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FMC Wyoming Corporation 

Box 872 
Green River Wyoming 82935 
307 875 2580 Certified Mail No.: P 532 942 668 

March 25, 1991 

, ,. . .  

Mr. Lee Gribovicz 
Air Quality District Engineer 
Air Quality Division 
State of Wyoming 
DepaKtment.Of Environmental Quality 
210 Lincoln Street 
Lander, Wyoming 82520 

Re: Compliance Test Results Source NS-3 

Dear Mr. Gribovicz: 

Enclosed please find the test report for compliance testing 
on March 5, 1991 of the Mono I1 calciner precipitator 
(Source NS-3) at FMC Wyoming Corporation's Green River, 
Wyoming plant. 

Appendix E of this report, which deals with calciner 
production rates, has been separated from the report and 
marked "CONFIDENTIAL" pursuant to Section 35-11-1101 of 
the Wyoming Environmental Quality Act. The information 
in this appendix is trade secret, business confidential,, 
and is proprietary to FMC. 

Particulate emissions from Source NS-3 were measured as 
28.9 lb/hr on March 5, 1991, which is well below the 
41 lb/hr emission rate for this unit under Section 25 
of the Wyoming Air Quality Standards. Consequently, 
on the basis of this testing and the testing on February 14 
and February 21, 1991, reported by transmittal letter dated 
February 28, 1991, FMC does not plan to conduct any further 
compliance testing of this unit at this time, and deems 
the unit to be in compliance with the particulate standards 



Mr. Lee Gribovicz 
March 25, 1991 

Page 2 

If there are questions concerning this letter or the enclosed 
report, please advise me. 

Wesley K. Nash, Jr., PE 
Environmental Manager 
(307) 872-2196 

Enclosures : 

cc: KN Dailey*, ED File - Office 
Charles Collins - AQD Administrator, Cheyenne, Wyoming 
* Cover letter only 
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Certification of Reuort 

The sampling and analysis represented by this report was 
performed under my direction and supervision. 

Date: 3-/8- 9 / Signature: 
Dale L. Clark ~ ~~ ~ 

Sr. Environmental Engineer 

I have reviewed all testing details and results in this 
report and hereby certify that the test report is authentic 
and accurate. 

Date: 3 . - l 2 - ? /  Signature: 
:' r 
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Introduction 

Compliance tests for particulate emissions were conducted on 

the Mono 2 Calciner (Source NS-3) on March 5, 1991 at FMC 

Wyoming Corporation's plant located near Green River Wyoming. 

The sampling followed the procedures set forth in Appendix I1 

of the "Wyoming Air Quality Standards and Regulations", 

Wyoming Department of Environmental Quality, 1989. 

FMC Wyoming Personnel taking part in the testwork were: 

Dale Clark Senior Environmental Engineer 

Ted Brown Environmental Engineer 

Scot Aler Environmental Engineer 

Simon Lee Environmental Engineering Aide 

Ron McNalley Environmental Technician 

Mr. Lee Gribovicz observed the testwork for the Wyoming 
Department of Environmental Quality - Air Quality Division. 
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Summary of Results 

This section summarizes the results of the particulate 

emission tests performed on the Mono 2 Calciner (Source NS- 

3). Table I is a summary of the results of the particulate 

teste performed on this unit. Details of the individual 

teste. including field data sheets, laboratory data sheets 

and calculation sheets can be found in the Appendix. 

The data listed in Table I shows that the particulate 

emission from Source NS-3 was 28.9 lb/hr, based on the 

average of the three testa. The allowable emission rate 

for this unit (NS-31, established by Section 25 of the 

Wyoming Air Quality Standards and Regulations is 41.0 lb/hr. :i:>\*!&;$ 



Table 1 
PMCWyoming Corporation 

SUMMARY OF STAM SAMPLING CALCULATIONS 

volume, (acfm) 216,053 235,378 

aas vulume, (sdm) 10393 113.227 

Percent isokinetic 101 97.6 

Emission rate, (lb/hr) 269 287 

TEST3 

1-NS-34 

23.52 

2x52 

863.5 

56a7 

4022 

35.24s 

0.63 

a u  

0.873 

a27 

a0837 

a0132 

a m  
72 

2986 

227,032 

109J41 

97.1 

31 
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Discussion of Results 

The three particulate tests taken on the stack appeared to 

be valid representations of the actual emissions during the 

teste. The indicative parameters calculated from the field 

data are in close agreement. The moisture percentages were 

within 0.2% of the mean value. The measured flow rates ( Q s )  

were within 4.5% of the mean value. Isokinetic sampling 

rates on ell three tests were maintained well within' the 90% 

to 110% allowable range. 

,..,.>. DescriDtion of Process Operation .... ?), . _. 

Crushed Trona ore (sodium sesquicarbonate) is fed into the 

gae fired rotary calciner where the trona is converted to 

impure soda ash (sodium carbonate) by heat. 

The exhaust gases from the calciner pass through two sets of 

four dry cyclones and a four set electrostatic precipitator 

for particulate removal before emission to the atmosphere. 
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Descriution of Samplina Location 

The sampling ports are located on the circular stack 

approximately 100 feet above the ground. The sampling was 

performed from two ports on the stack located 17 feet 

(2.1 stack diameters) downstream of the stack inlet, and 5 

feet (0.63 stack.diameters) upstream of the stack outlet. 

The area of the stack is 50.27 square feet. Port and wall 

thickness is 7 inches. 
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Samplina and Analysis Procedures 

Testing for particulate emissions was conducted on March 5 

using Reference Method 5 from Appendix I1 of the "Wyoming Air 

Quality Standards and Regulations' - 1989. Each test 

consisted of traversing both sample diameters, with twelve 

points being sampled on each diameter. Sample points were 

determined by Reference Method 1. Each point was sampled for 

three minutes for a total sample time of seventy two minutes. 

The testwork was completed without incident and the samples 

were returned to the FMC Environmental Department work area 

for recovery and analysis. 

Operational parameters that were logged during the testwork 

can be found in the logsheets in the Appendix. 



APPENDIX A 

Location of Sample  Points 



FMC Wyoming Corporation 
Green River Wyoming 

I. 

N S  

'- E: 

I B/D= 2.1 

d o  No. of points per traverse= 2 4 
No. of points per diameter= I 2 
No. diemetersperrun = 2 
Sample time per point 

From I From I 

1 
2 
3 
4 

6 
7 
8 
9 

10 
11 
12 

lriro'(a> S 
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APPENDIX B 

Source Emiss ion C a l c u l a t i o n s  



T E S T ,  NO, 9 1 -NS-3-4 DFITE 3-5-91 
VELOCITY FIND. VOLUME DETERMINFITION 
................................. 

DRY GFIS VOLUME . 
V r O s t d = ( 1 7 . 7 1  deg R / i n .  Hg)*Vm+(F4bar+deltaH/13.6)/Tm) 
Where V m s t d = V o l u m e ( f t 3 )  o f  gas s a m p l e  a t  70F and 23.92 in. Hg 

Vm=Volurne  ( f t 3 )  of gas a t  m e t e r  condi t ions 
T m = F l v e r a g e  d r y  gas m e t e r  t e m p e r a t u r e  ( R )  
P b a r = H a r o m e t r i c  pressure (in. Hg) 
deltaH=Pressure drop across o r i f i c e  (in. WG) . 

