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INTRODUCTION 

This report presents the results of a particulate source test on a feldspar 

dryer scrubber stack at The Feldspar Corporation's plant, Spruce Pine, North 

Carolina. This test was conducted on July 25 and 26, 1978. 

George L. Comer and Julius A. Shanklin of the North Carolina Department 

of Natural Resources 6 Community Development. Division of Environmental Management, 

Air Quality Management, conducted the test to determine if this source was in 

compliance with the North Carolina Emission Control Standard, 15 NCAC 2D .0509, 

"Particulates from Mica and Feldspar Processing Plants," (Reference 1). 

Jerry Hoyle of the North Carolina Air Quality Section, Western Field Office, 

assisted in the performance of the tests. 
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DESCRIPTION OF PROCESS AND CONTROL EQUIPMENT 

Crushed f e ldspa r  is d r i e d  in a d i r ec t - f i r ed - ro t a ry  dryer .  The exhaust 

passes  through a cyclone and a scrubber  in s e r i e s  before  it is vented t o  

t h e  atmosphere by means of a f an  and a v e r t i c a l  s t ack .  

The hourly process  rate w a s  15 tons /hr .  The maximum al lowable emission 

rate of p a r t i c u l a t e  matter w a s  ca l cu la t ed  from a formula given in t h e  

Emission Control  Standard 15 NCAC 2D .0509 as follows: 

0.677 E = 4 x ( a c t u a l  process  r a t e )  

0.677 E = 4 x (15) 

E - 25.02 l b / h r  
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SAMPLING AND ANALYTICAL PROCEDURES 

P a r t i c u l a t e  t e s t i n g  and sample a n a l y s i s  were performed according 'to 

procedures developed by the.U.S. Environmental P ro tec t ion  Agency and 

r e f e r r e d  t o  as Method 5 .  Sampling p o r t  l oca t ions  were determined according 

t o  Method 1. 

in t h e  December 23, 1971 Federa l  Reg i s t e r  (Reference Z), with  updated 

ve r s ions  appearing in t h e  Environment Reporter (Reference 3) .  

The above f e d e r a l  tes t  methods appear in t h e i r  o r i g i n a l  form 

Test  po in t  and sampling p o r t  l o c a t i o n s  a r e  shown in Appendix B. 

The sampling v e l o c i t y  i n  a l l  three runs ,  when compared t o  t h e  s t a c k  

gas  v e l o c i t y  ("percent i s o k i n e t i c " ) ,  w a s  ou t s ide  t h e  l i m i t s  of good 

p r a c t i c e  and requi red  s p e c i a l  handling of t h e  r e s u l t s .  Normally, t h e  

emission rate o r  "pol lu tan t  mass rate" is ca lcu la t ed  two ways (see 

Appendix A,  equa t ions  12 and 13 ) .  The percent  i s o k i n e t i c  ( % I )  is t h e  

r a t i o  of the two r e s u l t s  times 100 (see Appendix A ,  equat ion 1 4 ) .  The 

repor ted  emission rate is t h e  average of t h e  two r e s u l t s  (see Appendix A,  

equat ion 1 5 ) .  When t h e  percent  i s o k i n e t i c  is equal t o  100% (%I = 100) 

t h e  two resu l t s  a r e  t h e  same and t h e r e  is no unce r t a in ty  a s soc ia t ed  wi th  

t h e  average of t h e  two. A s m a l l  degree  of unce r t a in ty  is permiss ib le  and 

t h e  range of 90% <I < l l O %  d e f i n e s  t h e  acceptab le  l i m i t s .  

runs  were o u t s i d e  t h i s  l i m i t ,  so a d i f f e r e n t  method must be used t o  i n t e r p r e t  

t h e  resu l t s .  By s e l e c t i n g  t h e  lower of t h e  two r e s u l t s  r a t h e r  than t h e  

average, we  do not  remove t h e  unce r t a in ty ,  but  w e  ensure t h a t  i t  is in 

favor  of t h e  source (The Feldspar  Corporat ion) .  

A l l  t h r e e  test 
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Problems arose i n  computing the molecular weight of the stack gas due 

t o  equipment fa i lure  i n  the Orsat apparatus. 

from a recent test conducted on similar equipment a t  the IMC - Sobin Plant. 

This data yielded a molecular weight of 28 .92 .  

Gas analysis  data was taken 

-4 -  



SUMMARY OF RESULTS 

The table on the following page presents the final results of the 
particulate emissions testing and indicates that the subject source is 
in compliance with North Carolina emission standard 15 NCAC 2D .0509. 

