method o f  c a l c u l a t i n g  s u l f u r  d i o x i d e  t r a n s p o r t  as 

descr ibed i n  EPA Method 19, 40CFR60, Appendix A, t h e  t r a n s p o r t  r a t e  t o  t h e  

scrubber was 1.98 pounds pe r  m i l l i o n  BTU heat i npu t .  

Based on t h e  s u l f u r  d i o x i d e  concen t ra t i on  i n  t h e  gas stream, a gas f l o w  

o f  9797 d r y  standard cub ic  f e e t  per  minute and a measured heat  i n p u t  o f  

34.8 m i l l i o n  BTU per  hour, t he  c a l c u l a t e d  s u l f u r  d i o x i d e  t r a n s p o r t  r a t e  

was 1.57 pounds pe r  m i l l i o n  BTU heat i n p u t .  

The pe rm i t ted  s u l f u r  d i o x i d e  emission r a t e  from K i l n  No. 5 i s  2.3 pounds 

per  m i l l i o n  BTU heat i n p u t .  Based upon t h e  t e s t s  conducted on May 16, 

1991, i t  can be concluded t h a t  K i l n  No. 5 was ope ra t i ng  i n  compliance w i t h  
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the permitted sulfur dioxide emission rate. 

The field and analytical data sheets, all calcula-.,ns, documentation o 

plant operating data, equipment calibration sheets and project 

participants are included in the Appendix of this report. 
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TABLE 1 
SUMMARY OF STACK GAS FLOW DATA 

SOLITE / AQUADALE, N . C .  

MAY 1 6 ,  1991 
NO. 5 SCRUBBER STACK 

P r I:, cess 
Weight  S t a c k  G a s  

Run Rate F 1 o w  Rate 
No. T a n s  / H r ) (SCFMD) 

STACK GAS _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _  
S t a c k  Gas S t a c k  Ga5 

Tern pe r a t id re  M n  i s t 1 1  r e  Oxygen co2 
(Deg  F) ( X )  (%I  (I) 



TABLE 2 

SO2 EMISSION CALCULATIONS 

PLANT : SOLITE / AQUADALE, N.C. 
N0.5 SCRUBBER INLET DATE : NAY 1 6  1 9 9 1  

Std. Temp. : 68 DEG. F 
F -Fa c t o r .. dscf/MMBtu 

2A 44.467 9. 53E -05 573.94 1022.24 ' 55.38 
2 B  

Run Average 44.467 9.53E -05 573.94 1022.24 . 55.38 

3A 45.063 9.06E-05 545.96 i 116. 87 52.19 
3B 

Run Average 45.063 9.QCE-05 c .-, 545.96 11 16.87 c l L .  19 

Test 
Average 44.437 9.29E-135 559. 83 icta6. i 1 54.63 

CALCULATIONS : 

Vmcstdj = C Tcstdj + 460 / 29.92 1 x Vm x Y x (Pb + (dH / 13.6:)) / 
(Tm + 460> ............................................... dscf 

CS02 = 7.06le-5 x [(Ut - Vtbj x N x (Vsoln / Vajl / Vm(stdj' ..... lb/dscf 
CSO2 = F-Factor x (lb S02/dscfj x C20.9 / (20 .9  - %02:11 ....... lb/MMI3t1.( 
CSO2 = lb/dscf x (6.024eC) ppm 

CSO2 . ppm :r; C(20.9 - Oxygen Curr.:~ / (20.3 - %02:Il ..... ppm @ 3 . 0  % 02 

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

ES02 = lb/dscf x dscfm x (60 min/hrj ............................. lb/hr 



APPENDIX 

1. Calculations 
2. 
3. Plant Information 
4. Equipment Calibrations 
5. Project Participants 

Field and Laboratory Data Sheets 





GENERAL DATA DATA FILE NAME: €PA-58 - - _ _ _ _ _ _ _ _ _ -  ________- - - - - -  
Company : SOLITE / AQUADALE, N.C. 
Snurce/Unit : N0.5 SCRUBBER OUTLET 
Date : MAY 16, 1991 CP 0.840 
Stack dia. : 32.00 inch OR : Duct Length : 0.00 inch 
Oxygen Corr. : 0.0 percent Duct W i d t h  : 0.00 inch 

