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ACFM 

cc ( in l )  

DSCFM 
DSML 

DEG-F (OF) 

DIA.  
FT/SEC 

GPM 

GRIACF 

GRIDSCF 

g 
HP 
HRS 

I N .  
IN .  HG. 

IN .  WC. 
LB 

LB/DSCF 

LBIHR 

LB/ 1 0 6 8 ~ ~  

LBIMMBTU 

Mw 

mg/DSCM 

microns (pm) 

MIN. 

ohm-cm 
PPH 

PPM 
PSI 
SQ. FT. 

V I V  

W I W  

ABBREVIATIONS 

ac tua l  cub ic  f e e t  per minute 

cub ic  cent imeter  (mi 11 ili t e r )  

standard cub ic  f o o t  o f  d r y  gas per minute 
d r y  standard m i l l i l i t e r  
degrees Fahrenhe i t  

diameter 

f e e t  per second 

g a l l o n s  per minu te  
g r a i n s  pe r  a c t u a l  cub ic  f o o t  

g r a i n s  per d r y  standard cub ic  f o o t  

gram 
horsepower 

hours 
inches 

inches o f  mercury 

inches o f  water 
pound 

pounds per d r y  standard cub ic  f o o t  

pounds per hour 

pounds per m i l l i o n  B r i t i s h  Thermal U n i t s  heat i n p u t  

pounds pe r  m i l l i o n  B r i t i s h  Thermal U n i t s  heat i n p u t  

megawatt 
m i l l i g r a m s  per d r y  standard cub ic  meter 
m i  c ruus te r  

minutes 

ohm-centimeter 

pounds pe r  hour 

p a r t s  per m i l l i o n  

pounds per square i nch  

square f e e t  

percent by volume 

percent b y  weight 

Standard conditions are defined as 68 O F  (20 O C )  and 29.92 I N .  of  mercury pressure. 

iii 
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1 INTRODUCTION 

On August 5, 1985, I n t e r p o l l  Inc.  personnel conducted a 

p a r t i c u l a t e  and SO2 emission compliance t e s t  on t h e  No. 2 Machine Wind 

Box and Hood Exhaust No. 4 Scrubber a t  t h e  H ibb ing  Taconi te  Company 
P l a n t  l o c a t e d  i n  Hibbing, Minnesota. On-s i te  t e s t i n g  was performed by a 

two-man team under t h e  d i r e c t i o n  o f  O r .  P. Lonnes. Coord ina t ion  between 
p l a n t  o p e r a t i o n  and t e s t i n g  a c t i v i t i e s  was prov ided by Bob I v e s  and 

o t h e r  p l a n t  personnel o f  t h e  H ibb ing  T a c o n i t e  Company. The t e s t  was 
witnessed by Bob Beresford o f  t h e  Minnesota P o l l u t i o n  Contro l  Agency. 

Evaluat ions were performed i n  accordance w i t h  EPA Methods 1-6, 

CFR T i t l e  40. P a r t  60. Appendix A ( r e v i s e d  J u l y  1 .  1985). P r e v i o u s l y  

c o l l e c t e d  data was used t o  s e l e c t  t h e  a p p r o p r i a t e  nozz le diameter 
requ i red  f o r , d i s o k i n e t i c  sample wi thdrawal .  An I n t e r p o l l  sampling t r a i n  
which meets o r  exceeds s p e c i f i c a t i o n s  i n  t h e  above-c i ted re fe rence  was 

used t o  c o l l e c t  the samples by means o f  a heated s t a i n l e s s  s t e e l - l i n e d  
probe. S u l f u r  d i o x i d e  de terminat ions  were performed i n  accordance w i t h  

t h e  l a r g e  impinger ve rs ion  o f  EPA Method 6 u s i n g  t h e  back h a l f  o f  t h e  
Method 5 sampling t r a i n .  

An i n t e g r a t e d  f l u e  gas sample was e x t r a c t e d  s imul taneously  

w i t h  each p a r t i c u l a t e  and s u l f u r  d i o x i d e  sample u s i n g  a s p e c i a l l y  

designed gas sampling system. I n t e g r a t e d  f l u e  gas samples were 

c o l l e c t e d  i n  4 4 - l i t e r  Ted lar  bags. A f t e r  sampling was complete, t h e  

bags were sealed and r e t u r n e d  t o  t h e  l a b o r a t o r y  f o r  Orsa t  ana lys i s .  
P r i o r  t o  sampling, t h e  T e d l a r  bags a r e  l e a k  checked a t  15 IN.HG. vacuum 
w i t h  an i n - l i n e  rotameter.  Bags w i t h  any de tec tab le  in leakage a r e  

discarded. 

T e s t i n g  on t h e  No. 2 Machine Wind Box and Hood Exhaust No. 4 
Scrubber was conducted from two t e s t  p o r t s  o r i e n t e d  a t  90 degrees 

approx imate ly  two s tack diameters downstream o f  a t r a n s i t i o n  breeching 

and more than  e i g h t  stack diameters upstream o f  t h e  stack o u t l e t .  A 12- 

1 
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p o i n t  t r a v e r s e  was used t o  c o l l e c t  r e p r e s e n t a t i v e  f l y a s h  samples from 

the scrubber stack. Each t r a v e r s e ]  p o i n t  was sampled f i v e  minutes t o  
g i ve  a t o t a l  sampling t ime  o f  60 minutes pe r  run. 

The impor tant  r e s u l t s  o f  t h e  t e s t s  a r e  summarized i n  Sec t ion  
2. D e t a i l e d  r e s u l t s  a r e  presented i n  S e c t i o n  3. Resu l t s  o f  p r e l i m i n a r y  

measurements, f i e l d  data and a l l  o t h e r  suppor t ing  i n f o r m a t i o n  a r e  

presented i n  t h e  appendices. 

2 
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2 S U W V  AND DISCUSSION 

The important r e s u l t s  of  the p a r t i c u l a t e  and s u l f u r  dioxide 
emission compliance t e s t  a r e  summarized i n  Tables 1 and 2. A s  wil l  be 
noted, the  p a r t i c u l a t e  emission r a t e  averaged 11.8 L B / H R .  The s u l f u r  
dioxide emission f a c t o r  averaged 1.77 LB/106BTU. 

No d i f f i c u l t i e s  were encountered i n  the f i e l d  o r  in  the 
labora tory  eva lua t ion  of the samples. On the  basis of this f a c t  and a 
complete review o f  the  e n t i r e  data  and r e s u l t s ,  i t  i s  our opinion t h a t  
the p a r t i c u l a t e  and s u l f u r  dioxide concent ra t ions  reported herein a r e  
accurate  and c lose ly  r e f l e c t  the  ac tua l  values which ex i s t ed  a t  the  time 
the  t e s t s  were performed. 
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Table . Summary o f  the  Resu l t s  o f  t h e  August 5, 1986. S u l f u r  D iox ide  
Emission Compliance Test  o n .  t he  No. 2 Machine Wind Box and 
Hood Exhaust No. 4 Scrubber Stack a t  t he  H ibb ing  Tacon i te  
Company P lan t  i n  Hibbing. Minnesota. 

S u l f u r  D iox ide  

Concentrat ion Emission Fac tor  Emission Rate- 
. .. 

