
Background Report Reference 

AP-42 Section Number: 1 1.23 

Background Chapter: 4 

Reference Number: 39 

Title: Results of the August 20,1985 
Particulate and SO2 Emissio Test on 
the No. 1 Machine Wind Box and 
Hood Exhaust No. 3 Scrubber Stack at 
the Hibbing Taconite Company plant 

Interpoll, Inc. 

Interpoll, Inc. 

August 1985 

EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.




I1 

I: 
I 
I 
I 

I 

I 
I 
I 

I 

I 

I 

\ 

1:  
L,!, 

I n t e r p o l l  Inc .  
4500 Ba l l  Road N.E. 

C i r c l e  Pines, Minnesota 55014 

, Telephone ( 6 1 2 )  786-6020 

RESULTS OF THE AUGUST 20. 1985. 
PARTICULATE M O  SO2 MISSION TEST 

EXHAUST NO. 3 SCRUBBER STACK AT 
THE\dIBBING TACONITE COHPARY PLART 

' (# THE NO.\ 1 MACHINE YIND BOX M D  HOOD 

Submitted t o :  

HIBBING TACONITE COMPANY 
P .  0. B O X  589 

' H i b b i n g ,  Minnesota 55754 

Atent ion:  Bob I v e s  

. Report Number 5-2066 
August 30, 1985 

I , AP42Section //.23 
Reference - , 

, Report Sect. C 1 
4 

I '  

y Lonnes. Ph.0.  \ ( I  ; 
L. 8 r e s i d e n t  



Source category: Taconite ore processing Date: 
Plant name : Hibbing Taconite Co. Location: 
Test date : August 20,1985 Ref. No.: 
Process Traveling grate Basis for process rate : 

I Emission I Process I 

AVERAGE ERR 1 ERR 

No process data provided. 



Interpol1 Inc. 
4500 Ball Road N.E. 

_- .< , 2- ;> -. - - ;1 I- 

Circle Pines, Minnesota 55014 

%c LGCG I RESULTS OF THE AUG1IST 20. 1985. 
PARTICULATE AND so2 mssxom TEST 

OW THE NO. 1 MACHINE WIND BOX AND HOOD - N u o  C"R5LG44 na* 
\ c.d+ EXHAUST NO. 3 SCRUBBER STACK AT 

THE HIBBING TACONITE COMPANY PLAKT 

Report Number 5-2066 
August 30, 1985 

L 

Submitted to :  

HIBBING TACONITE COMPANY 
P. 0. Box 589 

H i b b i n g ,  Minnesota 55754 

Atention: Bob Ives 

&res; dent 



t 

TABLE OF CONTENTS 

ABBREVIATIONS 

INTRODUCTION 

SUMMARY AND D I S C U S S I O N  

RESULTS 

3.1 
3.2 

3.3 Resu l ts  of S u l f u r  D i o x i d e  Determinat ions  

Resu l ts  of Orsat  and M o i s t u r e  Ana lys is  
Resu l ts  of P a r t i c u l a t e  Loading Determinat ions  

APPENDICES: 

A - Sampling T r a i n  C a l i b r a t i o n  Data  

B - Locat ion  of T e s t  P o r t s  and T r a v e r s e  P o i n t s  

C - F i e l d  Data Sheets 
D - Labora tory  Data Sheets 

E - Procedures 

F - C a l c u l a t i o n  Equations 

iii 

1 

3 

6 
7 
8 

9 

ii 



ACFM 
cc (ml)  

DSCFM 
DSML 

DEG-F ( O F )  

D I A .  

FTISEC 

GPM 

GRIACF 

GRIDSCF 

9 
HP 
HRS 
IN.  
IN. HG. 
I N .  WC. 
LB 
LBIDSCF 

LBIHR 

LB/106BTU 

LBIWBTU 

Mw 
mg/DSCM 

microns (w) 
MIN. 

ohm-cm 
PPH 
PPM 
P S I  
SQ. FT. 