Std. Temp. : 68 dF 

FUEL ANALYSIS DATA, 
(for calculating F-Factor) - - -___________-_-------- - - -  

Hydrogen,ut% : 0.00 Run 1 : 0.0 tons/hr 
Carbon, ut% : 0.00 Run 2 : 0.0 
Sulfur, ut% : 0.00 Run 3 : 0.0 
Nitrogen,utX : 0.00 
Oxygen, ut% : 0.00 
Btu/lb 0 

F-Factor dscf/MMBtu; enter this value or CF9) for result. 
FIELD DATA RUN RUN RUN 

1 2 3 -------__- 
Meter Temp., Tm (dF) .............. 
Stack Temp., Ts (dF) .............. 
Sq.Rt. d P  ......................... 
dH (in. H20) ...................... 
Meter Vol.,Vm (ft3) ............... 
Meter Y ........................... 
Vol. H20, V l c  (ml) ................ 
Test Time (min.) .'.................. 
Nozzle Dia.,Dn (in.) .............. 
Oxygen, 02 ( % I  .................... 
Carbon Dioxide, C02 ( % I  ........... 

Bar. Press.,Pb (in.Hg.1 ........... 
Static Press.,Ps (in.HZ0) ......... 

Carbon Monoxide, CO ( % )  ........... 

97.30 
127.30 

0.65 
1.83 

45.33 
1.00 

29.87 
246.00 

-0.22 
60.00 
0.25 

11.95 
8.85 
0.00 

94.00 
128.00 

0.63 
1.83 

45.27 
1.001 
2'3.87 

1398.0 
-0.22 
60.0 

0.250 
10.85 
8.05 
0.00 

90.90 
129.30 

0.62 
1.83 

45.64 
1.001 
29.87 

1577.0 
-0.22 
60.0 

0.250 
12.15 
7.55 
0.00 

1s this Method 5 or Method 5/8 ? (5 or 58) : 58 

RUN RUN . RUN 
1 2 3 

GRAVIMETRIC ANALYSIS : 
Front Half Wash (FHW) ............. 0.00000 0.00000 0.00000 g'rams 
Filterable Particulate (MFj ....... 0.00000 0.00000 0.00000 
Condensible Particulate (BHWj ..... 0.00000 0.00000 0.00000 
SO2 ANALYSIS : 
SO2 Analysis (H202 impingers) ...... 0.00 0. 00 0.00 m g  H2S04 
Sample Volume, m l  ................. 1(jOO 2 O O ( j  20<:1c1 

2 Sample Aliquut, m l  ................ i 

Volume o f  Titer, m l  ............... 1 o .  ( jo 5.85 5.40 
Volcrme of Titer Blank, m l  ......... 0 . 20 0 . 20 (j. 2(:) 

.-, - c. 

Normality of BaCl .......... 0 .  (:~(:I(:)(:~(:I~:I(:) 



SOURCE TEST CALCULATIONS 

PLANT : SOLITE / AQUADALE, N.C. 
N0.5 SCRUBBER OUTLET 

STD.TEMP, Tstd = 68 DEG. F 
METER TEMP, Tm = 97.3 DEG. F 
STACK TEMP, Ts = 127.3 DEG. F 
AVG.VEL.HEAD,dP = 0.43 in. H20 
METER ORIFICE,dH= 1.83 in. H2O 
METER VOL., Vm =45.334 Cu.Ft. 
METER COFF., Y = 1.001 
BAR. PRESS., Pb = 29.87 in.Hg 
COND. (Vlc) = 246.0 ml 

RUN NO. : 1 
DATE : MAY 16, 1991 

STATIC PRESS.,Ps 
PITOT COFF.. Cp 
STACK I.D. 
DUCT LENGTH 
DUCT WIDTH 
STACK AREA, As 
TEST TIME 
NOZZLE DIA. 
NOZZLE DIA., An 

-0.22 in. H20 
0.840 
32.00 inch 

inch 
inch 

5.585 Sq.Ft. 
60.00 min. 
0.250 inch 

- - 
- - 
- - - - 
- - 
- - 
- - - - 
= 3.4E-04 Sq.Ft. 

GAS ANALYSIS = 11.95 x 02 0.00 % co 
8.85 x c02 79.20 X N2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
VmCstd) = C T(std) + 460 / 29.92 1 x Vm x Y x 

43.115 dscf - (Pb + (dH / 13.6)) / (Tm + 460)..... - 
Vw(std) =(8.9148 x 10e-5) x (Tstd + 460) x V l c  - - 11.579 s c f  

0.212 : Lower Bus . Vw(std1 / (Vm(std) + Vw(std))........... - 
Bus (3 Saturated Conditions = Vapor Press. o f  HZO : value 

0.140 : used. 

