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To the best of my knowledge, a l l  appllcable f l e l d  and 

analyt lca l  procedures comply w l t h  F lor lda  Department of 

Envlronmental Regulatlon requlrements and all t e s t  data and p lant  

operating data a re  t r u e  and correct.  
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1.0 INTRODUCTION 

The Carollna Solite Corporation owns and operates a lightweight 

aggregate production faclllty near the town of Aquadale, North 

Carollna. This faclllty conslsts of eight rotary kilns which are 

used to produce lightweight aggregate from materials mined on site. 

On April 5 and 6, 1983, Sholtes 6 Kcogler, Envlronmental 

Consultants, Inc. (SKEC) of Galnesvllle, Florlda conducted 

measurements on the No. 5 kiln Inlet and outlet for particulate 

matter, chlorldes, chromium and lead. The purpose of thls testlng 

was to satisfy provisos 10 and 1 1  of permft number 3225R4 issued on 

February 10, 1983, by the North Carol lna Department of Natural 

Resources and Cmunlty Developments. These provisos are related to 

the combustlon of llquid waste In kilns 5-8 to provide the heat 

necessary to produce the lightweight aggregate. 

Prior to the test date, the North Carollna Department of Natural 

Resources and C u m u n i t y  Development were notlfled of the test 

schedule. Mr. Yin-Pong Chang of thls Department was at the plant 

site to witness the plant operatlons and the testlng procedures. 



2.0 PROCESS DESCRIPTION 

The productlon of the llghtwelght aggregate conslsts of mlnlng the 

raw materlal, whlch Is a form of shale, crushlng and slzlng the 

materlal and heatlng the materlal In a rotary klln. 

At the polnt of fuslon the carbon dloxlde creates mllllons of 

cells wlthln the pfastlc mass expandlng It and glvlng It 

llghtwelght property. The materlal Is removed from the k 

1 nY 

the 

In. 

cmled, crushed, slzed and graded for shlpment. The cmbus.lon 

gases passlng through the klln suspend small partlcles whlch result 

In particulate matter emlsslons from the process. 
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3.0 SAMPLING LOCATIONS 

The sampllng ports used for emlsslon measurements on the dlscharge 

stack were located 60 feet above the base of the stack and 30 feet 

below the top of the stack. Thls Is equlvalent to 20 stack 

dlameters from the polnt where the gases enter the stack and 9 stack 

diameters from the exlt of the stack. It was determlned that a 

total of 12 sampllng polnts would be used for the sampllng and 

veloclty traverses; S I X  sampllng polnts on each of the two 

perpendlcular traverses. The locatlon of the sampllng ports and a 

table of the sanpllng polnt Iocatlons are In Flgure 1 of thls 

report. 

.. 

The sampllng at the Inlet of the alr pollutlon control system was 

conducted In two separate ducts wlth four sampllng ports located In 

the 21-Inch face of each of these ducts. The ports were less than 

one dlameter upstream and downstream from a flow dlsturbance. For 

testlng, 48 sampllng polnts were used: 24 sampllng polnts In each of 

the two ducts. The locatlon of these sampllng ports and sampllng 

polnts are shown In Flgure 2 of thls report. 

3 



Point  
- 

3 
4 
5 
6 

SECTION A-A 

Distance From 
Stack Wall 

1.6 inches 
5.4 inches 

10.7 inches 
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4.0 SAMPLING AND ANALYTICAL PROCEDURES 

The methods for sampllng at both the inlet and the outlet were as 

publlshed In 40 CFR 60, Appendlx A, Code of Federal Regulatlons. 

The sampling and velocity traverses were detennlned in accordance 

wlth Method 1B and the determtnatlon of the stack gas flow rate was 

In accordance wlth Method 2. The stack gas temperature was measured 

wlth a Iron-constantan thermocouple and the barometric pressure was 

obtalned frcm the Aquadale alrport. The stack gas denslty for 

determlnlng the gas flow rate, was determlned by Method.3. The 

emlsslon measurements were conducted I n  accordance with Method 5 

wlth one slight varlatlon. There was a flexlble connectlon between 

the fllter and the first Implnger. Thls modlflcatfon has been 

agreed to prlor by the DNR personnel prlor to the test. Testlng for 

a l l  pollutants consisted of three sets of slmultaneous tests at the 

Inlet and the outlet of the control system. PartIcuIate matter 

concentrations were determlned from the welght of material collected 

on the fllter and that removed from the probe by the acetone probe 

wash. Cadmlum and lead concentrattons were determined In -the 

partlculate matter sanple uslng atmlc absorptlon for the heavy 

metals analyses. The chlorides were collected In the lmplngers of 

the sampllng train In a solutlon of 0.1 normal sodium hydroxlde. 

The lmplnger solution was analyzed by the Argentmetric Method. 



It should be noted that run 3 on the Inlet was compranlsed due to 

darkness and overheatlng condltlons. The suctlon llne from the 

probe was melted down at least two tlmes. Due to darkness and In 

the Interest of safety, the run was termlnated after cmpletlng 

approxlmately two thlrds of the run. 
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5.0 SUMMARY OF RESULTS 

Summarlzed results of the emlssion measurements conducted on Aprll 5 

and 6, 1983 are presented In Tables 1-4 of thls report. These 

tables sumnarlre the results of test runs 3-5. Test runs 1 and 2 

were used to balance the operatlng parameters of the No. 5 kiln. 

The partlculate matter concentration at the inlet of the poliutlon 

control system averaged 3.6859 gralns per standard cublc foot and at 

the outlet averaged 0.0631 gralns per standard cublc foot; resultlng 

In an overall control efflclency of 98.2 percent. The control 

efflclency for chromium was 91.9 percent, for lead-87.6 percent and 

for chloride-78.4 percent. These data are summarlzed In Tables 3 

and 4 of thls report. All control efflclencfes were calculated from 

concentratlon data rather than from source data because of the 

uncertalnlty involved In measuring alr flow rates at the Inlet to 

the control system. 

The mass emlsslon rate of materlals from the No. 5 kiln stack were 

3.19 pounds per hour of particulate matter, 0.01 pounds per hour of 

chromlum, 0.003 poounds per hour of lead and 3.56 pounds per hourof 

ch loride. 