Environmental Engineer 
Air Quality Management 
September 25, 1978 
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APPENDIX A 
Calculation Sununary 

ENTRY RUN 1 RUN 2 RDN 3 ANSWER 
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APPENDIX A 

EQUATIONS 

1. Absolute Pressure in Dry Gas Meter - P ( i n .  f i q . )  m 

+ AH - P = P  
13.6 m atm 

2. Absolute Stack Pressure - Ps ( i n .  Hg.) 

's (gage) = P  + 
pS a m  13.6 

3. Sample V o l u m e  a t  Standard Condit ions - ( f t 3 )  
vms td 

*std 'm -- = v, 
s t d  'std 

"m 

4. Volume of Water V a p o r  Col lec ted ,  Correc ted  to Standard Condit ions - Vv ( f t3 )  
s t d  

m 

K2 = 0.00267 ( u n i t s  conversion)  ' s t d  = K V  - 
s t d  Iq 'std 

"V 

5 .  Tota l  Sample Volume  a t  Standard Condi t ions  - Vstd ( f t 3 )  

= + 
'std "%td ',std 

6. Percent  Moisture i n  Stack Gas - %M 

x 100 ",std 

"s t d  
%M = - 

'd 7. Mole F rac t ion  of Dry G a s  - 
~. 

100 - %M 
100 Md = 

8. Molecular Weight of W e t  Gas - M (lb/lb mole) 

9. Stack Veloc i ty  - v ( f t / s e c )  
S 

/ + -  - S E- - v = K C  

AP S P P P S M  n 

% = 85.48  ( u n i t s  conversion f a c t o r )  -a- 



APPENDIX A 
'1 

10. Stack volume- Flow Iiate - Q, (ft3/min) 

Q, = K v A' K~ = 60 (units conversion) 
I S S  

3 11. Stack Volume Flow Rate at Standard Conditions - Ostd (ft bin) 

P Tstd s - Qs = -  
Qstd 'std TS 

12. Pollutant Mass Rdte Based on Particulate Concentration - p m c  (lb/hr) 

= 0.1323 (units conversion) 't 'std 

"std pmrc = K~ K3 

13. Pollutant Mass Rate Rased on the Ratio of the Cross Sectional Area Of 

the Stack and the Sampling Nozzle - pmr, (lb/hr) 

14. Percent Isokineticity - %I 

Pmr, 

PrnC 
%I = - x 100 

15. Average Pollutant Mass Rate - p m  (lb/hr) avg 
ma + P m c  - - 

Pmravg 2 

16. Percent Excess Air - %EA 

(100) 
$07 - .5(%CO) 

%EA = .264(%N2) - %02 + . 5 ( % C O )  

17. Heat Input Rate - HI (lo6 BTWhr) 

6o Qstd 
F(100 + %EA) 

HI = 

18. Specific Emission Rate - pmru (lb/106 BTU) 

-9- 
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NOK3NCLATURE 

2 (in ) ,  Cross sectional area of nozzle 

(in2), Cross sectional area of stack 

(ft'), Cross sectional area of stack 

Pitot tube calibration coefficient 

Percent Excess Air 

(scfd/lO BTU),  F factor 

(in HzO), Average orifice meter reading 

(IO6 BTU/hr), Heat Input Rate 

6 

Percent Isokineticity 

(lb/lb mole), Molecular Weight of wet: gas 

Percent Moisture 

Mole fraction of dry gas 

(lb/lb mole) Molecular weight of dry gas 

Number of Ap readings 

(in Hg), Local atmospheric pressure 

(in Hg), Absolute pressure in dry gas meter 

(in Hg), Absolute stack pressure 

(in H20), Measured static stack pressure 

(29,92 in Hg) , Standard pressure 
(lb/hr), Pollutant mass rate based on ratio of areas 

(lb/hr), Average pollutant mass rate 

(lb/hr), Pollutant mass rate based on concentration 

(lb/106 BTU) , Specific emission rate 
(in H20). Velocity pressure , 

(ft3/min), Actual stack volume flow rate 

(ft3/min), Stack volume flow rate at standard conditions 
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APPENDIX A 
n 

TS 

Tstd 

lq 
V 

vm 

vstd 

vVStd 

Wt 

e 

%td 

V 
9 

(OR), Average dry gas meter temperature 

(OR), Average stack temperature 

(530 OR), Standard temperature 

(ml), Liquid volume 

(it ) ,  Sample volume measured by dry gas meter 

(ft3), Sample volume at standard conditions 

(ft ),  Total sample volume at standard conditions 

(ft 1 ,  Volume of water vapor collected, corrected to standard conditions 

(ft/sec), Stack velocity 

(m), Total weight of particulate collected 

(min), Duration of test 

3 

3 

3 
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APPENDIX B 

Preliminary Field Data 
h 

I I 

Date 7/25/72? 