Test/Run Time 
(HRS) (ppm.w) ( L B / ~ o ~ B T U )  (LB/HR 1 

111 0800-0905 
112 0922-1031 

113 1050-1154 

Average: 
1 

84 
85 

86 

85 
- 

1.75 
1.78 

1.78 
1.77 
- 

125.76 
127.06 

128.33 

127.05 

. 
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3 RESULTS 
1 

The r e s u l t s  of a l l  f i e l d  and labora tory  eva lua t ions  a r e  
presented i n  t h i s  sec t ion .  Gas compdsition r e s u l t s  (Orsat  and moisture)  
a re  presented f i r s t  followed by the  computer p r i n t o u t  o f  the  
p a r t i c u l a t e .  s u l f u r  dioxide and v i s i b l e  emission determinations.  
Preliminary measurements including t e s t  por t  l oca t ions  a r e  given i n  t h e  
appendices. 

T h e  r e s u l t s  have been ca l cu la t ed  on a Sperry PC Computer u s i n g  
programs wr i t t en  i n  Extended BASIC s p e c i f i c a l l y  f o r  source t e s t i n g  
ca l cu la t ions .  EPA-published equat ions have been used a s  the  bas i s  of 
the  ca l cu la t ion  techniques i n  these  programs. 

The,, p a r t i c u l a t e  emission r a t e  has been ca l cu la t ed  using the 
product of the  concentrat ion times flow method ( a s  recommended by the 
E P A )  r a t h e r  than the  r a t i o  o f  a r e a s  method. T h e  dry p a r t i c u l a t e  
emission f a c t o r  has been ca l cu la t ed  by the  Oxygen F-Factor Method using 
the l a t e s t  EPA-published dry F-Factor f o r  the s t a t e d  f u e l .  

6 
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I n t e r p o l l  Repor t  No. 6-2255 
Hibbing Taconite Company 

Hibbing, Minnesota 

Test r>io. i 
No. 2 M a c h i n e  WE! H No. 4 Scrubber- S t a c k  

3.1 Results of O r s a t  81 Moisture Analyses----- Methods 3 & 4(Xv/v)  

Date  of rur i  

D r y  basis (orsat)  

c a r b o n  d i  0:: i de. ........... 
o :.: '/ g ~n .................... 
c a r b o n  mono;.: i de. .......... 
n i  t i -ogen.. ................ 

W e t  basis (orea t )  

c a r - b u n  d i o x i d e .  ........... 
0:: j ' g e r l .  ................... 
carbon monoxide. .......... 
n i t r u g e n  .................. 
water v a p o r  ............... 

D r y  moletulai-' w e i g h t . .  ...... 
Wet molecular- weight . .  ...... 
S p e c i . f i c :  qr -av i . t y . .  .......... 
Water ,mass + l o w .  ..... (LB/HR) 

R u n  1 R u n  2 Run  3 
Q8-05-8b 08-Q5-86 08-05-86 

1.20 

19.QQ 

0. Q0 

79. an 

1.06 

16. '72 

Q. 0Q 

70. I14 

11.98 

28.95 

2?. 64 

0.955 

50262 

1.20 

1Y.Q0 

0.00 

79.80 

1.05 

15.6s 

0.00 

70.06 

12.21 

20.95 

27.61 

m. ys4 

51176 

1.20 

19.00 

0.00 

79. a0 

1.06 

15.83 

0. 00 

70.69 

11.41 

28.95 

27.70 

0.957 

47759 

FO 

7 
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I n t e r p o l 1  Repor t  N o .  6-2255 
H i b b i n g  T a c o n i t e  Company 

H i b b i n g ,  M inneso ta  

T e s t  No. 1 
No. 2 Machir le WH 3,: H No. 4 Scrubber  S tack  

3.2 Results of Particulate Loading Determinations------- Method 3 I 
I 
I 
I 
I 
I 
I 
I 
I 

Date C3.f irun 

Time r - u n  s t a r t / w i d . .  ... (HRS) 

Sta t i . c  p r - e c i s ~ i r ~ . .  . . ... ( IN.  WC) 
C r - o s s  sectj .ona1 c i r e a  (SQ.FT) 
P i  t o .t 1 ub e c 0e.l: .F i c i en .t ...... 
Water i n  samp1.e qas 

condenser-" . . ........... (ML) 
i Imp i I? g er- ?i .......... ( GRAMS ) 
rJ e:; i E: c wit .......... (GRAMS ) 
t o t a l  .............. (GRAMS) 

Total ~ i a r t i . c r u 1 a t e  imater ia l . .  .......... col. 1 e c t e d  (grams) 

l3as rnrt.ei- c: t i~i  .f i c i en t ....... 
Llarome.tr-ic pr-es,;.,ure.. (IN.HG) 
Gvg. o i - i .  . F .  131-ees. drop.  . ! I N .  WC) 
Avg. gas meter t e m p . .  (DEF-F) 

Vol.~.une t:hr-t i iqli  gas meter . .  .. 
a t  me.trr- c c m d i t i o n s . .  . (CF) 
s t i m d a i - d  condi ti oris. !DSCF) 

T o t a l  !;am{:~li.ng t ime. .  .. (MIN) 
N o r r l e  d i a m e t ~ ~ . . .  ........ ( I N )  
Fivq. stack:: ci&s Leinp . . (DEG-F) 

Vo?umet,r i .c . f : l ~ w  r a t e .  ....... 
ac t. iia 1 .............. ( ACF M ) 
d r y  ?%kandar-d. .  ..... (DSCFM) 

Iso1:: i i ' iet ic v a r - i a t i o n .  .... (7.) 

Par t i c i .11 .a te  c o n c e n t r a t i o n .  .. 
actual ............ ( G R / A C F )  
d r y  staiidai-cl.. .... (GH/DSCF) 

P a r t i c l e  mas,;., r a t e . .  . 

8 

I 

Run 1 
0 a - 0 s - ~ 6  

800/ 905 

.--0 . Q4 
bc1.1'" 

. 8 4 Q  

0. Q 
1Q7.Q 
261.0 

127.13 

0.0291 

1. UQ1:Z 
28. ,l,?, 

1. BE! 
72.7 

att. tta 
44.. 00 

60. Q0 

132 

177659 
11:1b53 

96.  a 

Q.QlUl6 
0.01371 

15.47 

R u n  2 
0a-0fr-a6 

927/ 103 1 

-Q. 04 
bQ. 11: 

.040 

c1.U 
114. Q 

61 
136.0 
73 

0.0230 

1. 003: 
28 -;>T 

2 .  Q9 
. -._ 

81.7 

49.72 
46.11 

60.00 
.252 
1 3.7 

177764 
i3i ia3 

101.8 

0. 0 0 5 6 ~  
0. 00770 

8.65 

Hun 3 
00-05-06 

L050/1154 

-0.04 
60.13 . a40 

0.0 
111.0 

12.12 
123.0 

0. 0289 

1.0031: 
28 '7' 
2.02 
91.0 

. -.-. 