V r n e t d = 1 7 . 7 1 *  33 .47* (23 .52+0 .612 /13 .6 ) /541 .6  = 23.788 f t 3  

VOLUME OF WFITER VRPOR 
Where V w s t d = V o l u m e  ( f t 3 )  of w a t e r  vapcw 

V l c = T u t a l  v u l u r n e  o f  w a t e r  co l l ec ted  ( m l )  

V w s t d  = .00474* 399.1 = 18.317 f t 3  

MOISTURE CONTENT 
B w o = V w s t  d * l O O /  ( V w s t d + V m s t d )  
Where R w o = P e r c e n t  m o i s t u r e  

R w o  = 18.32*100/( 18.93+ 25.79) = 42.316 percent 

CONCENTRFITION 0 
C s ' =  (15.43 g r a i n s / g m ) * M n /  ( V m s t d + V w s t d )  
Where C s ' = C u n c e n t r a t  i o n  ( g r a i n s l s c f )  

M n = T o t a l  p a r t i c u l a t e  co l lec ted  (gm)  

C s '  = 15.43*0.0874/ ( 25.73+ 18. 32) = 0.0302 gra ins /sc f  

(!+;i;:$ 
STFICK V E L O C I T Y  
V = K p * 8 5 . 4 8 * S Q R ( d e l t a  P)*SC?R(Mw*Ps))  

Where V = S t a c k  ve loc i t y  ( f t / sec)  
T s = S t a c k  absol U t e  temperature ( R )  
deltaP=FIverage p i t o t  read ing  (in. WG) 
M w = M o l e c u l a r  w t .  o f  stack gas ( I b / l b  mole) 
K p=Pi t ctt t nbe coef f i c i erst 

Mw=O. 18*42. 32+0.44* 9.32+0. 32* 3.29+0.28*44.47 = 25.487 I b / m c ~ l e  

V=O. 84*85.48*0 .830*SQR (866.0/ (25.43*,33.52) ) = 71.631 f t / sec  

STFICK VOLUME 
FICFM=V*FI*60 FIND SCFM=FICFM*530*Ps/(Ts*23.92) 
Where Q C F M = R c t u a l  cubic Ft  per  m i n u t e  a t  stack cond i t i ons  

FI=Stack area ( f t E )  
S C F M = S t a n d a r d  cubic ft. per  m i n .  (29.92 in. Hg R 530 R )  

FICFM = 71.63s 50.270*60 = 216053 a c f r n  

SCFM = 216053*530*23.52/ (866.0*23. 92)  = 103343 s c f r n  

CPLCULRTED Dusr LOFID 
1 b / h r = C s '  *SCFM+60/70CIO g r a i r r s / l b  

DUST LOFID= 0.0302+103343*60/7000 = 26.88 Lb/Hr  

I S O K I N E T I C  RRTE 
I = 101.00 !58  X 



TEST NO., 31-NS-3-5 DFITE 3-5-91 
VELOCITY FIND-VOLUME DETERMINFITION 
................................. 

DRY GQS VOLUME , 

V rns td=  ( 17.7 1 deg R /  in. Hg ) *Vm* (Pbar+deltaH/ 13.6) /Tm) 
Where V r n s t d = V o l u m e ( f t 3 )  o f  gas s a m p l e  a t  70F and 2'3.32 in. Hg 

Vm=Volurne  ( f t 3 )  o f  gas a t  meter condit ions 
Trn=FIverage d r y  gas m e t e r  t e m p e r a t u r e  ( R )  
P b a r = R a r a m e t r i c  pressure (in. Hg) 
deltaH=Pressure drop across o r i f i c e  (in. WG) 

V m s t d = 1 7 . 7 1 *  36. 38*(23.52+0.677/13.6) /565.4 = 27.300 f t 3  

VOLUME O F  WFITER VFIPQR 
Where V w s t d = V o l u m e  ( f t 3 )  of w a t e r  vapor 

V l c = T o t a l  volume o f  w a t e r  co l lec ted  ( m l )  

V w s t d  = .00474* 416.3 = 13.733 f t 3  

MOISTURE CONTENT 
B w o = V w s t  d * l O O /  ( V w s t  d+Vrnst  d) 
Where Bwo=Percent m o i s t u r e  

B w o  = 13.73*100/( 13.73+ 27.30) = 41.355 percent 

CONCENTRFITION 0 
C s ' = ( 1 5 . 4 3  g r a i n s / g m ) * M n /  ( V m s t d t V w s t d )  
Where C s ' = C o n c e n t r a t  i o n  ( g r a i n s / s c f )  

M n = T o t a l  p a r t i c u l a t e  co l lected (gin)  

C s '  = 15.43*0.0302/ ( 27.30+ 1'3.73) = 0.0236 g r a i n s / s c f  

i . I  .,.,. :,, ""'.'.". , . STFICK V E L O C I T Y  
'. V=Ko*BS. 48+SQR ( d e l t a  P)  *SQR(Mw*Ps) 1 

Where V = S t a c k  v e l o c i t y  ( f t /sec)  
T s = S t a c k  absolute t e m p e r a t u r e  ( R )  
deltaP=FIverage p i t o t  r e a d i n g  (in. WG) 
M w = M o l e c u l a r  w t .  o f  stack gas ( l b / l b  male) 
K p = P i  t cat tube c o e f f i c i e n t  

Mw=O. 18*41.36+0.44* 3.05+0.32* 4. 18+0. Z8ie44.81 = 25.420 lb /mole 

V=0. 84*85.48*0. 303*SQR (866.1 / (25,42*L13.52) 1 = 78.038 f t /sec 

STFICK VQLUME 
FICFM=V*FI*60 FIND SCFM=FICFM*530*Fs/(Ts*29.32) -. 

Where FICFM=FIc tua l  cubic F t  per minute a t  stack condi t ions 
Q = S t a c k  area ( f t 2 )  
S C F M Z S t a n d a r d  cub ic  ft. per  min. (23.32 in. Hg R 530 R)  

FICFM = 78.04* 50.270*60 = 235378 a c f r n  

SCFM = ?35378*530*23.52/ (866.1+29. 32) = 113227 s c f r n  

CFILCULQTED DUST LOQD 
l b / h r = C s '  *SCFM*60 /7000  g r a i n s / l  b 

DUST LORD= 0 .C1236X l  1 3 2 2 7 * 6 O / 7 0 0 O  = 28.72 Lb /Hr  
i 
(. I S O K I N E T I C  RRTE 

I = 97.55133 X 



TEST NO. 31-NS-3-6 DGTE 3-5-31 
‘ V E L O C I T Y  FIND VOLUME DETERMINFITION 

................................. 
DRY GQS VOLUME 

V m s t d = < l 7 . 7 1  deg R / i n .  H g ) + V m * ( P b a r + d e l t a H / l 3 .  6) /Tm) 
Where V m s t d = V o l u r n e ( f t 3 )  of gas s a m p l e  a t  70F and 23.32 in. Hg 

Vm=Volurne ( f t 3 )  o f  gas a t  m e t e r  condit ians 
T m = Q v e r a g e  d ry  gas m e t e r  t e m p e r a t u r e  (R)  
P b a r = B a r o m e t r i c  pressure (in. Hg) 
deltaH=Pressure drup across o r i f i c e  (in. WG) 

V m s t d = 1 7 . 7 1 +  35.25+(23. 52+0. 630/13.6) /560.7 = 26.235 f t 3  

VOLUME O F  WFITER VQPOR 
Where V w s t d = V o l u m e  ( f t 3 )  o f  w a t e r  vapor 

V l c = T o t a l  v o l u m e  of w a t e r  co l lec ted  ( m l )  

V w s t d  = .00474* 402.3 = 19.064 f t 3  

MOISTURE CONTENT 
B w o = V w s t  d * l O O /  ( V w s t d + V m s t  d 1 
Where B w o = P e r c e n t  m o i s t u r e  

B w o  = 13.06*100/( 13.06~ 26.2’3) = 42.085 percent 

CONCENTRQTION 0 
C s ’ = ( 1 5 . 4 3  g r a i n s / g m ) * M n /  ( V m s t d + V w s t d )  
Where C s ’  = C o n c e n t r a t  i o n  ( g r a i n s / s c f  1 

M n = T u t a l  p a r t i c u l a t e  co l lected ( g m )  

Cs’  = 15.43*0.036’3/ ( 26.23+ 13.06) = 0.0330 g r a i n s / s c f  

STFICK V E L O C I T Y  
V = K p * 8 5 . 4 8 * S Q R ( d e l t a  P ) *SQR(Mw*Ps) )  

