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SECTION 1 

INTRODUCTION 

During t h e  week o f  A p r i l  6 ,  1981 ,  PEDCo Environmental per -  

sonnel  conducted an  emission sampling program a t  t h e  steel  m e l t  

shop ope ra t ed  by A 1  Tech S p e c i a l t y  Steel  Corporat ion ( A 1  Tech) 

Wate rv l i e t ,  N e w  York. The purpose of t h i s  tes t  program w a s  t o  

provide d a t a  f o r  a s s e s s i n g  t h e  need f o r  r e v i s i n g  p r e s e n t  N e w  

Source Performance Standards  (NSPS) for e l e c t r i c  arc fu rnaces  

(EAF) t o  inc lude  argon-oxygen d e c a r b u r i z a t i o n  (AOD) furnaces .  

i n  

T h i s  p l a n t  w a s  s e l e c t e d  f o r  source  t e s t i n g  f o r  t h e  fo l lowing  

reasons  : 

1) I t  e x h i b i t s  b e s t  a v a i l a b l e  c o n t r o l  technology. 

2 )  The emiss ions  c a p t u r e  and c o n t r o l  equipment i s  rep re -  
s e n t a t i v e  of t h e  i n d u s t r y .  

device .  
3 )  Both AOD and EAF fu rnaces  are c o n t r o l l e d  by t h e  same 

4 )  Emission data could be o b t a i n e d  by nonstandard sampling 
t echn iques  on t h e  t y p i c a l  p o s i t i v e - p r e s s u r e  f a b r i c  
f i l t e r  . 

P a r t i c u l a t e  matter c o n c e n t r a t i o n s  and mass emiss ion  r a t e s  

were measured a t  t w o  i n l e t  s i tes and one o u t l e t  s i te :  T e s t s  a t  

t h e  t w o  i n l e t  sites were conducted accord ing  t o  U . S .  Environ- 

mental  P r o t e c t i o n  Agency (EPA) Reference Method 5.* The sampling 

* 
4 0  CFR 6 0 ,  Appendix A ,  J u l y  1, 1980.  

1-1 



I 
i n g  low gas  v e l o c i t y .  I 

I 
,I 

con junc t ion  wi th  t h e s e  tests. I n  a d d i t i o n ,  p a r t i c l e  s i z e  d i s t r i -  I 
I 

t r a i n  used f o r  o u t l e t  tests was a s  desc r ibed  i n  Method 5 ,  b u t  

procedures  were adapted t o  t h e  l a r g e  exhaus t  a r e a  and correspond- 

I n l e t  and o u t l e t  tests for p a r t i c u l a t e  matter were performed 

s imul taneous ly  t o  enab le  de te rmina t ion  o f  c o n t r o l  e f f i c i e n c y  a s  

w e l l  a s  v a l u e s  f o r  c o n t r o l l e d  and u n c o n t r o l l e d  emissions.  Flue 

gas  flow r a t e s ,  t empera ture ,  and composition were measured i n  

bu t ion  samples were c o l l e c t e d  s imul taneous ly  a t  one i n l e t  s i t e  

and a t  t h e  f a b r i c  f i l t e r  o u t l e t .  Method 9* procedures  were used 

t o  e v a l u a t e  v i s i b l e  emiss ions  (VE) from t h e  m e l t  shop and f a b r i c  

f i l t e r  o u t l e t  throughout  t h e  tes t .  Vi sua l  de t e rmina t ions  of 

f u g i t i v e  emiss ions  (FE) from t h e  f a b r i c  f i l t e r  d u s t  handl ing  

system w e r e  recorded accord ing  t o  t h e  proposed Method 22.** 

Samples of d u s t  c o l l e c t e d  by t h e  f a b r i c  f i l t e r  w e r e  ob ta ined  f o r  

a n a l y s i s  of p a r t i c l e  s i z e  d i s t r i b u t i o n  and e lementa l  composition. 

Tests  took p l a c e  s imul taneous ly  a t  a l l  s i tes,  i n c l u d i n g  v i s i b l e  

and f u g i t i v e  emission sites. A r e p r e s e n t a t i v e  from t h e  NSPS 

c o n t r a c t o r  a s s i s t e d  i n  c o o r d i n a t i n g  t h e  tests wi th  process opera-  

t i o n s .  Subsequent a n a l y s e s  were performed on two o u t l e t  p a r t i c l e  

s i z e  samples and two f a b r i c  f i l t e r  d u s t  samples t o  determine t h e  

c o n c e n t r a t i o n  o f  f l u o r i d e ,  chromium, l e a d ,  and n i c k e l .  

- - . .. - . .  ~ 

T h i s  r e p o r t  documents t h e  a c t i v i t i e s  and r e s u l t s  of t h e  t e s t  

Program. S e c t i o n  2 d e s c r i b e s  t h e  processes t h a t  were t e s t e d  and 

t h e  o p e r a t i n g  c o n d i t i o n s  du r ing  t h e  sampling pe r iod .  S e c t i o n  3 - 
40 CFR 6 0 ,  Appendix A ,  J u l y  1, 1980 .  

*1 

.. 

I 

I 
1 
I .. ~ 

Federa l  R e g i s t e r ,  V o l .  45, N o .  224 ,  November 1 9 ,  1980 .  

1 - 2  
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presents the results and discusses them, whereas Section 4 

describes the sampling sites and general test procedures used. 

Section 5 briefly outlines quality assurance measures and audit 

results. Section 6 details the particulate matter and particle 

size distribution sampling and analytical procedures. The 

appendices contain computer output and example calculations 

(Appendix A), field data (Appendix B) , sample recovery and 
analytical data (Appendix C), MRI process summary (Appendix D), 

calibration procedures and results (Appendix E), a quality 

assurance summary (Appendix F), and a list of project partici- 

pants (Appendix G). 
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SECTION 2 

PROCESS OPERATION 

A 1  Tech o p e r a t e s  a t o t a l  o f  t w o  E A F ' s  and two A O D ' s  i n  t h e  

product ion o f  many d i f f e r e n t  g rades  o f  s teel ,  i n c l u d i n g  s t a in l e s s  

s t e e l  and high-temperature a l l o y s .  Each EAF and AOD h a s  a r a t e d  

c a p a c i t y  o f  27.3 Mg (30 t o n s )  and produces a n  average h e a t  o f  29 

Mg (32 t o n s ) .  The f a c i l i t y  was o p e r a t i n g  24 hours  per day, 5 

days per  week, du r ing  t h e  tes t  series, b u t  t h i s  schedule  normally 

f l u c t u a t e s  between 3 and 5 days  per week,  depending on product  

demand. 

The n o r t h  AOD v e s s e l  and EAF N o .  89 are l o c a t e d  i n  t h e  n o r t h  

end of t h e  m e l t  shop, and EAF N o .  90 and t h e  sou th  AOD vessel are 

l o c a t e d  i n  t h e  sou th  end o f  t h e  shop. Typ ica l ly ,  EAF N o .  89 

feeds  t h e  n o r t h  AOD, and EAF No. 9 0  feeds  t h e  sou th  AOD. I f  

necessary ,  however, t h e  n o r t h  EAF can f eed  t h e  sou th  AOD vessel, 

and v ice  versa. Normal m e l t  shop o p e r a t i o n  cons is t s  o f  cha rg ing  

and backcharging t h e  EAF w i t h  c o l d  s c r a p  and f l u x e s :  meltdown; 

t app ing  t h e  EAF: cha rg ing  molten m e t a l ,  f l u x e s ,  and a l l o y s  i n t o  

t h e  AOD vessel: r e f i n i n g  i n  t h e  AOD vessel: and t a p p i n g  t h e  

r e f i n e d  m e t a l  i n t o  a l a d l e ,  which i s  then  t r a n s f e r r e d  t o  t h e  

teeming a is le .  

2-1 



The EAF cha rge  materials c o n s i s t s  of 80 percent s c r a p  and 20 

p e r c e n t  a d d i t i v e s .  The s c r a p  used a t  t h i s  p l a n t  i s  r e l a t i v e l y  

c l e a n ,  c o n t a i n s  a h igh  percentage  o f  s t a i n l e s s  s teel ,  and i s  n o t  

p r e t r e a t e d .  The i n i t i a l  a d d i t i v e s  are g e n e r a l l y  l i m e ,  charge 

chrome, f e r r o n i c k e l ,  and i r o n  o r e .  Other  m a t e r i a l s  may be added 

d u r i n g  t h e  me l t ing  phase.  A minimum amount of oxygen, i f  any,  i s  

blown i n t o  t h e  molten metal whi le  it i s  i n  t h e  EAF, because 

r e f i n i n g  i s  accomplished p r i m a r i l y  i n  t h e  AOD. Hot metal i s  

tapped i n t o  a l a d l e ,  weighed, and t r a n s f e r r e d  t o  t h e  AOD v e s s e l .  

The average  EAF h e a t  t i m e  ( t a p  t o  t a p )  i s  3 . 7  hours .  

Hot meta l  from the-EAF i s  charged i n t o  t h e  AOD v e s s e l ,  
~ - -  -~ ~. ~~ 

~. - ~ . .  . . ~~ ~. ~ 

where major a l l o y  a d d i t i o n s  are made. The a d d i t i o n s  i n c l u d e  high- 

carbon magnesium, high-carbon chrome, n i c k e l ,  s i l i c o n ,  molyb- 

denum, and aluminum. The argon-oxygen-nitrogen gas  mixture  is 

blown i n t o  t h e  molten b a t h  through t u y e r e s  l o c a t e d  i n  t h e  bottom 

o f  t h e  v e s s e l  u n t i l  t h e  carbon i n  t h e  metal has  been ox id ized  t o  

s p e c i f i c a t i o n .  Reduction mixes are added t o  remove s u l f u r  and 

o t h e r  i m p u r i t i e s .  The r e f i n e d  molten metal i s  tapped from t h e  

AOD i n t o  a l a d l e  and t r a n s f e r r e d  t o  t h e  teeming a r e a  where t h e  

h o t  m e t a l  i s  poured i n t o  i n g o t  molds. Af t e r  it i s  tapped,  t h e  

AOD remains i d l e  u n t i l  ano the r  h o t  me ta l  charge  from t h e  EAF is 

ready. The AOD h e a t  (charge  through t a p )  t a k e s  about  1 . 5  t o  2 

hours ,  b u t  can l a s t  longe r  i f  more r e f i n i n g  i s  needed. 

I n  t h e  emiss ion  capture system, t w o  hoods are provided above 

each electric furnace  and each AOD v e s s e l .  The e lectr ic  furnace  

hoods are s i t u a t e d  so t h a t  one hood c a p t u r e s  most of t h e  

I 
I 
I 
1 
! 
I 
a 
I 
I 
I 
I 
I 
I 
B 
I 
I 
I 
I 
I 
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emissions from charging and melting, whereas the other captures 

most of the tapping emissions. The AOD hoods are situated 

so that each one captures half the refining emissions. A divert- 

er stack directs the AOD refining emissions toward the hoods to 

avoid excessive drift of the emissions as a result of cross 

drafts. Each hood has a set of automatic dampers, which can be 

closed to direct more suction to another hood. The dampers on 

the hoods on the charging side of each EAF are always open. The 

dampers on the tapping side open automatically during tapping and 

remain closed the rest of the time. The dampers on the hood of 

the AOD vessels are always open because the automatic mechanism 

no longer functions. 

.. 

Combined exhaust gases from all four furnaces are ducted to 

a Wheelabrator-Frye, positive-pressure fabric filter to remove 

particulate matter. The gas flows through the fabric filter at a 

rate of approximately 280 m / s  (600,000 acfm) and exits via a 

monovent type of exhaust. Mechanical shakers clean the bags in 

each compartment at periodic intervals. A1 Tech has assigned two 

people to the regular maintenance of the fabric filter. A 

periodic visual inspection is made, and broken bags are changed 

when needed. 

3 

Technical data on the process and control system are in- 

cluded in Table 1 of Appendix D. 

The operations of the four furnaces and the fabric filter 

were monitored by Lalit Banker and William Terry of Midwest 

Research Institute (MRI) . Table 2-1 presents a summary of 

2-3 
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28.1 31.0 
24.9 27.5 
30.4 33.5 
32.5 35.8 - - 

TABLE 2-1. EAF AND AOD PRODUCTION SUMMARYa 

7.8 8.6 

9.'8 10.8 

5.7 6.3 

PEDCO 
run No., 
date 

1 

4/7/81 

2 

4/8/81 

3 

4/9/81 

Furnace 

North ADD 

89 EAF 

90 EAF 

South A00 

North A00 

89 EAF 

90 EAF 

South A00 

North A00 

89 EAF 

90 EAF 

South AOD 

P a r t i a l  07 completed 
heats tested I 

Heat No. 

98033 
08440 
98047 
98068 
08440 
08444 
08445 
98047 
08444 

- ~. 

98045 
98064 
98064 
98039 
08464 
08446 
08447 
08464 
08446 

98090 
98091 
98091 
98044 
08451 
08465 
08452 
08451 

Tested pr  duction LXEJ ra te  a 
time,b 

' I 
minutes Mg tons I W h  tonslh 

85 
100 
190 
225 
440 
240 
235 
110 
155 

90 
65 

210 
299 
185 
225 
300 
150 
230 

225 
225 
340 
280 
350 
225 
e 

160 

28.0 30.9 
27.9 30.8 
27.7 30.5 
28.1 31.0 
25.4 28.0 
30.2 33.2 
27.2 30.0 
28.9 31.8 
33.9 37.4 
--Total 28.9 

29.1 32.1 
30.4 33.5 

_._ 
35.0 38.6 I 

Total I 28.2 I 31.1 

9.6 

9.4 

7.2 

5.7 

31.9 

9.4 

7.8 

8.5 

7.6 

aCompiled fmm pmccss data i n  Appendix 0 and f i e l d  data ( t e s t  t i m e s )  i n  
Appendix 8. 
Charge-to-tap time f o r  AOO's; tap-to-tap t ime  f o r  EAF's. 
EAF production I s  the welght o f  metal transferred t o  an AOO; A00 production 
i s  the f ina l  tap weight. 