49.40 
45.03 

60.0m 
.252 
135 

178245 
iz219a 

98.6 

0. Q07.34 
0.00990 

11.22 
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3 .3  Results of Sulfur Dioxide Determinations 
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Interpol 1 Report No. 6-2255 
Hibbing Taconite 

Hibbing, Minnesota 

Test No. 1 
No. 2 WB %! H No. 4 Scrubber Stack 

Rrsulte of Sulfur Diowidr Drtrninrti~ns----------  -Hothod 6 

. Run 1 

Date of run 08-04-86 

Time run start/end.....(HRS) 1522/1542 

Barometric pressure.. (IN.HG) 20.30 

Meter temperature .... (DEG-F) 91.60 

Meter correction coefficient 1.0033 

Volume through gas meter.... 
at meter conditions...(CF) 15.260 
standard cDnditlOn6.. (SCF) 13.920 

Total sampling time....(MIN) 20.0 

Moisture content...... (%V/V) 15.46 

Oxygen content....(%V/V DRY) 19.00 

Milliequivalents of SO4 in.. 
gas sample ....,........... 2 .  a449 

%lfu r d iox ide  c oncentrat i OF 

( G R / D S C F ) . . . . . . . . . . . . . . . . .  0.1010 
(MG/DSCM)................. 23 1 
(PPM-DRY) . . . . . . . . . . . . . . . . .  07 
(PPM-WET)................. 73 

SO2 Emission rate....(LB/HR) 123.02 

Sulfur dioxide emission..... .......... factor (LBIMMBTU) * 1.508 

* F = 10006 DSCF/MMETU 

10 
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Interpol 1 Report No. 6-2255 
Hibbing Taconite Company 

Hi bbing , Minnesota 

Test No. 1 
No. 2 Machine WB P, H No. 4 Scrubber Stack 

Re8ults of Sulfur Dioxide Ikt~minrtion8-------- ---Hmthod 6 

Run 1 Run 2 Run 3 

Date of  run 08-05-86 08-05-86 08-05-86 

Time run start/end.....(HRS) 800-905 927-1031 1050-1154 

Barometric pressure.. (1N.HG) 28.23 28.23 28.23 

Meter temperature.. .. (DEG-F) 72.70 81.70 91.00 

Meter correction coefficient 1.0033 1.0033 1.0033 

Volume through gas meter.... 
at meter conditions...(CF) 46.680 49.720 49.400 
standard conditions.. (SCF) 43.996 46.107 45.029 

Total sampling time....(MIN) 60.0 60.0 60.0 

Moisture content......(%V/V) 11.98 12.21 11.41 

Oxygen content....(%V/V DRY) 19.00 19.00 19.00 

Milliequivalents of SO4 in.. 
gas sample ................ 9.9201 10.3407 10.3173 

. I ,  

Sulfur dioxide concentr atram ' 

. . i ... 0.1132 (GR/DSCF)................. 0.1114 0.1130 
(MG/DSCM)................. 255 259 259 
( P P M - D R Y ) . . . . . . . . . . . . . . . . .  96 97 97 
(PPM-WET) . . . . . . . . . . . . . . .  .. 84 85 86 

SO2 Emission rate....(LB/HR) 125.76 127.06 128.33 

Sulfur dioxide emission.. ... .......... factor (LB/MMBTU)+ 1.752 1.777 1.781 

i .; _ -  . 
.,r,.4.&*.1 ',.',.!%lplv=.>' .. 

I .. \ 

* F = 10006 DSCFIMMBTU 
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I n t e r p o l 1  Report  No. 6-2255 
Hibb ing  Taconi te  Company 

Hibbing.  Minnesota 

Test  No. 1 
No. 2 Machine WB E H No. 4 Scrubber Stack 

3.4 Resul ts  o f  Opaci ty  Observat ions - €PA Method 9 

Percent  O p t i c a l  Re1 a t i  ve 
Opac i ty  D e n s i t y  Frequency (%) 

0 

1.0 
15 
? 

20 
25 
30 
35 
40 
45 
50 ~. 

55 
60 
65 
70 
75 
80 
85 
90 
95 
99 

.oooo 

.0223 

.0458 
-0706 
.0969 
.1249 
.1549 
.1871 
.2219 
.2596 
.3010 
.3468 
.3979 
.4559 
.5229 
.6021 
-6990 _~.._ 

.8239 
1 .oooo 
1.3010 
2 .oooo 

100 
0 
0 
0 
0 
0 
0 

. 

0 
0 

0 .oooo Time Average 

Observer: C.  Mosser 
C e r t  Date: 4-29-86 
Date  o f  Observat ion:  8-05-86 
Time o f  Observat ion:  1230-1330 
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Interpol1 Inc. 

Nozzle Calibration 
Data Sheet 

(612)786-6020 

Date o f  Calibration: A u g u s t ,  1985 
Technician: J .  Buresh 

Nozzle Number 4-2  

Nozzle rotated by 36 degree increments and diameter measured t o  nearest 
0.001 inch. Observed readings and  average: 

Position Di ameter 
(inches ) 

'I 
I 

.250 

.252 

.253 

I 
I 
I 
I 
I 
I 
I 
I 

Average: .252 

I A- 3 
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Preliminary D a t a  - Method 2 

- Interpoll  Inc - 
Job HIBEING T A  CWITE m . m , M r  N 

I 
8-S- 86 - 

Source -ti* "u&L-a t e 

Test No -. 1 si:: b o  

StJCk dimensions 10s in. 

Dry bulb OF Wet bulb O F  

J (  010 Rei. hum 90 b l o  

static pressure(Pg) Wc-in ~g 

Barometric pressure(Pb) 181 13 in. Hg 

0 p e rat  o r s P* LO rJd CbRT N 0 s J E . L  

Pitot No. =Cp & Por t  Length fll 

I 

ava. 1 3 y ° F  

S-UW R 

c-1 
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- 

~~ 

r 
Weights 

Final Tare 1 Difference 
Impinger Number 

IhMOlbL(FPS ?7 I 26 9 I b  7 

DWICCANT 1368  13Y 8 IC. 

. 
Sampio Log Shoot 

Job CIw 7)rcadiX C 6  
Unit and Sampling Location Ne'B-H6Ckm c ~ f i 4  Sm,4br Sf& 
Datm 8-  S-Bb Teat I Run \ 

d L I Sampio Train: Leak check protest : c O . O Z  cfm at 5 in. He. (vac.) 
, p o s t t e s t : A c t r n  at-in. HO. (vsc.) 

intmgrated Flu. Gas Sampling Data . 

089 NO. 
7 FG Train No. 8-3 Box No. 

Bag Matoriil  Bag Volumm --,L 

Protmst Ioak check 0 cc/min at 15 in. Hg. 320-P No. 3 
Time I cc/rnin. I Tim. I cc/min. 

Osb?-) V///////////////A ! I 
I 400 I I 

I If I I 
I 



I 

I a 
- m  

0 
4 

I 
I 

' I  

I 
I 
1 
I c-4 
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- 
Particulate Sample 
Typo and Number 

pIF( 

I 
1 
I 
II 

I 
I 
I 

I 
I 
II 
I 
I 
I 
I 
I 
I 

I I 

I ' I  

~ 

Weight. 
Final ! Tare Dit  ference 

Sample Log Sheet 

Job 

Date 

Impinger El Condenser 0 

Integrated Flue Gar Sampling Data 

FG Traln No. - Box No. 7 8.0 No. 2 
Bag Material A. Bag Volume 44 L 

Time I cornin. I Time I cornin. 

Pretest IeJk check 0 c w m l n  st 15 In. HQ. 320-P No. 