Port Location 

Nearest Disturbance: ., 
S r A  c K 

Before Port GI- to '<  ( 3 , 4 & 4  
3' - 2" After Port 

I1 

Duct Diameter 24 

Sketch of stack or duct 
showing location of sampling 
ports 

AQ-104 2-21-78 WOGR 
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APPENljIX C 

FILTER WEIGHTS 

Filter Number 55!-67& 
Final Weight (9) 

Tare Weiqht (9) , 3979  

WASHINGS 

Beaker Number LoA 
Volume (Acetone) 350 
Final Weight (9) )lrf.(p%% 

Tare Weight (9) 

ACETON??, BLANK 

\-i '+ i2bz  

- 
-- - _I_- 

TOTALS 

- 

'TVl'AL PARTICULATE CATCH 

Lot Number Tz 5T3 Filter Final Weight 

Beaker Number 4 + Washings, Final Weight \ l + b  5% 3 

Volume (ml) - *5& __ - Filter Tare 3ql? -- 

Tare Weight (9) \7a.1'%3 - Corrected Blank sc.c, 4- 

Final Weight (9) \la 7 4q * - Beaker Tare (Washings) 17+  IZ(CL 

= Total Particulate (9) n . \ 3 ~ +  - Blank Residue (9) - Oh&%. 

BLANK CORRECTION 

("O'. Washings) X (Blank Residue) 
( Vol. Blank ) 

) X ( 00s 1 - .OCid3 ( 350 
( .l*,z. ) 

IHPINGERS (1, 2, 3) SILICA GEL 

Final Weight (9) Z % O t #  

Wc3 Initial Weight (9) -- 
Final Volume (ml) ZdF 
Initial Volume ( 2 0 0  ml) - 
Water Collected (ml) - 1266 hoisture Collected (9) 'Lo,$ 

Total Water Collected (ml) &&*a 
'These blocks will be blank if filter is weighed together with the washings. 

10-23-75 W ~ R  
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Lbcation 

FILTER WEIGiiTS 

Filter Number 

Final Weight (9) 

Tare Weight (9) 

WASHINGS 

"d 

- 

- Beaker Number - 

Volume (Acetone) 

Final Weight ( g )  

Tare Weight (9) 

ACETONE BLANK 

Lot Number 

Beaker Number 

volume ( m l )  

Final Weight (9) 

Tare Weight (9) 

" P A L  PARTICULATE CATCH 
?%&e/ 

c Filter Final Weight . 17tCS-3 
+ Washings, Final Weight Ib0. \l)k7 

- Filter Tare ccool- e- - - Beaker Tare (Washings) \bl . b%qln 

L - Corrected Blank - . f i O ' l O  

- Blank Residue (9) -. = Total Particulate (9) (9 .o%-IB 
BLANK CORRECTION = 

Washings) X (Blank Residue) 
( Vol. Blank 1 

IHPINGEPS (1, 2 ,  3)  SILICA GEL . .  

Final Volume (ml) 'k7b Final Weight ( g )  

-0 -- Initial Volume (ZOO ml) ZCrv Initial Weight ( g )  

Water Collected (ml) - 2 7  6 Moisture Collected (9) 1716 
Total Water Collected (ml) z9 1.5 

*These blocks will be blank if filter is weighed together with the washings. 

10-23-75 WOGR 
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APPENEIX C 

ANALYTICAL DATA 

Location 

FILTER WEIGHTS 

Filter Nwnber 

Final Weight (9) 

Tare Weiqht (g) 

WASHINGS 

Beaker Number 

Volume (Acetone) 

Final Weight (g) 

Tare Weight (g) 

ACETONE BLANK 

Lot Number 

Beaker Number 

volume ( m l )  

Final Weight (q) 

Tare Weight (g) 

rKx3 
_\1~.70\8 

\15. \bb5 

j54 l4f- 
ToTAc PARPICULATE CATCH 

17Ls-5 Filter Final Weight 

+ Washings, Final Weight !1~.70\% 

- Filter Tare 
- Beaker Tare (Washings) \15. \ b b S  

nGl - 

- Corrected Blank *WL 
- 

- Total Particulate (9) 6.1359 
I 

Blank Residue (9) 

BLANK CORRECTION - 
(“O’. Washings) X (Blank Residue) ( Vol. Blank ) 

IMPINGE- (1, 2, 3 )  SILICA GEL 

Final Volume (ml) Final Weight (9) 2 16.0 
20 0 -- Initial volume (200  ml) Z V B  - Initial Weight (9) 

Water Collected (ml) - w1 bisture collected ( g )  l b , B  
Total Water Collected (ml) u7.a 

*These blocks will be blank if filter is weighed together with the washings. 

10-23-75 WOCR 
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WASHINGS 

Beaker Number L 
volume @cetom) a m \  

Fina l  Weight (g) ~t+1.&37 

Tare Weight (g) \L(7.a5rq 

ACETONE BLANll TmAL PARTIcLILATe C A W  

Lot m e r  F i l t e r  Final  Weight 

Beaker Number + Washing#, Final Weight \4l.a53q 

Volume (ml) - F i l t e r  Tar. 