C 

dTested production rates were determined by d iv id ing  the t o t a l  weight of 
metal produced during a t e s t  by the sampling time. The weight of metal 
produced by a given furnace during a t e s t  MI calculated by f i r s t  
d iv id ing  the minutes o f  n o m 1  operation ac tua l l y  sampled ( f rom charging 
through tapping. not including delays o r  patching) by the t o t a l  minutes 
Of normal operation i n  the heat, and then mul t ip ly ing  by the weight of 
metal produced during the  en t i re  heat. 

elhe only n o m 1  operation o f  t h i s  heat sampled was the tap. 
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product ion  d a t a  f o r  t h e  t e s t  series.  The EAF h e a t  times v a r i e d  

from 3.1 t o  7.3 hours  ( t a p  t o  t a p ) ,  and t h e  weight  o f  metal  

produced pe r  h e a t  ranged from 2 4 . 9  t o  32.5 Mg (27.5 t o  35.8 

t o n s ) .  The AOD h e a t  t i m e s  v a r i e d  between 1.1 and 3.8 hours  

(charge  through t a p ) ,  and t h e  weight  of metal  produced p e r  h e a t  

v a r i e d  between 27 .9  and 35.0 Mg (30.8 and 38.6 t o n s ) .  The 

v a r i a t i o n s  i n  h e a t  times were r e l a t e d  i n  p a r t  t o  d e l a y s  caused by 

one o r  more c r a n e s  t h a t  d i d  n o t  o p e r a t e  p rope r ly .  

Product ion rates were c a l c u l a t e d  t o  determine i f  t h e  tests 

were conducted du r ing  r e p r e s e n t a t i v e  o p e r a t i n g  c o n d i t i o n s .  The 

t e s t e d  product ion  r a t e  f o r  each  fu rnace  w a s  determined by d i v i d -  

i n g  t h e  t o t a l  weight of metal produced du r ing  a tes t  by t h e  

sampling t i m e .  The metal produced by a given furnace  du r ing  a 

tes t  was c a l c u l a t e d  by f i r s t  d i v i d i n g  t h e  minutes o f  normal 

o p e r a t i o n  a c t u a l l y  sampled (from cha rg ing  through t app ing ,  n o t  

i nc lud ing  d e l a y s  o r  pa tch ing)  by t h e  t o t a l  minutes  o f  normal 

o p e r a t i o n  i n  t h e  h e a t ,  and t h e n  m u l t i p l y i n g  by t h e  weight o f  

metal produced d u r i n g  t h e  e n t i r e  h e a t .  For comparison, t h e  

normal product ion  rate for  a l l  f o u r  fu rnaces  o p e r a t i n g  a t  once 

was c a l c u l a t e d  a t  31.4 Mg/h (34.6 t o n s / h ) ,  based on an average 

h e a t  t i m e  o f  3.7 hours  and an average  metal product ion  o f  29 Mg 

(32 tons )  p e r  furnace .  The same h e a t  t i m e  w a s  used f o r  t h e  EAF's 

and A O D ' s ,  because one AOD h e a t  normally occur s  f o r  each EAF 

h e a t .  The t e s t e d  product ion  r a t e  and t h e  normal product ion  r a t e  

bo th  inc lude  t h e  e f f e c t s  o f  d e l a y s  and i n t e r v a l s  between h e a t s  

and should t h e r e f o r e  be comparable. The average e q u i v a l e n t  

2-5 



production rate for the test series was 29.1 Mg/h (32.1 tons/h), 

which indicated that the tests were conducted while the process 

was operating at 93 percent of normal production rate. 

Tests were delayed at various times during the series to 

avoid sampling when emissions were not representative of normal 

operation. On April I ,  the test was stopped for 10 minutes 

because EAF No. 89 was idle for 33 minutes waiting for the pit 

crane to clean the tap runner. At 3:OO p.m. on April 8, the test 

was stopped for approximately 15 minutes because two of the 

furnaces were not operating. On April 8, the test was stopped 

before the end of the heat in EAF No. 89.because the furnace-bay. 

crane lost power. On April 9, the start of the test was delayed 

for about 30 minutes because the furnace bay crane temporarily 

lost power again. 

The fabric filter was operating normally during the test 

period. The fabric filter control panels were monitored hourly 

for the duration of the tests. Test personnel periodically 

closed off a baghouse compartment for a short period to move 

their sampling equipment. Because one compartment is always in 

the cleaning mode, this meant two compartments were not in 

operation during that short period of time. The pressure drop in 

each compartment, the inlet gas temperature, the fan amperage for 

each of the three fans, and the number of compartments cleaning 

or closed off were observed to assure normal fabric filter opera- 

tion. 

( 4  and 6 in. H20) throughout the tests. 

The pressure drop varied between 1.0 and 1.5 kilopascals 

All three fans were 
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o p e r a t i n g  a t  f u l l  power d u r i n g  t h e  tes ts .  The f l u e  g a s  i n l e t  

temperature  f l u c t u a t e d  from 43" t o  54OC ( l o o o  to  130'F) d u r i n g  

t h e  tes t  per iod .  

The test  c o n d i t i o n s  were r e p r e s e n t a t i v e  of normal p l a n t  

o p e r a t i o n ,  and t h e  d a t a  should be u s e f u l .  

During t h e  tests, emiss ions  p e r i o d i c a l l y  f i l l e d  t h e  m e l t  

shop. Some of t h e  e n i s s i o n s  were d e f l e c t e d  when c r a n e s  passed 

above t h e  fu rnaces  and v e s s e l s  and when t h e  c r a n e s  were i n  

p o s i t i o n  f o r  a charge  o r  t a p .  The c r o s s  d r a f t s  t h a t  developed 

from open doors  i n  t h e  s c r a p  bay and tapping  p i t  a l s o  sometimes 

d e f l e c t e d  emissions from t h e  hood. The inope rab le  automatic  

dampers on t h e  AOD hoods were always open and prevented  t h e i r  

cp t ima l  use.  Although t h e s e  dampers could be ope ra t ed  manually,  

they  were l e f t  open throughout  t h e  tests i n  l i n e  wi th  normal 

o p e r a t i n g  procedure.  Although t h e  emiss ions  w e r e  n o t  always 

completely cap tu red ,  t h e  shop always c l e a r e d  i n  5 t o  1 0  minutes.  

P l a n t  workers i n d i c a t e d  t h a t  emiss ion  c a p t u r e  w a s  b e t t e r  when t h e  

c a p t u r e  and c o n t r o l  system was new and t h e  au tomat ic  AOD dampers 

were o p e r a t i n g  p rope r ly .  

Emissions genera ted  by t h e  EAF's were g r e a t e s t  du r ing  m e l t -  

down, b u t  emiss ions  were a l s o  s i g n i f i c a n t  d u r i n g  tapping .  E m i s -  

s i o n s  from t h e  AOD were g r e a t e s t  d u r i n g  t h e  i n i t i a l  stages o f  t h e  

h e a t  when t h e  oxygen c o n c e n t r a t i o n  i n  t h e  blowing gases was t h e  

h ighes t .  Emissions from t h e  AOD d u r i n g  blowing appeared t o  be 

equa l  t o  o r  g r e a t e r  t han  EAF meltdown emiss ions .  For  long pe r iods  

o f  t i m e ,  however, t h e  AOD v e s s e l  i s  i n  a nonblowing p o s i t i o n  
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while operators wait for sample results to determine what alloys 

are needed and how much more blowing is necessary to meet final 

specifications. 
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SECTION 3 

SUMMARY OF RESULTS 

Th i s  s e c t i o n  d e t a i l s  r e s u l t s  ob ta ined  from t h e  emission test  

program. P a r t i c u l a t e  matter tests w e r e  run s imul taneous ly  a t  two 

i n l e t  s i tes  and t h e  f a b r i c  f i l t e r  o u t l e t ,  and p a r t i c l e  s i z e  

d i s t r i b u t i o n  tes ts  w e r e  run a t  one i n l e t  s i t e  and a t  t h e  o u t l e t .  

V i s i b l e  emissions from t h e  m e l t  shop and f a b r i c  f i l t e r  o u t l e t  

w e r e  eva lua ted  c o n c u r r e n t l y  w i t h  p a r t i c u l a t e  tes t  r u n s ,  a s  were 

f u g i t i v e  emiss ions  from t h e  f a b r i c  f i l t e r .  Fab r i c  f i l t e r  d u s t  

samples were c o l l e c t e d  and ana lyzed  f o r  t r a c e  e lements  and 

p a r t i c l e  s i z e  d i s t r i b u t i o n .  Table 3-1 summarizes t h e  type  and 

number of samples t h a t  w e r e  c o l l e c t e d .  

I n  b r i e f ,  uncon t ro l l ed  p a r t i c u l a t e  matter c o n c e n t r a t i o n s  
3 averaged 245 mi l l ig rams per d r y  normal cubic  meter (mg/dltm ) a t  

2 0 ° C  and 1 0 1  k i l o p a s c a l s  ( k P a ) ,  or 0.1076 g r a i n s  pe r  d r y  s t a n d a r d  

cubic  f o o t  ( g r / d s c f )  a t  68'F and 2 9 . 9 2  in.Hg. A t  t h e  o u t l e t ,  

p a r t i c u l a t e  c o n c e n t r a t i o n  averaged 3.46 mg/dWm3 (0.0015 g r /dsc f )  , 

t o  y i e l d  a 98.6 p e r c e n t  c o n t r o l  e f f i c i e n c y .  Both l e v e l s  o f  

concen t r a t ion  were i n  t h e  range of expected va lues ,  which were 

based on p rev ious ly  r e p o r t e d  d a t a  on EAF's. 1 , 2  

I n d i v i d u a l  6-minute se t  ave rages  o f  v i s i b l e  emis s ions  from 

t h e  me l t  shop ranged from 0 t o  15  p e r c e n t  o p a c i t y  d u r i n g  cha rg ing  

3-1 
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and t app ing  o p e r a t i o n s .  Average o p a c i t i e s  o f  i n d i v i d u a l  sets 

ranged from 0 t o  22  p e r c e n t  d u r i n g  r e f i n i n g  and o t h e r  process 

ope ra t ions .  V i s i b l e  emiss ions  from t h e  f a b r i c  f i l t e r  o u t l e t  were 

zero pe rcen t  o p a c i t y ,  even a f t e r  compartment c l e a n i n g  c y c l e s .  

These and o t h e r  r e s u l t s  are p resen ted  and d i scussed  i n  

d e t a i l  i n  t h e  fo l lowing  s e c t i o n s .  R e s u l t s  a r e  grouped by e m i s -  

s i o n  type.  The s e c t i o n s  i n  each group d e s c r i b e  t h e  sampling 

scheme used a t  each s i t e ,  summarize d a t a  and r e s u l t s ,  and d i s c u s s  

t h e  r e s u l t s .  

3 .1  PARTICULATE MATTER 

Two i n l e t  s i t e s  and t h e  f a b r i c  f i l t e r  o u t l e t  were t e s t e d  

s imultaneously.  S i t e  1 r e p r e s e n t e d  emiss ions  from t h e  n o r t h  EAF 

(des igna ted  by t h e  p l a n t  as  N o .  89 )  and t h e  n o r t h  AOD; S i t e  2 

r ep resen ted  emiss ions  from t h e  s o u t h  p a i r  o f  fu rnaces  ( i n c l u d i n g  

EAF N o .  9 0 ) ;  and S i t e  3 r e p r e s e n t e d  f a b r i c  f i l t e r  o u t l e t  e m i s -  

s i o n s .  

3.1.1 Sampling Scheme 

T e s t s  a t  a l l  s i tes commenced s imul taneous ly  and r a n  f o r  

approximately t h e  same t i m e  u n t i l  r e s p e c t i v e  t r a v e r s e s  were 

completed, about  5 t o  6 hours .  T h i s  procedure enabled  c a l c u l a -  

t i o n  o f  c o n t r o l  e f f i c i e n c i e s  and emiss ion  f a c t o r s .  Each t e s t  run 

a t  S i t e  1 was t o  have inc luded  t w o  i n t e g r a l  EAF h e a t s  (from 

i n i t i a l  charge  through t h e  f i n a l  t a p )  o f  approximately 3 t o  3.5 

hours  each and two complete AOD h e a t s  of approximately 1.5 t o  2 

hours  each. Because a mal func t ioning  c rane  caused s h i f t s  i n  t h e  
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normal sequence of  o p e r a t i o n ,  t h e  second and t h i r d  tes ts  were 

s topped p r i o r  t o  complet ion of t h e  second EAF h e a t ,  and t h e  t h i r d  

t e s t  inc luded  on ly  p o r t i o n s  of t h e  AOD h e a t s .  Neve r the l e s s ,  t h e  

a c t u a l  t es t s  were g e n e r a l l y  r e p r e s e n t a t i v e  o f  i n t e g r a l  EAF h e a t s .  

So t h a t  tests a t  S i t e  2 could be conducted s imul taneous ly  wi th  

o t h e r  tes ts ,  t h e  sample t imes  were n o t  coord ina ted  t o  inc lude  an 

i n t e g r a l  number o f  h e a t s ,  as t h e  o p e r a t i n g  schedule  o f  t h e  sou th  

fu rnaces  w a s  s t agge red  from t h a t  of t h e  n o r t h  furnaces .  O u t l e t  

tests a t  S i t e  3 a l s o  could  n o t  be coord ina ted  t o  r e p r e s e n t  an 

i n t e g r a l  number o f  h e a t s  (because of t h e  d i f f e r e n t  furnace  

s c h e d u l e s ) ,  b u t  t h e y  were conducted i n  conjunct ion  w i t h  ~ tests a t  

o t h e r  sites. F a b r i c  f i l t e r  c l e a n i n g  c y c l e s  were sampled i n  t h e  

normal f a s h i o n  as they  occurred .  

The NSPS c o n t r a c t o r  r e p r e s e n t a t i v e ,  who w a s  on s i t e  t o  

monitor  p rocess  o p e r a t i o n s ,  a s s i s t e d  i n  t h e  coord ina t ion  of t es t s  

wi th  p rocess  c o n d i t i o n s .  Based on h i s  o b s e r v a t i o n s ,  t es t s  were 

i n t e r r u p t e d  i f  one of t h e  EAF's exper ienced  an o p e r a t i o n a l  d e l a y  

of longe r  than  20 minutes.  Delays from 1 t o  1.5 hours  could be 

t o l e r a t e d  f o r  t h e  A O D ' s  w i thou t  i n t e r r u p t i n g  tests,  because t h a t  

amount o f  AOD downtime would normally occur  w i t h i n  t h e  t i m e  frame 

of an EAF h e a t .  