Included In the Appendix of this report are a l l  fleld and analytlcal 

data sheets, nomenclature sheets, a llst of sanple calculations, all 

necessary cailbratlons and a list of proJect particlpants. 
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PERCENT POLLUTANT REMOVAL 

CAROLINA SOLITE CORPORATION 
AQUADALE, NORTH CAROLINA 

NO. 5 K I L N  

Run 3 

Run 4 

Run 5 

90.9 

92.0 

92.0 

80.4 

09.7 

92.0 

VOID 

76.9 

79.8 

', 
' 96.0 ! 

90.7 

99.0 

Average  91.9 07.6 70.4 90.2 
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SOURCE SAMPLING NOMENCLATURE SHEET 

P6 - Barometric pressure, inches Hg 
PS - Stack pressure, inches Hg 
As - Stack area, sq. ft. 
AS*-  Ef fect ive area o f  pos i t i ve  stack gas flow, sq. ft. 

NPTS - Number o f  traverse points where the p i t o t  ve loc i t y  head was 
greater than zero 

TSTD - Standard temperature, O R  

TS - Stack temperature, O R  

TM - Meter temperature, O R  

H - Average square r o o t  o f  ve loc i ty  head, d inches  H20 
A - Average meter o r i f i c e  pressure d i f f e r e n t i a l ,  inches H20 

AN - 
CP - 
VM - 
vc - 
Po - 

STP - 

Sampling nozzle area, square f e e t  
S-type p i t o t  tube correct ion fac to r  
Recorded meter volume sample, cubic fee t  (meter condit ions) 
Condensate and s i l i c a  gel  increase i n  impin ers. m i l l i l i t e r s  
Pressure a t  the dry t e s t  meter o r i f i c e ,  

Standard conditions 

+ a inches Hg 

VW - 
VSTPD - 

VT - 

....................................................... 
Convers t i o n  o f  condensate i n  m i  11 i 1 i ters  t o  water vapor i n  
cubic fee t  (STP) 
Volume sampled, cubic f e e t  (STP) 
Total water vaDor volume and dry  gas volume sampled. cubic f e e t  (STP) - -  

W - Moisture f rac t i on  o f  stack gas 
FDA - Dry gas f rac t i on  

MD - Molecular weight o f  stack gas. lbs/lb-mole (dry condit ions) 
MS - Molecular weight o f  stack gas. lbs/lb-mole (stack condit ions) 
GS - Speci f ic  g rav i ty  o f  stack gas. re fe r red  t o  a i r  
EA - Excess a i r .  X 

- 

m- Averaae sauare roo t  o f  ve loc i t y  head times stack temperature 
U - Stack-gas 'velocity, f e e t  per minute 
QS - Stack gas f low rate, cubic f e e t  per  minute (stack condi t ions) 
QD - Stack gas f l ow  rate, cubic f e e t  pe r  minute (dry condi t ions) 

QSTDP - Stack gas f low rate. cubic f e e t  per  minute (STP) 
P I S 0  - Percent Isok ine t ic  volume sampled (method described i n  

ESTP - Par t i cu la te  concentration a t  standard and dry  conditions. 
Federal Register) 

grains/scf 
E12 - ESTP corrected to 12% C02. grains/scf  
E50 - ESTP corrected t o  SOX excess A i r .  grains/scf 

EM - Mass Emission Rate, lbs/hr  

- Stack Gas Saturated 



EQUATIONS FOR CALCULATING PARTICULATE EMISSIONS 

VWV = D.O000893(TSTO)(VC) 
TSTD 1 VSTPD - (VM) (PB 

VT - (VWV) + (VSTPD) 

W - (VWV)+(VT) 
FDA = (1.0) - ( W )  

FMOIST = Assumed moisture f r a c t i o n  

MD = (0.44 x 2 C02) + (0.32 x Z 02) + (0.28 X Z N2) + (0.28 X % CO) 

MS = (MD x FDA) + (18 x W )  

GS - (MS) + (28.99) 
EA = @) x (2 02 - 2 CO) + E.266 x 2 N2) - (2 02 - p] 

U - 4,006(CP)fi fm 29 92 1 - 
QS = (L!) x (AS) 

QD - (QS) x (FDA) 
QSTPD = TSTD(QO)(PS) t [TS(29.92)] 

PIS0 = E.00267 x VC x TS) + (Po x TS x VM + TM] + KTime x 

ESTP = 15.43 grains  

x PS x A N g  

( gram 1 (Y) 
VSTPD 

= w c 2  

E50 * lESTP)liAOO + EA) 

1 EM = (ESTP) (QSTPD) (60 $1 (7000 grains l b  



COMPUTER PRIKT-OUTS 



P l a n t :  N. CAROLINA SBLITE AOUADALE, N. C. [ late: 4-5-;:3 

As= 7 Sq.Ft. F - 
2 -Z#&gg An= 0.00050% Sq.Ft.  CP- 15.84 
Vm= 1'9.403 c f  Vc= 39 K O ~  T o t a l  t i m e :  C2.2  M i n u t e s  

1. 
2 .  

4. 
5. 
6. 
7. 
:3 . 
'TI . 

10. 
11. 
12. 
13. 
14. 

'> 
.4 . 

V o l  IJKW Water  Vapnr  
Gas Vu1 i~me !:;amp1 ed - !STPD 
To t a  1 Vo 1 ~ l ~ l e  
M o i s t u r e  i n  :Stack Gas - Vulume F r a c t i o n  
Dry S t a c k  13as - V a l i ~ m e  F r a c t i c n n  
M o l e c u l a r  W e i s h t  u f  S t a c k  Gas - Dr i ,  B a s i s  
M o l e c u l a r  W e i s h t  o f  S t a c k  Gas - S t a c k  C o n d i t i o n s  
: S p e c i f i c  IGrav i ts -  o f  S t a c k  Gas R e l a t i v e  t o  A i r  
E x c e s s  A i r  - P e r c e n t  
A v e r a w  S t a c k  Ve l  o c i t - i .  
Ave rage  !Stack Oas F l o w  Rate'  
A c t u a l  Staci: :  Gas F1 I:,W R a t e  C l r . ~  
S t a c k  Cias F l o w  R a t e  :STPD 
F'ercen t Is 01: i n e t  i c 

Prnbe Wash 1507.70 M s  1.1979 Gr/SC:F 42.35 L b s / H r  
F i l t e r  2104. 10 M.3 1 .  6717 Gr/SCF 59.34 L h s / H r  

T o t a l s  3611.30 M s  '2. :36',76 I:ir/:$C:F lt32.9',7 L b s / H r  
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2. 
3. 
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6. 
7. 
8. 
9. 