043 ) V//////////7////A I 

I I I I 
I 4 I I 1 

Operator P.L. 320-P Reading 

c-5 S - O W R  
c 
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Particulate Sample 
Type and Number 

8 Liq3 

Sample Log Sheet 

hflT5It.l 
NaaMocLin NO V W r  S t d  

Job 6 T-KE &PhdY 
Unlt and Sampllng Location a W  
Date - 8 6  Tee1 1 Run 3 

Weights 
Final I Tare I Dit ference 

I 1 

Weights 

Final Tare 1 Dlfference 
lmplnger Number 

r 
r - 

IMPIN G G R  375 I 24 4 I I I  I ’L 

II I I 
r 13Vg f336 I 2  

I I 

Integrated Flue Gas Sampling Data 

fG Train No. - BOX No. 7, B.9 NO. 3 
Bag Material ,A, Bag Volume -L 

Protest leak check 6 cc/mln at 15 in. Ha. 120-P No. 3 

~ ~~ 

 pera at or T L . 120-P Reading qb V / Y  

c- 7 S-OM6R 
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APPENDIX D 

METHOD 9 FIELD DATA SHEETS 
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~~ - 

Vis ib le  Emissions form 

- I n t e r p o l l  Inc. - 
8 - C - a  A 

Company h' /Ab/& / Mod//ke eo. Date 

Address h / r h b / N < .  J. Observer e. #OSStze 

q- 29-Bb Re-Cer t i f l ca t lon  Date 

*c 
s o u r c e / ~ . L  /HncAtUE UdrY 44. S M ~ ~ ~ '  Source 

S t a r t  1230 hrs  End / 3 3 6  hrs  S t a r t  hre End hr. 

Locat ion of Observer (d i rec t i on  4 distance) 7c ff 

Plume Descr ip t ion  (co lo r ,  e t c )  L 
Background Desc r ip t i on  os f4 L& ,+c- e&& 

Observer posi t ion 

falat lve t o  plum. 
-and aun 

Ambient l e m p e r a t u r e  ( O F )  

Wind Speed (mph) ,&Direction u&u 
Fuel Type q<% k - & O / E h  W <ah &!76.#& GAS 

i 
Load (Spec i fy )  

Emission Source He igh t  ( 1 1 )  

Outlet Dimensions (ins.) 

Type of Source No. 1 

Source No. 2 

?a 
I, 

Personnel present at t ime of observat ions:  
< 

- c o m m o N  STACK - 
Uni t  No. Unit No. Unit No. Unit Nt ., *. Uni t  Load (Specify) . -  

Fuel Type & Quan t i t y :  
.. i 

I - 
5-0078 

0-1 . -  _ c  
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Plume Opacity Data - Method 9 

- interpoll Inc.  - 

S-0080 R D-2 
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AIR POLLUTION CONTROL ASSOCIATION 

This is to certify that, 

Curtis nosser 

attended and fulfilled the requirements of the 

Visible Emission Evaluation Certification Course 

offered by 

The A i r  Pollution Control Association 
Upper nidwest Section 

In conjunction with the 

Tlie Minnesota Pollution Control Agency 
Division of A i r  quality 

on 

APRIL 29, 1986 

During the course of the test an average deviation of less 
than 7.5% for a set of 25 white smoke and a set of 25 black 
smoke was maintained and none of the readings deviated by 
20% or more. 

By achieving the above accuracy, certification as a "Smoke 
Reader" is granted for a period of six months from the date 
of the test. 

L 
Ins t Fuct o r 
Visible Emissions Program 
MPCA, DAQ 

Certificate Number 58-35 

D- 3 
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APPENDIX E 

LABORATORY DATA SHEETS 



Chain o f  Custody 
Sample Depos i t ion  Sheet 

Date 
Ana 1 yz ed 1 k p ~ ~ s  I Type o f  Sample I Analys is  Required 

Other I n f o r m a t i o n  o r  
Specia l  I n s t r u c t i o n s  

Probe Wash @ AS pe r  EPA 5 

Solvent  (s) : - /7 

I 

F i l t e r :  
- 4 "  g l a s s  f i b e r  - f l  As per  EPA 5 
- /7 S t a i n l e s s  s t e e l  - /7 

NO, Audit Sample 

Fuel Sample W+ prm 

Wet Catch - /7 Organic 
- /7 I no rgan ic  

1 I SO2 A u d i t  Sample I 
(Open bar taps a Colorlmetrlc 
af te r  unloa4lng) ID Ion Chrcutographlc I NO, 

EPA Control l o l a ) .  

I 

Source I n f o r m a t i o n  LC&f klld 
1)  Type o f  source: f l  B o i l e r  L7 Asphal t  P l a n t  L7 I n c i n e r a t o r  he r  hhrn Ibh L r n  Ice 1 2) Fuel :  fl Coal /7 Uood - /7 Gas 0 O i l  

3)  Is sample combust ib le?  a No i7 Yes 
4)  Does sample need s p e c i a l  des icca t ing?@ No Yes I f  yes. e x p l a i n  

5 )  

Other  p!j. &I. 

Is p a r t i c l e  s i z e  a n a l y s i s  r e q u i r e d  @ No L7 Yes I f  yes. haw many run (s )?  I run preference 

I 

E-1 
S-278FRRR 
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EPA METHOD 3 

LABORATORY REPORT 

SUMMARY OF ORSAT DATA 

I TEST NO. 
AND 

I OAT E 

I= 
I 

Form k’L-200 R 

E-2 . ..-. . 
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3 .  

INTERPOLL INC. A C d O W J  
IC 

EPA Method 5 Probe (Cyclone) Wash 
Gravimetric Analysis Laboratory Data Sheet 

(CFR Title 40 Part 60 Appendix A) 

Date of Analys is  . 8'- T - B d  
Technic ian € P A 4 5  Acetone R.B SPEC' 7.8 ug/cC 

Actual acetone residue blank ?*g/CC I 
Special  Handl ing Required I 

'0 
I 

a interpoll 
Evaporat ing Dish No. / 
vol ume of acetone /i'J- 
E. Dish Tare W t .  /7.0'906 g 

E. Dish t Sample W t .  / 7 - 0  9 / a  g 

Comments 

cc 

2 

3 

Specia l  Hand1 i ng  Required 1 , a interpoll - 

'0 
I 
I 

Job Date 
~~ .~ 
Cl ty /S ta te  Log# 
Source 
Tact Fl+a .--. -..- 
Samp I A type Tech I Remarks: Test/Run - 

Evaporat ing Dish No. 

Volume of acetone . cc 

E. D ish t Sample Wt . -  '1 
2 E. D i sh  Tare W t .  

3 
Comments 

I 

1 Special  Handl ing Required 

I 
I .o 

a interpoll 
Job Date 
C I  ty/State 
Source 
Test S l t e  
Sample type Tech I 

Remarks: Test/Run - 
Log" 

~ 

Evaporat ing Dish No. 

Volume of  acetone cc 
1 

2 
E. D i s h  Tare W t .  (1 - E. Dish t Sample W t .  

Comments 

RESULTS : --- E-4 L - O I B M Y  R 
I 
I 
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'I 

a interpoll 
Job Gate @ Ctty/State Log# 
Source 
Test S l t e  
Sample type Tech 
Rewrks: Test/Run - 

I 
'I 
'I 

(EPA Method 5 )  F i l t e r  
Grav imet r ic  Ana lys l s  Lab 

Data Sheet 
FR z ( 1 6 0 )  

F i  I t e r  No. 