V I V  

W I W  

ABBREVIATIONS 

actual  cubic  f e e t  per minute 

cubic cent imeter  (mi llil i t e r )  

standard cubic  f o o t  o f  d r y  gas per minute 
d ry  standard m i l l i l i t e r  

degrees Fahrenhei t  

diameter 

f e e t  per second 

ga l lons  per minute 

gra ins per ac tua l  cubic f o o t  

g ra ins  per d r y  standard cubic f o o t  

gram 

horsepower 
hours 

inches 

inches o f  mercury 
inches o f  water 

pound 

pounds per d r y  standard cubic f o o t  

pounds per hour 

pounds per m i l l i o n  B r i t i s h  Thermal Uni ts  heat i npu t  

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

megawatt 
m i l l i g rams  per d r y  standard cubic  meter 
m i c r u m t e r  

minutes 

ohm-centimeter 

pounds per hour 

pa r t s  per m i l l i o n  
pounds per square inch  

square f e e t  

percent by volume 

percent by weight 

Standard conditions are defined as 68 OF (20 OC) and 29.92 IN. o f  mercury pressure. 
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1 INTROOUCTION 

On August 20, 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 502 emission t e s t  on t h e  No. 1 Machine Wind Box and Hood 

Exhaust No. 3 Scrubber a t  the Hibbing Taconi te Company P lan t  loca ted  i n  

Hibbing, Minnesota. On-site t e s t i n g  was performed by a two-man team 
under the d i r e c t i o n  o f  Dr. P. Lonnes. Coordinat ion between p l a n t  

operat ion and t e s t i n g  a c t i v i t i e s  was provided by Steve Rogers and other  
p lan t  personnel o f  t h e  Hibbing Taconite Company. 

Evaluations were performed i n  accordance w i t h  EPA Methods 1-6. 

CFR T i t l e  40, Part  60. Appendix A ( rev ised J u l y  1, 1984). Previously 
co l lec ted  data was used t o  se lec t  t h e  appropr ia te nozzle diameter 

required f o r  i s o k i n e t i c  sample withdrawal. An I n t e r p o l l  sampling t r a i n  
which meets or exceeds s p e c i f i c a t i o n s  i n  the above-cited reference 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. Su l fu r  d iox ide  determinations were performed i n  accordance w i t h  

the l a r g e  impinger vers ion o f  EPA Method 6 us ing t h e  back h a l f  o f  the 

Method 5 sampling t r a i n .  

An in tegra ted  f l u e  gas sample was ext racted simultaneously 

w i t h  each p a r t i c u l a t e  sample us ing a s p e c i a l l y  designed gas sampling 
system. In tegra ted  f l u e  gas samples were c o l l  ected i n  44-1 i t e r  Tedlar 

bags. A f t e r  sampling was complete. the bags were sealed and returned t o  
the labora tory  f o r  Orsat analys is .  

Test ing on the No. 3 Machine Wind Box and Hood Exhaust No. 4 
Scrubber was conducted from two t e s t  por ts  o r ien ted  a t  90 degrees 

approximately 76 f e e t  downstream o f  a t r a n s i t i o n  breeching and 14 f e e t  

upstream of the stack o u t l e t .  A 12-point t raverse was used t o  c o l l e c t  

representat ive f l y a s h  samples from the scrubber stack. Each t raverse 

po in t  was sampled f i v e  minutes t o  g ive  a t o t a l  sampling t ime o f  60 
minutes per run. 

1 



The important  r e s u l t s  o f  t h e  t e s t s  a r e  summarized i n  Sect ion  
2 .  D e t a i l e d  r e s u l t s  a r e  presented i n  Sect ion  3. Resu l ts  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  support ing i n f o r m a t i o n  a r e  

presented i n  t h e  appendices. 
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2 S U W Y  ff lD DXSCUSSXOn 1 

The important r e s u l t s  (if i the p a r t i c u l a t e  emission t e s t  i s  
sumar ized i n  Table 1. As w i l l  be noted. o n l y  one p a r t i c u l a t e  

concentrat ion determinat ion was performed due t o  p lan t  d i f f i c u l t i e s .  

The r e s u l t s  o f  the s u l f u r  d iox ide t e s t  i s  summarized i n  Table 2. 

No d i f f i c u l t i e s  were encountered i n  the f i e l d  or i n .  the. 

labora tory  evaluat ion o f  the f l u e  gas, p a r t i c u l a t e  and s u l f u r  dioxide. 

samples. On the basis o f  t h i s  f a c t  and a complete review o f  t h e  e n t i r e  

data and r e s u l t s ,  i t  i s  our op in ion t h a t  the emission ra tes  and emission 
fac to rs  reported here in are accurate and c l o s e l y  r e f l e c t  t h e  actual  

values which ex is ted  a t  the t ime the t e s t s  were performed. 
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3 RESULTS 

The resul ts  of a l l  f i e l d  and laboratory evaluations are 
presented in th i s  section. Gas composition resu l t s  (Orsat and  moisture) 
a re  presented f i r s t  followed by the computer printout of the par t iculate  
and  sulfur  dioxide emission determinations. Preliminary measurements 
including test  port locations a re  given in the appendices. 