1 0 . 
11. 
12. 
13. 
14. 

E .d . 

V a l  IJme Water  VaPClr 
IGas V o l  I J ~ H ?  !::amp1 e d  - !STFD 
To t a  1 Va  1 I J ~ W  

M o i s t u r e  i n  !Stack Gas - Volume F r a c t i o n  
Drv !:;tack 133s - V a l  IJI-W F r a c t i o n  
M o l e c u l a r  We igh t  o f  !Stack Gas .- Dr..,, H a s i s  
M n l e c u l a r  W e i s h t  o f  S t a c k  Gas - S t a c k  C < t n d i t i u n s  
S p e c i f i c  G r a v i t i ,  o f  S t a c k  IGas R e l a t i v e  t o  A i r  
Excess A i r  - P e r c e n t  
Average S t a c k  Vel  o r i t y  
Average S t a c k  Gas F l o w  R a t e  
A c t u a l  S t a c k  Gas F l o w  R a t e  tlrv. 
.=.tack IGas F1 o w  R a t e  STPti 
P e r  cen t Is I:, k i n e t  i c 
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T o t  a. 1 Vo 1 IJITI~ 

M o i s t i J r e  i n  S t a c k  Gas - Volume F r a c t i o n  
Dr-,, !;tack G a s  - V D 3 1  I J I T , ~  F r a c t i o n  
M ~ : ~ l e C l J ~ a r  W e i s h t  o f  S t a c k  lhs - C l r ~  H a s i s  
M o l e r c r l a r  W e i s h t  o f  Stacl:: G a s  - Stark C:csnJi t i n n s  
S p e c i f i c  G r a v i t y  cef S t a c k  Gas R e l a t i v e  t o  A i r  
€::.:cess A i r  - P e r c e n t  
Average S t a c k  Ve l  ctci t y  

b e r a s e  S t a c k  Gas F l o w  H a t e  
A c t u a l  S t a c k  Gas F l o w  K a t e  Drv 
!::tack Gas F l o w  K a t e  :T;TPD 
Percen t I s o k  i ne t i c 



1. 
2. 
'3 . 
4. 
5. 
6 .  
7. 
3 . 
$1 . 

1 0 . 
11. 
12. 
1 3 . 
14. 

Volume W a t e r  Vapor  
!Gas Vo 1 ume Sampl etj - 'STPI) 
T o t a l  V n l  urne 
M o i s t u r e  i n  S t a c k  Gas - Volurrie F r a c t i o n  
Dr i ,  S t a c k  Gas - V n l  ume F r a c t i o n  
M a l e c u l a r  W e i g h t  o f  S t a c k  IGas - Dr,.,, H a s i s  
M o l e c u l a r  W e i g h t  o f  S t a c k  Gas - S t a c k  C o n d i t i o n s  
S p e c i f i c  G r a v i t v  a f  S t a c k  Cias R e l a t i v e  t o  A i r  
Excess  A i r  - P e r c e n t  
Average S t a c k  V e l  o c i t - i .  
Average S t a c k  Gas F l o w  H a t e  
ActlAal S t a c k  Gas F1 ow R a t e  t t r i ,  
:Stack Gas F l o w  H a t e  STPD 
P e r c e n t  I s n k i n e  t i c 
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FIELD AND LAB DATA SHEETS 
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SHOLTES & KOOGLER, ENVIRONMENTAL CONSULTANTS 

PARTICULATE LAB DATA SHEET 

o u r L C  
date d-<- 83 Project  No. D ,  CAPOLI/JJA SOL JT€ 

f t o &  &AS* 

a i  

Container No. SK- I 

Total  Volume ( m l )  2LL- 

Fina l  Weight (9) 93Lm7 
Tare Weight (9)  - 2 2 3 3 -  

Average Blank (9) - 

A l iquot  Factor x l a 0  

Total  Net Weight (mg) JS6.2  

Al iquot  Evaporated ( m l )  290 

Gross Weight Gained (9) ,2.762 

Net Weight (9) 

Container No. 3 F  

F i l t e r  No. 73 

Tare Weight (9) -AQt 
Final  Welght (9) , SI6 1 

Gross Weight Gained (9) 1/27 
Average Blank - 
Total  Net Weight (mg) 

0 J , O  & 509 S O . ~ o ) j @  

0 . 5 g ~ m ~ p  

_I 1.2. -? 
Bala ce Check 

l og  ,Ol0Orn@ l0Og )oo~mPo m 

x /. 0 x I. 0 x 1. 0 

lOb.0 72.3 . 0,L 

Analyzed by: /& 



~~ ~ 

I ", . 