Where V = S t a c k  v e l a c i t y  ( f t / s e c )  
Ts=Stack absolute t e m p e r a t u r e  ( R )  
deltaP=FIverage p i t o t  read ing  (in. WG) 
M w = M o l e c u l a r  w t .  o f  stack gas ( l b / l b  m o l e )  
K p = P i t a t  tube cue f f i c i en t  

Mw=O. 18*42.09+0.44* 3.50+0.32* 3.76+0.28*44.65 = 35.462 l b / m o l e  

V=0. 84*85.48*0.873*SQR(863.5/  (25.46*33.53) ) = 75.271 f t / sec  

STFICK VOLUME 
QCFM=V*Q*60 FIND SCFM=FICFM*530*Ps/(Ts*29.33) 

~ 

Where Q C F M = F I c t u a l  cubic F t  per m i n u t e  a t  stack condi t ions 
FI=Stack area ( f t 3 )  
S C F M = S t a n d a r d  cubic ft. per  miro. (39.32 in. Hg R 530 R) 

FICFM = 75.27~ 50.270+60 = 227032 a c f r n  

SCFM = 2270’33X530*23.53/ (863.5*23. 33) = 103541 s c f r n  

CRLCULFITED DUST LORD 
l b / h r = C s ’ * S C F M * 6 0 / 7 0 0 0  g ra i r r s / l b  

DUST LORD= 0.0330*109541*60/7000 = 30.33 Lb /Hr  

(,. IsOKINETIC RFITE 
I = 97. 11738 Z 
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APPEHDIX C 

Calibration of Equipment 



i FMC, WYOMING CORPORATION 
GREEN RIVER. WYOMING 

METER BOX CALIBRATION DATA AND CALCULATION FORM 

DATE: 2/5/91 
Pb: 24. 1 

METER BOX NUMBER: NAPP, D514 
CALIBRATED BY: SIMON 

DH V W  Vd Tw Td DP ' TIME 
(IWC) (FT3) (FT3) (F) (F) (IWC) (MIN) Yd DH@ Q - - - - -  - - - - -  ----- --- - - -  ----- - - - - -  ------ - - - - -  - - - - -  
0.5 6.719 6.907 72.5 97 -0.4 15.00 1.0149 1.669 0.358 
0.5 6.776 6.955 73 99 -0.4 15.00 1.0191 1.638 0.360 

1.5 7.031 7.653 73 103 -0.7 10.00 0.9641 2.014 0.561 
1.5 7.007 7.644 73 104 -0.7 10.00 0.9636 2.024 0.559 

3.0 10.034 10.752 73 107 -1.1 10.00 0.9a06 1.964 0. 800 
3.0 10.119 10.714 73 107 -1.1 10.00 0.9924 1.931 0.807 

AVERAGES: 0.9891 1.873 

, 

i 
\ '.. 
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APPENDIX 5 

Field Testiq 
and 

A n a l y t i c a l  Data 





FMC Wyoming Corporation 
Emission Testing 
Laboratory Data 

... . 

!, 
'-:a,, 

bation: d5-3 
MOISTURE COLLECTED 

Impinger 1 Final Weight 
Initial Weight 

lmpinger 2 Final Weight 
Initial Weight 

Impinger 3 Final Weight 
Initial Weight 

Impinger 4 Final Weight 
Initial Weight 

OM/ML 

Increase 179.3 

Increase J 53 d 

Increase 37 .m 

Increase 7. & 

Total Moisture Catch 39s. I 
PARTICULATECOLLE!CIED 

FRONT HALF WASH 
Beaker (Gross Weight) 
b a k e r  (Tare Weight) 

TOTAL WASH CATCH 0. Oj 05 

ACETONE BLANK 
E3eaker (Gross Weight) '76 &IG 
Beaker(Tare Weight) ?5.ff/6 

TOTALBLANK - -O - 
FRONT HALF ANALYSIS 
(Node, Probe, Cyclone, Filter) 

Filter (Gross Weight) 
Filter (Tare Weight) 0. 

Filter Catch Q.0448 

Washings 6.03 05 
0.0 7 5 .3 

I cetoncBlank - 0 -  
\. 

Total Catch 

TOTALFRONTCATCH 0.0753 

BACK HALF ANALYSIS 
(Impingers, Filter Back-Half) I 

Beahr  (Gross 
Beaker (Tare 



S T A C K  S A M P L I N G  F I E L D  D A T A  

C o m p a n y  +MC A o o u r n o d  H o ~ s t u r s  X 40 
P r o b e  T l p  D i a m e t e r .  In. 0.m Gmn &er; \tlu P l a n t  L o c a t l o  

R u n  N O .  Q I -  N S J - 5  P r o b e  L e n g t h ,  ft.- 

A r n b l e n t  T e m p e r a t u r e .  'F 

~ a r .  P r e o r u r e .  i n .  t i g .  25-52 
I n i t i a l  L e a k  C h e c k .  C F f l f l . O ~ ~ Z a t  & I n .  Ha. 

F l n a l  L e a k  C h e c k .  CFM ' ? + 7 n 2 a t x I n .  H a .  

S a m p l i n g  ~ o c a t ~ o n  b43 - 3 

S t a r t  T l m c  9 :  .? / 

F i n l o h  TlrneJO: - I U  '4'-5 O r o a t .  Z C ~  16.4 
z q  7- z 

S t a c k  A r e a  50.27 z co 

o a t 0  3- 5-91 
in : in  - 

9" M e t e r  c o r r e c t l o n " , B 7 i  

6.0 



FMC Wyoming Corporation 
Emission Testing 
Laboratory Data 

RunNo.: 91- d S - 3 - K  
5 

Date: 3-5- q/ 
Location: n1s -3 

MOISTURE COLLECTED 

Impinger 1 Final Weight 
Initial Weight 

Impinger 2 Final Weight 
Initial Weight 

Impinger 3 Final Weight 
Initial Weight 

Impinger 4 Final Weight 
Initial Weight 

I d .  3 

Increase d09.1 

Increase / ~ 3  

Increase 53. k 

Increase /d. 3 

FRONT HALF WASH ACeTQNE BLANK 
Beaker (Gross Weight) 75 a 0 3  
Baker  (Tare Weight) -75 .t9a3 

Beaker (Gross Weight) 75 m6 
Beaker (Tare Weight) 75mG 

FRONT HALF ANALYSIS 
(Nodie, Probe, Cyclone, Filter) 

Filter (Gross Weight) 0.5&6 
Filter (Tare Weight) 0. 5 4 5  

C? 0 4 I \ Filter Catch 

BAM HALF ANALYSIS 
(Impingen, Filter Back-Half) I 

Beaker (Gross Weight) 74.&r$ 
Beaker (Tare Weight) 74. -1 



STACK S A M P L I N G  F I E L D  D A T A  

C o m p a n y  +MC A s s u m e d  M o l s t u r c  % 40 

P o 1 n . t  
N o .  

P l a n t  L o c a t l o  n R~ptd,. P r o b e  T I P  D ~ a m o t e r ~  ' I n .  0.234 
R u n  N o .  91 IO , !  - N5-3-6 P r o b e  L e n g t h .  f t .  

D r y  C a o  P u m p  I m p l n p o r  S t a c k  s t s c k j  O r  I f I c e  

T l m e  ~ n .  H20 A H  T e m p .  'F V a c u u m  B o x  T a m p .  P r e s r .  r e m p , !  
I n .  Hg T a m p .  ' F  ~n H g  - F  ! I m 1 . n )  ~n H,O 

I I I ! 

P l t O t  
D r y  G a s  

M e t e r  

FT , I  D . * l r . d l  A o t u a l  ln ' ' t lOut igt  G a u g e  ' F  

# 

A m b l c n t  T e m p e r a t u r e .  'F 

E a r .  P r e s s u r e .  I " .  Hg. 23.52 
l n l t l a l  L e a k  C h e c k .  C F t l O . C b Z a t % , n .  H g .  