The resul ts  have been calculated on a n  IBM PC Computer u s i n g  
programs written i n  Extended BASIC spec i f ica l ly  for  source tes t ing  
calculations.  EPA-published equations have been used as the basis of 
the  calculation techniques in these programs. 

The particulate emission ra te  has been calculated using the  
product of the  concentration times flow method (as recommended by the 
EPA)  rather than the r a t io  of areas method. The dry par t iculate  
emission factor  has been calculated by the Oxygen F-Factor Method u s i n g  
the l a t e s t  EPA-published dry F-Factor for  the s ta ted fuel .  

6 
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INTERPOLL REPORT NO. 5-2066 
H I B B I N G  TACONITE COMPANY 

H I B B I N G i  MINNESOTA 

TEST NO. 1 I 
L I N E  1 NO. 3 SCRUBBER STACK ' 

i 
3 1 RESULTS OF or4sA.r x MOISTURE ANALYSES -- METHOD 3 8 4 ( x  UAJ) 

DATE OF RUN 

DRY B A S I S  (ORSAT)  

CARBON D I O X I l l E  

OXYGEN 

CARBON HONOXIIIE 

NITROGEN 

WET B A S I S  (ORSAT) 

CARBON D I O X I D E  

OXYGEN 

CARBON MONOXIDE 

NITROGEN 

f4OISTURE CONTENT 

DRY MOLECULAR WEIGHT 

WET MOLECULAR WEIGHT 

S F E C I F I C  GRAVITY 
( R E L A T I V E  TO A I R )  

RUN I 

8-20-85 

80 

19.60 

0 

79.60 

.74 

18.17 

0 

73.81 

7.28 

28.91 

28.12 

.Y713 

VELOCITY WEIGHTEII AND 
TIME-AVERAGED OXYGEN 
LIURING METHOD 5 RUNS 19.27 

7 



INTERPOLL REPORT NO. 5-2066 
H I B B I N G  TACONITE COMPANY 

H I B B I N G v  MINNESOTA 

I TEST NO. 1 
L I N E  1 NO+ 3 SCRUBBER STACK 

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

3 2 RESULTS OF PARTICULATE L.OAD1NG DE~TERMINATIONS -- METHOU 5 

RUN 1 

t lATE O F  RUN 8-20-85 

TIME RUN START/END (HRS)  153Wi 640 

P I T O T  TUBE COEFFIC IENT 

WATER I N  SAMPLE 
CONUENS A TE ( M L )  
S I L I C A  GEL (GRAMS) 

TOTAL PARTICULA'I 'E MATER- 
I A L  COLLECTED ( GRAMS) 

V M  ( MCF)  
I 
P B m  ( I N . H G )  
DELTA-H ( I N  WC) 
rM (DEG-F) 
VMSTD ( DSCF) 

T O l A L  SAMPLING T I M E  ( M I N )  
NOZZLE DIAMETER ( I N )  
AVG STACK GAS TEMP ( t iEG=F)  

VOLUMETRIC FLOW 
ACTUAL .......... (ACFM) 
DRY STANDARD + . . (lClSCFM) 

I S O K I N E T I C  UAR'IA~I'ION ( X )  

P A R T I C L E  CONCENTRATION* 
ACTUAL .. .+.... (GR/ACF) 
DRY STANDARD . (GR/DSCF) 

P A R T I C L E  MASS FLOW ( L B / H R )  

DRY CATCH ONLY 

,840 

50.6 
25.0 

0651 

47.16 
1 0004 
28 t 52 
2.11 
70 70 
45.37 

60.0  
.251 
10Y 

1604Y4 
131610 

100.5 

,0182 
.0221 

24.Y7 

8 
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I N ' r E w a L L  REPORT NO. 5-2066 
H I B B I N G  TACONITE COMPANY 

H I H H I N G i  MINNESOTA 

TEST NO, 1 
L I N E  1 NO. 3 SCRUHHER STACK 

3.3 RESULTS OF SULFUR 1:IIOXIKiE LlETE:RMINA'I'IONS METHOD 6 

t lATE OF RUN 

TIME RUN START/END (HRS) 