SHOLTES & KOOGLER, ENVIRONMENTAL CONSULTANTS 

PARTICULATE LAB DATA SHEET 

Z N L E  T /  
date 4-s- z t  Project  No. h, . C k f O L f # A  5 OLf 

p&R€ W4SH 

Blank - Run 5 - 
Container No. 5.t-47 AkLL AKiis AEr9 
Total Volume (ml) = aso - / o o  
Aliquot  Evaporated ( m l )  a VLJ a 550 2 60 106 
Final  Weight (9) 44.0~~7 1 i a m 6 ~  9 3 . ~ 7 8  

Gross Weight Gained (9) /. 5077 4.977/ /3,743 ,0003 

Tare Weight (9) - 97,3006 -$4,078z( - a/4#1985 -93, gy 75- 

- - Average Blank (9) - 
Net Weight (9) 

A l iquot  Factor x 1.0 x I..o x 1 .  0 x J .  o 

I Total  Net Weight (mg) i.507.7 yn.i 13 ~47.3 . 0,3 
Ruu 3 P U U  r - 

Container No. 3 A  (;c f ,c> 3 c  
F i l t e r  No. laa /a.f / a  r 
Final  Weight (9) a,5JSg 3,DBm A&Z d23.a 
Tare Weight (9) - , qllv - , LiJl/ - , J M  - ,c//tfs 

Average Blank - 4 , a m  
Total  Net Weight (w) && 24&!&? - - 

9 N O T  : l 3 L E S S  5 4 M f L E  s U J L D O P  

, 3 /m 
- 

Gross Weight Gained (9) d. /OL/1 9- 

# 318.0 

0 Cht??: ~ ~ Analyzed by: 

l og  , O , O O b z ) M  l0Og !00.0oop A4 
1. 

0.59 0 t SOOQ Mr 00 F ~ L T E R  W A S  PLAccb IIJ W I T *  
PROl3E @Askf .  

SKXTES~KXXLER 



Shol tes  A Koogler 
Envi rontnental Consul t a n t S  
1213 N . W .  6th S t r ee t  
Gainesville. Florida 32601 

A t t e n t i o n :  Mr. George Allen 

. . .  

April 21, 1983 
F i l e :  107-80-17 

RESULTS OF ANALYSIS 

Samples received: 4/13/83 

C hl o r  i de 
Lab ID No. Sample Designation (mg/l) 

C4158 Blank (0.1N NaOH) - 3, llrref 

C4160 Impinger Run 3. Outlet 

C4161 Impinger Run 4, I n l e t  

C4162 Impinger Run 4, Outlet 

C4163 Impinger Run 5. I n l e t  

C4164 Impinger Run 5, Outlet 

2.7 

- 0 ' 0  

469 

i 1960 

928 

2401 

890 

. --> 

Khtherine M. White fo r  
Jennet K. Buri 
Assoclate Chemist 

Breedlove Associates Inc. 
Environmental Consultants 

IblS Nc~I ihwcst  13th Avenue/Gnincsville. Florida 32601 / (gob)  377-SX30 



A p r i l  21, 1983 
F i l e :  107-80-17 

Sholtes 6 Koogler 
Environmental Consultants 
1213 N.W. 6 t h  St reet  
Gainesvi l le, f l o r i d a  32601 

Attentfon: #r. George A l len  

RESULTS OF ANALYSIS 

Samples received: 4/13/83 

To t a l  Total 
Sanple Chromi un Lead 

Lab I D  No. Designation (V9) (ug) 

C4165 Run 3. I n l e t  ' 6614 434 
- -- 

C4166 Run 3, Out le t  1917 274 

C4167 Run 4, I n l e t  6614 1713 
_- 

C4168 Run 4, Ou t le t  

C4169 Run 5. I n l e t  

588 202 

,~, 5346 1261 
/y-' 

C4170 Run 5, Out le t  402 101 

C4171 Blank f i l t e r  . ,. 2.2 6.0 

Jennet K. Bur l  
Associate Cheml s t  

Breedlove Associates In& 
Environmental consultants 

6 1 8  Northwest 13th Avenue/Gainesville, Florida 32601  / (904)  377-5830 
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CALIBRATIONS AND PROJECT PARTICIPANTS 



SHOLTES 6 KOOGLER 
ENVIRONMENTAL CONSULTANTS, INC. 

SOURCE SAMPLING EQUIPMENT 

S.K.E.C. Meter Box 

Equlpment used In Source Smpllng I s  elther manufactured by 
or assembled by SKEC. The guldellnes followed are A.P.T.O. 
0581, Oetalls of lsoklnetlc Source Smpllng Equlpment, and 
A.P.T.D. 0576, Malntenance, Callbratlon and Operstlon of 
lsoklnetlc Source Sampltng Equlpment. 

. 

S I X T E S * K m E l ?  



/ NOZZLE CALIBRATION 

Measurement NO. Inside Diameter (inches1 

1 4?V 

Average 

Area o f  Nozzle 

Calibrated by: A?%L--- 

Nozzle X-section 



NOZZLE CALIBRATION 

Measurement-No. Ins ide Diameter (inches) 

1 706 
2 I w #  
3 I 6 

Average 

Area o f  Nozzle F t 2  

Cal i brated by: 

Nozzle X-section 

.." ... . A , . .  .. .. ..- 



NOZZLE CALIBRATION 

Nozzle y4 Date L-/ - cr-2-3 

Measurement NO. Inside Diameter (inches) 

1 47.2 qf 
2 A 2  5? 
3 fi.24-4 

Average 

Area o f  Nozzle 
" 

Ft' 

t a l  ib ra ted  by: lacL/ 

Nozzle X-section 

........ A. . . .  ...... 



NOZZLE CALIBRATION 

Nozzle Date 4 -  5 - 8 3  

Measurement No. Ins ide Diameter (inches) 

Average 

Area o f  Nozzle 

Ca l ibra ted  by: 

Nozzle X-section 

I 



NOZZLE CALIBRATION 

Measurement No. Ins ide Diameter (inches) 

1 4 '438 

3 0 437 
2 b 437 

Average 

Area o f  Nozzle 

0 437 

F t 2  

Ca l ibra ted  by: 

Nozzle X-section 



METER ORIF ICE CHECK 

Meter Box No. & A Ha of Box /, 7f/ 

Date 4-.t-6? 

Time for 10 ft3 - - / 7 min. 2f/ sec. 

& total minutes = 8,74(2 A ~ a 2  f . f  
10 i 

Procedure: 

the amount of time required to sample 10.00 ft3. 

Set flow rate of meter box at AHa of meter.box--measure 

- Note: If answer is within 5 percent meter is 0 . k .  If not. recalibrate meter. 



i 

METER O R I F I C E  CHECK 

Meter Box No. *A A Ha o f  Box /155 

Time f o r  10 ft3 - - 1 3  min. A L  sec. 