P a r t i c u l a t e  matter sampling and a n a l y t i c a l  procedures  a t  

both  i n l e t  s i tes  fol lowed t h o s e  d e s c r i b e d  i n  EPA Methods 1, 2 ,  3 ,  

and 5 of t h e  Fede ra l  Reg i s t e r .*  A Method 5 sampling t r a i n  and 

* 
40 CFR 60,  Appendix A,  J u l y  1, 1980 .  
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analytical procedures were used on the outlet tests, but the 

sampling procedures were modified by sampling at a constant rate, 

at a site that did not meet minimum Method 1 criteria, and at 

fewer points than specified by Method 1. The sampling rate was 

based on the estimated average velocity of the gas stream at the 

sampling location, which was calculated by dividing the total 

inlet flow rate measured by Method 2 by the total exhaust area 

represented by the sampling cross section. Three tests were run 

at each site. Integrated gas samples were collected once at each 

site (according to Method 3) to verify that the gas streams were 

essentially air. Additional molecular weight determinations were 

not made. 

3.1.2 Gas Conditions and Particulate Emissions 

Summaries of the measured stack gas and particulate emission 

data are presented in Tables 3-2 and 3-3. Volumetric flow rates 

are expressed in actual cubic meters per second (m /s)  and actual 

cubic feet per minute (acfm) at stack conditions. Flow rates 

corrected to zero percent moisture and standard conditions [2OoC 

and 101 kPa (68'F and 29.92 in.Hg)] are expressed as dry normal 

cubic meters per second (dNm / s )  and dry standard cubic feet per 

minute (dscfm). Average stack gas velocities are expressed in 

actual meters per second (m/s) and actual feet per second (ft/s) 

at stack conditions. Particulate concentrations in Table 3-3 

are reported in milligrams per dry normal cubic meter and 

grains per dry standard cubic foot. Emission rates are expressed 

in kilograms per hour and pounds per hour. The product of the 

3 

3 
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TABLE 3-2. SUMMARY OF GAS STREAM CHARACTERISTICS~ 

A3P-1 
A3P-2 
A3P-3 

Averaqe 1129.9 1275,100 I 46 I 1 1 6  I 0.88 119.4 163.8 1141.9 1306,600 

4/7 259.9 550.70Oe 42 108 0.41 2.4 a.Of 275.7 584,100f 
4/8 251.1 532,100 48 119 0.68 2.4 7.9 273.0 578,600 
4 i 9  257.6 545,900 46 114 1.17 2.5 8.2 282.0 597,600 

Average 256.2 542,900 45 114 0.75 2.4 8.0 276.9 586,800 

eThe o u t l e t  standard f low r a t e s  were determined by sumnirig f l o w s  a t  both 
i n l e t  s i t e s .  

f O u t l e t  gas v e l o c i t i e s  and ac tua l  f l o w  r a t e s  a r e  based on measured i n l e t  f l o w  
r a t e s  converted t o  o u t l e t  cond i t ions .  
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Run Concentrationa 1 Mass emission rate 
Site No. mg/dNm? I gr/dscf I kg/h lb/h 

Isokinetic 
rate, % 

0.0948 102 224 108 
0.0794 80 176 102 

furnaces 523 0.2288 240 529 102 

'Milligrams per dry normal cubic meter at 2OoC and 101 kPa, and grains per 
dry standard cubic foot at 68OF and 29.92 in.Hg. 

bCombined inlet mass emission rates represent the sum o f  results for Sites 1 
and 2; concentrations are weighted averages based on standard flow rates. 

'Outlet mass emission rates are based on measured outlet concentrations and 
total inlet standard flow rates. 

dIsokinetic sampling rates for outlet runs were calculated by using average 
gas velocities that are based on inlet flow rates converted to outlet 
conditions. 
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c o n c e n t r a t i o n  and t h e  volumetr ic  flow 

rate.  The p a r t i c u l a t e  d a t a  r e p r e s e n t  

l e c t e d  i n  t h e  sample probe and on t h e  

r a t e  is t h e  mass emission 

f i l t e r a b l e  m a t e r i a l  c o l -  

f i l t e r ,  bo th  o f  which were 

hea ted  t o  approximately 1 2 1 O C  (250OF). The i s o k i n e t i c  r a t e  i s  

t h e  r a t i o  o f  t h e  v e l o c i t y  of t h e  sample gas  stream e n t e r i n g  t h e  

nozz le  t o  t h e  l o c a l  s tack gas v e l o c i t y ,  expressed a s  a percent -  

age.  

The volumetr ic  flow r a t e s  a t  i n l e t  S i t e s  1 and 2 averaged 
3 3 1 2 6  dNm / s  (268,000 dscfm) and 130 dMm / s  (275,000 dscfm).  

The o u t l e t  f low r a t e  averaged 256 dXm / s  (543,000 dscfm).  The 

flow f o r  each o u t l e t  run r e p r e s e n t s  t h e  sum o f  t h e  s t anda rd  flow 

rates measured a t  t h e  two i n l e t  s i tes.  

3 

- - - . . .- ~ ~. - ~. . .  ~. - .. - ~ - ~ ._~ 

3 The a c t u a l  f low rate a t  i n l e t  S i t e  1 averaged 137 m / s  

( 2 9 0 , 0 0 0  acfm) a t  4 4 O C  ( 1 1 1 O F )  and less than  1 p e r c e n t  mois ture ,  

and was e q u i v a l e n t  t o  a gas v e l o c i t y  of 1 9  m / s  ( 6 2  f t / s ) .  The 

a c t u a l  f low rate  a t  i n l e t  S i t e  2 averaged 1 4 2  m / s  ( 3 0 1 , 0 0 0  acfm) 

a t  46OC (116OF) and less than  1 p e r c e n t  mois ture ,  which e q u a l l e d  

a gas  v e l o c i t y  of 19 m / s  ( 6 4  f t / s ) .  T h e  o u t l e t  f low rate aver -  

aged 277 m / s  (587,000 acfm) a t  45OC (114OF)  and less than  1 

p e r c e n t  moisture, which r ep resen ted  an  average gas v e l o c i t y  o f  

2.4 m / s  (8.0 f t / s )  a t  t h e  sampling c r o s s  s e c t i o n .  O u t l e t  v e l o c i -  

t ies and flow rates a r e  based on i n l e t  s t anda rd  f lows and mea- 

s u r e d  o u t l e t  s t a c k  c o n d i t i o n s  o f  t empera tu re ,  p r e s s u r e ,  and 

moisture .  

3 

3 

For c a l c u l a t i o n  purposes  t h e  s t a c k  gases  were e s s e n t i a l l y  

a i r .  For  one run a t  each  s i te ,  t h e  carbon d i o x i d e  ( C 0 2 )  
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concen t r a t ion  averaged less t h a n  0 . 2  p e r c e n t ,  and t h e  oxygen con- 

c e n t r a t i o n  w a s  20.3 pe rcen t  by volume. 

The combined i n l e t  c o n c e n t r a t i o n  o f  f i l t e r a b l e  p a r t i c u l a t e  
3 m a t t e r  averaged 245 mg/dNm (0 .1076  g r / d s c f ) .  This  i s  t h e  

average o f  c o n c e n t r a t i o n s  measured a t  both  i n l e t  s i tes ,  weighted 

accord ing  t o  measured s t anda rd  flow rates.  A t  i n l e t  S i t e  1 t h e  

average p a r t i c u l a t e  c o n c e n t r a t i o n  w a s  307 mg/dNm3 (0.1343 

g r / d s c f ) ,  and a t  S i t e  2 t h e  average  p a r t i c u l a t e  c o n c e n t r a t i o n  was 

183 mg/dNm ( 0 . 0 8 0 0  g r / d s c f ) .  These c o n c e n t r a t i o n s  correspond t o  

mass emission r a t e s  of 1 4 0  kg/h (309 l b / h )  a t  S i t e  1, 86 kg/h 

(188  lb /h)  a t  S i t e  2 ,  and 226  kg/h ( 4 9 8  lb /h)  t o t a l  uncon t ro l l ed  

emissions.  

3 

3 The o u t l e t  p a r t i c u l a t e  c o n c e n t r a t i o n  averaged 3.46 mg/dNm 

(0.00151 g r / d s c f ) ,  w i t h  a cor responding  mass emission r a t e  of 

3.20 kg/h ( 7 . 0 6  l b / h ) .  The c o n c e n t r a t i o n  r e s u l t s  f o r  each  run 

are a c t u a l l y  r e p r e s e n t a t i v e  of t h e  exhaus t  s t ream from f o u r  o f  

t h e  e i g h t  f a b r i c  f i l t e r  compartments, b u t  emission r a t e s  are 

based on t h e  t o t a l  system flow. 

A l l  i s o k i n e t i c  sampling rates w e r e  between 102 and 108 

pe rcen t .  The o u t l e t  v a l u e s  a r e  based on average gas v e l o c i t i e s  

a t  t h e  sampling c r o s s  s e c t i o n ,  which were c a l c u l a t e d  from mea- 

sured  i n l e t  f low rates and o u t l e t  s t a c k  c o n d i t i o n s .  

3.1.3 Cont ro l  E f f i c i e n c i e s  and Emission F a c t o r s  

C o n t r o l  e f f i c i e n c i e s  were c a l c u l a t e d  by d i v i d i n g  t h e  d i f -  

f e r ence  between t h e  o u t l e t  and weighted i n l e t  p a r t i c u l a t e  con- 

c e n t r a t i o n s  by t h e  weighted i n l e t  va lue .  Table 3-4 p r e s e n t s  a 
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summary o f  f i l t e r a b l e  p a r t i c u l a t e  c o n c e n t r a t i o n s  and i n d i c a t e s  

t h e  f a b r i c  f i l t e r  c o l l e c t i o n  e f f i c i e n c y  f o r  each  run .  Control  

e f f i c i e n c i e s  were 98.4, 98.6,  and 98.7 p e r c e n t  on t h e  t h r e e  tes t  

days. 

Table 3-5 p r e s e n t s  p a r t i c u l a t e  emission f a c t o r s  f o r  uncon- 

t r o l l e d  and c o n t r o l l e d  emiss ions ,  which were c a l c u l a t e d  by 

d i v i d i n g  t h e  a p p r o p r i a t e  hour ly  m a s s  emission rate by t h e  c o r r e -  

sponding furnace  meta l  c a p a c i t y .  R e s u l t s  are r e p o r t e d  i n  k i l o -  

grams per hour pe r  megagram of fu rnace  c a p a c i t y  (kg/h pe r  Mg) 

and i n  pounds per  hour per  t on  ( l b / h  p e r  t o n ) .  Based on a t o t a l  

c a p a c i t y  o f  1 0 9  Mg (120 t o n s )  f o r  t h e  f o u r  fu rnaces ,  t h e  emission 

f a c t o r  f o r  uncon t ro l l ed  emiss ions  averaged 2 . 1  kg/h per Mg, o r  

4 . 2  lb /h  per ton .  I t  was p o s s i b l e  f o r  two runs  a t  S i t e  1 t o  be 

conducted over  an i n t e g r a l  number o f  h e a t s .  Each run c o n s i s t e d  

of two EAF h e a t s  and two AOD h e a t s .  Emission f a c t o r s  f o r  t h e s e  

tests should be more r e p r e s e n t a t i v e  o f  uncon t ro l l ed  emiss ions  on 

a per-heat  b a s i s .  R e s u l t s  f o r  t h e  two r u n s  averaged 1 .67  kg/h 

pe r  Mg (3.33 lb /h  per t o n )  based on a meta l  c a p a c i t y  o f  54.5 Mg 

( 6 0  t o n s  ) .  The average c o n t r o l l e d  e m i s s i o n  factor f o r  a l l  f o u r  

fu rnaces  w a s  0.03 kg/h p e r  Mg (0.06 lb /h  per  t o n ) .  

Emission factors shown i n  Table 3-6 are based on ac tua l  

product ion d a t a .  R e s u l t s  were c a l c u l a t e d  by d i v i d i n g  t h e  f i l -  

t e r a b l e  mass emiss ion  ra te  by t h e  corresponding equiva  

t e s t e d  product ion  rate.  Emission f a c t o r s  are r e p o r t e d  

grams pe r  megagram (pounds pe r  t o n )  of metal produced. 

average  uncon t ro l l ed  emission f a c t o r  w a s  7 .8  kg/Mg (15 
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TABLE 3-5. PARTICULATE EMISSION F A C T O R S ~  

0.028 

0.024 

0.036 

1 Unconi 

0.056 

0.048 

0.072 

A1 P-Zb 
2 

1.47 
1.75 

3 1 2.08 

Average 
(1.67) 

2 2.93 
3.51 

Average 

Controlled 
:g/h per :.!g I l b / h  per ton 

0.029 0.059 

aFactors a r e  based on emissions per u n i t  o f  furnace metal capaci ty  i n  kilograms 
per hour per megagram (pounds per hour per t o n ) .  

bTests were conducted f o r  an in tegra l  number of heats  and represent  emissions 
from the north furnaces a t  a metal capaci ty  of 54.4 Mg (60 tons ) .  All o ther  
runs represent  t o t a l  emissions from the four furnaces a t  a metal capaci ty  of 
109 Mg (120 tons ) .  

furnaces. 
‘Values i n  parentheses ( ) a r e  for  the in t eg ra l  heat tests on the north 
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Metal production 
rateb 

Run No. Mg/h tons/h 

1 28.9 31.9 

2 30.2 33.3 

3 28.2 31.1 

Average 29.1 32.1 

Emission factorC 
Uncontrolled Control 1 ed 

kg/Mg 1 b/ton kg/Mg lb/ton 

6.7 13.4 0.11 0.21 

6.3 12.6 0.09 0.17 

10.4 20.7 0.14 0.28 

7.8 15.6 0.11 0.22 

a 

bFrom Table 2-1. 
'Kilograms per megagram (pounds per ton) o f  metal produced. 

Calculated by dividing the filterable mass emission rate by the corresponding 
average metal production rate. 
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based on a product ion  ra te  o f  2 9 . 1  Mg/h (32.1 ton /h ) .  A t  t h e  

same product ion  r a t e ,  c o n t r o l l e d  emis s ions  averaged 0 . 1 1  kg/Mg 

(0.22 l b / t o n )  . 
3.1.4 Discuss ion  

I n  g e n e r a l ,  t h e  p a r t i c u l a t e  tests were conducted accord ing  

t o  schedule .  No problems were encountered  wi th  t h e  sampling 

equipment, and t h e  few problems a s s o c i a t e d  wi th  t h e  p rocess  

o p e r a t i o n  were cons idered  minor. The r e p o r t  does n o t  i n c l u d e  t h e  

r e s u l t s  o f  p re l imina ry  tests t h a t  w e r e  conducted a t  each s i te  t o  

compare p a r t i c u l a t e  l oad ings  w i t h  e s t i m a t e d  sampling t i m e s  and t o  

e l i m i n a t e  any problems a s s o c i a t e d  w i t h  t e s t  coord ina t ion  o r  

p h y s i c a l  sampling maneuvers. This  s e c t i o n  d i s c u s s e s  v a l i d i t y  o f  

r e s u l t s ,  d e v i a t i o n s  i n  tes t  methods and c a l c u l a t i o n s  caused by 

t h e  f a b r i c  f i l t e r  s i te  c o n f i g u r a t i o n ,  and e f f e c t s  of p rocess  

o p e r a t i o n s .  