BAROMETRIC PRESSURE ( I N e H G . )  

METER TEMPERATURE (ICIEG-F) 

METER CORRECTION C O E F F I C I E N T  

VOLUME THROUGH GAS METER 

AT METER C O N ! X T I O N S + . . ( C F )  
STANDARD CONDITIONS. + ( S C F )  

TOTAL SAMPLING T I M E  ( M I N )  

MOISTURE CONTENT ( % U / V )  

OXYGEN CONTENT ( % V / U  U K Y )  

M I L L I E Q U I U A L E N T S  O F  504 I N  
GAS SAMPLE 

SULFUR I I I O X I D E  CONCENTRATION 

(GR/DSCF) 
(MG/DSCM) 
(PFM-DRY) 
(PPM-WET ) 

ORY STANDARD VOLUMETRIC 
FLOW (DSCFM) 

SULFUR KI IOXIDE MASS 
RATE (LEVHI3 ) 

9 

RUN 1 

0 / 2 0 / 8 5  

1535/1640 

>!B, 52 

70 .70  

1.0094 

47 e 160 
45.372 

60.0 

7.28 

19.60 

9.7215 

+ 1059 
2 4 2  

9 1  
8 4  

132000 

11Y.80 
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APPENDIX A 

SMPLING TRAIN CALIBRATION DATA 
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Interpol1 Inc. 

Nozzle Cali bration 
Data Sheet 

(612)786-6020 

Date o f  Calibration: August 2 0 ,  1985 Nozzle Number 7-2  
Technician: E .  Trowbridge 

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

Position Oi ameter 
(inches ) 

1 -250 

2 .251 

3 .251 

Average: .251 
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HOOD AND WINDBOX EXHAIJST STACK 
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C I & L . I  N. 3 
Sourer:: . s C ~ d o c 4 ~ U ~  - 0 a t e  g - 2 o - a T  
Test No. I 

Dry bulb OF Wet bulb OF 

Re l .  hum. O/o B,, 6 - 7  O/O 

RUCNO. I '  
Stack dimensions: 105- in. 

Barometric preisure(Pb) 4 g . r &  i n . ~ g  

Stat ic  pressure(Pg) +.''I in.WC-in.Ho 

Operatorn P n-rrl C M Q J > L , L ?  

1 

. .  O8 , . . .  

Schematic of Stack 
Cross Section 

c-1 
~ 

25 are. 107 
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Particulate Sample Weights 
Type and Number Flnal Tare DI f farence 

FILTEI( Nc. 35- 7 2 

PW 
i 

Impinger Number , 

I M P l u 6 f f 5  

I II I I 

I I 
II 

Weights 

1 Dlfference F ina l  Tare 

I 3 tr.0 I 1 4 V .  4 f s V . 6  

Integrated Flue Gas Sampling Data 

I FG Train No. q - /  Box No. a Bag No. 

Pretest leak check 0 c w m i n  at 15 In. Hg. 320-P No. 7 
Bag Malerial T E D L A &  Bag Volume 44 L 

I 

t !  Time I cwmin. I Time I cc/mln. 

1!73J- 1 

Operator H O L T Z  520-P Reading qb v/u 
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I n t e r p o l l  I n c .  
(612 )  766-6020 
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1 
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I 

Chain of Custody  
Sample D e p o s i t i o n  Sheet 

Team Leader FlOLTX P r i o r i t y  

Date Submi t ted  t T - ) 3 - d p  Rece ived by  

T e s t  No(s ) .  \ Number o f  Runs Completed 

io. o f  
iamples 

I 

Type o f  Sample 

Probe Wash 

S o l v e n t (  s ) :  

F i l t e r :  
- 4 ”  g l a s s  f i b e r  

- /7 S t a i n l e s s  s t e e  

Wet Catch 

Orsa t  

so, 

Fue l  Sample 

. . . - 

A n a l y s i s  Requ i red  

/p As pe r  EPA 5 

- .- _. - -. -. - __ ._ - 

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

- /g As pe r  EPA 5 

- 1 7  

- 17’ 0 r g  a n i c 

1-i I n o r g a n i c  

O the r :  
&Pm, 

Date 
Analyzed 

Other  I n f o r m a t i o n  or  
S p e c i a l  I n s t r u c t i o n s  

source I n f o r m a t i o n  

1 )  Type o f  source :  f l  B o i l e r  - A s p h a l t  P l a n t  - 1 7  I n c i n e r a t o r  8 Other  FoAeL.AC> 