I O  + /3,37 t o t a l  minutes - - d e 7 Y 8  AHa2 - Signature 

Procedure: Set flow r a t e  o f  meter box a t  AHa o f  meter box--measure 

the amount o f  time required t o  sample 10.00 ft3. 

- Note: If answer i s  w i th in  5 percent meter i s  0.k. I f  not,  reca l ib ra te  meter. 



I '  SHOLTES & KOOGLER 
ENVIRONMENTAL CONSULTANTS, INC. 

THERMOCOUPLE CALIBRATIONS 

I Read Out No. S t - 1  
I 

+&L- i gnature ' . 

I 



SHOLTES & KOOGLER 
ENVIRONMENTAL CONSULTANTS. INC. 

THERMOCOUPLE CALIBRATIONS 

I Read Out No. 5F-z D a t e  9 -  ai -82 



SK-5-T 

PITOT TUBE CALIBRATION MEASUREMENTS 

DATE CALIBRATED 4-28-82 

no P i t o t  tube  assembly level? x yes 
P i t o t  tube  openings damaged? yes ( e x p l a i n  be low)  X no 

z = A s i n  y = 0.045 i n .  ; <0.32 

w = A s i n  e = o.-. i n .  ; C O . 0 8  

i n .  = (Pa .+  Pb) 

:1/8 i n .  

<1/32 f n .  
.~ 

0.423 i n .  Pb 0.440 i n .  

Dt L 0.375 

Comments : 

X no Calibration required? yes .-. 

Calibrated by 



SK-41 

P I T O T  TUBE CALIBRATION MEASUREMENTS 

DATE CALIBRATED 5-11-82 

P i t o t  tube  assembly level? X Yes no 

P i t o t  tube  openings  damaged? - y e s  ( e x p l a i n  be low)  x no 

a l  = 4.5 O ( < l o o ) ,  a2 = 2.5, O ( < l o o ) ,  8, = 2.0 O ( < S O ) ,  

8, = 0.5 ( < S O )  

, 8 = 3 . 5  O ,  A = 1.284 i n .  = (Pa + Pb) 0 y = 1.0 

z = A s1.n y = 0.0224 i n .  : cO.32 :1/8 i n .  

w = A s i n  e = 0.0784 i n .  ; ~0.08 c1/32 in. 

.641 i n .  Pb -.- 643 i n .  

Comments : 

Calibration required?  yes x no 

C a l i b r a t e d  by 
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PROJECT PARTICIPANTS 

John B. Kmgler ,  Ph.0, P.E. 

George F. Al len 

Robert S. Sholtes. Ph.0, P.E. 

Rodney C. Paul 

Rick Barton 

ProJect Advlsor 

ProJect Manager 

F i e l d  Test Coordlnator 

F l e l d  Test Crew 

F l e l d  Test Crew 











I n l e t  

Run 3 
Run 4 
Run 5 
Average 

O u t l e t  

Run 3 
Run 4 
Run 5 

Average 

P a r t  i c u l  a t e  

Gr/OSCF 1 b / h r  

2.87 102.89 
4.01 125.40 

- 4.17 132.67 
3.68 120.32 

.O93 4.94 

.OS4 2.53 
2 . 1  I .043 

.063 3.19 
- 

Emiss ion  Measurements 
No. 5 K i l n  

C a r o l i n a  S o l i t e  C o r p o r a t i o n  
Aquadale, N o r t h  C a r o l i n a  

A p r i l  5;6, I983 

Lead - Chromi um 

Gr/DSCF I b / h r  Gr/DSCF I b / h r  

.00526 .188 .000341 .012 

.00207 .064 .000533 .017 

.00159 - .OS0 .000373 & 

.00297 .IO1 .000416 .014 

.000481 .C26 

.000166 .008 

.000115 .006 

.000254 .Or3 
- 

.000067 .004 

.000055 .003 

.000027 

.000050 .003 

C h l o r i d e  

Gr/OSCF I b / h r  

Vo id  Vo id  

.3852 12.02 

.4920 12.98 - 

.4386 12.50 

.04628 2.46 

.08881 4. i 9  

4.03 .08278 

.07262 3.56 
- 



Percen t  P o l l u t a n t  Removal 

Lead ' C h l o r i d e  - Ch r o m i  urn P a r t i c u l a t e  

C o n c e n t r a t i o n  Mass Rate C o n c e n t r a t i o n  Mass Rate C o n c e n t r a t i o n  Mass Rate C o n c e n t r a t i o n  Mass Rate 

Run 3 96.8 95.23 90.9 86.43 80.4 70.66 

Run 4 98.7 97.98 92.0 87.87 89.7 84.34 
Run 5 - 99.0 98.42 - 92.8 88.89 92.8 88.77 
Average 98.2 - 97.21 91.9 87.73 87.6 81.26 - 

Void Vo id  

76.9 65 .07  
68 .98  79.8 -- 

78.4 67.03 



D I V I  S I ON OF ENV I RONMENTAL MANAGEMENT 
A i r  Q u a l i t y  S e c t i o n  

December 16,  I983 

M E M O R A N D U M  

TO: D i c k  Peace/Ke i th  Overcash 

- - - - - - - - - -  

FROM: Michae l  Y .  A l d r i d g e  

SUBJECT: Emiss ions  T e s t  Performed af 
C a r o l i n a  Sol i t e  C o r p o r a t i o n  
Aquadale, N o r t h  C a r o l i n a  
on A p r i l  5&6,  1983 
by S h o l t e s  E Koog le r ,  I n c .  
o f  G a i n e s v i l l e .  F l o r i d a  

A r e p o r t  o f  t h e  s u b j e c t  t e s t s  has been rev iewed and found  t o  be a c c q p t a b l e .  
The r e s u l t s , a p p e a r  r e l i a b l e  and a d e q u a t e l y  r e p r e s e n t  t h e  emiss ions  from t h e  k i l n  
and t h e  o u t l e t  em iss ions  f r o m  t h e  c o n t r o l  equipment d u r i n g  t h e  t e s t  p e r i o d .  
There  i s  scme q u e s t i o n ,  however, r e g a r d i n g  t h e  method used by S h o l t e s  t Koog le r  
t o  c a l c u l a t e  c o n t r o l  equipment e f f i c i e n c i e s  f o r  t h e  v a r i o u s  t e s t  runs. Acco rd ing  
t o  t h e  t e x t  o f  t h e  r e p o r t :  " A l l  c o n t r o l  e f f i c i e n c i e s  were c a l c u l a t e d  f rom 
c o n c e n t r a t i o n  d a t a  r a t h e r  than  f rom s o u r c e  d a t a  because o f  t h e  u n c e r t a i n t y  
i n v o l v e d  i n  measur ing  a i r  flow r a t e s  a t  t h e  i n l e t  t o  t h e  c o n t r o l  system.' '  
5.0, page 8 o f  t h e  s u b j e c t  r e p o r t ) .  