F l n a l  L e a k  C h e c k .  CFM 0,- a t - l n .  H g .  

O r s a t ,  zca, 16.4 
Me t e r  C o r  r e c t I o n  0.9891 x 4  4.6 

U. 0 
S t u c k  A r e a  &27 % co 

t I 
I 

I I I I 
I I I 

I I I I I I I 
I 

. .  



FMC Wyoming Corporation 
Emission Testing 
Laboratory Data 

bation: N3-3 
MOISTURE COLLECTED 

Impinger 1 Final Weight 
Initial Weight 

Impinger 2 Final Weight 
lnitial Weight 

Impinger 3 Final Weight 
Initial Weight 

Impinger 4 Final Weight 
Initial Weight 

Increase /. e 

Incnase 8 2  

Total Moisture Catch ', *'$> 

PARTICULATECOLLECl'ED 

FRONT HALF WASH ACETONE BLANK 
Beaker (Gross Weight) 
Beaker (Tare Weight) 

Beakex (Gmu Weight)75. ffi6 
Beaker (Tare Weight) 75.8grG 

TOTALWASHCATCH 6.0327 TOTALBLANK -0 f l  

PRONT HALF ANALYSIS 
(Node, Probe, Cyclone, Filter) 

Filter (Gross Weight) @. 6756 
Filter (Tare Weight) 0 - 544d 

Filter Catch 0 05/0 

Waahinga a7.033 7 
Total Catch Q.OB3 7 

BACK w ANALYSIS 
(Impingen. Filter Back-Half) 

Beaker (Gross Weight) 
Beaker (Tare Weight) 



ElEfiORANDUN 

TO: FilC Uyomina Corporation Compliance F i l e  

THROUGH: Charles Col l ins ,  Administrator.  A U D  
Sernie  Dailey, Enaineering Supervi:or, ACID 

FRDI'I: Dan Olson, Compliance O f f i c e r ?  

DATE:  march 1 4 ,  1791 

5 11 b i  e c t, : Stack Test Anaivciz on Mono 2 Calziner < Source NS-S! 

T h i s  source was i n i t i a l l y  tes ted on October 11.1??(0 f o r  complianc? w i t h  
p a r t i c u l a t e  emisZion l e v e l s  a s  a resiil.?, ;f Di,.;is.ion concerns w i t h  e leva ted  
o p a c i t i e s .  The r e s u l t s  o f  t h i s  i e s t  werp reviewed by t n y  m e m a  o f  3ecember 10, 
1990, w h i c h  indicated a t es ted  emission r a t e  of 5 2 . 3  p p h  a g a i n c t  3 n  
al lowable cf  41.0 p p h .  The sot.ircf was aaaln tes ted on Januar:,' 31.1791 a f t e r  
zoine modif icat ions were made t o  the system i these mods a r e  d e t a i l e d  i n  Lee 
Gribovici  ' s  memo of February 7 ,  1?s?:t). BecA.use of the i e q a t i v e  na ture  of the  
, resu l t s  o f  t h i ;  second att-ernpt. FllC d i d  n o t  t ransmit  them t o  t h e  l?i,viEion. 
clioosina ins-bead t o  make addi t iona l  modif icat ions t o  the system and then 
conduct a s e r i e s  of " i n t e r n a l "  . t es t s  l.n February 1991 to  v e r i f y  t h a t  the 
modif icat ions had the desired e.Cfect (Lee Gribovicz 's  memo of march b ?  1P?1 
d e t a i l s  these  a d d i t i o n a l  modi f ica t ions) .  In the meantime, the  Administrator 
i n  a Febr;.iary 21, 1971 i e t t e r ,  required FNC t o  immediately t ransmi t  the 
r e s u l t s  of . the January t e s t  t o  the D i v i s i o n .  Cn Febrnary 28. 1991. FNC 
.transmi.Ited the ;esul.ts o f  the .January o f f i c i a l  compliance t e s t  alona .mi.t i i  
the  r ec i i l t s  o f  the " i n t e r n a l "  te5~i.s conducted i n  February. T h i s  t r a n s m i t t k l  
was received b y  the Division on march '1, 1791, S n d  is +.he s u b j e c t  of t h i s  
aria 1 YE. i E . 
A l l  tests were conducted i n  accordance w i t h  the  requirements of W f e r e n c e  
Nethnd 5 f o r  p a r t i c u l a t e .  The raw !est d a t a  included w i t h  the  . test  f e p a r t s  
were reviewed f o r  consistencv and acciirac? and independent c a l c u l a t i o n s  made 
i n  accordance w i t h  . t he  :equirements of i lethod 5 t o  determine emission rate- ,  
f o r  p a r t i c u l a t e  based on these  data .  The r e s u l t s  o f  these  c a l c u l a t i o n s  a r e  
snmmariied below and included as attachments t o  t h i s  memo. 

FMC $verbally arranqed an o f f i c i a l  r e t e s t i n g  schedule w i t h  Lee Gribovicz 
because o f  t h e i r  s a t i s f a c t i o n  w i t h  the  r e s u l t s  of the  " i n t e r n a l "  tes ts  and 
t h i s  t e s t  was conducted on March 5 ,  1991. The Divicion has not  y e t  received 
the r e s u l t s  o f  t h i s  t es t .  

I . . ~ .  ,... 



TESTED E N I S S I O N  RATES 

( NS-3 ) 
i'lONO 2 C A L C I N E H  

0 1 / 3  11 9 1 50.9 

02/14/?1 s;.5 

02/  14/c,  1 3 5 . 9  

-... 

50. .5 41.0 

33.4 41.0 

$4 1 . 0 ..., ._. .. . 
Y . , 

The r e s n l t z .  of the J a n u a r y  +.est  a r e  3 t h r e e  * ? z t  a v e r a g e  and i n t i i r a i e s  a 
continued non-cnmo:!iant o p e r ; f i u n .  The ave raoe  wf t h e  ihree lowezi  ?.e.? 
r e s u l t s  for  t h e  " i n t e r n a l "  ?ez. ts  conducted i n  Febr!!arv g i v e  a.n emission r a t e  
of 31 ., Y pph w h i c h  intiica.tec 6. . compl iance aper;iion. A l l  emir--,ion i i t . es  

l i s t ed  above a r e  f o r  the tot;,? c a i c h ,  b o t h  f r o n t  and back:. halve: of t h e  
s a m p l i n g  t r a i n .  

c c :  L e e  ! G r i b o v i c r  



Aun Number: ONE 
Test S i t e :  NS-3 1-c 
Test Date: 1/31/71 

A l l  d a t a  a re  i n :  l=met r ic ,  ?=Eno:lish: 
Area o f  staci.:. ( i t 2  or  m2): 

F'i.Iot tube c a l i b r a t i o n  c o e i f  i r i e n t  tCpi: 
Rarometric pressure ( i n .  Hq or  inin iia!: 

Nozzle diameter ( f t  or  n) :  
Dry s t a c k  3a. r  molecular weiqht: 

I n i t i a l  fir? Gas ile.ler readino ( i t 3  o r  n3): 
Final  Dry Gas Ileter- readina ( f t 3  o r  m3): 

Dr;. Gas Met.er ca l ib ra t ion  f a c t o r  I'ii: 
Total run t i n e  i m i n ! :  

P a r t i c u l a t e  weight i n  probe rins.e imai: 
Part . icuiat .e weiqht i n  f i l t e r  catch ( $ n q j :  

Particr.ila.ie weioht i n  impinqei c 3 t i . n  (mgi :  
Vohme of lilater Vapor Condensed i m l  ! : 

Water !lapor Collected i n  S i l i c a  !Gel ({nu): 
Percent. Ox~;uen i n  S t a c k  by iloliime <dry! :  

?,?rcen.i Carbnn Dioxide i n  St+.ck:. b.; i/olume (dry  j :  
Lea l .  $:ai: Correction Factor ilsed? l=res ,  ?=no: 