2 )  F u e l :  - /7 Coal - /7 Idood - / p G a s  - /T O i l  - O t h e r  C o k  t 
3 )  Is sample c o m b u s t i b l e ?  - /7 No Yes 

4 )  Does sample need s p e c i a l  d e s i c c a t i n g ? m N O  Yes I f  yes ,  e x p l a i n  

5 )  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  a No - 1 7  Yes I f  yes ,  how many run (s )?  

run p r e f e r e n c e  

0-1 



I 
I 
I 
I 
I 
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I 
# 

INTERPOLL I N C .  
CPA Method 5 Probe (Cyclone) Wash 

Gravimetr ic Analysis Laboratory Data Sheet 
(CFR T i t l e  40 Par t  60 Appendix A) 

volume o f  ace tone Fg Ct 

Job W'd T A L  
C I  w s t a t .  

E .  D i s h  T a r e  W t .  x y . r + a ?  9 

E .  D i s h  + Sample Wt.84. 32-50 9 
2 

3 

Date  of A n a l y s i s  ~ ' - " ' k ~ -  
EPA-M5 Acetone R.B SPEC' 7.8 pg/cc 
Actual acetone res idue blank m g / c (  T e c h n i c i a n  k!c" 

I 

a interpoll 
T 

Job Date 
CI ty /State Log# . 
Source 
Test Site 
Sample type Tech 

Remarks: Test/Run - 
- of - 

I 

S p e c i a l  Handl i n g  Requ i red  

E v a p o r a t i n g  D i s h  No. 

Volume of  ace tone C( 

E .  D i s h  T a r e  W t .  

E .  D i s h  f Sample W t .  

Commen t 5 

1 

d -+ 
c 

I 1 a interpoll 
Job Date 
CI ty/State 
Source 
Test S l te  
Samp I R type Tech 

Remarks: Test/Run - 

Log# 

-of- .  

S p c c i a l  Handi l ng  Requir-ed 

C v a p o r a t i n g  D i s h  No. 

Volume of acetone C( 

E. D i s h  T a r e  W t .  

E. D i s h  + Sample W t .  

Comments 

1 

___z_g + 

RESULTS: 

I 

L-O185/Y R 
I -ID-? 7 1  



(EPA Method 5) F i l t e r  
Grav imetr ic  Analvs is  Lab 

I 
I 

-Data Sheet 
FR - 42(160) 

Date of Analys is  8 -  2 6  - 8s- 
Technician R d  

Special Handllng Required a interpoll 
I 
I 

' a  
I 

F i  I t e r  No. SS72 

F i l t e r  Tare Wt.0- 

F i  I t e r  t Sample wt.dl662V 9 

F i  I t e r  Type Y"6-  _ .  . 

7 

Teet/Run A I Comments 
- 1 Remarks: I 

Special Handling Required a interpoll - 
Job Date F i l t e r  No. 

F i l t e r  Type Source 
F i l t e r  Tare W t .  q Test Slte 

Sample type Tech F i l t e r  t Sample W t .  g 

Remarks: Test/Run - Comments 

@ Clty/State Log# 

1 

2 

\ - 

(33 interpoll 
Job Date 

SoUrta 
Tost S I t e  
Sample type Tech 
Remarks: 

C l t y h o t e  Log# 

Test/Run - 

Special Handling Required 

~ 

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  t Sample W t .  q 

Comments 

1 

2 

RESULTS : 

pzTq-1 p - 1 7 -  
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INTERPOLL INC.  
EPA Methods 6 & 8 Barium Perchlorate T i t r a n t  Standard izat ion Sheet 

Date o f  Standard izat ion 8- 26 - Y 
Technician AGU 
Buret No. 304 

The normal i ty  of t h e  nominal .01 N barium t i t r a n t  s o l u t i o n  i s  v e r i f i e d  by comparing 
it against  a primary standard o f  0.0100 N H2SO4 s o l u t i o n  us ing Thor in  I as t h e  
endpoint i n d i c a t o r .  

1. 

2. 

3. 

4. 

Preparat ion o f  Primary Standard (.0100 N H2SO4) 
a. Q u a n t i t a t i v e l y  t r a n s f e r  the 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 lumetr 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 mix w e l l  by shaking and i n v e r t i n g .  
So lu t ion  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  protected 
from evaporation. 