~ - .. - -  

The primary purpose o f  t h e  long  sampling t i m e  was twofold:  

(1) t o  c o l l e c t  approximately 25 t o  50 mg i n  t h e  f r o n t - h a l f  o f  t h e  

o u t l e t  sampling t r a i n  so as t o  minimize handl ing and weighing 

errors: and ( 2 )  t o  s a t i s f y  NSPS minimum requirements  f o r  sample 

t i m e  and volume. The a c t u a l  c a t c h  weights  were between 1 7  and 25 

mg, which were cons idered  s a t i s f a c t o r y .  The a c t u a l  minimum 

sampling t i m e  and volume were 5.3 hours  and 5.9 dNm3 (208 d s c f )  . 
These m e t  t h e  minimum c r i t e r i a  o f  4 hours  and 4.5 dNm3 ( 1 6 0  d s c f )  

set f o r t h  i n  Subpar t  AA of  t h e  F e d e r a l  Regis te r .*  

* 
40 CFR 6 0 ,  Subpar t  AA, J u l y  1, 1980. 
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The back-halves o f  each i n l e t  and o u t l e t  run were analyzed 

f o r  condensible  matter. These r e s u l t s  a r e  inc luded  i n  t h e  com- 

p u t e r  p r i n t o u t s  i n  Appendix A,  b u t  a r e  n o t  summarized h e r e  

because they  are cons idered  t o  be b iased .  The r e s u l t s  do n o t  

ag ree  w e l l  w i t h  expected v a l u e s  based on p rev ious ly  r e p o r t e d  

tests a t  s i m i l a r  i n s t a l l a t i o n s .  Probable  cause of t h e  b i a s e s  i s  

be l i eved  t o  be t h e  long sample l i n e  used between t h e  hea ted  

f i l t e r  and f i r s t  impinger,  even though it was Tef lon- l ined .  

The i n l e t  f l o w  rates measured a t  S i t e s  1 and 2 were w i t h i n  

6 pe rcen t  of each o t h e r ,  which i n d i c a t e d  t h a t  t h e  t h r e e  induced- 

d r a f t  (I.D.) f a n s  w e r e  o p e r a t i n g  e f f e c t i v e l y  t o  promote t h e  

equa l  c a p t u r e  of emiss ions  from each  h a l f  o f  t h e  m e l t  shop. The 

sum of t h e  i n l e t  f lows compared ve ry  w e l l  w i t h  t h e  system des ign  

flow r a t e  of 280 m / s  (600 ,000  acfm) ,  a s  a l l  r u n s  w e r e  w i t h i n  4 

percen t  of t h i s  va lue .  

3 

The o u t l e t  vo lumetr ic  flow rates ,  d ry  and a t  s t a n d a r d  con- 

d i t i o n s ,  were assumed t o  be equa l  t o  t h e  sums of t h e  i n l e t  

s t anda rd  flow r a t e s .  Th i s  assumption was necessary  because t h e  

s i t e  c o n f i g u r a t i o n  made it imposs ib le  t o  o b t a i n  a c c u r a t e  v e l o c i t y  

d a t a  a t  t h e  o u t l e t .  Flows a t  s t a c k  c o n d i t i o n s  were c a l c u l a t e d  

from t h e  s tandard  flow rates by u s e  o f  measured v a l u e s  o f  t e m -  

p e r a t u r e ,  p r e s s u r e ,  and mois ture  a t  t h e  o u t l e t .  

The procedure j u s t  d e s c r i b e d  i s  t y p i c a l  f o r  tests a t  pos i -  

t i v e - p r e s s u r e  f a b r i c  f i l ters  w i t h o u t  stacks,  and assumes no a i r  

leakage.  A i r  i n l eakage  a t  t h e  I . D .  f a n s  w a s  probably no more 

than  10 p e r c e n t ,  as evidenced by t h e  agreement between measured 
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and des ign  flows. I n  a d d i t i o n ,  a i r  l eakage  through t h e  open 

g r a t i n g  a t  t h e  bottom l e v e l  of t h e  f a b r i c  f i l t e r  was minimized by 

cove r ing  t h e  openings du r ing  t h e  t e s t  pe r iod .  A t  A 1  Tech t h e s e  

open g r a t i n g s  r ep resen ted  sources  of d i l u t i o n  a i r .  Comparison of 

i n l e t  and o u t l e t  mois ture  c o n t e n t s  seemed t o  i n d i c a t e  some 

d i l u t i o n ,  b u t  t h e  l i m i t s  o f  accuracy f o r  t h e  mois ture  determina- 

t i o n s  a t  t h e  1 t o  2 p e r c e n t  l e v e l  a r e  probably g r e a t e r  than  t h e  

r e p o r t e d  d i f f e r e n c e s .  The c l o s e  agreement between i n l e t  and 

o u t l e t  gas  tempera tures  i n d i c a t e d  t h a t  any e n t r y  o f  d i l u t i o n  a i r  

w a s  n e g l i g i b l e .  A s i g n i f i c a n t  i n f low of ambient a i r  would have 

caused a tempera ture  dec rease ,  which w a s  n o t  e v i d e n t .  For these 

r easons ,  t h e  amount o f  d i l u t i o n  a i r  t h a t  e n t e r e d  t h e  system was 

cons ide red  t o  be minimal, and r e s u l t s  r e p o r t e d  f o r  t h e  o u t l e t  

f low rates should be r e p r e s e n t a t i v e  of a c t u a l  cond i t ions .  

- . -  - ~ - .  - - 

The f a b r i c  f i l t e r  s i te  c o n f i g u r a t i o n  r e q u i r e d  t h a t  s e v e r a l  

m o d i f i c a t i o n s  be made to  EPA r e f e r e n c e  methods f o r  t h e i r  use i n  

t h e  o u t l e t  tests.  Although t h e y  cou ld  n o t  be analyzed p r e c i s e l y ,  

t h e  e f f e c t s  of t h e s e  d e v i a t i o n s  on o u t l e t  p a r t i c u l a t e  concentra-  

t i o n  r e s u l t s  were cons idered  t o  be r e l a t i v e l y  minimal. 

d e v i a t i o n s  from Method 1 were t h e  use  o f  a sampling l o c a t i o n  less 

than  two e q u i v a l e n t  d u c t  d i ame te r s  downstream from t h e  n e a r e s t  

d i s t u r b a n c e  and sampling a t  fewer t h a n  t h e  minimum number o f  

p o i n t s .  The t h r e e  d e v i a t i o n s  from Method 5 w e r e  t h e  l a c k  o f  

v e l o c i t y  moni tor ing  a t  i n d i v i d u a l  sampling p o i n t s ,  use  of a 

c o n s t a n t  sampling ra te  a t  a l l  p o i n t s  d u r i n g  a given t e s t ,  and 

t r a v e r s i n g  o n l y  h a l f  o f  t h e  l a r g e  e x h a u s t  area f o r  each  test. 

The  t w o  
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These d e v i a t i o n s ,  which g e n e r a l l y  would apply when t e s t i n g  

pos i t i ve -p res su re  f a b r i c  f i l t e r s  w i thou t  s t a c k s ,  a r e  d i scussed  

i n  t h e  fo l lowing  paragraphs.  

The o u t l e t  s i t e  c o n f i g u r a t i o n  d i d  n o t  provide  any sampling 

l o c a t i o n  capable  of meeting minimum Method 1 c r i t e r i a .  The 

t h r o a t  of t h e  monovent w a s  selected a s  t h e  sampling l o c a t i o n ,  

p r i m a r i l y  because it w a s  t h e  smallest c r o s s - s e c t i o n a l  a r e a  a v a i l -  

ab le .  Th i s  l o c a t i o n  would be less prone t o  c o n c e n t r a t i o n  b i a s e s  

caused by f a u l t y  bags,  and would p rov ide  t h e  h i g h e s t  gas  v e l o c i -  

t ies .  

The reason  f o r  sampling f o u r  r a t h e r  than e i g h t  p o i n t s  p e r  

compartment was t o  l e s s e n  t h e  p o s s i b i l i t y  of b i a s i n g  r e s u l t s .  

Because moving from one t r a v e r s e  p o i n t  t o  ano the r  du r ing  sampling 

r equ i r ed  test  personnel  t o  e n t e r  a compartment wh i l e  t h e  f a b r i c  

f i l t e r  w a s  o p e r a t i n g ,  ex t raneous  d u s t  could  have been s t i r r e d  up 

by bumping t h e  probe a g a i n s t  nearby  beams or by personnel  a c t i v -  

i t y ,  and r e s u l t s  could  have been b i a s e d  i f  any such d u s t  had 

e n t e r e d  t h e  nozz le  du r ing  sampling. By sampling o n l y  f o u r  com- 

par tments  and u s i n g  extreme care d u r i n g  p o i n t  changes,  we  were 

a b l e  t o  avoid  t h e s e  p o t e n t i a l  problems i n  a l l  o f  t h e  tests.  

It should be noted  t h a t  a b e t t e r  sampling approach f o r  t h i s  

t ype  of f a b r i c  f i l t e r  c o n f i g u r a t i o n  would be t o  sample from o u t -  

s i d e  on t h e  baghouse roof  and t o  u s e  p o r t s  l o c a t e d  i n  t h e  mono- 

ven t  t h r o a t .  Th i s  would reduce  t h e  p o s s i b i l i t y  o f  sampling 

ex t r aneous  d u s t  and s h o r t e n  t h e  t i m e  r e q u i r e d  t o  change t r a v e r s e  

l o c a t i o n s .  More p o i n t s  and compartments pe r  run  could then  be 
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sampled. Because s a f e  access t o  t h e  roof  was n o t  r e a d i l y  a v a i l -  

a b l e ,  p o r t s  were n o t  i n s t a l l e d  a t  t h i s  p l a n t .  

A c o n s t a n t  sampling r a t e  was used f o r  t h e  o u t l e t  tests 

because i n d i v i d u a l  p o i n t  v e l o c i t i e s  cou ld  n o t  be a c c u r a t e l y  

measured to  make i s o k i n e t i c  sampling rate adjustments .  The  

p r e l i m i n a r y  t r a v e r s e  o f  t h r e e  compartments v e r i f i e d  t h e  i n a c -  

curacy  of v e l o c i t y  measurement attempts. Most o f  t h e  very  low 

v e l o c i t y  heads were r eadab le  on an  expanded scale manometer: 

however, t u rbu lence  a t  t h e  low f lows caused f l u c t u a t i o n s  and 

f r e q u e n t  nega t ive  r ead ings .  Thus, an  average gas  v e l o c i t y  a t  t h e  

o u t l e t  sampling l o c a t i o n  was -ca l cu la t ed  from previous  d a t a  . 

ob ta ined  a t  t h e  t w o  i n l e t  sites and used to  set a c o n s t a n t  sam- 

p l i n g  r a t e .  The two i n l e t  flow rates were c a l c u l a t e d  and 

t o t a l e d ;  t hen  t h e  sum w a s  converted from s t anda rd  c o n d i t i o n s  o f  

tempera ture  and p r e s s u r e  t o  o u t l e t  c o n d i t i o n s .  Th i s  flow was 

t h e n  d i v i d e d  by t h e  t o t a l  c r o s s - s e c t i o n a l  area of a l l  e i g h t  

compartments r e p r e s e n t e d  by t h e  sampling plane.  The r e s u l t a n t  

average  g a s  v e l o c i t y  w a s  assumed t o  r e p r e s e n t  each  t r a v e r s e  

p o i n t .  For each  o u t l e t  tes t ,  i n l e t  d a t a  ob ta ined  from t h e  pre-  

v i o u s  d a y ' s  a c t i v i t i e s  were used t o  e s t i m a t e  t h e  average veloc-  

i t y .  The c o n s t a n t  i s o k i n e t i c  sampling rate t o  be used t h a t  day 

w a s  then  c a l c u l a t e d  from t h i s  e s t i m a t e d  v e l o c i t y .  For d a t a  

r eco rd ing  and computer c a l c u l a t i o n  purposes ,  an  e q u i v a l e n t  

v e l o c i t y  head w a s  c a l c u l a t e d  and e n t e r e d  on t h e  f i e l d  d a t a  s h e e t s  

for  each t r a v e r s e  p o i n t  as i f  it had a c t u a l l y  been measured. 
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Other parameters  e n t e r e d  on t h e  d a t a  s h e e t s  were measured accord- 

i ng  t o  normal procedures .  

A l l  o u t l e t  computer c a l c u l a t i o n s  i n  Appendix A f o r  flow 

r a t e ,  emission ra te ,  v e l o c i t y ,  and i s o k i n e t i c s  a r e  based on t h e s e  

e s t ima ted  v e l o c i t i e s :  however, r e s u l t s  r e p o r t e d  i n  t a b l e s  and 

t e x t  have been a d j u s t e d  t o  r e f l e c t  measured r a t h e r  than  e s t ima ted  

values .  Th i s  w a s  accomplished by d i v i d i n g  t h e  measured t o t a l  

i n l e t  flow r a t e  by t h e  flow r a t e  used i n i t i a l l y  t o  estimate t h e  

o u t l e t  v e l o c i t y .  R e s u l t s  were a d j u s t e d  by apply ing  t h i s  r a t i o ,  

e i ther  d i r e c t l y  or i n v e r s e l y  a s  a p p r o p r i a t e ,  t o  computer o u t p u t s  

t h a t  were based on e s t ima ted  va lues .  These  c a l c u l a t i o n s  a r e  

shown i n  Appendix A. 

T h e  average i s o k i n e t i c s  i n d i c a t e d  f o r  t h e  o u t l e t  tests were 

a l l  w i th in  t h e  accep tab le  range ( 1 0 0  - + 1 0  p e r c e n t ) .  These i s o -  

k i n e t i c  c a l c u l a t i o n s  inc luded  t h e  assumption t h a t  t h e  average 

v e l o c i t y  for t h e  f o u r  compartments t e s t e d  per  run was approxi-  

mately equa l  t o  t h e  average  v e l o c i t y  f o r  a l l  e i g h t  compartments. 