IlEriSlJRED D A T A  FRQN TES? RUN no:ONE 
P i t o t  O r i t i c e  S t a c k 

Delta p Delta !i Average Pressur?  
R u n  T i m e  i i n  H2O. < i n  H20. DGM Temp ( i n  HZO, 

i m i n i  m m  H20) mm H 2 O I  ( F , C )  inm H20) 

0.: 0.57 69 0 
c 0.7 0.59 71.5 0 
6 0.79 0.66 74.5 0 
9 0.9 0.76 76.5 0 

12 0 . 9 0.7.5 .7 8 0 
15 0 . 9 . I "  7 9 . 5  0 :> 7' 
1.8 0.84 0.71 31 8 0  
7 L a  .I 0.75 0.s4 83.5 <, 

,0 .7 0.59 33.5 0 24 
97 L, 43-62 0.51. 93.5 3 5 ,  

30 0.65 0 .55  35 0 
33 0.5 0.5: .  86 .5  0 

0 0.6 0.51 88 0 
3 0.64 0.54 89 0 
6 0.6 0.51 91.5 0 
9 0.7 0.59 72  0 

12 0.78 0.66 9 3 . 5  0 
1 5  0.9 0.76 94 0 
18 0.83 0 . 7 93 0 

- 

". 

- I  

36 

D A ' l A  
2 

50. 27 
0.54 

24.15 
0.01Y5 

30.79 
, 3 i . / 8  
788.  2B 
0 I 98 16 

7 2  

7'" - 

s t a c k 
Temp 

(F.Ci 

420 
421 
427 
432 
43.5 
440 
43? 
1-9 
437 
435 
435 
434 

422 
429 
434 
439 
44 1 
442 
442 

r 



Percent  mois ture  i n  s t a c k  g a s  (::I: 42.29 
Wet Stack  Gas i lo lecular  Weiaht  (Ns): 2 5 . 4  

Average S tack  Gas Temperature ( T s )  (H ,K) :  894 
Average Stack. V e l o c i t y  (Vs-avg) ( f t / s e c , m / s e c ) :  75 .48  

Average S t a c k  Pressure  ( P s j ( i n  Hq,mm H q ) :  24 .15  

. , . Actual Uolumet.ric Flow Rate (Q) (acfm,acmm): 227647.7 
c+n,,,i3..d , I n l l , m P * r i r  El",., Y.+O (Cl .= td \ tC?+rn  Cr",". A * . . \ . '  , 43501  P 





A l l  data  a re  i n :  l=metr ic .  2=Enalish: 
Area of s t a c k .  ( f t 2  ur mi?): 

F'i.to.t tube c a l i b r a t i o n  c o e f f i c i e n t  ! C p ) :  
Barometric pressure ( i n .  H? or  m m  Ha!: 

No;:le diameter ( f t  (3r n ) :  
Dry; stac l :  gas molecular weight.: 

1ni:Iial Dry Gas meter readina ( f t 3  gr m3): 
Fina l  Dry Gas meter readina ( i t 3  o i  m5): 

Dry Gas meter calibrat . ion f a c t o r  CY) :  
Suta l  rvn time ( m i n i :  

P a r t i c u l a t e  wei?ht i n  prone r ince  ( m a ) :  
F'art.irula.te weight i n  f i l t e r  c a t c h  (mg) :  

F ' a r t i c i i l 5k  wei.t~Iht i n  impinaer catch (ma): 
Vo?t.!me of Uater Vapor Condensed ! m l  j :  

Wa.ter Vapor Collected i n  S i l i c a  Gel i m q  j :  
Fercent U x y q e n  i n  S t a c k  by Voltime ( d r y ) :  

Percent  Carbon Dioxide i n  Stack. by {!ohtme ( d r y ! :  
Leat: Rate Cc.r'rec?ion Factor ilsed? l=ves. ?=no: 

REASURED D A T A  FROM TEST RUN na:TWO 
P i t o t  O r i f i c e  S t a c k:. 

Delia p Delta H Averace F'rezsnre 
Rt..!n Time [ i n  H2U. ( i n  820, DGiil Temp ( i n  HZO. 

( m i , )  mm H20) mm H20) (F5c) mm H2O) _____________________----___--___----------------_ 
I? '> . 7 0.5R ?5.5 
7 d 9.7 0. SY 97 
5 0 . 7  0.75 70 
9 0 . 5 5  0.01 57.5 

12  1 0.85  77.5 
1 5  1 . J. 0.93 ?7.5 
18 0.7 0.7h  73 
21 8.1 , 7 5 0.64 R8.5 
24 9.75 0.54 79 
27 0.7 0.59 98.5 
3 ,> 0 .  S8 0.57 78.5 
33 0.5 0.51 98.5 

0 0.6 0.51 97.5 
3 0.5 0.51 99 
6 0.55 0.55 99.5 
9 0 .7  0.59 101 

12 0 .8  0.68 lo? 
1 5  0.95 0.81 102.5 
18 0.85 0.72 103 
21 9.8 0.58 103 

D A T A  
? _ 

50.27 
0 .3? 

'24.15 
~>.01?5 

50.81 
788.  A 

-75 08 
0.7015 

,? 2 

L I . c 

DATA 
?0.7 
57 . :1 
21.1 

412.9 
2.4 
5 . 5  

1' 5 

2 
L..L 

c J t a c I.:. 
Temp 

(F,C) 



:; ,l 0 
75 I 

RESULTS 

P e r c e n t  m o i s t u r e  i n  s t a c k  gas (::): 41.55 
Wet S t a c k  Gas l l o l e c n l a r  Weight  ( N s ) :  25.5 

Average S t a c k  Pressure (Ps)(in Hg,mrn Hg) :  24.15 
Average S t a c k  Gas Temperature (Ts)(H,K): 894 

Average S t a c k  V e l o c i t y  (Vs-avg) ( f t /sec,m/sec) :  77.06 
A c t u a l '  V o l u m e t r i c  Flow H a t e  (0) (acfm,acmm):' 232441.6 

_ ,  ,,..., I ,  _,..._,.. ; -  -,-., r ._.. . 0 _ 1 d \  ,-.. *,. _ _ _ _  .I .... \ .  I"-._^ " 



RESUL'rS 
Dry i.;tch F'oilfwiant Mass Ra-te ( ib~!h r> :  

rota! Critcn P o l l u t a n t  l'lass Rate i ibs ;hr ! :  
fir;/ h t c h  Pnl lu tan t  i'lass R a t s  iqj 'hr j :  

T o t a l  Catch P o l l u t a n t  ma55 !?ate iq;.hr): 
Dry Catch Concentration (qrains/dscf.qidf;mj:  

Total  Catch  Concentration, ( q r a i n s i d s c f  , , q / d s c n ? :  
I so i - ine t ic  Check. ( ?  I!: 

Oxygen-Rased  Emission Kate ( n g i J , l b / m i l l i n n  E t t t ) :  

Carbon Dioxide-Rased Emirsion Hate ( n q i J , l b i m i l l i o n  R i u ! :  

$.85E+Oi 
5.:.OE+9i' 

1983.4 h 
24922.95 
4.?3E-0? 
7.9OE-02 

100.7 
1.88E-01 
I .  57E-01 



R u n  Number: THREE 
Test S i t e :  NS-3 F ? c  
Test Date: 1/31/91 

All data  a re  i n :  i= ,ne t r i c?  ? - E n g l i s h : .  
&rea  o f  s t a c k  ( f t 2  o r  m?!: 

F i t o t  t u b ?  c a l i b r a t i a n  c o e f f i c i e n t  ( C p i :  
Xaroinerric 2ressure ( i n .  Ha o r  mm Ha:): 

Noz:le diameter ( f t  o r  m!: 
Dry ctacb:. qas molecular weight: 

I n i t i a l  Dry Gas Meter reading ift; o r  m3):. 
Final  Dry Gas meter readinq ift ' .  o r  m3): 

Dry Gas Ileter c a l i b r a t i o n  .?actor  ( Y ' ) :  
T o t a l  rim t i n e  (min!: 

Part.ir:uia.t.e weiaiit i n  probe r in se  !ing:!: 
P a r t i c u l a t e  weight i n  f i l t e r  cat.ch (ng!: 

P a r t i c u i a i ?  weiaht i n  imoinaer c a t c h  ( n a l :  

Uater V,?por Collected i n  S i l i c a  Gel. ( in?:: 
Percent Orrqen i n  $.tack by Volume idry!: 

Percent Carbon Dioxide i n  "Jhack by Volume ( d r y ) :  
Leak. E a t e  Correction Factor Cked? / = ~ e c .  2=no: 

Voliilne n-i Water Vapor Condensed ( m l  ! 