Using a 100 m l  vo lumetr 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 volumetr 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 
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 lows:  

b. 

T rans fer  t h e  contents t o  a standard 

3 .0100 N H2SO 
Primary Stan a r d  

Prepared on 7/u3 / 8 Y b y  k d  
Prepared b y  m u t i o n  from " D i l u t - I t "  ampule 

Standardizat ion o f  the Barium Perchlorate T i t r a n t  

a. P ipe t  25.00 cc o f  t h e  0.0100 N H2S04 pr imary standard i n t o  each o f  t h e  th ree  
clean 250 cc Erleymeyer f lasks .  
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 barium perch lo ra te  t i t r a n t  record ing t h e  
s t a r t i n g  and ending bure t  readings below. 

Prepare and t i t r a t e  a t  l e a s t  one blank i n  an i d e n t i c a l  manner (P ipe 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 also.  

Add 100 cc o f  checked absolute isopropanol 

b. 
Record t h e  

Standardizat ion Data 

A l l  buret  readings should be read t o  t h e  nearest  1/100 and an adequately long 
t ime per iod wai ted before reading t o  a l l o w  t h e  l i q u i d  on t h e  w a l l s  t o  f l o w  down. 

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

I n i t i a l  reading (ml)  Q.00 d. a0 0.00 0. do 
F i n a l  reading (ml)  , o z  2s zu dS: ta dS.b 

M V2dS'.ZU V3 23'. tc, v1 ds* Volume o f  t i t r a n t  (ml)  vb5.oz 
Calculat ions. 

%cq+ (X* + (Zs+ 35;2cml - - 3 =  1 v1 + v2 + v 
"t 3 3 

Normal i ty  
0.25 I 0.25 

= =  k5* - (,o& = 0-9- 
L-214RRR 

0-4 
~ ~~~ 
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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, Pa r t  60, Appendix A ( r e v i s e d  Ju ly  1, 1984). 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  the f l u e  i s  
obtained by means o f  a temperature and v e l o c i t y  t raverse. On the bas is  

o f  these values, sampling nozzles o f  appropr ia te  diameter are se lected 

t o  a l low 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  ob ta in ing  a 
representa t ive  sample. 

The sampling t r a i n  cons is ts  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 thermocouple. The 
probe i s  at 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  addi t ion,  t h e  

sampling module a lso  houses t h e  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 b y  means o f  an umbi l i ca l  cord 

t o  the c o n t r o l  module which houses t h e  dry t e s t  gasmeter, the c a l i b r a t e d  

o r i f i c e ,  a leak less pump, two i n c l i n e d  manometers, and a l l  c o n t r o l s  
requ i red  f o r  operat ing the sampling 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 fo l lows:  The sample gas 

was drawn i n  through the 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 glass 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 the f i l t e r .  

The gases then passed through an ice-cooled 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  moisture 
from the 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  t h e  sample gas f l o w  
throughout t h e  course o f  the t e s t .  A c a l i b r a t e d  o r i f i c e  attached t o  t h e  

o u t l e t  o f  t h e  gasmeter provides instantaneous f l o w  r a t e  data. 

A representa t ive  p a r t i c u l a t e  sample was acquired 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 
regions i n  t h e  duct. The sampling r a t e  i s  adjusted a t  each s i t e  such 

t h a t  an i s o k i n e t i c  sampling c o n d i t i o n  p r e v a i l s .  Nornographs are used t o  
a i d  i n  the r a p i d  determinat ion o f  t h e  sampl ing r a t e .  

. .. E-1 3a Pl (SS-5 )  
. 
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A f t e r  sampling i s  complete, the f i l t e r  i s  removed and placed 

i n  a c lean container.  The nozzle and i n l e t  s i d e  o f  t h e  f i l t e r  holder 
are q u a n t i t a t i v e l y  washed w i t h  acetone land t h e  washings are s tored i n  a 

second container.  A brush i s  o f t e n  used i n  t h e  c leaning step t o  help 
dis lodge deposits. The samples are r e t u r n e d  t o  t h e  labora tory  where 

they are logged i n  and analyzed. The volume o f  t h e  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 rans fer red  

t o  a ta red  120 cc porce la in  evaporat 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 condensation o f  