- 
: 

- @ Dew Point Temp. / (Ps, in.Hg.) ............ - 
%EA =(z02 - 0.5%coj/(o.264%~2 - (xo2-0.5xco)) x io0 = 133.39 

29.89 Md =(.44 x 2(302)+(.32 x %02)+C.28 x (XN2 + XC0)l - 
28.23 Ms . (Md x Cl-Bws)) + (18.0 x BUS)............ - 

29.85 in.' Hg P(stack) . Pbar + (Ps'/ 13.6) ................. 
v s  = 85.49 x CP x (Sq.Rt.dP) x CSq.Rt.(Ts + 460) 

- 

- 
- - 

3'3.09 ft/sec - (MS x P(stackj)i - ...................... 
13,098 acf /min - QS = vs x AS x 60 - 

Qsistdj = QS :r; i l - B ~ ~ j ~ ( ( T s t d  + 46O)/iTs + 460)) 

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

:r: (P(stackj/29.923 .................. = 10,105 dscf/min 

I = (Ts+46O:1 x C(O.002669 x V l c )  + (:Vm(std:l ' /  
(Ttstdj + 460) / 2'3.'321 x 100 / C Time x 
P(stack:i x A n  x v s  x 601 .................. - - .  



SOURCE TEST CALCULATIONS 

PLANT : SOLITE / AQUADALE, N.C. 
NO. 5 SCRUBBER OUTLET 

STD.TEMP, Tstd = 68 DEG. F 
METER TEMP, Tm = 94.00 DEG. F 
STACK TEMP, Ts = 128.0 DEG. F 
AVG.VEL.HEAD,dP = 0.39 in. H20 
METER ORIFICE,dH= 1.83 in. H2O 
METER VOL., Vm =45.265 Cu.Ft. 
METER COFF., Y = 1.001 
BAR. PRESS., Pb = 29.87 in.Hg 
COND. (V1 c )  =1398.0 ml 

RUN NO. : 2 
DATE : MAY 16, 1991 

: STATIC PRESS.,Ps = -0.22 in. H20 
: PITOT COFF., Cp = 0.840 
I STACK I.D. - 
: DUCT LENGTH - 
: DUCT WIDTH - 
: TEST TIME - 
: NOZZLE DIA. - 
: NOZZLE DIA., A n  = 3.4E-04 Sq.Ft. 

32.00 inch 
inch 
inch 

60.00 min. 
0.250 inch 

- 
- 
- 

: STACK AREA, As = 5.585 sq.Ft. - 
- 

GAS ANALYSIS = 10.05 Z 02 0.00' x co 
8.05 x c02 81.10 Z N2 

.............................................................. ********* 
Vmcstd) = C T(std) + 460 / 29.92 1 x V m  x Y x t 

43.306 dscf 

65.804 scf 

- (Pb + (dH / 13.6)) / (Tm + 460)..... - 

Vwcstd) =(0.9140 x 10e-5) x (Tstd + 460) x V l c  - 
0.603 : Lower Bus . Vwcstd) / (VrnCstd) + Vw(std))........... - 

EWS @ Saturated CQnditiQnS = Vapor Press. of H20 : value 
0.144 : used. 

- 

- 
: Bus 

- @ Dew Point Temp. / (Ps, in.Hg.1 ............ - 

%EA =(%02 - 0.5XC01/(0.264XN2 - (X02-0.5XCO)) x 100 = 102.74 

29.72 Md =(.44 x %C02)+(.32 x %02)+C.20 x (XN2 + XC0)I - 
28. 04 Ms . (Md x (l-Ews)) + (18.0 x BUS). ........... - 

29.85 in. Hg PCstack) . Pbar + CPs / 13.6) ................. 
v s  = 85.49 x CP x (Sq.Rt.dP) x CSq.Rt.(Ts + 460) 

- 

- 
- - 

37.68 ft/sec 

12,626 acf/min 

- - / (MS x ~ ( e t a c k ) ) ~  ...................... 
- Os . v 5  x As x 60 - 

Qsistd) = QS x (l-Hws)x((Tstd + 460j/(Ts + 460)) 

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

9,687 dscf/min - x (P(stack)/29.92) .................. - 

I = (Ts+460) x C(O.003669 x V l c )  + (Vmistd) / 
(T(stdj + 460) / 29.'321 Y 1 0 0  / C Time Y 