IlEA3iJK'ED DATA FHON TEST RUN no:'THF;EE 
P i t n t  Ori f i ce  S t a c r.; 

Delta p DeIta H Ave rag e P r e5 sii r e 
Run Time ( i n  H2O. [ i n  H?O, D W I  Temp ( i n  H20, 

( m i n !  mrn H20j .nm H2O) (FIE) {nn H20) 

DRTA 
2 

50. 27 
0.84 

24.15 
0.0195 

30.83 
82.5.23 
851.94 
0.9815 

- r l  / i  

DATA 
105.2 

.5&. 7 
14.5 

371.5 
8 . 4 
5.9 

15.2 
3 1 

Stack. 
iemp 

(F,C) 

0 

.j 
9 

12 
1 5  
15 
2 1  
24 

30 
33 
0 
3 
5 
9 

12 
15 
13 
21 

7 .I 

-7 L ,  

i j .55 
0.65 
0.75 
0.37 
O.? 

ij.95 
9 . 9 

0.75 
'J . 7 

0.65 
0.55 
0.55 
0.55 
0.55 

0.6 
0.65 
3 - 7 6  

0.8 
0.85 
0.87 

0.47 
0.55 
0.64 
0.74 
'0.76 
0.81 
0.76 
0.54 
0.59 
0.55 
0.55 
0.47 
0.47 
0.47 
0.51 
0.55 
0.65 
0.53 
0.72 
0.74 

100.5 
103.5 

105 
104.5 
1503.5 

102 
101  

101.5 
101 
100 
100 
100 

96.5 
97  

97.5 
93  
99  

99.5 
100.5 

101 

0 
0 
0 
0 

42 1 
422 
425 
425 
426 
450 
429 
429 
429 
429 
427 
425 
,427 
420 
42 1 
425 
423 
429 
431 
430 



RESULTS 



Dry Catch i ' o l l u t h n t  i%s; Rate I1b:;'hr): 
'Total Cat,ch F ' o i l n t a ?  mas5 Rate  i l b s i h r j :  

Dry Catch F o l l u t a n t  ma:. Rate  i g , , ' h r j :  
'I'o.ta1 Catch F'ollutan t. mass Rat.e i g / h r j :  

D r y  Catch Concentrat ion igrains/drcf ,a /d;cmj:  
Tota l  Caich Concent ra t ion  ( a r a i n s / d s c f , g i d s c m ) :  

I s o k i r i e t i c  Check ( 2  I j :  
Oxygen-3ased Emission Hate ! n u / J , l o / m i i l i o n  B t i i ) :  

Carbon Dioxide-Faced Emission-Hate !nq/J ,?b imi l l ion  ? . tu j :  

>.43E-t01 . 
5.3?€+01- 
24637.75 
257 13.1 5 
?.?SE-02 
1 .OAE-Ol 

97.0 
2 .  i0E-01 
1.71E-GI 



A l l  data  a re  i n :  !.=metric, 2=Enalisn: 
Area of s t a c k  ( f t 2  o r  n l ? j :  

F i t o t  tube ca l ib ra t ion  c o e f f i c i e n t  ( C p  j :  
Rarometric preEsure ( i n .  Ha or  mm H q j :  

No;:le diameter i f t  o r  mj: 
Dry  s t a c k  a a s  molecular weiqnt: 

I n i t i a i  Drv Sas Meter readinq (ft3 o r  93): 
Final Dry Gaz Meter reading ( f t 3  o r  m3i: 

Dr:. IGas ! le ter  c a l i b r a t i o n  f a c t o r  i Y ) :  
i o t a 1  r3.m time Cain):  - 

Particuia7.e weiani i n  probe r i n s e  C m q j :  
F'art.iculate weiqnt i n  f i l t e r  c a t c h  ( a a j :  

P a r t i c u l a t e  weiqnt i n  iinpinqer c a t c h  (ma!: 
Voluse of Water Vapor Condenzed i m l ) :  

Water ilaoor Collected i n  S i l i c a  Gel i ! n g i :  
Percent Oxyqen i n  '>I- .2Loci.. by Volume ( d r y ) :  

Percent C:arbnn Dioxide i n  S t a c k  by  Vnlume (dr;,,:I: 
Leak. Rate  Csrrect ion Facis ;  Used? l=yes, :=no: 

i7EASUF:ED D A i A  FROM TEST SUN no:ONE 
p i t o t  O r i f i c e  s .t a c $:. 

Delta p Deita H Average Pressitre 
;inn T i m e  ( i n  H207 ( i n  H20, DGFl Temp ( i n  H20, 

( m i n i  mm H2O) mm 1i201 (FIE) mm'H2O) 

0 0.52 0.38 5 5  :j 
3 0.57 0 43  59 0 
6 0.68 0.5 si :5 0 
9 0.79 0.53 64 0 

i 7 L 0.87 0.64 57 i? 

15 0.37 0.64 70.5 0 
0 13 0.39 0.69 /d.S 

2 1  ;).85 0.62 77 .) 

24 G.77 90.55 71 '3 
27 0.73 0.53 81 0 
30 0.7 0.51 83 9 
33  0.64 b3.46 55.5 0 
0 0.47 0.34 90 0 
3 0.53 0.39 71.5 0 
5 O.A 0.44 9 3 . 5  0 
9 0.64 0.47 95 0 

12 0.77 0.5s 97  0 
. 1 5  0.83 0.02 99 0 

18 0.93 0.62 100.5 0 
21 0.85 0.62 101 0 

___________________________________________-_-_-------. 

-- 

DATA ,. i 
50.27 

0.84 
24.06 

0.0195 
30.91 

1.7.329 
50.075 
0.7891 -,. /i 

D A T 4  
52.3 
24.6 

14  
368.1 

e.8 
6.4 

15.6 
i 

s t a c k 
Temp 

(F,C) 

355 
400 
410 
416 
420 
420 
412 
4 i t  
415 
?14 
41  1 
410 
350 
392 
40 1 
405 
408 
405 
403 
401 



RESULTS 

P e r c e n t  m o i s t u r e  i n  stack. gas i::): 41.12  
Wet S t a c k  Gas l l o l e c u l a r  Weight i l ls ) :  25.6 

Average S t a c k  Gas Temperature ( T s ) ( H , K ) :  8 6 3  . 
Average S t a c k  V e l o c i t y  (Ws-avg) ( f t /sec,m/sec) :  72.J9 

Average S t a c k  F r e s s u r e  (Ps)(in Hg,mm Hg): 24.06  

A c t u a l  V o l u m e t r i c  F law Hate (O)(ac%n.acmm): 219256.5 
, . . - .  . - . . . . . . .  . . , . .  