F i l t e r  Type 

F i  I t e r  Tare W t .  g 

F i l t e r  + Sample W t .  g 

Conments 

1 

2 

Date of Analys is  r- F- L ./ 
Technician I 

I 

1 

Special Handl ing Required a interpoll I I 

Source 
Test S l t e  
Sample type 

F i l t e r  No. 6/72 
F i  I t e r  Type 9''b 
F i l t e r  Tare W t .  8.  r 5 e L r  

F i  I t e r  t Sample W t . d ,  L ~ L B '  
9 

9 - 
Rmarks: 

'I 
Special Handl ing Required ,a interpoll 

Job Date 
C I  t y /S ta te  Log# 

Test S l t e  
Sample type  Tech 
Remarks: Test/Run - I 

I , \ - of - 

F.i I t e r  No. 

F i  I t e r  Type 

F i  i t e r  Tare W t .  / 
F i l t e r  + Sample W t .  9 

Comnents 

1 

2 

I I  

I 
RESULTS : 



I 
.I 

I 

INTERPOLL INC. 
EPA Method 5 Probe (Cyclone) Wash 

Grav imet r ic  Ana lys is  Labora tory  Data Sheet 
(CFR T i t l e  40 P a r t  60 Appendix A) 

2 

I interpoll Evaporat ing Dish NO. / q  
. T  

cc Volume of  acetone /OS- Job VM /et&f& CO. D.?. &r-kl @ CItv7&kJ Log tl 3% 6 C / - ~ l  
bum M d  I%.&& kAwl Ala 

-PI. *YP. .-, loch PL 
Tort Sl t .  V A C k  I 
Il*lor(u: T.rt/Run & 

\ / 
1 - Special  Handl ing Required 

1 
E. Dish Tare W t .  / & / . 7 8 Y O  9 

E. Dish + Sample W t . b A  df7 
Comments 

9 
3 

D 

I 
I 
I 

I 

I interpoll 
Job kbbrue 7i, tUN;A L Date f-c-rf ' Evaporat ing Dlsh No. '/J- 

Volume of acetone 1s cc P 
d F - 0  5 

CltV~Stet.  ' 
Sourc. / J O ? r l b ' 4 ,  ;r r 
Test S l t s  S T A C , ~  E. D ish  Tare W t .  
* P I *  type PAN Tech E. D ish t Sample Wt.m-7*#/03 9 
h r k s :  Tost,* Comments 

w 
3 

!of-- 

(3c> internoil 
~ . 

Evaporat ing Dish No. '17 
7 Volume of acetone 9r cc 

1 
E. D i sh  Tare W t .  1 q 
E. D ish + Sample Wt.ii:;iaJ!- q 

Test Slte STACK 
l Sempin type PVJ Tech .a. 3 

I 
I 

RESULTS : 



(EPA Method 5) F i l t e r  
Grav ime t r l c  Ana lys l s  Lab 

Data Sheet 
FR s(160) 

I 
I 
I 
I 

Date of Ana lys i s  
Technician 

f \ Specia l  Handi lng Required 

F i  I t e r  No. 6 / c / f  
a interpoll 

9 "G 
Job 

c L / - o z  F i  I t e r  Type 

F i  I t e r  Tare W t .  0-n 5y 9 

9 F i  I t e r  + Sample W t . 0 -  60 g i  
comnents 

2 
Sample type 
Remarks: I - [of // 

Specia l  Handl ing Required 

F I  I t e r  No. c / v 2  
F i  i t e r  Type c/ "G 
F i  I t e r  Tare W t . 0 .  5-976 9 
F i l t e r  + Sample W t .  9 

Comments 

0. L O S k  
2 

I f 'r Special Hand1 ing '  Required a interpol 



I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 

INTERPOLL INC. 
EPA Methods 6 & 8 Barium Perch lo ra te  T i t r a n t  Standardizat i ,on Sheet 

Date o f  S tandard iza t ion  
Technic ian /2u/ 
Buret  No. 30, 

x F  7 48'6 

L 

The no rma l i t y  o f  the  nominal . O l  N bar ium t i t r . i n t  s o l u t i o n  i s  v e r i f i e d  by comparing 
i t  aga ins t  a pr imary standard o f  0.0100 N H2SOil s o l u t i o n  us ing  Thor in  I as the  
endpoint  i n d i c a t o r .  

1. 

2. 

3. 

4. 

Preparat ion o f  Pr imary Standard (.0100 N HzSO4) 
a. Q u a n t i t a t i v e l y  t r a n s f e r  t h e  contents  o f  one " O i l u t - I t "  ampule ( a v a i l a b l e  

from J. T .  Baker Coom. No. 4699) t o  a c l e a n  1 L vo lumet r ic  f l a s k  and b r i n g  
t o  volume w i t h  d i s t i l l e d  water, and m ix  w e l l  by shaking and i n v e r t i n g .  
So lu t i on  i s  0.100 N H2SO4 and i s  s t a b l e  f o r  one year  o r  more i f  p ro tec ted  
from evaporat ion.  

Using a 100 m l  vo lumet r ic  p i p e t .  add 100.00 cc o f  0.100 N H2SO4 s o l u t i o n  
t o  c lean 1 L vo lumet r ic  f l a s k  and b r i n g  t o  volume with d i s t i l l e d  water and 
mix w e l l  be shaking and i n v e r t i n g .  
reagent b o t t l e  and l a b e l  as fo l l ows :  

b. 

T rans fe r  the contents  t o  a standard 

! . O l O O  N H2SO 
Primary Stan a r d  

Prepared on ~ l p l 8 ~  - by L'CJ 
Prepared by  m u t i o n  f rom " D i l u t - I t "  ampule 

Standard iza t ion  o f  t h e  Barium Perch lo ra te  T i t r a n t  

a. P i p e t  25.00 cc o f  t he  0.0100 N H2SO4 pr imary standard i n t o  each o f  t he  th ree  
clean 250 cc Erleymeyer f l a s k s .  
t o  each f l a s k  4,drops o f  Thor in  I i n d i c a t i n g  s o l u t i o n  and mix by s w i r l i n g .  
T i t r a t e  these standards w i t h  the  bar ium p e r c h l o r a t e  t i t r a n t  record ing  the  

Add 100 cc o f  checked abso lu te  isopropanol  

- s t a r t i n g  and ending bu re t  readings below. .- . 

b. Prepare and t i t r a t e  a t  l e a s t  one b lank  i n  an i d e n t i c a l  manner ( P i p e t  25 m l  
o f  d i s t i l l e d  water i n  p lace  o f  t h e  0.0100 N H2SO4 standard) .  
r e s u l t s  o f  t h i s  t i t r a t i o n  below a lso .  

Record the  

. ..... __ __ 
Standard iza t ion  Data 

A l l  bu re t  readings should be read t o  t h e  neares t  1/100 and an adequately long 
t ime pe r iod  wa i ted  be fo re  reading t o  a l l o w  t h e  l i q u i d  on the  w a l l s  t o  f l ow  down. 

Blank 1 s t  T i t r .  2nd T i t r .  3 rd  T i t r .  

I n i t i a l  reading ( m l )  O . Q O  Or00 c 9 . 0 0  0.00 
F i n a l  reading (ml )  0 . O L  IS. Lo 25' 20 dt. 2-0 
Volume o f  t i t r a n t  (m l )  Vb 0.a z- V1 LLS-~ZO v2 zr. 20 v3 3s- r d  

Calcu la t ions  

- v1 + v2 + v3 I p y  ,q t ( z , + t  ( ~ s q -  J Z Z o m l  
V t  - 3 3 
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I n t e r p o l 1  Inc .  