- PCstack) x. A n  x v s  x 601 .................. - 



SOURCE TEST CALCULATIONS 

PLANT : SOLITE / AaUADALE, N.C. 
NO. 5 SCRUBBER OUTLET 

STD.TEMP, Tstd = 68 DEG. F 
METER TEMP, Tm = 90.90 DEG. F 
STACK TEMP, Ts = 129.3 DEG. F 
AVG.VEL.HEAD,dP = 0.39 in. H20 
METER ORIFICE,dH= 1.83 in. HZO 
METER VOL., Vm =45.644 Cu.Ft. 
METER COFF. , Y = 1.001 
BAR. PRESS., Pb = 29.87 in.Hg 
COND. (Vlcl =1577.0 ml 

RUN NO. : 3 
DATE : MAY 16, 1991 

I STATIC PRESS.,Ps = -0.22 in. H20 
: PITOT COFF., Cp = 0.840 
I STACK I.D. - - 32.00 inch 

inch I DUCT LENGTH - 
inch I DUCT WIDTH - 

: STACK AREA, As = 5.585 Sq.Ft. 
60.00 min. I TEST TIME - 

: NOZZLE DIA. - - 0.250 inch 
I NOZZLE DIA., An = 3.4E-04 Sq.Ft. 

- 
- 

- 

GAS ANALYSIS = 12.15 X 02 0.00 X CO 
7.55 x co2 80.30 X N2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ********* 
Vmcstd) = C T(std) + 460 / 29.92 1 x V m  x Y x - (Pb + (dH / 13.6)) / (Tm + 460)..... - 
Vw(std) =(8.9148 x 10e-5) x (Tstd + 460) x V l c  - 
Bus = VwCstd) / (Vm(std) + Vw(std))........... - 
Bus @ Saturated Conditions = Vapor Press. of H20 

- 
- 

- @ Dew Point Temp. / ( P s ,  in.Hg.) ............ - 

%EA =(%02 - O.SXCO)/(0.264XNZ - (XO2-0.5XCO)) x 100 = 

- Md =(.44 x XC02)+(.32 x %02)+C.28 x (XN2 + XC0)I - 

- - MS . (Md x (l-Bws)) + (18.0 x BUS)............ 

Pcstack) = Pbar + (Ps / 13.6) - 

v s  = 85.49 x CP x (Sq.Rt.dP) x CSq.Rt.(Ts + 460) 

- ................. 
- / (Ms x P(stack))l - ...................... 
- - .......... 

/ (Ts + 460:) 1 
- - ........... 

Vm(s.td) / 
C Time x 

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

43.914 dscf 

74.230 s c f  

0.628 I Lower 
I Bus 
I value 

0.148 I used. 

134.27 

29.69 

27.97 

. 29.85 in. Hg 

37.59 , ft/sec 

12.595 acf/min 

9,598 dsc f / m i n  



Company : SOLITE / ACIIUADALE, N.C. 
S o u r c e / U n i t  : N0.5 SCRUBBER I N L E T  I 
D a t e  : NAY 16 19'31 
O x y g e n  C o r r .  : 3.0 p e r c e n t  
F - F a c t o r  d s c f / M M B t u  
S t d .  Temp. : 68 dF 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PRINT-MENU P l a c e  a 1 n e x t  t o  , the pages t o  be p r i n t e d ,  

then s e l e c t  PRINT f r o m  program menu. 

INPUT 
SUMMARY 

1 D a t a  Input. 
1 SO2 C a l c u l a t i o n s  & Summary Page. 

RUN RUN RUN RUN RUN RUN 
1 A  1E 2A  2 E  3.4 38 

M e t e r  Temp., Tm (dF) ....... 91.70 
S t a c k  Temp., T s  (dF) ....... 531.0 
dH ( in .  H20) ............... 1.54 
Meter Vol . ,Vm ( f t 3 )  ........ 46.065 
Meter Y .................... 0.991 
E a r .  P r e s s .  ;Pb (.in.Hg. j .... 29.87 
S t a t i c  P ress . ,Ps  ( i n . H Z 0 )  .. -0.22 
T e s t  T i m e  ( m i n . )  ........... 60.0 
Oxygen,  02 (Z) ............. 11.95 
C a r b o n  D i o x i d e ,  C02 (Zj .... 8.85 

Gas  F low Rate, d s c f m  ....... 10105 Carbon M o n o x i d e ,  CO ( X I  .... 0.00 