( S e c t i o n  

E x c e p t i o n  i s  t aken  w i t h  t h e  above method o f  c a l c u l a t i o n  for t h e  f o l l o w i n S  
rea  sons : 

1 .  C o n c e n t r a t i o n  can be a f f e c t e d  by a i r  i n - l eakage  such as around a 
f a n  s h a f t .  Bas ing  c o n t r o l  e f f i c i e n c y  o n ' c o n c e n t r a t i o n ,  assumes 
t h a t  t hese  leaks  can be i g n o r e d .  

2 .  In  s p i t e  o f  t h e  f a c t  t h a t  t h e  samp l ing  l o c a t i o n  a t  t h e  i n l e t  
t o  t h e  c o n t r o l  system does n o t  comply w i t h  method I ,  t h e  i n l e t  
v e l o c i t y  d a t a  appears t o  be c o n s i s t e n t  from p o i n t  t o  p o i n t .  
Assuming t h a t  t h i s  d a t a  i s  r e l i a b l e  appears ( i n  t h e  o p i n i o n  o f  
t h i s  r e v i e w e r )  t o  be a b e t t e r  e n g i n e e r i n g  assumpt ion  than 
i g n o r i n g  t h e  f a n  leakage. 

T h e r e f o r e ,  i t  i s  c o n s i d e r e d  t h a t  b a s i n g  c o n t r o l  e f f i c i e n c y  on mass 
e m i s s i o n  r a t e  i s  p r e f e r a b l e  t o  b a s i n g  i t  on c o n c e n t r a t i o n .  



Memo 
p a w  2 
December 16, 1983 

The p o l l u t a n t s  t e s t e d  were p a r t i c u l a t e ,  chromium, l e a d  and c h l o r i d e .  
The a t t a c h e d  t a b l e  shows t h e  tes:  r e s u l t s  for  each o f  t he  above p o l l u t a n t s  
and c o n t r o l  e f f i c i e n c i e s  c a l c u l a t e d  b o t h  ways. 

P a r t i c u l a t e  c o n t r o l  equipment was demonst ra ted  t o  be i n  compl iance w i t h  
IS  NCAC 2D .O5ll d u r i n g  t h e  t e s t  p e r i o d .  

/ l a  

A t tachment  

cc: Dennis Ramsev 



SHOLTES & KCCGLER, ENVIRONMENTAL CONSULTANTS 
1213 N.W. 8lh SlrOOl Clalnsrvllls. Florld. 32801 (904) 377-5822 

SKEC 105-84-02 

February 2, 1984 

M r .  6. Ke i th  Overcash, P.E. 
A i r  Qual I t y  Regional Engineer 
North Carol ina Department of Natural 

Resources and Community Development 
Post O f f  ice Box 950 
MooresviIIe, North Carol lna 28115-0950 

Sub jec t :  Source Emlsslon Tests 
Carol lna So l l t e  Corporation 
Stanley County, North Carol ina 

Dear Mr.  Overcash: 

Your l e t t e r  o f  January 16, 1984 regarding the  emlsslon 
measurements t h a t  our f I r m  conducted a t  the  Carol Ina Sol I t e  Aquadale. 
North Carolina p lant  was forwarded t o  us by S o l l t e  f o r  comment. In  
t h i s  l e t t e r  you questloned our reason for ca lcu la t lng  the e f f i c iency  
of the a i r  po l l u t l on  control  system on the  basls of par t i cu la te  matter 
concentratlons rather  than on the  basls of pa r t i cu la te  matter mass 
flows. 

We agree with your contention t h a t  it Is more appropriate t o  
determine the e f f i c iency  o f  control  equipment on mass f low rates but .  
In our opinion, condlt lons a t  the  Carol lna S o l i t e  p lan t  precluded the  
accurate determlnatlon of the  mass flow r a t e  of par t l cu la te  matter a t  
the i n l e t  t o  the a i r  p o l l u t l o n  w n t r o '  system. I f  reference will be 
made t o  Flgure 2, Page 5 of our repor t  dated Aprl I 5-6, 1983, 
descrlbing the resu l t s  of the  emission measurements, It w i l l  be noted 
t h a t  the gas f low a t  the  I n l e t  t o  the  a i r  pol l u t l on  contro l  system Is 
through two square ducts which e x l t  the  k l ln ,  I m d i a t e l y  make 
apprwimately 60 degree turns t o  the ver t l ca l ,  and enter the feed rock 
bln. The undlsturbed dlstance of gas f l o w  both above and below the  
sampllng ports i s  less than one-half an equivalent duct  diameter. The 

Oi-ion Modeling, Air Quality Monitonn& Emission MeasurmwnU. Meteomlogid Studm. Cnnfrol Svrtcms Design, CMMl System Evaluation. 
Envimnmental lrnpdcl Sludier %iie Surveys. Radiological Sludin,  InstrurnentatiOn for Control Srrtcmr. Insmmcntation for Envimnmental Monitoring 



M r .  B. Ke l th  Overcash, P.E. February 2, 1984 
North Carol lna Dept. o f  Natural Resources 

and Comnunlty Development Page 2 

physlcal condlt lons t h a t  e x l s t  a t  the  I n l e t  sampllng locat lon r e s u l t  
In  extremely turbulent  gas f low and, I n  our oplnlon, resul ted I n  gas 
f low measurements t h a t  were much less than Ideal. 