MPCA E x h i b i t  C f o r  Process Emissions 

(612)786-6020 

JOB ///bb,nq 1 Z c o n / ' k  
SOURCEJ/'Q& 

DATE 8-5-86 
I ' h e ,  L),n d 5&* &d E'rAdu5fh.q Sc/dAfJAL*t: 

C. 

0. 

E. 

F. 

Equipment & Operat ing Data 
1. Process Equip. No./Ident. N o 2  h c h i i a  

2. Process Equip. Desc r ip t i on  /&rdtih .Furn4c< l& hnfi,r; 

3. Process equipment opera t ing  under normal ope ra t i ng  cond i t ions :  
Sc rfi  I k r 

No - X . Yes - . Above rh+gd ce,mci(y 

Inst rument  Data on Process Equipment 

1. Inc lude  copy o f  p roduc t ion  records o r  i ns t rumen ta t i on  which 
i n d i c a t e s  r a t e  o f  p roduc t ion  o r  opera t ion  o f  t he  equipment, 
i .e.  u n i t s  per hour, l b s .  per  hour, pressure, a i r  f low, e tc .  

A i r  P o l l u t i o n  Contro l  Equipment d A e /  A-33 
1. 
2.  A i r  pressure drop across the  c o n t r o l  equipment 

3. A i r  f l ow through the  c o n t r o l  equipment /qQm ~f FM . 
4. Was the  c o n t r o l  equipment ope ra t i ng  normal ly?  

5. Data o f  l a s t  major  maintenance/cleaning o f  c o n t r o l  equipment 

Typelmodel c o n t r o l  equipment &,'rrooeet,hnq I/cnh,;&Jk/ef&&,J 
J I *  

vcs. 
/ 
J u . h e :  / qd6  

Plant  Manager's C e r t i f i c a t i o n  
I c e r t i f y  t h a t  the  i n fo rma t ion  submit ted h e r e i n  i s  accurate and 
c o r r e c t  and t h a t  no i n fo rma t ion  requested was w i t h h e l d  from MPCA, 
D i v i s i o n  o f  A i r  Q u a l i t y .  

BY &bTves , P o s i t i o n  

S-349a 

F- 1 
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HIBBINQ TGCONITE CIJ. 
COMPLIANCE TEST ON PETROLEUM COKE AS AN ALTERNATE FUEL 

OFERATINO DATA i 

FUEL CONSUMPTION 
NATURAL GAS 
PETROLEUM COKE 

FUEL BTU VALUES 
NATURAL BAS 
PETROLEUM COKE 

CONSUMED BTU 
NATURAL GAS 
PETROLEUM COKE 
TOTAL 

PELLET PRODUCTION 

OPERATINO TIME 

PELLET PRODUCTION RATE 

CONBUMED PTU RATE 
NATURAL 049 
PETROLEUPl COKE 
TOTAL 

16 MCF 
17870 LBS 

1004 BTU/CF 
lS045 BTU/LB 

16064000 BTU 
26,8854150 BTU . 
284918150 BTU 

1610 DLT 

4 HRS 

403 DLTPH 

4016000 BTU/HR 
67213538 BTU/HR 
71,229538 BTU/HR 

PETROLEUM COKE REPLACEMENT 94.96 PERCENT 

* PER LERCH BROS. ANALYSIS (TELECON B / B / B ~ )  
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COMMENTS 

RATED CAPACITY: 

THE QUESTION OF RATED CAF'FICITY WAS RAISED I N  REGARD TO THE 
COMPLIANCE TEST. THE DESION RATED CAPACITY I S  541 DLTPH. DURINO THE 
COMPLIANCE TEST THE AVERAGE PRODUCTION RATE WAS 403 DLTPH, WHICH I 6  11wL 
O F  DESIGN RATED CAPACITY. 

DUST COLLECTION SYSTEM: 

SEVERAL QUEBTIONB WERE RAISED CONCERNINO THE DUST COLLECTION SYSTEM. 
THE FOLLOWIND NARRATIVE WILL ADDRESS THE QUEEITIONS ASKED. THERE ARE TWO 
EXHAUSTS FROM EACH OF THE PELLETIZINB MFICHINES CIT H IBBINQ TFICONITE 
COMPANY. THESE ARE THE WINDBOX AND HOOD EXHAUSTS. 

I N  THE CASE OF THE WINDBOX EXHAUST I T  I S  PRECLEANED ON THE INLET 
SIDE O F  THE FAN WITH A MULTITUBE COLLECTOR. THE MULTITUBE COLLECTOR 
SERVES TO PROTECTgTHE FAN FROM LARGE PARTICULATE MATERIAL. 

THE OUTLET OF BOTH THE WINDBOX AND HOOD EXHAUST FANS REPORTS TO A 
COMMON HEADER. THE HEADER, I N  TURNI EXHAUSTS TO THE INLET SIDE OF FOUR 
ENVIRONEERING VENTURI ROD WET BCRUBBEKBI EACH OF WHICH HhS AN EXHFIUBT 
STACK. 

DURING THE COMPLIANCE TEST THE PRESSURE DROP ACROSS THE VENTURI 
RODS WAS MONITORED AND FOUND TO BE 6 INCHES OF WATER. THE WATER RATE TO 
THE SCRUBBERS IS ORIFICE CONTROLLED FIT 1000 QPM. THERE ARE NO PROVISIONS 
FOR F'REGSURE DROP MEASUREMENT ACROSS THE MULTITUBE COLLECTOR. 

. 



Interpo 11, Inc. 
Fuel Laboratory 
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JOB: Hibbing Taconite 

SRMPLE LOG NO: 3864-15-3698 

SHMPLE DESCRIPTION: Petroleurn Coke Test 1 8-5-86 

PROXIMRTE RND ULTIMFITE FINFlLYSIS UT Z 

Date: 8/14/86 
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___________-----_----- 
Moisture, Tutal 

Rsh 

Volatile Matter 15. 57 

Fixed Carbon (by difference) 84.43 

Heating Value, BTU/LB 15,541 

Sulfur 4.54 

ULTIMRTE RNRLYSIS, UT% 

Moisture, Total 

Flsh 

Carbon m , b 3 4 7  89.99 

'Hydrogen 5 . s L i h  4. 14 

Oxygen (by difference) - 0 . 0 ~ 4 1 ,  0.01 

.Nitrogen wxdg 1 -  32 

4.54 'Xp'Q 
_ L  . - _:-: > . -  Sulfur .. -. ~ *id / 5 5 . 5 3 5  

10006 

0.25 

15.53 

84.21 

15,501 

4. 52 

0. 25 

89.76 

4. 13 

0.01 

1.32 

4.52 

2.08 

0.25 

15.21 

82.46 

15,178 

4.43 

,?. 08 

0.25 

87.89 

4.04 

0.01 

1.29 

4.43 

H- 1 
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P a r t i c u l a t e  Loadinqs and Emission Rates 

The p a r t i c u l a t e  emission r a t e s  were determined per  EPA Methods 
1-5, CFR t i t l e  40. P a r t  60, Appendix A ( r e v i s e d  J u l y  1, 1985). I n  t h i s  

procedure, a p r e l i m i n a r y  v e l o c i t y  p r o f i l e  o f  t h e  gases i n  t h e  f l u e  i s  
obta ined by means o f  a temperature and v e l o c i t y  t raverse .  On t h e  bas is  

o f  these values, sampling nozz les o f  app rop r ia te  diameter a re  se lec ted  
t o  a l l ow  i s o k i n e t i c  sampling, a necessary p r e r e q u i s i t e  f o r  o b t a i n i n g  a 

r e p r e s e n t a t i v e  sample. 