0.00 100.40 
0.0 569.0 
1.54 1.83 

0.000 47.490 
0.991 0.991 

-0.22 -0.22 
60.0 60.0 
11.95 10.85 
8.85 8.05 
0.00 0.00 

0 9687 

29.87 29.87 

0.00. 95.00 
0.0 528.0 
1.83 .1. 83 

0.000 47.663 
0.991 0.991 

-0.22 -0.22 
60.0 60.0 
10.85 12.15 
8.05 7.55 
0.00 0.00 

0 95'38 

29.87 29.87 

0.00 
0 . 0 
1.83 

0.000 
0.991 
29.87 
-0.22 
60.0 
12.15 
7.55 
0.00 

0 

. ,r 

RUN RUN RUN 
3 A  3H 

LABORATORY RESULTS RUN RUN RUN 
1A in 2 A  L E  _______- - - - - - - - - - -  

Samp 1 e Vo 1 ume, m 1 .......... 1000 0 1000 0 1000 (3 
S a m p l e  A l i q u o t ,  m l  .......... L 0 L 0 
V o l u m e  o f  T i t e r ,  m l  ........ 12.20 0.00 12.70 0.00 12.25 0.C10 
V o l u m e  asf T i t e r  Blank, m l  .. 0 . 2 0  O.(:)O 0.20 0.00 0.20 0 . 0 1 5  

B a r  i ium P e r  c h 1 or a t  e 
N o r  m a  1 i t y : 

.> .- r! .> 

0 .  (:N:1'360 



. . .  . . . . . .  

. . .  
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Pro jec t  Number 

P ro jec t  Name 

Sample Locat ion  

CHAIN OF CUSTODY RECORD 

Samol e I d e n t i f i c a t i o n  Remarks 

Sampled By: (Signature)  Date: s - / 7 f i m e :  !/no 
Rel inquished By: (Sign) Date: 5 7179/ Time:/zO6 

Received By: (Sign) Date: Time: 

Rel inquished By: (Sign) Date: Time: 

Received By: (Sign) Date: Time: 

Rel inquished By: (Sign) . Date: Time: 

Received By Lab: (Sign) Date: 5;-/7-9/time: /7@ 

Sample Shipped V I A :  UPS Fed Express Bus 

Shipping B i l l  Number: 

- 



932 
LAB DATA 

. 
V.T. Volume o f  Barium perchlorate t l t rant  used for sample (nul) 
V.T.B. Volume o f  Barium perchlorate titrant used for blank ( n i l )  
n. = Normality of Bartum perch1orat.e. 
V.Soln. - Total solution volume 
V.A. = Volume o f  sample aliquot titrated ( m l )  



PUNT INFORMATION 



I 
Fax dl FOX I 

. .  

.. .. 





PITOT N B E  IDENTIFICATION NO. l//9 - 5z- 

DATE CALI8RATED 

YES ’ NO PITOT N B E  ASSEMBLY LEVEL ? 

.PITOT N B E  OPENINGS DAMAGED 7- YES (EXPLAIN BELOW) NO 

0. ?7? IN. ( L0.1875 IN. (0.3750 IN.) Dt 

COMMENTS: 

CALIBRATION REWIRED? - YES 

PTCMFOW 1/8/87 
CALIBRATED BY: ?J 



WST TEST THERMOCOUPLE 
CALIBRATION 

DATE 5- I 1 - 7  I 
PLANT NAME (0nL-t 

LOCATION 

SOURCE #.5 / V L ~  

Thermocouple Readout # k f f  -3 
Umbilical Cord # D/# no 7 (/JIeJ 

Thermocouple If h f f  -I& 
Average Stack Temperature O F  592.6 
*Observed Mercury i n  Glass (ASTM) OF sw 
Observed Thermocouple Reading O F  5-46 

Switch Box # n // fl07uS4d 

- 697 Percent O i  fference 1- x 100 = 
(ASTM + 460) 

Tolerance 5 1.5% 

temperature. 
Observed temperature must be w i t h i n  ten  percent o f  the  average stack 

Y Signature, 



KOOGLER & ASSOCIATES. ENVIRoM(wTAL SERVICES 
ANNUAL M E R ” P L E  CALIBRATIONS 

Box 1 
I 

Jmb I I ica I 
k r d  No- ST BOX IMP S 
TC No. & TC ASTM I TC ASTM TC 

- 
TC 

33 

I I I I I I I I I 

Signature, 
Date 

’ Thermocouple reading ( O F )  
Amrican Society o f  Testing Mater ie ls  
Mercury i n  glass thermometer ( O F )  

- - 



. .  