The gas flow measurements made a t  the  d lscharge end o f  the a l r  
p o l l u t l o n  control  system ( I n  the stack as shown In  Flgure 1, Page 4, 
of our repor t )  are made a t  a polnt  approxlmately 20 d lme te rs  above a 
f low dlsturbance and approximately nine stack dlameters.below the top 
of the stack; an Ideal locat ion f o r  making gas flow measurements. 

The problem ant lc lpated I n  making accurate gas f low measurements 
a t  the  I n l e t  t o  the a l r  po l l u t l on  control  system proved t o  be a 
rea l  l t y .  This Is demonstrated by comparlng the f low measurements made 
a t  the I n l e t  (Table 1, Page 9) and o u t l e t  (Table 2, Page 10) o f  the  
a l r  p o l l u t i o n  control  system. The f low measured a t  the o u t l e t  of the 
system was 5800 standard cublc fee t  per mlnute while the  f low measured 
a t  the I n l e t  was j u s t  3839 standard cublc fee t  per mlnute. The 
dl f ference I n  f low Is attr lbuted. I n  our opinion, t o  the Inaccuracies 
Involved I n  the flow measurement a t  the I n l e t  of the  control  system. 

Supportlng our oplnlon on t h l s  matter was an Inspectlon o f  the  
control  system f o r  leaks conducted by D r .  Robert S. Sholtes of our 
s t a f f  who was present a t  the  t lme the emlsslon measurements were made. 
D r .  Sholtes Is a Reglstered Professlonal Englneer and has had over 20 
years experlence I n  the  f l e l d  of a l r  po l l .u t lon control  and a l r  qua l i t y  
management. He found the  cunponents of the a l r  p o l l u t l o n  control  
system and the connectlng ductwork to be sound and concluded t h a t  the  
dl f ference In  the measured f low ra tes  was the r e s u l t  o f  e r ro rs  
associated wlth gas flow measurements a t  the  I n l e t  t o  the  system. 

TakIng In to  conslderatlon the facts  set  f o r t h  I n  the above 
paragraphs, we declded t h a t  the e f f l c lency  o f  the  a i r  po l l u t i on  
control  system would most reasonably be represented by calculat lons 
based on par t l cu la te  matter concentratlons. As stated prevlously, we 
recognize t h a t  t h l s  Is not  the  Ideal method of ca lcu la t ing  control  
system e f f l c l enc les  b u t  I n  the  case of  the Carol ina S o l l t e  Aquadale 
Plant, I t  Is the  most acceptable. 

, ... 



Mr. B. Keith Overcash, P.E. February 2,  1984 
North Carolina Dept. of Natural Resources 
and Comnun Ity Development Page 3 

I hope that the information provided herein will satisfy the 
concerns you have regarding this matter. If you have further 
questions or comments, please do not hesitate to contact me. 

Very tru I y yours, 

SHOLTES 8 KOOGLER, 
ENVIRONMENTAL CONSULTANTS, INC. 

. .  . .  -_ _, 

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

JBK: Idh 

cc: Mr. Ed Martin 
Mr. Tom Purvls 
Mr. George Eure 



M r .  E. E. Martin, Vice-Presidmt 
S o l i t e  Corporation 
Post  Off ice  Box 27211 
Richciond, V i rg in i a  23261 

Subject :  Source h i s s i o n s  Test 
Carol ina  S o l i t e  Corporation 
S tan ly  County, 1;. C .  

>ear ;Xr. F a r t i n :  

On a;ril 5 and 6, 1923. a source er.is?,i,~x. t e s t  'vas )"rfcxc:r :  07. t5.e tcal,'coke/ 
Xo. 2 o i l / l i q u l d  waste f i r e d  l i g h t  weigh: a s g r e s a t e  exnanli?? :::I-: '-7. 5 ( 2 2  !N,TJ/hr. 
Zaximurj heat  i npu t )  c o n t r o l l e d  by a pack@? 5ed  pre .con3i t ioncr .  :i ~.! l t :c :~clc?e,  a precoola  
and a c r o s s f l w  g r a v i t y  spray  wet scrubber  a t  Carol ina S o l i t e  Corporation, Aquadale, 
N. c. 

A review of  the r e p o r t  of the r e s u l t s  of the aforementiozed r c s t  ha;  ':?E: completed 
by our Source Test U n i t  i n  Raleigh. 
and the r . eu l t# . appaa r  rdfabbre and adequate ly  r e p r e s e n t  t h e  emissions from t h e  ki ln  
before  and a f t e r  t h e  aforementioned a i r  p o l l u t i o n  c o n t r o l  devices .  ::-:S:gf-Jer, f h e  method 
used by Shol tea  b Koogler to  c a l c u l a t e  c o n t r o l  equipment e f f i c i e n c i e s  is quest ionable .  
I n  Sect ion 5.0 .  Page 8 of the sub jec t  r epor t .  "All c o n t r o l  e f f i c i e n c i e s  vere cn?cula ted  
from concent ra t ion  d a t a  rather than t h e  sou rce  d a t a  because of t h e  unce r t a in ty  involved 
in measuring air flow races at  the i n l e t  t o  the  c o n t r o l  sysLea." This Sft 'ice cons iders  
that  basing control e f f i c i e n c y  on mass emission r a t e  is p r e f e r a b l e  t o  basing it on 
concentrat ion.  Compliance with 15 NCAC 23  .3511. " P a r t i c u l a t e s .  SI? frm Lightweight 
Aggregate Processes". hsa been demonstrated based on the mass enissfon r a t e  ca l cu la t ion .  

The test methods have been found t o  be acceptab le  

I f  you have any ques t ions  concerning the above matter, p l ease  f e e l  f r e e  to call 
Y r .  Tin-Pong C h l a g  or  u at (704) 663-1699. 

Sincero ly .  