W e  b e l i e v e  t h i s  i s  a reasonable  assumption (+ - 1 0  p e r c e n t ) ,  

a l though t h e  middle compartments may have had s l i g h t l y  h i g h e r  

v e l o c i t i e s  t han  t h e  end ones.  Another f a c t o r  a f f e c t i n g  iso- 

k i n e t i c  and v e l o c i t y  r e s u l t s  was t h e  f a b r i c  f i l t e r  c l ean ing  c y c l e  

t i m e .  Reported r e s u l t s  do n o t  account  f o r  t h e  t i m e  when on ly  

seven compartments w e r e  o p e r a t i n g  i n s t e a d  of e i g h t ,  b u t  t h e  

g r e a t e s t  e f f e c t  would occur  i f  one cogpartment were always o f f  

l i n e .  Th i s  would reduce r e p o r t e d  o u t l e t  i s o k i n e t i c s  by a f a c t o r  

of 0.875 and i n c r e a s e  gas  v e l o c i t i e s  by t h e  i n v e r s e  of t h i s  
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f a c t o r .  I s o k i n e t i c s  would be between 89  and 9 4  percent :  there- 

f o r e ,  emiss ion  r e s u l t s  should n o t  be a f f e c t e d  s i g n i f i c a n t l y  by 

t h i s  c o n s i d e r a t i o n .  

Although average o u t l e t  i s o k i n e t i c s  were a c c e p t a b l e ,  v a l u e s  

a t  i n d i v i d u a l  t r a v e r s e  p o i n t s  could be much d i f f e r e n t ,  depending 

on t h e  l o c a l  g a s  v e l o c i t i e s .  The range  o f  a c t u a l  i s o k i n e t i c  

v a r i a t i o n  w a s  d i f f i c u l t  t o  gauge wi thou t  v a l i d  p o i n t  v e l o c i t y  

d a t a ,  b u t  an  e s t i m a t e  of p l u s  o r  minus 50 pe rcen t  seems realis- 

t i c .  The overall  i s o k i n e t i c  rates,  however, w e r e  w i t h i n  spec i -  

f i e d  l i m i t s ,  and any p o i n t - s p e c i f i c  biases should tend  t o  be 

averaged.  Even so, it i s  expected t h a t  t h e  p r e c i s i o n  o f  t h e  

method used ( c o n s t a n t  sampling r a t e )  i s  less than  t h a t  of Method 

5,  which r e q u i r e s  i s o k i n e t i c  sampling a t  each p o i n t .  R e s u l t s  

should be viewed i n  t h i s  l i g h t ,  even though t h e y  were f a i r l y  

c o n s i s t e n t  and appear  t o  be r e p r e s e n t a t i v e .  

.~ 

Eva lua t ion  of t h e  p rocess  d a t a  f u r n i s h e d  by MRI and a c t u a l  

sampling t i m e s  i n d i c a t e d  t h a t  o p e r a t i o n  c o n d i t i o n s  were repre- 

s e n t a t i v e  d u r i n g  t h e  tests. 

rate averaged 93  p e r c e n t  of t h e  maximum product ion  ra te  of t h e  

f o u r  fu rnaces .  Although t h e  metal product ion  of i n d i v i d u a l  

f u r n a c e s  v a r i e d  cons ide rab ly ,  t h e  o v e r a l l  p roduct ion  rates f o r  

e a c h  t es t  were w i t h i n  1 0  pe rcen t  of each  o t h e r .  A p e r i o d i c a l l y  

ma l func t ion ing  c rane  caused a s h i f t  i n  t h e  normal sequence of 

fu rnace  o p e r a t i o n s  and s e v e r a l  ex tended  furnace  de l ays .  T e s t s  

w e r e  i n t e r r u p t e d  when t h e  emiss ions  were cons idered  t o  be s i g -  

n i f i c a n t l y  a f f e c t e d .  T h e  r e s u l t s  o f  Tests  1 and 2 d i d  n o t  seem 

The e q u i v a l e n t  t e s t e d  product ion  
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t o  be a f f e c t e d  by t h e  d e l a y s  o r  v a r i a t i o n  i n  furnace  o p e r a t i o n s ,  

b u t  T e s t  3 r e s u l t s  may have been. The c o n c e n t r a t i o n  a t  S i t e  1 

inc reased  and t h e  c o n c e n t r a t i o n  a t  S i t e  2 decreased ,  b u t  t h e s e  

changes could n o t  be r e l a t e d  t o  s p e c i f i c  process  a c t i v i t i e s .  

Indeed, t h e  equ iva len t  product ion  ra tes  f o r  T e s t  3 showed t h e  

r e v e r s e :  a dec rease  f o r  S i t e  1 fu rnaces  and an i n c r e a s e  f o r  S i t e  

2 furnaces .  The o v e r a l l  i n c r e a s e  i n  uncon t ro l l ed  emiss ions  w a s  

v e r i f i e d  by t h e  corresponding i n c r e a s e  i n  o u t l e t  emis s ions ,  b u t  

t h e  o v e r a l l  product ion rate f o r  T e s t  3 w a s  s l i g h t l y  lower than  

t h e  p rev ious  tests.  The i n c r e a s e  i n  T e s t  3 emiss ions  caused a 12 

percent i n c r e a s e  i n  t h e  average o u t l e t  c o n c e n t r a t i o n ,  which w a s  

cons idered  r e l a t i v e l y  i n s i g n i f i c a n t .  Overa l l  r e s u l t s  were 

t h e r e f o r e  taken  a s  be ing  r e p r e s e n t a t i v e  of normal o p e r a t i n g  

cond i t ions .  

3 . 2  PARTICLE S I Z E  

T e s t s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  were conducted a t  S i t e  

1 ( t h e  n o r t h  fu rnaces )  t o  r e p r e s e n t  uncon t ro l l ed  emis s ions ,  and 

a t  S i t e  3 t o  r e p r e s e n t  c o n t r o l l e d  emissions. These tests were 

performed i n  con junc t ion  wi th  p a r t i c u l a t e  ma t t e r  tests. 

3.2.1 Sampling Scheme 

I n l e t  par t ic le  s i z e  tests were conducted over  an e n t i r e  h e a t  

c y c l e  t o  r e p r e s e n t  average  emis s ions ,  and du r ing  s h o r t e r  i n t e r -  

v a l s ,  t o  r e p r e s e n t  d i f f e r e n t  p rocess  modes. Tests du r ing  i n t e -  

g r a l  h e a t s  were i n i t i a t e d  a t  t h e  beginning  of a charge  f o r  

e i t h e r  t h e  North AOD o r  EAF No. 8 9 ,  whichever occurred  f i r s t .  
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T e s t s  cont inued  f o r  one h e a t  and concluded a t  t h e  end of t app ing  

o p e r a t i o n s  a t  EAF No. 8 9 ,  which y i e l d e d  a sampling t i m e  of 

approximately 3 t o  3.5 hours.  This  t i m e  should have inc luded  a n  

e n t i r e  AOD h e a t  of between 1 . 5  and 2 hours .  Because a malfunc- 

t i o n i n g  c r a n e  caused as s h i f t  i n  t h e  sequence of normal opera-  

t i o n s ,  t h e  f irst  t e s t  inc luded  almost  two AOD h e a t s ,  and t h e  

t h i r d  t e s t  inc luded  p o r t i o n s  of two d i f f e r e n t  AOD h e a t s .  The 

s h o r t e r  p a r t i c l e  s i z e  r u n s  were performed a t  v a r i o u s  times d u r i n g  

t h e  second h a l f  of each  p a r t i c u l a t e  tes t .  The sampling t i m e s  for 

these shorter tests were approximately 20 minutes ,  a d j u s t e d  a s  

necessa ry  t o  o b t a i n  p rope r - load ings .  - - 

O u t l e t  p a r t i c l e  s i z e  d i s t r i b u t i o n  samples were c o l l e c t e d  

s imul taneous ly  wi th  each p a r t i c u l a t e  t es t ,  which y i e l d e d  a 5- 

hour sampling t i m e  f o r  each run.  Each t e s t  w a s  conducted i n  t h e  

same f o u r  f a b r i c  f i l t e r  compartments as  t h e  c o i n c i d i n g  p a r t i c u -  

late tests,  b u t  a t  d i f f e r e n t  t i m e s  t o  minimize i n t e r f e r e n c e s .  

Because of t h e  ove r l app ing  schedules  between n o r t h  and sou th  

fu rnaces ,  no a t t empt  w a s  made t o  r e p r e s e n t  i n t e g r a l  h e a t s .  

Fabric f i l t e r  c l e a n i n g  c y c l e s  were sampled a s  they  occurred.  

The i n t e g r a l  h e a t  runs  a t  t h e  i n l e t  w e r e  coord ina ted  w i t h  

p rocess  o p e r a t i o n s  wi th  t h e  a s s i s t a n c e  of t h e  NSPS c o n t r a c t o r  

r e p r e s e n t a t i v e .  Based on h i s  o b s e r v a t i o n s ,  tes ts  were i n t e r -  

r u p t e d  as  necessa ry  t o  avoid  sampling d u r i n g  u n r e p r e s e n t a t i v e  

c o n d i t i o n s .  

Andersen Mark I11 Cascade Impactors w e r e  used t o  col lect  t h e  

s h o r t e r  i n l e t  samples and a l l  of t h e  o u t l e t  samples, and an 
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Andersen Heavy Grain Loading Impactor w a s  used t o  o b t a i n  i n t e g r a l  

h e a t  samples. All i n l e t  samples w e r e  collected a t  an average 

v e l o c i t y  p o i n t  i n  t h e  n o r t h  furnace  d u c t .  Ve loc i ty  d a t a  were 

obta ined  p e r i o d i c a l l y  du r ing  each run by t h e  use  of Method 2 

equipment. O u t l e t  samples were run i n  d u p l i c a t e ,  w i t h  each  

impactor pos i t i oned  a t  one of t h e  f o u r  sampling p o i n t s  p e r  

compartment. The sample t i m e  f o r  each run was d i v i d e d  e q u a l l y  

among t h e  same f o u r  compartments i n  which t h e  p a r t i c u l a t e  tests 

were be ing  conducted. Because a c c u r a t e  v e l o c i t y  d a t a  could  n o t  

be obta ined  a t  t h e  o u t l e t  s i te ,  e s t ima ted  v e l o c i t i e s  c a l c u l a t e d  

from previous  i n l e t  data  were used t o  set  approximate i s o k i n e t i c  

sampling rates. The r e s u l t s  of t h r e e  runs  f o r  each  type  of 

sample are inc luded  i n  t h e  r e p o r t .  

3 .2 .2  Par t ic le  S i z e  D i s t r i b u t i o n s  and F r a c t i o n a l  E f f i c i e n c i e s  

Cumulative d i s t r i b u t i o n  cu rves  r e p r e s e n t  t h e  t o t a l  weight 

p e r c e n t  o f  p a r t i c u l a t e  matter s m a l l e r  t han  t h e  i n d i c a t e d  aerody- 

namic par t ic le  d iameter  i n  micrometers. E a c h  d i s t r i b u t i o n  curve 

was p l o t t e d  manually and r e p r e s e n t s  t h e  b e s t - f i t  curve  through 

i n d i v i d u a l  and average t e s t  d a t a  p o i n t s .  Each d a t a  p o i n t  w a s  

p l o t t e d  manually and i n d i c a t e s  bo th  t h e  50 p e r c e n t  e f f e c t i v e  c u t -  

s i z e  of each impactor s t a g e  and t h e  cumulat ive weight  p e r c e n t  of 

m a t e r i a l  c o l l e c t e d  i n  subsequent  s t a g e s .  

The t h r e e  c u t - p o i n t s  f o r  each Andersen Heavy Grain Loading 
I 

Impactor t e s t  a t  S i t e  1 were determined g r a p h i c a l l y  from informa- 

t i o n  supp l i ed  by t h e  manufacturer .  Cut-points  for  t h e  e i g h t  Mark 

I11 Impactor s t a g e s  were c a l c u l a t e d  by computer programs 
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con ta ined  i n  "A Computer-Based Cascade Impactor Data Reduction 

System," ( C I D R S )  developed f o r  EPA by Southern Research I n s t i t u t e  

(SRI) . 3  

d e n s i t y  of one gram p e r  cubic  c e n t i m e t e r .  Data r educ t ion  and 

i n t e r m e d i a t e  r e s u l t  c a l c u l a t i o n s  f o r  both t y p e s  o f  impactors  were 

performed by t h e  CIDRS programs wi th  mois ture  c o n t e n t s  ob ta ined  

from simultaneous p a r t i c u l a t e  tests. A l l  c a l c u l a t i o n s  and 

r e s u l t s  a r e  inc luded  i n  Appendix A. 

~ l l  pa r t i c l e  s i z e  r e s u l t s  are  based on a p a r t i c l e  

F igu re  3-1 shows t h e  average cumulat ive d i s t r i b u t i o n  curve 

f o r  uncon t ro l l ed  emis s ions  over  an e n t i r e  heat cyc le .  Actual 

r e s u l t s  were l i m i t e d - t o  t h r e e  c u t - p o i n t s  between 1 . 6  a n d  12 pm, 

b u t  t h e  curve  was e x t r a p o l a t e d  down t o  a d iameter  o f  0 .5  pm f o r  

comparison purposes .  T h e  average d i s t r i b u t i o n  i n d i c a t e d  t h a t  50 

p e r c e n t  by weight  o f  uncon t ro l l ed  p a r t i c u l a t e  emiss ions  c o n s i s t e d  

of p a r t i c l e s  w i t h  aerodynamic d i ame te r s  o f  0.55 pm o r  less. 

Eighty  p e r c e n t  by weight had d i ame te r s  less t h a n  o r  equa l  t o  

1 0  pm. 