METER CALIBRATION FOFJ4 

GAS METER METHOD 

GAS METER THERMOMETER CALIBRATION 

S I GNATURE : 



DRY GAS METER AND O R I F I C E  CALIBRATION 

CONTROL BOX NO. 

DATE 

VACUUM ( " H g j  

dHw ("H20) 

dHd ("HZO) 

I N I T I A L  WTM 

F I N A L  WTM 

I N I T I A L  DGM 

F I N A L  DGM 

TEMP. WTM (F) 

TEMP. DGM (F) 

TEST T IME ( M I N . )  

b:A -2 BAROMETRIC PRESS. 30.04 I N .  HG. 

05/14/91 PERFORMED BY ROC 

RUN 1 RUN 2 RUN 3 RUN 4 RUN 5 

. .  0 .  0 0. 0 0. 0 0 . 0 (.I . c1 

-0 .  24 -0.24 -(j 25 4j.28 - 0 . 3 2  

0.50 1.00 1.60 2.50 3.5(j 

591.236 597.225 573.328 603.335 583.370 

597.225 603.335 583.370 612.006 591.236 

422.35 428.35 404.41 434.49 414.45 

428.35 434.49 414.45 443.24 422.35 

80.00 81.00 79.00 81-00 80.00 

80.00 80.00 78.00 80.00 . 79.00 

14.00 10.00 13.00 9.00 7. oo 

NET VOLUME WTM 

NET VOLUME DGM 

Y 

dH@ 

5.989 6.110 10.042 8.671 7.866 

5.995 6.146 10.041 8.749 7.903 

0. '398 0.990 0.995 0.984 0 .  986 

1.557 1.532 1.528 1.540 1.582 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AVERAGE Y = o . '3.3 1 

ACCEPTABLE Y RANGE = 0.971 TO 1.011 

AVERAGE dH@ = 1.548 

Y = ( V u  ( P b  - 4:dHw / 13.6:l:l :,; (:Td + 460j:I / ( V d  ( P b  + (dHd / 13.6:11 x 
( T u  + 460) 

dH@ = (j.0317 x dHd / I:Pb i:Td + 4 G O j : I  x ( ( T u  + 460:1 :A time) / VwJ."'.';. 



KOOGLER 8 ASSOCIATES 
ENVIRONMENTAL SERVICES 

SOURCE SAMPLING EQUIFMENT 

METER BOX 

. . .  . . .  . . . .  . .  
Equ i pment . used i n ' Source Samp I i ng .. i s ' e it he r..manuf a c t  u red. '  by 
or  assembled by Koogler A Associates. 
a r e  A.P.T.D. 0581, D e t a i l s  of I s o k i n e t i c  Source Sampling 
Equipment, and A.P.T.D. 
Operat ion of I sok ine t . i c  Source Sampling Equipment.. 

The g u i d e l i n e s  fo l lowed 

0576, Maintenance, C a l i b r a t i o n  and 
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PROJECT PARTICIPANTS 

Kooqler & Associates 

John 8. Koogler, Ph.D., P.E. 

Rodney C. Paul 

Stephen Bell 

Carolina Solite 

Steven Holt 

Project Advisor 

Project Supervisor 

Field Test Crew 

North Carolina Department o f  Environmental Manaqement 

Mike Landis 



3 0  Branch Code 

1 2 5 1 4 3 2  Lab No 

Date Rec d 
', 5 / 1 4 / 9 1  - 

t 
5 / 1 4 / 9 1  Date Sampled 

S L  PERSONNEL Sampled By 

. . . .  I . . . . .  

. . . .  . .  
CAROLIN'A S O L I T E  
P . O .  BOX 9 8 7  
ALBEMARLE, NC , 2 8 0 0 2  ' ' .  . .  
ATTN: STEVE HOLT . .  

. . .  

. ,  . *.. 
>( . .  

. . I .  

.,. . . .  

. . .  . .  
. .  ': ', . .  . . :.. >. 

SIS OF CO&- LmLELe& 
. . .  

, .  

6..20 
4 .86 

. .  7 7 . 1 4  
1 . 6 2  

9 . 3  1 

, . .  .... 
I. 

, .  . -:., ,. . . ,  . .  . .  . .  
A S H  
HYDROGEN 
CARBON 
NITROGEN 
SULFUR 
O X Y G E N  

,. , . .  
. .  . .  . . .  