atmospheric mois ture due t o  t h e  c o o l i n g  e f f e c t  induced by t h e  
evaporation o f  acetone. The acetone-free sample i s  then t rans fer red  t o  

an oven and d r i e d  a t  105 OC f o r  30 minutes, cooled. i n  a desiccator over 
O r i e r i t e .  and then weighed t o  the 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- inch watch glass and d r i e d  i n  an oven 
a t  105 OC f o r  two hours. The f i l t e r  and watch glass are then cooled i n  

a des iccator  and t h e  f i l t e r  weighed t o  t h e  nearest  .01 mg. A l l  
weighings are performed i n  a balance room where t h e  r e l a t i v e  humidi ty i s  
hydrostat ted t o  less  than 50% r e l a t i v e  humidity. Microscopic 

examination o f  the 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  t h e  acetone r i n s e  i s  corrected f o r  t h e  

acetone blank. The O r i e r i t e  column i s  weighed on-s i te  and the water 

c o l l e c t e d  b y  O r i e r i t e  i s  added t o  t h e  condensate so t h a t  the t o t a l  
amount o f  absorbed water may be ascertained. 

I 

In tegra ted  gas samples f o r  Orsat analys is  were co l lec ted  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 using a1 a l l - g l a s s  Orsat analyzer. Standard comnercial ly 
prepared so lu t ions  were used i n  t h e  Orsat analyzer (sat .  KOH f o r  carbon 

d iox ide  and reduced methylene b l u e  f o r  oxygen). I n  add i t ion  t o  t h e  
above, t h e  oxygen content o f  t h e  f l u e  gas was measured a t  each t raverse  
dur ing  t h e  p a r t i c u l a t e  determinat ions us ing  a Teledyne Model 32OP-4 
Portab le Oxygen Analyzer t o  sample t h e  e f f l u e n t  from the Method 5 t r a i n .  

3a P2(7) 

E-2 



I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
LI 
I 
I 
I 
I 
I 
I 

E-3 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

S u l f u r  Dioxide Emissions 

The su l fu r  dioxide concentrations were determined per Method 6, 
CFR T i t l e  40. Part 60, Appendix A (Revised July 1 ,  19841. In the procedure 
employed, the back half  of the Method 5 sampling t r a i n  was used t o  c o l l e c t  
SO2 samples d u r i n g  the par t icu la te  determinations. Each of the f i r s t  two 
impingers was f i l l e d  with 100 cc o f  f resh ly  prepared 3% hydrogen peroxide. 
The samples were quant i ta t ively recovered i n  the f i e l d  and returned t o  the 
laboratory for s u l f a t e  analysis by a bar ium-thorin t i t r a t i o n  method. 
were ion-exchanged using a cat ion exchanger i n  the hydrogen i o n  form t o  remove 
any in te r fe r ing  cations present. 

Samples 

E-4 4b-1 
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CALCULATION EQUIATIONS 1 
METHOD 2 

I 

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

= 60 v, A Qa 

4.995 9, Gd 
I % I - Bws 

RH* 100 (vptwb 0.0003641 P, (Tdb - TWb))/vptdb 

-2 PsMs 4.585 x 10 
I 

avg 1 P 
‘5  

*Alternate equations for calculat ing moisture content from wet bulb and 
dry bulb  data. 
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W C U U T I D N  EQUATIONS 

METHOD 3 

l0O(XO2 - 1.5% CO) 
N2 - %02 + 0.5% Co %EA = D 264% 

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

MS 
= Md ( I  - Bws) + 0.18 B,, 

I 

- - "w( s t d )  
*WS 's( s t d )  + "m( s t d )  
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W C U L A T I O N  EQUATIONS 

METHOD 5 

Pbar + a / 1 3 . 6  
= 17.65 V,Y (. 1 

'm( std)  ' m( avg 

= 0.0472 VIS 'w( std) 

Bws 

I 

CS 

'a 

E 'w(std) 

'w(std) + 'm(std) 

Ts(avg) 'rn(std) = 0.0944 (p A U ( 1  - B W S l  s "s n 

272.3 M P s  

's(avg) ('w(stdf 'rn(std)' 
i 

= 8.5714 X Cs Qs,d ( f i p l l  

(fip)2 - O A" 

1.3228 x 10" Mp A - 
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SYMBOLS 

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 in stack gas, 
wet basis, GR/ACF 

Concentration of particulate matter in stack as, dry 
basis, corrected to standard conditions, GR/D ! CF 
.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. 