The sampling t r a i n  c o n s i s t s  o f  a heated s t a i n l e s s  s t e e l - l i n e d  

sampling probe equipped w i t h  a Type S p i t o t  and a thennocouple. The 

probe i s  a t tached t o  a sampling module which houses the  a l l - g l a s s  i n  
l i n e  f i l t e r  ho lder  i n  a temperature c o n t r o l l e d  oven. I n  add i t i on ,  t h e  

sampling modhle a l s o  houses the  impinger  case and a D r i e r i t e  d r y i n g  

column. The sampling module i s  connected by means o f  an u m b i l i c a l  cord 

t o  t h e  c o n t r o l  module which houses t h e  d r y  t e s t  gasmeter. t h e  c a l i b r a t e d  
o r i f i c e ,  a l eak less  pump, two i n c l i n e d  manometers, and a l l  c o n t r o l s  
r e q u i r e d  f o r  ope ra t i ng  t h e  sampl ing t r a i n .  

P a r t i c u l a t e  samples were c o l l e c t e d  as f o l l o w s :  The sample gas 

was drawn i n  through t.he sampling probe i s o k i n e t i c a l l y  and passed 
through a 4- inch diameter Gelman Type A/E g lass f i b e r  f i l t e r .  The 
p a r t i c u l a t e s  were removed a t  t h i s  p o i n t  and c o l l e c t e d  on t h e  f i l t e r .  
The gases then passed through an ice-coo led  impinger t r a i n  and a 

desiccant-packed d r y i n g  column which q u a n t i t a t i v e l y  absorb a l l  mo is tu re  
from t h e  sample gas stream a f t e r  which t h e  sample gas passes through t h e  

pump and t h e  d r y  t e s t  gasmeter which i n t e g r a t e s  the sample gas f l o w  
throughout t h e  course o f  t he  t e s t .  A c a l i b r a t e d  o r i f i c e  at tached t o  the 

o u t l e t  o f  t h e  gasmeter p rov ides  instantaneous f l o w  r a t e  data. 

A rep resen ta t i ve  p a r t i c u l a t e  sample was acqu i red  by sampling 
f o r  equal per iods  o f  t ime a t  t h e  c e n t r o i d  o f  a number o f  equal  area 

reg ions  i n  t h e  duct.  The sampling r a t e  i s  ad jus ted  a t  each s i t e  such 

t h a t  an i s o k i n e t i c  sampl ing c o n d i t i o n  p r e v a i l s .  Nomographs are  used t o  
a i d  i n  t h e  r a p i d  de terminat ion  o f  t h e  sampl ing r a t e .  

3a Pl (SS-5 )  
- 1-1 
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A f t e r  sampling i s  complete, t h e  f i l t e r  i s  removed and p laced 
i n  a c lean conta iner .  The nozz le and i n l e t  s ide  o f  t h e  f i l t e r  ho lder  
a re  q u a n t i t a t i v e l y  washed w i t h  acetone and the  washings are  s to red  i n  a 
second conta iner .  A brush i s  o f t e n  used i n  t h e  c lean ing  s tep  t o  he lp  

d is lodge deposi ts .  The samples a re  r e t u r n e d  t o  t h e  l a b o r a t o r y  where 

they  are logged i n  and analyzed. The volume o f  t he  acetone r i n s e  

("probe wash") i s  noted and then the  r i n s e  i s  q u a n t i t a t i v e l y  t r a n s f e r r e d  
t o  a t a r e d  120 cc po rce la in  evapora t ing  d i s h  and t h e  acetone evaporated 

o f f  a t  97-105 OF. This  temperature i s  used t o  prevent condensat ion o f  

atmospheric mo is tu re  due t o  the  c o o l i n g  e f f e c t  induced by t h e  
evaporat ion o f  acetone. The acetone- f ree sample i s  then t r a n s f e r r e d  t o  

an oven and d r i e d  a t  105 OC f o r  30 minutes,  cooled i n  a des i cca to r  over 
D r i e r i t e ,  and then weighed t o  t h e  nearest  .01 mg. The f i l t e r  sample i s  

q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  a 6 - i nch  watch g lass and d r i e d  i n  an oven 

a t  105 OC f o b  two hours. The f i l t e r  and watch g lass are  then cooled i n  

a des i cca to r  and the  f i l t e r  weighed t o  the nearest  .01 mg. A l l  
weighings a re  performed i n  a balance room where t h e  r e l a t i v e  humid i t y  i s  

hyd ros ta t ted  t o  l ess  than 5oX r e l a t i v e  humid i ty .  Microscopic  
examinat ion o f  t h e  samples i s  performed i f  any unusual c h a r a c t e r i s t i c s  
are observed. The weight o f  the acetone r i n s e  i s  co r rec ted  f o r  t h e  

acetone blank. The D r i e r i t e  column i s  weighed o n - s i t e  and t h e  water 

c o l l e c t e d  b y  D r i e r i t e  i s  added t o  t h e  condensate so t h a t  t he  t o t a l  
amount o f  absorbed water may be ascer ta ined.  

I n t e g r a t e d  gas samples f o r  Orsat  ana lys i s  were c o l l e c t e d  a t  a 

constant  f l o w  r a t e  throughout each p a r t i c u l a t e  run. The gas samples 
were analyzed us ing  a1 a l l - g l a s s  Orsa t  analyzer.  Standard comnerc ia l l y  

prepared s o l u t i o n s  were used i n  t h e  Orsa t  analyzer  (sa t .  KOH f o r  carbon 
d i o x i d e  and reduced methylene b l u e  f o r  oxygen). I n  a d d i t i o n  t o  the  
above, t h e  oxygen content  o f  t h e  f l u e  gas was measured a t  each t r a v e r s e  
d u r i n g  t h e  p a r t i c u l a t e  de terminat ions  u s i n g  a Teledyne Model 32DP-4 
Por tab le  Oxygen Analyzer t o  sample t h e  e f f l u e n t  f rom the  Method 5 t r a i n .  

3a P Z ( 7 )  
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S u l f u r  Diox ide Emissions 
i 

The s u l f u r  d i o x i d e  concent ra t ions  were determined per Method 
6. CFR T i t l e  40, Pa r t  60. AppendiA A (Revised J u l y  1, 1985). I n  t he  

procedure employed. the  back h a l f  o f  the  Method 5 sampllng t r a i n  was 
used t o  c o l l e c t  SO2 samples d u r i n g  t h e  p a r t i c u l a t e  determinat ions.  Each 
o f  the f i r s t  two impingers was f i l l e d  w i t h  100 cc o f  f r e s h l y  prepared 3% 
hydrogen peroxide. The samples were q u a n t i t a t i v e l y  recovered i n  the  

f i e l d  and re tu rned t o  the  l a b o r a t o r y  f o r  s u l f a t e  a n a l y s i s  by a barium- 

t h o r i  n t l  t r a t i  on method. 
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CALCULATION EQUATIONS 

METHOD 2 

528 pS 
= 60 (1  - Bw,) vs A ( (m) qs .d TS(avg)  

Qa = GO vs A 

RII* = 100 (vPtwb 0.0003641 Ps (Tdb - Twb))/vPtdb 

* A l t e r n a t e  equat ions f o r  c a l c u l a t i n g  mois ture  content  from wet bu lb  and 
dry b u l d  data .  
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CALCULATION EQUATIONS 