... o . a 7  . ,  
. . .  

I :. 
. .  . ,.,. 

. .  

. .  
I. '.; ..-.:.:. 

. . I 
. .  .......... ,..,+ i 
. \ .  . ..... .,:. . 
. . . .  
. 

. .  ,, : -  ' . ,.,, ..;. 
.' ,,a' . A j  :., . .  . .  
' ,,,., *,,.*,fi;y 
i. "? : v i  ~ ., 
, .  

. .  

,' 
. .  . .> 

. .  

. .  
....... 

. I  

I Respectfully Submilied. FOR YOUR PROTECTION THIS DOCUMENT HAS 
BEEN PRINTED ON CONTROLLED PAPER STOCK. 

NOT VALID IF ALTERED. ., . , 
. . .  . ,. .. 



\ BrarKhCode 3 0  

Lab No 

Dale Recd 

252  192- 1 95 

5 /2 3 / 9 1:- 

Date Sampled 1 

Sampled By SL P E R S O N N E L  ' SAMPLEID: S T O P  B E L T  SAMPLE 
5/21-22/91 

* . ' S E E  BELOW . ., I 

CAR'OL I N A  S O L I  T E  . .  
P.O. BOX 987 
ALBEMARLE,  NC 28002 
A T T N :  S T E V E  H O L T  

1 . .  
,. . 

I _i 

. .  . . + . i  . . .. . 
. .  

. .  

l A L ! i L  

252192 

252193 

252194 

252195 

. .. 

FOR VOUH PROTECTION l?i S WCd4EhT nnS 
BEEh PR hTED Oh COhTRO-LED PAPER STOC6 

. .  . .  

L E  I D :  
S U L F U R ,  . .  

' -  .<- . .  

a .  . .  
, .  

. .K ILN # 5  0 .24 ' .  

. .  

' K I L N  # 6  0 . 2 9  

K I L N  # 7  ' ' 0.32  

K I L N  #8 0 . 2 9  

. .  

. ., . 
. .  

. .  . . .  
" ~' 

. 

I NOT VAUD IF ALTERED. I 
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- June 3, 1991 

George T. Everett, Ph.D. 
Director 
State of North Carolina 
Department of Environment, Health, 

Division of Environmental Hanagement 
512 North Salisbury Street 
Raleigh, North Carolina 27604 

and Natural Recources 

Subject: Renewal of Air Permit No. 3225R5 
Carolina Solite Corporation 
Norwood, North Carolina 
Stanly County 

Dear Dr. Everett: 

On May 2, 1991 Carolina Solite Corporation (CSC) agreed to 
implement the operating conditione as specified in your April 22, 
1991, Notice of Intent to Deny Renewal of Air Permit No. 3225R5. 

In response to condition CSC retested Kilns numbered 7, 5, and 8 
to assure compliance with 15A NCAC 2D .0516 on Hay 13, 16, and 
20th, 1991, respectively. Five copies of the results of the 
emissions tests conducted on the subject Kilns are enclosed. 

Representative samples of the coal used during all the teste were 
collected and analyzed by Standard Laboratories, Inc. Five copies 
of the analysis are enclosed. The coal sampling wee conducted ae 
specified in 15A NCAC .0500. In addition to sulfur, a complete 
ultimate analysis was performed. 

Representative samples of the raw materials from each oi the three 
silos feeding the four kilns were retrieved again on May 23, 1991 
using the .Stopped Belt Method.. This sampling wee performed in 
order to comply with condition a of the operating conditione. The 
results of the raw material sampling document that the coal and raw 
materiale contained no more than 1.4% sulfur combined by weight 
during the tests. 

The enclosed teste for Kilns numbered 7, 5, and 8 clearly indicate 
that compliance vas demonstrated under 15A NCAC 2D .0516. 
Additionally, the scrubber sulfur dioxide removal efficiencies can 
be determined since a l l  scrubber inlets vere tested. 



George T. Everett, Ph.D. 
June 3, 1991 
Page Tvo 

This letter and the enclosures complete Carolina Solites' 
acceptance, implementation, and compliance demonstrations as 
required by the DEM operating conditions specified in the letter 
dated April 22, 1991 from Dr. George Everett addressed to nr. Steve 
Holt of this office. 