A l l  ua.La a re  i n :  1:metric. 2=English: 
Area a i  =tach.; ( i t 2  o r  m Z ) :  

P i t o t  tube c a l i b r a t i o n  coey i i c i en t  [ C p i :  
Barometric prescure ( i n .  Ha or  inm H a j :  

Nozzle diameter ( f t  o r  m i :  
Dry s t a c k  g a s  molecular weiaht: 

I n i t i a l  Dry Gas l le ter  re-7ding ( f t 3  o r  m3): 
Fina i  Dry G a s  meter reading ( f t 3  o r  m3):  

Dry [Gas i le ter  ca l ib ra t ion  f a c t o r  ( Y ) :  
Total rcin time i m i n i :  

P a r t i c u l a t e  weiaht i n  prnbe r i n s e  (ma;: 
P a r t i c u l a t e  weight i n  f i l t e r  c a t . c h  ( m a ) :  

Part icu1ct .e  we iqh t  i n  i : n p i ! i n e r  catch i i n q ! :  
Volume uf  Water Vapor C:ondensed ( m l )  : 

d a t e r  Vapor Collected i n  S i l i c a  Gel (ma): 
Percent Oxygen i n  Staci.; hv ilolnme i d r y ) :  

Percent Carbon Dioxide i n  S t a c k  Sv Volume ( d r y j :  
Leak Rate Correction Fact,or k e d ' ?  l=ves ,  2=no: 

PIEASURED D A ' r A  FF:OII TEST K!.IN n0:RF-Z 
P i t o t  O r i f i c e  S .t a c b:. 

Delta p Delta H Averaae Pressure  
Run Time ( i n  H20, ( i n  H20, DGM Tern3 ( i n  tI2O. 

i m i n )  m m  A201 mm H201 i,F.C) am HZi3)  

DaTA 
2 

50.27 

24.06 
0.0195 

31 
50.44 

35.;47 
0:7851 

0.84 

71 
, L  

D A T A  
63.U 
31.6 
i 4 . 6  

373.7 
8.6 
5.8 

17..; 
? L 

s t ack 
T e m p  

( F . C )  

0 

6 
? 

ii: 
15 
.L 9 
21 

4 

30 
32 

0 
3 

9 
12 
1 5  
18 
21 

- 
2 

"7 
L, 

1 " 

0 . 4 4  
0.64 
0.74 
0.86 
0 . 5 5 
0.08 
0.71 
0.94 
0.94 
0.75 
.j. 71 
0.66 
0.49 
0.57 
0.71 

0.8 
0.85 
0.98 
0.94 
0 .'98 

0.53 
0.47 
0.57 
0.62 
0 I 69 
0.72 
0 I 5 5 
0.62 
0.62 
0.56 
'0 . 5 1 
0.48 
0.36 
0.42 
0.51 
0.58 
0.62 
0.71 
0.59 
0.71 

,-. " n m n  n -- 

75.5 
1831 .5 

,I 03 
104  
105 
I06 
J.06 

106.5 
106.5 
106.5 
105.5 
107.5 

105 
107.5 
108.5 

109 
108.5 

109 
108 

108.5 

1 n n 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 
0 
il 
0 
0 
0 
0 
0 
0 
0 

410 
417 
420 
429 
432 
433 
431 
431 
428 
425 
424 
424 
409 
418 
420 
424 
424 
423 
420 
418 

*.  I 



RESULTS 

F'ercent m o i s t u r e  in s t a c k  gas (::I: 40.97  
Wet S t a c k  Gas U o l e c u l a r  U e i g h t  (Us): 25.7 

Average S t a c k  P r e s s u r e  (Ps)(in Hg,mm Hg): 24 .06  
Average S t a c k  Gas Temperature ( T s ) ( R , K ) :  aai 

76.54 
231150.3 

.Average S t a c k  V e l o c i t y  (Vs-avg) ( f t /sec,m/sec) :  .. . 

A c t u a l  V o l u m e t r i c  F low'  H a t e  ( 0 )  (acfm,ac&n): 
^ .  . . ,. . , . -. -. , ,^ . ., . .. I .  . ,--..- - 



._ -- ...I . . . . . --. . . . 



A l l  d a t a  a r e  i n :  l=met r ic ,  2 = E n g l i s l i :  
Area 0.i ztacl: [ i t 2  o r  m2l: 

P i t o t  tnbe c a l i b r a t i o n  c o e f f i c i e n t  ( C p ) :  
Baromet.ric pressure ( i n .  H a  o r  lam H q ) :  

No::le diameter ( f t  r,r m ) :  
Dry s t a c k  qa.- molecular l w i a h t :  

I n i t i a l  Dry Gas N d e r  reading ( f t 3  or  m3): 
Fina l  Dry Gas meter readinq ( f t 3  o r  m 3 ) :  

Dry Gas l le ter  c a l i b r a t i o n  f a c t o r  i Y ! :  
Total run  time (inin!: 

P a r t i c u l a t e  weiqht i n  probe r i n s e  (ma j :  
P a r t i c u l a t e  :weigh.t i n  f i i . t e r  c a t c h  i m q ) :  

P a r t i c u l a t e  w i g h t  i n  impinqer r a t c h  i m a i :  
I/olune o i  Water Vapor Condensed i s 1  j : 

Water Vapor Collected i n  S i l i c a  Gel ( m a ) :  
Percent Oxygen i n  S t a c k h v  Volume ( d r y ) :  

Percent. Carbon Dirixide i n  S.tack by  Volume ( d r y i :  
Leak % a t e  Correction Factor Used'? I=:;P.-~ :=no: 

NEASURED D A T A  F K O N  TEST R U N  no:RF-3 
F' i tot  0 r i f i ce s t a c I 

Delta p Del-ta H Aver aG e F' r e  .- c 1.t re  
Run Time ( i n  920, ( i n  H 2 O .  D G N  Temp ( i n  H20, 

( m i n j  bm H201 m m  ti201 ( F t C !  m m . H ? O i  

DHTA 
2 

50.27 

24.11 
0.0195 

30.74 
105.2: 

139.501 

7 :  

0.84 

0 . 9 ~ 1  

D A T A  
48.1 
25.1 
12.7 

350.9 
8 

7.8 
15.2 

2 

c d a r k .  
Temp 

iF,C> 

0 0.57 
3 0.64 
6 0.77 
9 3 - 8 5  

12 0.9 
15 0.94 
i a  0.93 
., A. 1 0.88 
24 0 .35  
27 0.79 
:z 0 6.74 
33 0.57 
0 0.51 

5 0.6 
9 0.64 

12 0.7 
1 5  0.84 

21 0.89 

0.58 ., 
2 

18 0.87 

0.44 
0.51 

0.6 
0.66 

0.7 
0.74 
80.74 
0.48 
0.64 
0.63 
0.55 
0 .53  

0.4 
0.44 
0.47 

0.5 
0.55 
0.66 

0.7 
0.68 

6 5 
57.5 
/v.5 

75.5  
78 

80.5 
82.5 

95 
86 

87.5 
89 
91  

93.5 
94.5 
95.5 
97.5 

99 
i00.5 
101.5 

-~ 
77 I _. 

380 
392 
399 
401 
406 
408 
409 
409 
409 
407 
405 
405 
382 
390 
399 
400 
401 
404 
401 
401 



RESULTS 

Percent  mois ture  i n  s t a c k  g a s  ( X ! :  39.09 
We.t Stack. Gas Molecular d e i g h t  ( M s j :  2 5 . 8  

Average S t a c k  Pressure  ( F ' s ) i i n  Hg,mm Hg): 24.11 
Average S tack  'Gas Temperature ( T s ) ( R , K ) :  859 

Average S tack  V e l o c i t y  (Us-avg)  ( f t / sec ,m/sec) :  73.58 
-LI Actiial  Volumetr ic  Flow Rate (13) (acfm,acmm): ~~1942.8 

c a . - A . " A  ! , - I , . - - & . - < . -  C1-._. e.+- t O r & A \ / r r i -  r r m -  A * , , \ -  LLono L 
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CALCULATION CiF PARTICULATE CONCENTRATION 
AND EMISSICk4 RATE RESULTS WITH EPA NETHOD 5 DATi i  