0 /3- 
B. Keith Overcash. P. E. 
Atr Quality Ragiond & g i n e r r  



s':: 
M r .  Keith Overcash 
919 North Main S t r e e t  
Mooresville,  North Carol ina 28115 

Dear M r .  Overcash: 

Attached a r e  three copies  of t h e  Shol tes  & Koogler s t a c k  tes t  r e s u l t s  
on emissions from t h e  #5 k i l n  of Carol ina S o l i t e  Corporation a t  
Aquadale, North Carol ina,  condicted on Apr i l  5-6, 1983. 
were conducted i n  order  t o  s a t i s f y  t h e  Provisos  10 and 11 of Permit 
No. 32 25 R 4 i s sued  on February 1 0 ,  1983 by t h e  North Carol ina Depart- 
ment of Natural Resources and Community Development. These provisos  
are r e l a t e d  t o  t h e  combustion of l i q u i d  waste i n  k i l n s  #5 - 8 t o  provide 
t h e  hea t  necessary t o  produce l igh tweight  aggregate .  

I n  a d d i t i o n  t o  t h e  t es t  results provided by Sho l t e s  & Koogler, t e s t s  
were conducted by our on - s i t e  l abora to ry  t o  determine t h e  Btu, ch lo r ide ,  
water ,  ash and s p e c i f i c  g r a v i t y  of t he  f u e l s  being burned during t h e  
course of t h e  t e s t s .  These r e s u l t s  are as follows: 

These tests 

Btu - 113,892 pe r  g a l .  
Chlor ide - 1.9% 
Water - none de tec ted  
Ash - 1.4% 
Spec i f i c  g r a v i t y  - .871 

If any a d d i t i o n a l  information i s  r equ i r ed ,  p l e a s e  d o n ' t  h e s i t a t e  t o  
contac t  me or George Ewe, p l a n t  manager a t  Caro l ina  S o l i t e .  

S ince re ly ,  

SOLITE CORPORATION 
A 

E .  E. Martin,  Vice P res iden t  

Em : emd 
E n d .  ( 3 )  

cc: George Ewe 
Wm. T.  Johnson 
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/ DISTRIBUTION 
Yellow Ccpy - Mon. Kgt. /Central  P i l e s  
B lue  Copi. - Regional Off ice  

(Opt iona l )  White copy - Permits 
Enforcement 
Stack Test 

NORTH CAROLINA D I V I S I O N  OF ENVIRONMENTAL MANAGEMENT 
A I R  QUALITY REPORT 

REQUEST FOR ACTION TO BE TAKEN 

The item l i s t e d  below requ i r e s  ac t ion  t o  a s c e r t a i n  compliance u ide r  A r t i c l e  2 1 ,  Chapter 143 
of the  General S t a t u t e s  of North Carol ina,  concerning r u l e s  and r egu la t ions  governing t h e  
con t ro l  of a i r  po l lu t ion :  

Name Address  County 

Subject 
Carol ina S o l i I e  Cow. Aqriadale s t ani-? 

OSoerve Steck T e s t  i n  Permit No. 3225R4 

Inves t iga t ion  Requested By Address County 

Remarks 

Assigned To Date 

Inves t iga ted  By Date Returned 
KRO 

Inves t iga t ion  Report 

CONTACT: Ed. L.  Plartin, Vice-president 
George Cure, P l a n t  I , h a g e r  

The sub jec t  s t a c k  test was performed on t h e  l i g h t  ve iph t  afiyregate expanded kiln 
No. 5 f i r e d  by c o a l  and 225 ga l lons /h r .  l i q u i d  waste so lven t s  f o r  sampling p a r t i c u l a t e  
chromium, i ead  (S t ip .  KO. lo), and  hydrogen c h l o r i d e  ( S t i p .  No. 11) emissions as 
requi red  i n  P e r n i t  No. 3225R4. Two sample trains were sampled s imultaneously,  one 
each a t  tlte inlei. 2nd d.. .~t.'.t! of t h e  a i r  p o l l u t i o n  c o n t r o l  system, in order  t o  de tenni r  
whether t h e  p a r t i c u l a t e  emissions c o n t r o l  e f f i c i e n c y  of  t h e  multicvclone. precooler ,  
and w e t  scrubber  was  g r e a t e r  than 957 as requi red  i n  EMC Regulation 15 NCAC 2D 10511. 
The s t a c k  test w a s  conducted by Shol tes  b b o e l e r  from C a i n e s v i l l e ,  P l o r i d a  in 
accordance wi th  EPA Method KO. 5. Three runs of  p a r t i c u l a t e  emission test were 
performed on 4 / 5 / 8 3  at t h e  o u t l e t ,  and only  tvo- th i rds  of t h e  t h i r d  nm vqs Derfomed 
a t  the  i n l e t  of the air p o l l u t i o n  c o n t r o l  system due t o  a me l t io r  t u 3 2  i n  tile main 
sample t r a i n  (or hot  box) from fi l ter  t o  t h e  impingers. 

It vas discovered a t  t h e  end  of  t h e  second run t h a t  t o o  much excess a i r  f l o w  had 
been sampled dur ing  those  two runs and would r e s u l t  in higher p a r t i c u l a t e  emission r a t  
than ~lornlal  ope ra t ing  cond i t ions .  Two a d d i t i o n a l  runs were performed both on t h e  i n l e  
and o u t l e t  of a i r  p o l l u t i o n  con t ro l  system on 4/6/83. 
w r l u a t i o r  of t h e  k i l n  Yo. 5 r e v e a i d  t h a t  t h e  f a c i l i t y  vas in compliance w i t h  E% 
Regulation 15 I:CAC ?D .0511. 

A 30 minutes v i s i b l e  emission 

Correspondence To: 
. 
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DETA2lWENNT OF NATURAL AND E'CDNVflLL IWSui%CES 

DIVISION OF ENVIRONOMENTAL MANAGEMENT 

Plume Observat ion Record Form 

Wind 

S k y  C o n d i t i o n  .imly 

0 
N O .  units i n  Excess of 

s tandard  0 
5 min /hr .  a l l o w  20 

NO. u n i t s  of V I O .  0 

Remarks: 



- 2 -  

use s ircle  t o  draw a diagram showing any p e r t i n a n t  b u i l d i n g s ,  trees,  
roads  e t c .  in r e l a t i o n s h i p  t o  your  p o i n t  of o b s e r v a t i o n  of t h e  s o u r c e .  