F igu re  3-2  shows t h e  r e s u l t s  of t h r e e  r u n s  conducted a t  S i t e  

1 dur ing  v a r i o u s  t i m e s  o f  p rocess  o p e r a t i o n .  The t h r e e  cumula- 

t i v e  d i s t r i b u t i o n  cu rves  d i s t i n c t l y  i n d i c a t e  a shor t - te rm v a r i a -  

t i o n  of emiss ions .  Run 1 r e p r e s e n t e d  EAF cha rg ing  emiss ions ,  Run 

2 r ep resen ted  emiss ions  du r ing  t h e  EAF m e l t i n g  phase,  and Run 3 

r e p r e s e n t e d  emiss ions  from both  an AOD and a n  EAF. The p e r c e n t  

by weight of emissions t h a t  had diameters equa l  t o  or  smaller 

t h a n  1 0  pm v a r i e d  among t h e  t h r e e  runs  from 5 4  t o  29 t o  7 4  per-  

Cent,  r e s p e c t i v e l y .  Only t h e  run r e p r e s e n t i n g  AOD and EAF 

emiss ions  w a s  s i m i l a r  t o  average i n t e g r a l  h e a t  r e s u l t s .  
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Figure  3 - 3  shows t h e  average d i s t r i b u t i o n  curve  f o r  t h e  

o u t l e t  samples. Resu l t s  i n d i c a t e d  t h a t  50 p e r c e n t  of t h e  mass 

emiss ions  c o n s i s t e d  o f  p a r t i c l e s  having aerodynamic d i ame te r s  of 

5 u m . o r  less. S i x t y - s i x  p e r c e n t  by weight  h a d  d i ame te r s  s m a l l e r  

t han  o r  equa l  t o  1 0  pm. 

Table 3-7 p r e s e n t s  t h e  f r a c t i o n a l  c o l l e c t i o n  e f f i c i e n c i e s  

f o r  v a r i o u s  size ranges.  Weight percents i n  each s i z e  range were 

determined from t h e  average i n l e t  and o u t l e t  cumulat ive d i s t r i -  

bu t ion  curves  p l o t t e d  i n  F igu res  3-1 and 3 - 3 .  These pe rcen tages  

were m u l t i p l i e d  by t h e  average i n l e t  and o u t l e t  p a r t i c u l a t e  

c o n c e n t r a t i o n s  shown i n  Table 3-3  t o  c a l c u l a t e  c o n t r o l l e d  and 

uncon t ro l l ed  mass load ings  i n  t h e  r e s p e c t i v e  s i z e  ranges .  

F r a c t i o n a l  e f f i c i e n c i e s  were c a l c u l a t e d  f o r  each  s i z e  range by 

d i v i d i n g  t h e  d i f f e r e n c e  between i n l e t  and o u t l e t  c o n c e n t r a t i o n s  

by t h e  i n l e t  va lues .  E f f i c i e n c y  ranged from a h igh  of 9 9 . 7  per- 

cent  f o r  p a r t i c l e s  smaller than  0 . 5  pm i n  d iameter  t o  a minimum 

of  9 6 . 2  p e r c e n t  f o r  par t ic les  between 5 and 1 0  pm i n  d iameter ;  

t h e  o v e r a l l  e f f i c i e n c y  w a s  9 8 . 6  p e r c e n t .  

3 . 2 . 3  Discuss ion  of R e s u l t s  

R e s u l t s  o f  a l l  t h e  tests are n o t  r e p o r t e d .  Some runs  w e r e  

n o t  inc luded  because o f  poor i s o k i n e t i c s ,  u n d e s i r a b l e  s t a g e  

load ings ,  o r  problems r e l a t e d  t o  impactor  assembly. 

When e v a l u a t i n g  t h e s e  r e s u l t s ,  one should remember t h a t  

p a r t i c l e  s i z e s  are i n  t e r m s  o f  aerodynamic diameters based on  a 

par t ic le  d e n s i t y  of 1 g/cm . Cumulative d i s t r i b u t i o n  cu rves  

based on p h y s i c a l  d i ame te r s  and a c t u a l  d e n s i t y  would be s h i f t e d  
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to the left toward smaller sizes if the actual density were 

greater than 1 g/cm , and vice versa. A quick approximation of 

the physical diameter can be obtained by dividing the reported 

aerodynamic diameter by the square root of the actual particle 

density. For example, the specific gravity of the fabric filter 
3 dust samples was about 3 . 3  g/cm . Using this particle density 

would increase the amount of controlled emissions smaller than 

1 um from roughly 20 to 30 cumulative weight percent. 

3 

As expected, results of the Mark I11 blank run at the outlet 

indicated that stack gases did not react with the glass fiber 

filter media to create false weight changes. 
- .  - - 

Results representing average uncontrolled emissions over an 

entire heat cycle generally agreed with expected distributions 

based on previous EAF data. Particulate concentrations indicated 

by the first two distribution tests compared favorably with the 

results of particulate tests conducted over similar time frames. 

Results of the third distribution test did not agree with the 

third particulate test, but this lack of agreement was believed 

to be representative of the short-term variation in emissions. 

The isokinetic sampling rates for the three runs (104, 100, 

and 112 percent, respectively) were considered acceptable. The 

Heavy Grain Loading Impactor sampling rates were all within the 

limits suggested by the manufacturer, and results are believed to 

be within generally expected limits of accuracy. 

The particle size tests performed during various times of 

Process operation show that uncontrolled emissions are not 
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c o n s i s t e n t  over  t h e  s h o r t  t e r m .  Although t h e s e  r e s u l t s  gen- 

e r a l l y  can be r e l a t e d  t o  process  o p e r a t i o n s ,  one should remember 

t h a t  t h e  a c t u a l  sampling t i m e s  do  n o t  p r e c i s e l y  c o i n c i d e  wi th  

only  one s p e c i f i c  p rocess  mode. For example, Run 1 w a s  conducted 

du r ing  an EAF charge ,  b u t  t h e  t i m e  r e q u i r e d  t o  o b t a i n  an ade- 

qua te  sample w a s  l onge r  than  t h e  charg ing  ope ra t ion .  As a 

r e s u l t ,  Run 1 overlapped i n t o  t h e  me l t ing  phase o f  EAF ope ra t ion .  

A l s o ,  t h e  mode o f  AOD o p e r a t i o n  (and r e l a t i v e  emiss ion  genera- 

t i o n )  d u r i n g  Run 3 w a s  n o t  clear.  Evalua t ion  o f  t h e  a p p r o p r i a t e  

h e a t  s h e e t  i n d i c a t e d  t h a t  t h e  AOD may n o t  have been g e n e r a t i n g  

any emissions du r ing  t h e  a c t u a l  sampling pe r iod .  

Comparison o f  p a r t i c u l a t e  c o n c e n t r a t i o n s  among t h e  Mark I11 

runs  showed disagreement  w i t h  t h e  r e l a t i v e  obse rva t ion  t h a t  

emiss ions  du r ing  EAF meltdown were g r e a t e r  than  emiss ions  du r ing  

an EAF charge.  For t h i s  reason ,  and because o f  t h e  d i l u t i o n  

e f f e c t s  when o n l y  one furnace  was o p e r a t i n g ,  p a r t i c u l a t e  concen- 

t r a t i o n s  w e r e  n o t  reported. The average  i s o k i n e t i c  sampling 

rates ( 1 0 7 ,  110, and 1 0 6  p e r c e n t )  were a l l  cons idered  a c c e p t a b l e ,  

and impactor sampling rates were w i t h i n  suggested o p e r a t i n g  

l i m i t s .  I n  a d d i t i o n ,  t h e  d i s t r i b u t i o n s  a r e  n o t  cons ide red  t o  be 

b i a sed  toward l a r g e r  s i z e s  by t h e  use  of g l a s s  f i b e r  c o l l e c t i o n  

media. T h i s  p o s s i b i l i t y  was d i scoun ted ,  as t h e  f i l t e r  material  

d i d  n o t  seem t o  i n c r e a s e  t h e  c o l l e c t i o n  e f f i c i e n c i e s  of upper 

impactor s t a g e s  because most of t h e  cap tu red  m a t e r i a l  w a s  e i t h e r  

i n  t h e  cyclone p r e c u t t e r  o r  on t h e  lower s t a g e s .  

4 

R e s u l t s ,  
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therefore, are taken to be representative of the variation in 

uncontrolled emissions. 

outlet particle size distributions showed a higher number of 

large particles than expected. It was expected that 80 to 90 

cumulative weight percent of emissions would be of particles with 

aerodynamic diameters of approximately 2.5 um or less. One of 

the several plausible explanations for the apparent discrepancy 

is the possible bias caused by increased efficiency of the upper 

impactor stages when glass fiber filters are used.4 Examination 

of analytical results indicated that this may have occurred, 

but it could not be-verified. The adjustment to outlet results 

for this type of bias would reduce the aerodynamic diameter from 

5 to 3.5 um at a cumulative weight of 50 percent; however, this 

adjustment would not completely account for the difference 

between actual and expected results. 

- - -  .. 

A second explanation could be related to inaccuracies of the 

method at very low sample weights; however, results are con- 

sidered to be acceptable, based on several observations. The 

particulate concentrations indicated by the particle size runs 

were between 65 and 85 percent of results from simultaneous par- 

ticulate tests, which is good agreement for the two different 

methods. The increase in emissions indicated by the third par- 

ticulate test is verified by a corresponding increase in particle 

size emission results. 

cumulative distribution curves is further evidence that particle 

Size results are representative. If the stage sample weights had 

The close agreement among the three 
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been t o o  low f o r  a c c u r a t e  d e t e r m i n a t i o n s ,  t h e  t h r e e  cu rves  

probably would have shown more v a r i a b i l i t y  and f l a t t e r  Slopes.  

A l l  of t h e s e  o b s e r v a t i o n s  sugges t  t h a t  r e s u l t s  were w i t h i n  

expected l i m i t s  o f  accuracy f o r  par t ic le  s i z e  d i s t r i b u t i o n s  

tests. 

The most l i k e l y  exp lana t ion  f o r  t h e  h ighe r  t han  expected 

number o f  l a r g e  p a r t i c l e s  i s  r e l a t e d  t o  e l e c t r o s t a t i c  charge.  

Small charged p a r t i c l e s  could have agglomerated t o  form p a r t i c l e s  

o f  l a r g e r  diameter .  Evidence of a h igh  e l e c t r o s t a t i c  charge  

i n s i d e  t h e  f a b r i c  f i l t e r  w a s  d i scove red  while  t h e  open g r a t i n g s  

a t  t h e  bottom l e v e l  o f  t h e  f i l t e r  were be ing  covered. For t h i s  

reason,  r e s u l t s  o f  p a r t i c l e  s i z e  tes ts  are cons idered  t o  be 

r e p r e s e n t a t i v e  o f  a c t u a l  c o n d i t i o n s  d u r i n g  t h e  tests and r e f l e c t  

possible p a r t i c l e  agglomerat ion due t o  e lectrostat ic  charges .  

The f r a c t i o n a l  e f f i c i e n c i e s  r e p o r t e d  i n  Table 3-7 also could  

be a f f e c t e d  by t h e  p o s s i b l e  p a r t i c l e  agglomerat ion j u s t  desc r ibed .  

P a r t i c l e  agglomerat ion would e x p l a i n  t h e  r e l a t i v e l y  l o w  c o n t r o l  

e f f i c i e n c i e s  i n d i c a t e d  f o r  t h e  larger  par t ic le  s i z e s  compared 

wi th  t h e  abnormally h ighe r  e f f i c i e n c i e s  f o r  smaller s i z e s .  Large 

particles formed a f t e r  f i l t r a t i o n  would i n d i c a t e  f a l s e  f i l t e r i n g  

e f f i c i e n c i e s  f o r  t h e  d i f f e r e n t  s i z e  c l a s s i f i c a t i o n s ;  however, t h e  

o v e r a l l  e f f i c i e n c y  would be una f fec t ed .  

3 . 3  VISIBLE AND FUGITIVE EMISSIONS 

V i s i b l e  emiss ions  from t h e  m e l t  shop and f a b r i c  f i l t e r  

monovent were e v a l u a t e d  s imul taneous ly  w i t h  p a r t i c u l a t e  matter 
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tests. I n  accordance w i t h  Method 9* procedures ,  emiss ions  were 

observed i n  6-minute sets,  and i n d i v i d u a l  o p a c i t y  r ead ings  were 

recorded  a t  15-second i n t e r v a l s .  F u g i t i v e  emissions from t h e  

f a b r i c  f i l t e r  were eva lua ted  p e r i o d i c a l l y  throughout t h e  t es t  

series accord ing  t o  procedures o u t l i n e d  i n  t h e  proposed Method 

22.** F u g i t i v e  e m i s s i o n s  were recorded  as t h e  cumulat ive minutes 

of any emiss ions  v i s u a l l y  d e t e c t a b l e  du r ing  20-minute obse rva t ion  

p e r i o d s .  

3.3.1 R e s u l t s  

Table  3-8 summarizes t h e  v i s i b l e  emiss ions  d e t e c t e d  dur ing  

cha rg ing ,  t app ing ,  and o t h e r  fu rnace  o p e r a t i o n s .  The m e l t  shop 
. -~ - ~- .~ ~ - ._ .~ -~ - ~ .~ -. .. .- 

was d i v i d e d  i n t o  a n o r t h  and a sou th  segment f o r  e v a l u a t i o n  

purposes .  V i s i b l e  emissions from t h e  n o r t h  segment were a t t r i b -  

u t e d  t o  t h e  n o r t h  fu rnaces ,  and v i c e  v e r s a .  When one of t h e  

n o r t h  fu rnaces  w a s  charg ing ,  o n l y  t h e  emiss ions  from t h e  n o r t h  

segment o f  t h e  m e l t  shop were cons ide red .  Tabulated emission 

data f o r  each furnace  type  and p r o c e s s  mode inc lude  t h e  t o t a l  

number o f  d a t a  sets f o r  both m e l t  shop segments: f o r  example, t h e  

f i v e  d a t a  sets d u r i n g  Run 1 f o r  EAF cha rg ing  r ep resen ted  t h r e e  

sets from t h e  n o r t h  fu rnaces  and t w o  from t h e  south.  During Run 

1, i n d i v i d u a l  6-minute set averages  ranged from 0 to  4 p e r c e n t  

o p a c i t y  f o r  cha rg ing  and tapping  o p e r a t i o n s .  Average o p a c i t i e s  

o f  i n d i v i d u a l  sets ranged from 0 t o  1 3  p e r c e n t  f o r  r e f i n i n g  and 

o t h e r  o p e r a t i o n s .  During Run 2 ,  i n d i v i d u a l  set averages  du r ing  - 
40  CFR 6 0 ,  Appendix A,  J u l y  1, 1980. 