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

FM= R u n  Number: RF-4 
T e s t  S i t e :  NS-3 
T e s t  Date: 2 /21/91 

A l l  d a t a  a r e  i n :  I = m e t r i s ,  ?=Eng l ish :  
Area o f  s tack.  ( f t ?  o r  m2i: 

P i t o t  t u b e  c a l i b r a t i o n  c o e f f i c i e n t  ( C p ) :  
B a r o m e t r i c  p r e s s u r e  ( i n .  Hg o r  mm H a ) :  

No::le d i a m e t e r  ( i t  o r  m i :  
Dry s t a c k  gas m o l e c u l a r  * e i g h t :  

I n i t i a l  Dry  Gas l l e t e r  r e a d i n g  i f 1 3  o r  m5j: 
F i n a l  D ry  Gas Meter  r e a d i n q  i f t 3  o r  m3!: 

Drv .  Gas I l e t e r  c a l i b r a t i o n  f a c t o r  i Y ! :  
T o t a l  r u n  t ime  (m in ! :  

P a r t i c u l a t e  w e i g h t  i n  p robe r i n s e  ( m a ) :  
P a r t i c u l a t e  w e i o h t  i n  f i l t e r  r a t c h  imgj:  

P a r t i c u i & t e  q e i g h t  i n  i m p i n q e r  c a t c h  (mg!: 
Voiuine o f  Water Vapor Condensed ( m l )  : 

Water Vapor C o l l e c t e d  i n  S i l i c a  Ge l  (mgi:  
P e r c e n t  Oxyqen i n  Stack:. by Volume ( d r y ) :  

Perrrei1.b Carbon D i o x i d e  i n  Stack. by Volume ( d r y ! :  
Leak R a i e  C o r r e c t i o n  F a c t o r  Used? 1-yes, :=no: 

ilEdSURED D&T& FROM TEST I::UN no:RF-4 .. I.'xto? O r i f i c e  c; t a c b:. 
Delta  p D e l t a  H A v e r w e  P r e s s u r e  

Run Time ( i n  K O .  ( i n  1.120, DGPl Temp ( i n  H20, 
i n i n )  mm ti?@! mm H 3 J )  (F.C) !Tim H 2 C i  

0 ,3.51 0. 43 104 0 - J 0.67 0.52 10.5 0 
5 0 .3  0.63 106.5 tj 

9 0.9 0 . 7 106.5 0 
12 0.7 0.7 105.5 ' 0  
1 5  I 0.73 105.5, 0 
13 10.9: 83.71 105 0 
21 0.a5 0.5.5 1sJ3.5 83 
24 O.e 0 .  h; i r j 3  0 
27 0.75 0.6 101.5 0 
30 0 . 7 0.55 101 9 
33 0 .  64 0.5 100 0 

0 0 . 5 0.39 97  0 
3 0.58 0.46 97.5 0 
v L 0.61 0.48 98 0 
9 0.55 0.51 97.5 0 

12 0.74 0.59 YB 0 
1 5  0.9 0.7 98 0 
18 0.97 0.75 98.5 0 
21 1 0.78 98.5 0 

D A T A  
.T 

50. 27 
0.34 

24.11 
0.0195 

30.94 
159.9 1 5  
17s .20? 

- 

0.9991 -. *, 
l i  

C A i A  
51.1 
35.5 
14.5 

5 8 0 . .:. 
6.1 

15.!3 

- -  
i .a 

1 

S t a c k  
Temp 
(Flil 

- - ?. A Y i  
401 
404 
410 
412 
413 
412 
412 
411 
409 
409 
409 
399 
401 . 
403 
408 
412 
415 
410 
410 



RESULTS 
__ - 

Percent  mois ture  i n  s t a c k  g a s  ( 2 ) :  40 .78  
Wet S tack  Gas Rolecular  W e i g h t  (Rs i :  25.7 

Average S tack  Pressure  ( P s ) ( i n  Hg,mm Hg) :  24 .11  
Average Stack. Gas Temperature ( T s ) ( R , K ) :  867 

Average S tack  V e l o c i t y  (Vs-avg) ( f t / s e c , r n / s e c ) :  7 5 . 1 8  
’ 225760.5  Actual Volumetric  Flaw R a t e  (0)(acfm,acmm): - 

,--*, , _ .  . . . . .  . . -. r I ,- ~ . .  



I. I.,., -.,,_ ~ _.,__..... , . . - - . .  
6. * ,I AND EI I ISSICN R A T E  RESULTS WITH EPA METHOD ?, DATA 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RESULTS 
Dry Catch Po l lu t an t  Mass F:ate i l b s / h r j :  2.35E+01 

Total Catch Po l lu t an t  Mas5 Rate ( l b s i h r ) :  3.32E+01 
Dry Catch Po l lu t an t  Mass R a t e  ( g / h r ) :  12814.28 

Total Catch Po l lu t an t  mass Rate ( g i h r ) :  15076.61 
Dry Catch Concentration (gra ins /dscf  , g / d s c m ) :  5.04E-02 

Total Catch Concentration (grains/dscf ,q/dscm):  5.89E-02 
I sok ine t i c  Check ( ?  I ) :  94.1 

Oxyyen-Based Emission Rate (ng/J , lb /mi l l ion  8 t u ) :  1.19E-01 
Carbon Dioxide-Rased Emirsion Rate (nq i J , l b /mi l l i on  B t u ) :  9.01E-02 

-. 
i 





TESTED EI ' I ISSION RATES 

( NS-3 ) 
MONO 2 CALCINEK 





SE s I! I.. 7: 

qq .-' P e r c e n t  moistu;6 i n  ~tacb: .  gaz ( 2 j :  L. i u  

We.k Sta::k Gas i'!ciec!rla.r U e i g h t  i l l s )  : 15.5 
Average Stack: P r e s s u r ?  i F ' s ) < i n  Hg,mm H g ) :  '..,.5? 

A.ierape S-tack Gas Tewpera tu re  !Tz)(R,KI :  955 
Average S t a c k  \ V e l o c i t y  ( U s - i v a i  <ft/sec,m./sec:: 72.14 

0% 

c> 7 

A c t u a l  V o l u m e t r i c  F l o x  Ra te  ( 0 )  (acfm,acmm): "117579.2 
< .t ;In d; rrl Vn 1 i i r n ~  t r i c E l  n w  *;I t D i 12= t r l )  i c r i m .  =. c mrn . ri r v  i .4N 94 .* 







Percent  moiztiire i n  s t a c k  gas  (:;!: 41.'3? 
Net S tack  Gas iilolecuiar U 2 i q h t  ( l ' k j :  25.4 

kverage S tack  Pressure  ! ? % ) ( i n  H a . m m  i i g j :  id. 52 
Average C-tack Gas Temperature 8:Ts) ( K 7 K ) :  866 

78.57 
Actual Volumetric Flow Kate ! Q ) ( a c f ~ % ~ a c m m ~ ~ :  235793.2  

q + > n f I s r r l  <!"l , ,* -Trir  Fl"W R A t p  i n . t ~ ) i c r ' m . . r m m . ~ r Y i .  ~ 5 9 7 4 . 9  

-7. 

five r aq e S t a c I.. Ve 1 o c i t y ( Vc- ava ) ( f t /  ce c m/  5e c j : 





"I 
I. 



P e r c e n t  moisture  i n  stac5:. gas <::): 42.91 
We.l- Stack: Gas Pfolecitlar W e i g h t  ( 1 % ) :  25.5 

CIveraqe Stack:. Pressure  iPs)(in Hq,mm Ha!:  23 .52  
Average S t a c k  Gas Temperature (Ts) ( H , X ) :  964 

Averaqe S t a c k  V e l o c i t y  (Vs-avg)  ( f t / r e c , m / s e c ! :  75.69 
A c t u a l  Vnlumetric  F low % a t e  :R)(~cim,acmm!: 228262.4 

~ + ; , ~ , i ; c r , i  ' V n l i : m = t r i r  F l o w  ?>tp  i~cttiii=rim.=rmm.,irr)r 47C3ri .  Fi 
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