METHOD 3 

10O(%O2 - ).5% CO) 
%EA = i) 264% N2 - %02 + 0.5% CO  

= O.44(%CO2) + 0.32 (%02) + 0.28 (%N2 + %CO) Md 

= Md ( I  - Bws)  + 0.18 Bws 
MS 

5-2 



I 
I 
I 
I 
1 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 

METHOD 5 

CALCULATION EQUATIONS 
I 

Pbar + m / 1 3 . 6  
= 17.65 Vmy ( 1 

'm(  avg I "m( s t d  ) 

= 0.0472 VIS 'w(std) 

- - 'w( s t d )  
Bws 'w( s t d )  + 'm( s t d )  

V 
J )  

T ~ ( a v g )  m(s td )  
I '  = 0.0944 (p - 

s " 5  A" BWS 

c S  

272.3 M P, 
- 

'a - Ts(avg)  ("w(std) "m(std))  

(hp)l = 8.5714 x C, Qs,d 

1.3228 x 10-1 Mp A - 
O *" (aPi2 - 
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SYFIBOLS 

= Cross sectional area of stack, SQ. FT. 

= Cross sectional area of nozzle, SQ. FT. 

= Water vapor in gas stream, proportion by volume 

= Pitot tube coefficient. dimensionless 

= Concentration of particulate matter i n  stack gas, 
wet basis, GR/ACF 

= Concentration o f  particulate matter i n  stack gas. dry 
basis, corrected to standard conditions, GR/DSCF 

= Excess air, percent by volume 

= Dry test meter correction factor, dimensionless 

Specific gravity (relative to air), dimensionless 

Isokinetic variation, percent by volume 

= Molecular weight of stack gas, dry basis, g/g - mole. 

= 

= 

= Mass flow of wet flue gas, LB/HR 

= Particulate mass flow, LB/HR 

= Molecular weight of stack gas, wet basis, g/g. mole. 

= Total amount of particulate matter collected, g 

= Atmospheric pressure. IN. HG. (uncompensated) 

= Stack static gas pressure, IN. WC. 

.1-A 
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P S  = Absolute pressure o f  s tack  gas. 1N.HG. 

Ps td  = Standard abso lu te  pressure, 29.92 IN. HG. 

A, = Actual  vo lumet r ic  s tack  gas f l o w  r a t e ,  ACFM 

9s .d = Dry vo lu inct r ic  s tack gas f l o w  r a t e  c o r r e c t e d  t o  standard 
cond i t i ons ,  DSCFM 

RH = R e l a t i v e  humid i ty .  % 

Tdb = Dry bu lb  temperature o f  s tack  gas, OF 

= Wet bu lb  temperature o f  s tack gas, O F  Twb 

Tm ( avg ) = Absolute average d r y  gas meter. temperature. OR 

TS(avg) Absolute average s tack  temperature,  OF 

= Standard absolute temperature, 528 OF (68 O F )  Tstd 

B = To ta l  sampling t ime. min. 

v1 c = To ta l  volume o f  l i q u i d  c o l l e c t e d  i n  irnpingers and 
s i l i c a  ge l .  m l  

vm = Volume o f  gas sample as measured by dry gas meter, CF 

V,(std) = 'lolunie o f  gas sample nieasured by t h e  d r y  gas meter 
co r rec ted  t o  standard c o n d i t i o n s ,  DSCF 

Vw(std) = volume of  water vapor i n  t h e  gas sample c o r r e c t e d  t o  
standard cond i t ions ,  SCF 

- 
" S  = Average a c t u a l  s tack  gas v e l o c i t y ,  FT/SEC 

VPtdb = Vapor pressure a t  Tdb, IN. HG. 
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"Ptwb = Vapor pressure a t  Twb,  I N .  HG 

m = Average pressure d i f f e r e n t i a l  across t h e  o r i f i c e  

I 
. .  

meter ,  11.1. W C ,  

AP = V e l o c i t y  pressure o f  s tack gas. I N .  WC. 

Y = Dry t e s t  meter  c o r r e c t i o n  c o e f f i c i e n t ,  dimensionless 1 
I P = Actual gas d e n s i t y ,  LB/ACF 
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CALCULATION EQUATIONS 

METHOD 6 
I 

MIDGET IMPINGER VERSION) 
= 17*64 I, ( Vstd 

AH 
17.64 Vm (Pb + =)y 

Vstd = T (LARGE IMPINGER VERSION) 
m 

7.06~10-~ (Vt - V t b )  N - - cs ' 
'std 

20.90 C,Fd I F,C, - - - E 
8' 
co2 

20.90 - E6 
2 

Cs (MG/DSCM) = 1.60186~107 cs 

cs (GR/DSCF) = 7000 Cs 

Cs (ppm, dry) = 6.02119~106 cs 

CS (ppm, wet) = 6.02119~106 C, (1 - $) 
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CS 

c s  (GRIDSCF) 

c s  (MGIDSCM) 

SYMBOLS 

Average oxygen conten t  i n  f l u e  gas. 91 v/v. d r y  

Average carbon d i o x i d e  conten t  i n  f l u e  gas, % v/v. 
d r Y  

Concentrat ion o f  s u l f u r  d iox ide  i n  f l u e  gas, d r y  
basis,  co r rec ted  t o  standard cond i t i ons ,  LB/DSCF 

Concentrat ion o f  s u l f u r  d iox ide  i n  f l u e  gas, d r y  
basis,  cor rec ted  t o  standard cond i t ions .  GR/DSCF 

Concentrat ion o f  s u l f u r  d iox ide  i n  f l u e  gas. d r y  
basis,  co r rec ted  t o  standard cond i t i ons ,  MG/DSCM 

D i l u t i o n  Fac tor  

Emission fac to r ,  LB o f  S02/106STU 

Dry oxygen F-Factor f o r  g iven f u e l  type, DSCF/106BTU 

Carbon d iox ide  F-Factor f o r  g iven  f u e l  type, 
OSCF/~O%TU 

Average pressure drop across c a l i b r a t e d  o r i f i c e ,  I N .  
W.C. 

Dry t e s t  meter c o r r e c t i o n  fac to r ,  dimensionless 

Mois ture conten t  o f  f l u e  gas, % v / v  

To ta l  m i l l i e q u i v a l e n t s  o f  SO2 i n  gas sample 

Normal i t y  o f  barium p e r c h l o r a t e  t i t r a n t  

Barometr ic pressure a t  t he  d r y  gas meter, I N .  HG. 
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I 1  

CS (ppm-dry) = Concentration of sulfur dioxide in flue gas, dry 
basis, (v/v), ppm 

CS (ppm-wet) = Concentration of sulfur dioxide in flue gas. wet 
basis, (v/v), ppm 

Tm = Absolute average dry gas meter temperature, OR 

Va = Volume of sample aliquot titrated. cc 

Vm = Dry gas volume as measured by the dry gas meter, DCF 

Vstd = Dry gas volume as measured by the dry gas meter, 
corrected to standard conditions (at 68 OF and 1 
atmosphere), DSCF 

, 
Vso 1 n = Total volume of the solution ,in which the sulfur dioxide 

sample i s  contained, cc 

vt = Volume o f  barium perchlorate titrant used for the sample, 
cc (average of replicate titrations) 

Vtb = Volume o f  barium perchlorate titrant used f o r  the blank, 
CC 
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