Fede ra l  R e g i s t e r ,  V o l .  45, N o .  2 2 4 ,  November 18 ,  1980. 
** 
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60 

a 
5 
4 
3 

74 

3a 

134 

417 

w a  

To ta l  

0-25 

0-20 
0-25 
0-20 
0-1 0 
0-25 

0-25 

0-25 

TABLE 3-8. SUMMARY OF VISIBLE AND FUGITIVE EMISSIDNS~ 

Number o f  
o f  se ts  

Furnace 
t ype  

EAF 

A00 

EAF/AOD 

EAFIAOD 

EAF 

A00 

EAF/AOO 

EAFIAOD 

Range o f  readings, Range o f  s e t  
% oDaci tv  averaaes. % o o a c i t v  

Me1 1 

Process 
mode 

Charge 
Ta P 
Charge 
Tap 
Ta p/C harg 
ChargeITar 
Re f in ing  
and o the r  

Charge 
Ta P 
Charge 
Ta P 
Re f in ing  
and o the r  

Charging 
and 
tapp ing  

Re f in ing  
and o the r  

73 

b ;hop 

0 0 

Accumulated observa t ion  
period, minutes 

set  averages, 
% opac i t y  

0 
0 
0-3 

0 
4 
0 

0-13 

Accumulated emission time, 
Minutes % o f  observa t ion  pe r iod  

0-1 2 
0-1 5 
0-8 
0-5 
0-22 

595 

0-1 5 

0 0 

0-22 
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cha rg ing  and t app ing  ranged f r o m  0 to  15 p e r c e n t  o p a c i t y .  

Average o p a c i t i e s  o f  i n d i v i d u a l  sets ranged from 0 t o  22 p e r c e n t  

d u r i n g  r e f i n i n g  and o t h e r  o p e r a t i o n s .  

d u r i n g  Run 3 because o f  adverse  weather  cond i t ions .  

No d a t a  were ob ta ined  

Table 3-9 l i s t s  t h e  t i m e  and average o p a c i t y  f o r  each 6 -  

minute set  of v i s i b l e  emissions d a t a  obta ined  a t  t h e  m e l t  shop. 

The h e a t  s h e e t s  i n  Appendix D were used to  determine t h e  times of 

v a r i o u s  p rocess  o p e r a t i o n s  for comparison t o  emissions.  None o f  

t he  emiss ions  seemed t o  be caused by abnormal o p e r a t i o n s .  

N o  v i s i b l e  emis s ions  from t h e  f a b r i c  f i l t e r  monovent exhaus t  

were d e t e c t e d  a t  any t i m e  du r ing  t h e  test series,  even a f t e r  

compartment c l e a n i n g  c y c l e s .  A t o t a l  o f  73 six-minute sets of 

data were c o l l e c t e d .  

~ - .  - .. - .  ~~ .~ .. . ~ . ~ .~~ 

T h e  f a b r i c  f i l t e r  s t r u c t u r e  was observed f o r  a t o t a l  o f  595 

minutes .  N o  f u g i t i v e  emiss ions  were d e t e c t e d  a t  any t i m e .  

3.3.2 Discuss ion  

The h ighe r  p e r i o d s  of m e l t  shop emiss ions  could be r e l a t e d  

t o  d a i l y  a c t i v i t i e s  t h a t  normally occur du r ing  t h e  f i r s t  p a r t  o f  

t h e  day s h i f t .  No s i g n i f i c a n t  emis s ions  w e r e  d e t e c t e d  a f t e r  1130 

hour s  on A p r i l  7 or  1230 hours  on A p r i l  8 ,  1981.  Examination of 

t h e  a v a i l a b l e  p rocess  informat ion  d i d  n o t  y i e l d  suppor t  f o r  t h i s  

hypo thes i s ,  however. 

The low o p a c i t y  d a t a  f o r  t h e  f a b r i c  f i l t e r  o u t l e t  were 

suppor ted  by t h e  l o w  p a r t i c u l a t e  c o n c e n t r a t i o n  r e s u l t s .  
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TABLE 3-9. COMPARISON OF MELT SHOP VISIBLE EMISSIONS TO PROCESS OPERATION 

Process mode3 

EAF 

N-T 

N-C 

NC, ST1 
S-CTL 
S-T2 

b s-c 

N-T 

N-AE 
N-C 

N-RT 
N-RT 
N-RT 

- 
NC,ST~ bl 

S-Cb 

S-Tzb 

AOD 

N-C 
N-C 

N-Tb 

N-C 

S-Cb 
N-T 

S-Tb 

3B 

s-c 

(cont inued)  

Run number, date,  
s e t  t ime 

Run No. 1 ,  4/7/81 

10:15 - 10:20 3.m. 
10:27 - 1 0 ~ 3 2  
1 0 ~ 3 3  - 10:38 
10:43 - 1 0 ~ 4 8  
1 0 ~ 4 9  - lo t54  
1 0 ~ 5 5  - 11:OO 
11:Ol - 11:06 
11:07 - 11:12 
11 :13 - 11 :18 
11:25 - 11:30 
11:37 - 11:42 
1 1 ~ 4 9  - 1 1 ~ 5 4  
12!01 - 12:06 D.m. ~ ~~ 

1 2 ~ 1 3  - 1 2 ~ 1 8  
1 2 ~ 2 5  - 12:30 
1 2 ~ 3 7  - 1 2 ~ 4 2  
12:49 - 12:54 

1:Ol - 1:06 

1 ~ 2 5  - 1 ~ 3 0  
1 ~ 3 7  - 1 ~ 4 2  
1:49 - 1:54 
2:Ol - 2:06 

i : i 3  - 1 : i a  

2:13 - 2 : i ~  
2 ~ 2 5  - 2 ~ 3 0  
2:37 - 2:42 
2 ~ 4 9  - 2:54 
3:Ol - 3 ~ 0 6  
3:13 - 3:18 
3:25 - 3 ~ 3 0  
3:37 - 3:42 
3:49 - 3:54 
4:Ol - 4:06 
4:13 - 4:18 
4 ~ 2 5  - 4:30 
4:37 - 4:42 
4:49 - 4:54 
5:Ol - 5 ~ 0 6  
5:13 - 5 ~ 1 8  
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Average opac i t y .  

Nor th 

0 
4 
3 
0 
0 

13 
9 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

South 

0 
4 
3 

12 
11 
13 

0 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



TABLE 3-9 (cont inued) 

Process modea 

EAF 
~ 

N-C 
N-C 

N-AE,S-T1 
N-AE, S-88 
S-B8 
S-B8 
S-T2 

N-RWP 
N-RWP,S-C 
N-RWP,S-C 
N-C 

N-T 

N-C 

S-Tl 
S-BB 
S-BB 
S-T2 

S-Cb 
S-AE 

- 
AOD 

N-Cb 

s-c 
N-T 

N-C 
S-T 

N - ~ b  

s-c 

Run number, date, 
s e t  t ime 

Run No. 2, 4/8/81 

9:45 - 9:50 a.m. 
9:51 - 9 ~ 5 6  
9:57 - 10:02 
10~03 - 10~08 
10:09 - 10:14 
10~15 - 10~20 
10:21 - 10:26 
10~27 - 10:32 
10~33 - 10:38 
10:39 - lot44 
10:45 - 10:50 
10~51 - 10~56 
10:57-- 11:02 - -  
11:09 - 11~14 
11:15 - 11:20 
11:20 - 11~26 
11:27 - 11~32 
11~33 - 11:30 
11~39 - 11~44 
11:45 - 11~50 
11:51 - 11:56 

12~03 - 12:OS 
12:09 - 12:14 
12~19 - 12~24 
12:25 - 12:30 
12~37 - 12~42 
1:Ol - 1:06 
1:13 - 1 ~ 1 8  
1:25 - 1:30 
1:37 - 1:42 
1:49 - 1 ~ 5 4  
2:Ol - 2 ~ 0 6  

ii:57 - 12:02 P.m. 

i2:49 - 12:54 

2:13 - 2:18 
2:25 - 2:30 
2 ~ 3 7  - '  2 ~ 4 2  
2:49 - 2 ~ 5 4  
3:Ol - 3 ~ 0 6  
3:i5 - 3:zo 
3:27 - 3 ~ 3 2  
3:39 - 3:44 

(cont inued)  
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1 
i 

Average 

Nor th 

8 
10 
5 

12 
22 
15 
5 
8 
10 
6 
2 
1 

- 2  
5 
4 
6 
10 
12 
8 
0 

13 
20 
12 
8 

12 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

i paci t y  , 

South 

1 
0 
10 
5 

12 
22 
15 
5 
8 
10 
6 
2 
0 

0 
0 
0 
10 
12 
8 
8 
13 
20 
12 
8 
12 

2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 

- 0- 

1 
1 
1 

- 1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
- 



I 

Process modea 

EAF A00 

N-Cb s-PS 
s-PS 

I 
I 
I 
i. 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 

Average opac i t y ,  
Run number, date,  % 

s e t  t ime Nor th  South 

Run No. 2, 4/8/81 

3:51 - 3:56 p.m. 0 0 
4:03 - 4:08 0 0 
4:15 - 4 ~ 2 0  0 0 
4:27 - 4:32 0 0 
4:39 - 4:44 0 0 

TABLE 3-9 (cont inued)  
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3.4 FABRIC FILTER DUST S N P L E S  

Samples of d u s t  c o l l e c t e d  by t h e  f a b r i c  f i l t e r  were ob ta ined  

d a i l y  from t h e  dust-handl ing system j u s t  below t h e  c e n t r a l  junc- 

t i o n  of t h e  screw conveyors.  Samples were c o l l e c t e d  i n  a manner 

t h a t  d i d  n o t  i n t e r f e r e  w i t h  other ongoing tests. The l a b o r a t o r y  

s p l i t  each  sample i n t o  t w o  f r a c t i o n s  f o r  s e p a r a t e  a n a l y s e s  of 

t r a c e  elements  by spa rk  source mass spec t roscopy (SSMS) and f o r  

p a r t i c l e  s i z e  d i s t r i b u t i o n  by C o u l t e r  Counter. 

3.4.1 Trace Elements 

Table  3-10 summarizes t h e  r e s u l t s  o f  SSMS a n a l y s e s  on t h e  

t h r e e  d u s t  samples. - Concent ra t ions  are given i n  micrograms of 
~ 

~~ - -~ ~- . . ~~~ .. ~ ~~ 

element pe r  gram o f  sample. L e s s  t h a n  ( < )  and g r e a t e r  t han  ( > I  

marks are used t o  denote  c o n c e n t r a t i o n s  o u t s i d e  t h e  q u a n t i f i c a -  

t i o n  l i m i t s  for  t h e  p a r t i c u l a r  e lement  and sample a n a l y s i s .  The 

minimum d e t e c t i o n  l i m i t s  f o r  t h e  m a j o r i t y  o f  e lements  ranged from 

0 . 1  t o  0.4 pg/g; major c o n s t i t u e n t s  are l i s t e d  a s  >lo00 pg/g. 

R e s u l t s  f o r  s e v e r a l  e lements  a r e  n o t  r e p o r t e d ,  and indium was 

added t o  each  sample a s  a n  i n t e r n a l  s t anda rd .  Elements a r e  

l i s t e d  a l p h a b e t i c a l l y  for convenience.  The a n a l y t i c a l  r e s u l t s  

i nc luded  i n  Appendix C a r e  l i s t e d  i n  o r d e r  o f  dec reas ing  atomic 

number. 

3.4.2 P a r t i c l e  S i z e  D i s t r i b u t i o n  

F igu re  3-4 shows t h e  b e s t - f i t  cumula t ive  d i s t r i b u t i o n  curve  

for t h e  t h r e e  d u s t  samples. Th i s  curve r e p r e s e n t s  t h e  weight 

p e r c e n t  o f  p a r t i c u l a t e  matter smaller than  t h e  i n d i c a t e d  p h y s i c a l  

P a r t i c l e  d iameter  ( i n  micrometers ) .  Each d a t a  p o i n t  was 
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Element 

A1 umi num 
Antimony 
Arsenic 
Barium 
Beryl  1 ium 
Bismuth 
Boron 
Bromine 
Cadmiun 
Calcium 
Carbon 
Cerium 
Cesium 
Chlor ine 
Chromium 
Cobalt  
Copper 
Dysprosium 
Erbium 
Europium 
F1 uor ine  
Gadolinium 
Gal l ium 
Gemani urn 
Go1 d 
Haf n i  um 
Holmium 
Hydrogen 
Indium 
Iod ine  
Ir i d i  urn 
I r o n  
Lanthanum 
Lead 
L i  t h i  urn 
L u t e t i  urn 
Mag nes i um 
Manganese 
Mercury 
Molybdenum 
Neodymium 

(cont inued 

TABLE 3-10. SUMMARY OF TRACE ELEMENT ANALYSES ON 
FABRIC FILTER OUST SAMPLES 

Sample 1 

> loo0 
160 
420 

> loo0 
0.3 
350 
42 

170 
150 

>loo0 
N Ra 

21 
7 

>loo0 
>loo0 

340 
>loo0 
<O. 4 
C0.4 
4 . 4  

>loo0 
<0.4 
660 
100 

<O. 4 
3 

4 . 4  
NR 
S T D ~  

2 
<0.4 

>I  000 
21 

>I 000 
160 

<0.4 
>loo0 
>loo0 
NR 

>loo0 
5 

Sample 2 

>loo0 
190 
41 0 

> loo0 
0.1 
420 

23 
94 

180 
>loo0 

NR 
19 
14 

>: 000 
>loo0 

190 
>loo0 
<0.1 
<0.1 

0.4 
>loo0 
<o. 1 

81 0 
55 

<0.1 
1 

(0.1 
NR 
STD 

3 
axo.1 
>loo0 

25 
>IO00 

9 
co.1 

>loo0 
>IO00 

NR 
>loo0 

3 
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Sample 3 

>1000 
44 

120 
>1 OdO 

0.2 
44 
53 
43 

132 
>1000 

NR 
6 
3 

>1000 
> I  000 

430 
>1000 
c0.2 
<0.2 
c0.2 

>1000 
<0.2 

330 
41 

$0.2 
1 

$0.2 
NR 
STO 

3 
f0.2 

>1 oil0 
6 

,1000 
79 

<o. 2 
>1000 
>1000 

NR 
>1000 

1 



TABLE 3-10 (continued) 

Element 

Nickel 
Niobium 
Nitrogen 
Osmi um 
Oyxgen 
Palladium 
Phosphorus 
Platinum 
Pota s s i um 
Praseodymium 
Rheni um 
Rhodi um 
Rubidium 
Rut heni um 
Samari um 
Scandium 
Sel eni um 
Silicon 
Si 1 ver 
Sodi um 
Stronti um 
Sulfur 
Tantalum 
Tell uri urn 
Terbium 
Thallium 
Thorium 
Thulium 
Tin 
Titanium 
Tungsten 
Uranium 
Vanadium 
Ytterbium 
Yttrium 
Zinc 
Zirconium 