Final Weight (9) - Beaker T a r s  ONuhinge) \ 47 19 
Tare Weight (g) - Corrected Blank 

Blank Reaidua (4) Total Particulate (9) 0 .on\% 
BLANK CORRECTION - 

) -  
( 
( 

IMPINGERS (1, 21 3 )  8ILIcA GEL 

Final volume (ml) Fina l  Weight (9) 

I n i t i a l  Volume (200 ml) I n i t i a l  Weight (9) 

Water Collected ( m l )  Moisture Collected (g) 

meal Water colloctad (ml) 

*These blocks w i l l  be blank if f i l ter  i n  weighed t0go-r wfth the waahings. 

-16- 10-23-75 



Y 
APPENDIX c 

ANALYTICAL DATA 
Lab NO. zf7b 

k \ d  Plant F F L O I P A R  q/q7s 
mmmmixrg%w& Date I .  - 

J 8/8/7 I Of U C I L  QllJl- 
c Location 

A? FILTER WEIGHTS TOTALS 

Filter Number 

Final Weight (9) 

Tare Weight (4) 

WASAINGS TOTALS 

Beaker Mmrber 

volume ke4cwa4 lfno 

Final Weight (g) j3a.bqy7 

Tare Weight (9) 

?CETONE BLANR PARrImIATE CAm 

Filter Final Weight Lot Number 

Beaker Number 

volume (ml) - Filter Tare 
Final Weight (9 )  

Tare Weight (9) - Corrected Blank 

\ 3 3. bq 2b 

+ Washings, Final Woight I 3 a .bq 47 

- Beaker Tare Wmhings) \ 3 3 .  by& 

Blank Residue (9) = m t a i  Particulate (9) n ,no&\ 
BLANK CORRECTIQJ = 

(vol. x (Blank Residue) 
( Vol. Blank 1 

( ( ; X (  ) -  

IMPINGERS (1, 2, 3) SILICA GEL 

Final Volume (ml) Pinal Weight (9) 

Initial Volume (200 ml) Initial Weight (g) 

Water Collected (ml) moisture collected (g) 

Total Water Collected ( m l )  

*These blocks will be blank if filter is weighed tegother dth the waahings. 

10-23-75 -17- 
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APPENDIX C 

FILTER WEIGHTS 

F i l t e r  Number  

F i n a l  Weight (9) 

Tare Weight (9) 

WASHINGS 

Beaker N u m h e r  . ?3 

volume 

F ina l  Weight ( g )  1% .ha73 

T a r e  Weight (9) \sa a 5 0  

ACETONE BLANK 

3 TOTALS 

* 

TOTAL PARTICULATE CATCH 

Lot Number F i l t e r  Final Weight * 
Beaker Number + Washings, Final Weight 19 loa1 3 

Volume (ml) - - F i l t e r  T a r e  

F ina l  Weight (9) - Beaker T a r e  (Washings) \ 9 a . 
Tare Weight (9) - Corrected Blank - 

IUQzL Blank Residue (9) = Total Par t iculate  (9) - 
BLANK CORRECTION = 

(vO1. Washings) X (Blank Residue) 
V o l .  Blank I 

IMPINGERS (1, 2, 31 SILICA GEL 

Final Volume (ml) Final Weight (9) 

I n i t i a l  Volume (200 ml) 

Water Collected (ml) Moisture Collected ( g )  

I n i t i a l  Weight (9) 

Total Water Collected (ml) 

1 *These blocks w i l l  be blank i f  f i l ter  is weighed together with the washi,,.*s. 

-1 10-23-75 -18- 
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NOMOGRAPH DATA 

~ 

SO 

Pm 

PERCENT MOISTURE IN GAS STREAM BY VOLUME 

BAROMETRIC PRESSURE AT METER, in. Hg 

STATIC PRESSURE IN STACK, in. Hg 

(Pm+0.073 I STACK GAUGE PRESSURE in in. H20) 9s -- 

PLANT FdILPexazr Cbr wiiAOy, 

SAMPLING LOCATlON 5bck  
DATE 7/26/7 8 

- 
3 5  

- 

~ 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. Hz0 

AVERAGE METER TEMPERATURE (AMBIENT+ZO0F),"F 

AH@ 

Tm a g .  

CALCULATED NOZZLE OIAMETER. in. 

lCTUAL NOZZLE DIAMETER, in. 

?EFERENCE A p ,  in .  H20 

k; I 

~- 

-.&A 
* -  30G 

AVERAGE STACK TEMPERATURE, O F  T 

AVERAGE VELOCITY HEAD, in. H20 Apavg. 0.59 
MAXIMUM VELOCITY HEAD, in. H20 

- 5 ' G  C FACTOR 
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