Additionally, this letter and the enclosures complete all requested 
additional information for both the renevel and requested 
modifications to Air Quality permit no. 3225R5. Accordingly, ve 
request that you please notify Carolina Solite of a projected date 
for the potential issuance of said permit and modifications. 

ncerely, 

L 4 .  w 
James F. Colburn 
Plant nanager 

Enclosure 

cc: W/O Enclosure: 
Jerry Clayton 
Lee Daniel 
Laura Butler 
Earl McCune 
Brenda Smith (HRO) 



DRAFT/WP 

03/30/92 1 

* , I  

d3096-4/971130 

l r  
Emission Test Report 
Review Checklist 

Reviewer: h i a n  3-e 
Review Date: 4/31q2 

A. Backsround Information 

1. 

2. 

3. 

4 .  

5 .  

6. 

7. 

8 .  

~~ ~ ~~ 

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



DRAFT/WP 
d3006-4/971130 
03/30/92 2 

B. Process Information 

I 

1. Provide a brief narrative description of the process. I 

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

2.0 PROCESS DESCRIPTION 

Shale i s  quarried on Site and hauled to the lightweight aggregate 

production facility. The shale is crushed to size and fed to rotary kilns 

where it is calcined to produce lightweight aggregate. A s  the shale is 

heated, it expands approximately doubling in volume. The lightweight 

aggregate is then discharged from the kiln, cooled and sized. The 

resulting product is a strong lightweight aggregate used in the 

construction industry. 

During the test period o f  May 16, 1991, Kiln No. 5 was fired with coal at 

the rate o f  1.3 tons per hour. The heating value of the coal averaged 

13,397 BTU per pound resulting in a heat input to Kiln No. 5 of 34.8 MMBTU 

per hour; or 4.35 MMBTU per ton of product ( a t  a lightweight production 

rate of 8.0 tons per hour). The data sheets used for determining the coal 

feed rate to the kiln are included in the Appendix of this report. 

The gas stream leaving the kiln passes through a scrubber system and is 

discharged to the atmosphere through a 32-inch diameter stack at a height 

of approximately 90 feet above grade. 



E 

DRAFT/W!? 

03/30/92 3 
d3 0 0 6 - 4/9 7113 0 

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

Basis f o r  data: 
(Indicate page/table Nos. in test report) 

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

3 .  



DRAFT/WP 

03/30/92 4 

c. 

d3006-4/971130 

Air Pollution Control Systems Tested 

1. For each air pollution control system pollution control 
system identified in A.O, 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) 



n w T / v n  
d3 00 6 - 4 /9  7113 0 

!i 03/30/92 5 

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

I I I Readings 1 

I1 I I I I1 

II t I I I I I u I 

w of 
APCD 

II 



-- 

Test location 

ALL 

DRAFT/WP 
d3006-4/971130 
03/30/92 6 

D. Sampling and Analysis Methods 

1. Complete the following table 

Pollutant S & A method 

soz Me?hod F3 

YIN 
YIN 
YIN 
YIN 

Referend 

YIN 
YIN 
YIN 
YIN 

YIN I YIN II 

YIN 
YIN 
YIN 
YIN 
YIN 

Y N  
YIN 
YIN 
YIN 
YIN 

II L II 

II 



r 

DRAFT/WP 
d3006-4/971130 
03/30/92 7 D 

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/- 

03/30/92 8 

E. Emission Data Documentation 

d3006-4/971130 

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

I I I Vducs reported I1 



i 

J 

DRAFT/WP 

03/30/92 9 
d3006-4/971130 

2. Tabulate pollutant mass flux rates 



DRAFT/WP 
d3006-4/971130 
03/30/92 10 

3. Present example emission factor calculations below. 



+ DRAFT/WP 

."' 03/30/92 11 , ,  
5 d3006-4/971130 

4. Tabulate emission factors 

b3006-4/971130 



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

ATTACHMENT A 
ma PARABmTEWJ 

w of 
APCD 

Fabric filter 

ESP 

Venturi (or other high 
energy) scrubber 

Packed-bed scrubber 

Carbon absorber 

, .  I , 
. . .  

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

Tyee (wet or dry) 
Number of fields 
Rappiag cycle (if dry) 
Specific Collection A m  (SCA) 
Particulate resistivity (if known) 
spark rate 
Current and power levels 

pressure drop 
Liquidgas (UG) mtio 
Mist eliminator type 

Wking depth 
U G  ratio 
Caustic use (Y/N) 
PH 
Mist eliminator type 

Bed depth 
Superficial gas velocity 
Bed temperature 
DesoIption mechanism (media) 
Flue-gas moisture 
Cycle length 
Time-on-line after breakthrough 

P 