F- 4 
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Pstd  

Aa 

9s.d 

RH 

Td b 

Twb 

Ts ( avg) 

Tstd 

e 

Vlc 

Vm 

Vm(std) 

Vw(std) 

- 
VS 

VPtdb 

Wtwb 

Standard absolute pressure, 29.92 IN. HG. 

Actual  vo lumetr ic  stack gas flow I ra te ,  ACFM 

Dry volumetr ic  stack gas f low r a t e  corrected t o  standard 
condi t ions,  DSCFM 

Relat ive humidity, X 

Dry bu ld  temperature o f  stack gas. OF 

Wet bu lb  temperature o f  stack gas, OF 

Absolute average d r y  gas meter temperature, OR 

Absolute average stack temperature, OF 

Standard absolute temperature. 528 OF (68 OF) 

Tota l  sampling time, min. 

To ta l  volume o f  l i q u i d  c o l l e c t e d  i n  impingers and 
s i l i c a  gel, m l  

Volume o f  gas sample as measured by d r y  gas meter, CF 

Volume o f  gas sample measured by the  d r y  gas meter 
corrected t o  standard condi t ions,  DSCF 

Volume o f  water vapor i n  the gas sample cor rec ted  t o  
standard condi t ions.  SCF 

Average ac tua l  stack gas ve loc i t y ,  FT/SEC 

Vapor pressure a t  Tdb. IN. HG. 

Vapor pressure a t  Twb, IN. HG 

. ... F- 5 ~ _ _  
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- 
AH = Average pressure differential across the orifice 

meter, IN. WC. 

AP = Velocity pressure of stack gas. IN. WC. 

Y = Dry test meter correction coefficient, dimensionless 

P = Actual gas density, LB/ACF 
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CALCULATION EQUATIONS 

METHOD 6 

(MIDGET IMPINGER VERSION) 
= 17*64 r, V s t d  

AH 
17.64 V, (Pb + m ) y  

Tm 
= (LARGE IMPINGER VERSION) 

V s t d  

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 Cs (1 - $1 

c-7 



8'02 = Average oxygen content in flue gas, % v/v. dry 

= Average carbon dioxide content In flue gas, X v/v. 
dry 

= Concentration of sulfur dioxide in flue gas, dry 
basis, corrected to standard conditions, LE/DSCF CS 

drF cs (GR/DSCF) = Concentration of sulfur dioxide in flue gas, 
basis, corrected to standard conditions, GR/DSC 

cs (MG/DSCM) = Concentration of sulfur dioxide in flue gas, dry 
basis, corrected to standard conditions, MG/DSCM 

E = Emission factor, LB of  S02/1068TU 

Fd 8 Dry oxygen F-Factor for given fuel type. DSCF/lO6ETU 

FC = Carbon dioxide F-Factor for given fuel type. 
OSCF/106BTU 

A H  Average pressure drop across calibrated orifice, IN. 
W.C. 

Y = Dry test meter correction factor, dimensionless 

MC = Moisture content of flue gas, % v/v 

ME9 = Total milliequivalents of SO2 in gas sample 

N = Normality of barium perchlorate titrant 

pb = Barometric pressure at the dry gas meter, IN. HG. 
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Tm 

Va 

Vm 

Vs td  

Vso 1 n 

V t  

V t b  

= Concentrat ion o f  s u l f u r  d iox ide  i n  f l u e  gas, d ry  
basis, (v/v) ,  ppn 1 

Concentrat ion o f  sulf fur d iox ide  i n  flue gas. wet 
I = 

basis. (v/v). PW 

Absolute average d r y  gas meter temperature, OR 

Volume o f  sample a l i q u o t  t i t r a t e d ,  cc 

Dry gas volume as measured by the  d r y  gas meter, DCF 

Dry gas volume as measured by the  d r y  gas meter, 
corrected t o  standard cond i t l ons  ( a t  68 OF and 1 
atmosphere), DSCF 

To ta l  volume o f  the  s o l u t i o n  i n  which the  s u l f u r  d iox ide 
sample i s  contained, cc 

Volume .of barium perch lo ra te  t i t r a n t  used f o r  t he  sample, 
cc (average o f  r e p l i c a t e  t i t r a t i o n s )  

Volume o f  barium perch lo ra te  t i t r a n t  used f o r  t he  blank, 
cc 
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