Sample 1 

>loo0 
190 
NR 

<O. 4 
NR 

<O. 4 
'1 000 
<0.4 
>loo0 

2 
~0.4 
<0.4 
170 

<O. 4 
4 
1 

120 
>loo0 
<4 

~1liOO 
'1 000 
>loo0 

3 
3 

<O. 4 
12 
8 

<0.4 
41 0 

>loo0 
100 

6 
850 

<0.4 
15 

>loo0 
130 

Concentration, ug/g ( 
Sample 2 

>loo0 
56 

NR 
<o. 1 
NR 

<o. 1 
840 

<o. 1 
>loo0 

1 
<o. 1 
<o. 1 
530 

<o. 1 
2 

66 
>loo0 

66 
>loo0 
>loo0 
>loo0 
'<O. 9 
- 5  
<0.1 
<o. 1 

5 
<o. 1 
220 
71 0 
54 

3 
21 000 
GO.1 

8 

- ._0.1 - 

>loo0 

aNot reported. 
bInternal standard. 
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m weight) 
Samole 3 

> 1000 
52 

NR 
C 0 . 2  
NR 

<0.2 
97 0 

<O. 2 
5 1000 

1 
<O. 2 
<0.2 

200 
z0.2 

2 
0.5 
--28 

>.loo0 
220 

> 1000 
800 

> 1000 
1 
2 

$0.2 
2 
2 

<0.2 
82 

660 
50 

2 
> 1000 

c0.2 
16 

>1000 
36 

I 
I 
I 
I 
I 
I 
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p l o t t e d  manually 

t h e  l a b o r a t o r y .  

from d i f f e r e n t i a l  d i s t r i b u t i o n  d a t a  r e p o r t e d  by 

The average curve i n d i c a t e d  t h a t  50 p e r c e n t  by 

weight  o f  c o l l e c t e d  d u s t  c o n s i s t e d  of p a r t i c l e s  w i th  p h y s i c a l  

d i ame te r s  o f  2 . 2  pm o r  less.  Nine ty- three  pe rcen t  by weight  had 

d i a m e t e r s  of less than  1 0  pm. 

3.4.3 Discuss ion  

The c o n c e n t r a t i o n s  o f  s e v e r a l  t r a c e  elements  seem t o  vary  

c o n s i d e r a b l y ,  and t h i s  could be r e l a t e d  t o  d i f f e r e n t  s p e c i f i c a -  

t i o n s  o f  t h e  metal i n  t h e  furnaces .  I t  should be noted ,  however, 

t h a t  SSMS i s  more of a q u a l i t a t i v e  t h a n  q u a n t i t a t i v e  a n a l y t i c a l  

t echnique .  [The r e s u l t s  of an audit-sample (Sec t ion  5) bea r  - t h i s  . 

o u t ;  t hey  i n d i c a t e  t h a t  r e p o r t e d  element  c o n c e n t r a t i o n s  are o n l y  

accurate w i t h i n  a factor of +3.1 - 
When e v a l u a t i n g  t h e  par t ic le  s i z e  r e s u l t s ,  one should n o t e  

t h a t  t h e  cumulat ive d i s t r i b u t i o n  cu rves  are based on p h y s i c a l  

d i ame te r s  r a t h e r  t h a n  aerodynamic d i ame te r s  as r e p o r t e d  f o r  

emiss ion  tests. I f  d e s i r e d ,  an  approximation o f  t h e  aerodynamic 

d i ame te r s  can be made by m u l t i p l y i n g  t h e  r e p o r t e d  p h y s i c a l  

d i ame te r s  by t h e  square  r o o t  o f  t h e  a c t u a l  p a r t i c l e  d e n s i t y .  

Using t h e  s p e c i f i c  g r a v i t y  a n a l y s i s  r e s u l t s  o f  3.3 g/cm3 would 

d e c r e a s e  t h e  amount of d u s t  s m a l l e r  t h a n  3 ym from approximately 

7 0  t o  35 cumulat ive weight  p e r c e n t .  

The r e p o r t e d  cumulat ive weight  d i s t r i b u t i o n s  a l s o  assume 

t h a t  a l l  particles have t h e  same d e n s i t y .  Th i s  assumption was 

necessa ry  t o  c o n v e r t  par t ic le  volume d a t a  measured by t h e  Cou l t e r  

Counter t o  a weight  b a s i s .  
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The Coulter Counter results were compared with a theoretical 

size distribution based on emission test results at the inlet and 

outlet sites. This theoretical cumulative weight curve was esti- 

mated from the average size distributions, fractional efficien- 

cies, and mass loadings listed in Table 3-1. The Coulter Counter 

and theoretical curves both indicated that 75 cumulative weight 

percent of the collected dust consisted of particles with aero- 

dynamic diameters of approximately 6 pm or less. The curves 

differed considerably at smaller sizes, but this may have re- 

sulted from the agglomeration of particles in the outlet gas 

stream. 

The particle size distribution samples were originally sub- 

jected to Bahco analysis, but agglomeration of the particles 

during analysis prevented an accurate determination. 

3.5 SUPPLEMENTAL ANALYSES FOR FLUORIDE, CHROMIUM, LEAD, AND 
NICKEL 

Several outlet samples and fabric filter dust samples were 

analyzed for particulate fluoride content by procedures described 

in EPA Method 13B*, and for chromium, lead, and nickel content by 

Atomic Absorption Spectrophotometry. These analyses were per- 

formed subsequent to the completion of originally scheduled lab- 

oratory work to better quantify emission levels indicated as 

greater than 1000 pg/g by the SSMS analyses on the fabric filter 

dust samples. - 
40  CFR 60, Appendix A ,  July 1, 1980. 
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Separa t e  f l u o r i d e  ana lyses  were performed on two ace tone  

r i n s e s  and one set  o f  f i l t e r s  from t h e  o u t l e t  p a r t i c l e  s i z e  

samples,  two o f  t h e  f a b r i c  f i l t e r  d u s t  samples, and a p p r o p r i a t e  

b lanks .  Metal a n a l y s e s  were performed on two sets o f  o u t l e t  

p a r t i c l e  s i z e  samples (ace tone  r i n s e  and f i l t e r s  combined), two 

d u s t  samples, and a p p r o p r i a t e  b lanks .  The f o u r t h  o u t l e t  sample 

w a s  ob ta ined  from a d u p l i c a t e  tes t  run .  

Laboratory r e s u l t s  of f l u o r i d e  and metal ana lyses  on t h e  

o u t l e t  samples were r e p o r t e d  as mi l l i g rams  of p o l l u t a n t .  The 

s p e c i e s  c o n c e n t r a t i o n  ( i n  micrograms per gram) was c a l c u l a t e d  by 

d i v i d i n g  t h e  mass o f  p o l l u t a n t  by t h e  mass o f  p a r t i c u l a t e  ma t t e r  

r e p o r t e d  i n  earlier g rav ime t r i c  a n a l y s e s .  The l a b o r a t o r y  r e s u l t s  

f o r  d u s t  samples w e r e  r e p o r t e d  i n  c o n c e n t r a t i o n s  of m i l l i g r a m s  

p e r  gram, which were e a s i l y  conver ted  t o  micrograms p e r  gram. 

The two c o n c e n t r a t i o n  resu l t s  o f  each  s p e c i e s  and sample type  

w e r e  averaged. Average c o n c e n t r a t i o n s  w e r e  m u l t i p l i e d  by average 

f i l t e r a b l e  p a r t i c u l a t e  emiss ion  r e s u l t s  t o  determine p o l l u t a n t  

gas stream c o n c e n t r a t i o n s ,  mass emiss ion  rates,  and emiss ion  

f a c t o r s .  For t h i s  purpose,  r e s u l t s  o f  d u s t  sample a n a l y s e s  were 

assumed t o  be r e p r e s e n t a t i v e  o f  u n c o n t r o l l e d  emiss ions .  R e s u l t s  

are summarized i n  Table 3-11. 

_. - - - - - 

The o u t l e t  f l u o r i d e  r e s u l t s  are based on ace tone  r i n s e  

a n a l y s e s  o n l y  because t h e  f i l t e r  a n a l y s i s  had a high blank value 

of f l u o r i d e .  This  w a s  caused by t h e  f i l t e r  m a t e r i a l ,  which w a s  

g l a s s  f iber i n s t e a d  o f  paper as  s p e c i f i e d  by Method 13B.  

t o t a l  f i l t e r  b lank  va lue  was 2 . 3  t i m e s  l a r g e r  t han  t h e  n e t  

The 
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f l u o r i d e  on t h e  f i l t e r ,  which i n c r e a s e d  t h e  p o s s i b i l i t y  of e r r o r  

i n  t h e  r e s u l t s .  Because t h e  amount of f l u o r i d e  i n  t h e  ace tone  

r i n s e  was much sma l l e r  than t h a t  i n d i c a t e d  by t h e  f i l t e r  analy-  

sis, a s m a l l  e r r o r  i n  t h e  f i l t e r  r e s u l t s  would have a s i g n i f i c a n t  

impact on t o t a l  f l u o r i d e .  For these reasons ,  and because t h e  

f i l t e r  r e s u l t  i n d i c a t e d  a much h ighe r  c o n c e n t r a t i o n  o f  f l u o r i d e  

t h a n  d i d  t h e  ace tone  r i n s e  r e s u l t s ,  t h e  f i l t e r  a n a l y s i s  w a s  

d i s r ega rded .  I f  t h e  f i l t e r  r e s u l t  i s  c o r r e c t ,  t h e  o u t l e t  

f l u o r i d e  c o n c e n t r a t i o n  would be 56 ,700  pg/g i n s t e a d  of t h e  3 1 , 6 0 0  

pg/g i n d i c a t e d  i n  t h e  t a b l e .  Th i s  would n o t  compare f avorab ly  

w i t h  t h e  4 7 , 2 0 0  ug/g o f  f l u o r i d e  measured i n  t h c  d u s t  samples -. 

because it would c o n t r a d i c t  t h e  t r e n d  of t h e  o t h e r  r e s u l t s ,  

which i n d i c a t e  lower p o l l u t a n t  c o n c e n t r a t i o n s  i n  t h e  o u t l e t  

samples t h a n  i n  t h e  d u s t  samples. 
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SECTION 4 

SAMPLING SITES AND TEST METHODS 

This section describes the sampling sites and outlines 

the various test methods that were used to characterize par- 

ticulate matter emissions, particle size distributions, visible 

and fugitive emissions, and fabric filter dust samples. The 

schematics of the air pollution control system presented in 

Figures 4-1 and 4-2 identify the relative locations of each 

sampling site. Figure 4 - 3  presents several photographs of the 

control system configuration and sampling sites. 

4.1 SITE 1--UNCONTROLLED NORTH EAF AND NORTH AOD 

Uncontrolled emissions from the north furnaces were sampled 

for particulate matter and particle size distribution. Site 1 

was located in the 3.0-m (10 - f t )  diameter duct between the point 

where the north EAF and AOD ducts meet and the junction of north 

and south ducts. Two sampling ports, 90 degrees apart, were 

located 2.9 diameters downstream and 1.3 diameters upstream of 

45-degree bends, as shown in Figure 4-4. Forty-four traverse 

points were used to sample the cross-sectional area of the duct 

for particulate matter, with 22 points on each traverse diameter 

Each particulate run covered two consecutive EAF heats. Tests 

were started at the beginning of charging operations and 
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Figure 4-1. Control system schematic, t o p  view. 
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SOUTH EAF (LEFT) AN0 SOUTH 
AOD HOOD DUCTS 
.. 

NORTH AOD (LEFT) AN0 
NORTH EAF HOOD DUCTS 

SAMPLING LOCATIONS AT THE NORTH EAF/AOD DUCT 
(LEFT, SITE NO. 1 )  AND THE SOUTH EAF/AOD DUCT 
(SITE NO. 2 )  

F igu re  4-3. Control  system c o n f i g u r a t i o n  and l o c a t i o n  o f  sampling s i t e s .  
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PARTICLE c-- 
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PORT 0 

NORIHO 
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Figure 4-4. Inlet sampling locations. 
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cont inued through tapping .  I n i t i a l  sampling of each t r a v e r s e  

p o i n t  l a s t e d  4 minutes.  A t  t h e  completion o f  a f u l l  t r a v e r s e ,  

t h e  nozz le  was p o s i t i o n e d  a t  a p o i n t  of average v e l o c i t y  and 

Sampling cont inued  u n t i l  t h e  end o f  t h e  f i r s t  h e a t .  A new 

t r a v e r s e  was then  i n i t i a t e d  f o r  t h e  second h e a t ,  and each p o i n t  

was sampled f o r  4 minutes.  By t h e  end o f  t h e  second EAF h e a t ,  a 

minimum of  t w o  complete t r a v e r s e s  had been conducted. Actual  

sampling t ime,  which depended on h e a t  times, ranged from 352 t o  

399 minutes.  

P a r t i c l e  s i z e  d i s t r i b u t i o n  samples were c o l l e c t e d  a t  a p o i n t  

of average  v e l o c i t y  n e a r  t h e  c e n t r o i d  o f  t h e  duc t .  A s e p a r a t e  

p o r t  w a s  used t o  minimize i n t e r f e r e n c e s  wi th  t h e  p a r t i c u l a t e  

ma t t e r  tests. Sampling t i m e s  ranged from 1 7 . 5  minutes  f o r  t h e  

Andersen Mark I11 samples t o  207 minutes  f o r  t h e  Andersen Heavy 

Grain Loading Impactor samples, which covered an  i n t e g r a l  h e a t .  

4 . 2  SITE 2--UNCONTROLLED SOUTH EAF AND SOUTH AOD 

S i t e  2 w a s  s imi la r  t o  S i t e  1, b u t  on ly  p a r t i c u l a t e  m a t t e r  

tes ts  were conducted a t  t h i s  s i te .  Forty-four  t r a v e r s e  p o i n t s  

were sampled f o r  8 minutes each,  t o  y i e l d  a t o t a l  sampling t i m e  

o f  352 minutes pe r  run.  These tests were coord ina ted  w i t h  tests 

a t  S i t e  1, n o t  w i t h  p rocess  c o n d i t i o n s  o f  t h e  sou th  fu rnaces .  

4.3 SITE 3--FABRIC FILTER OUTLET 

Con t ro l l ed  emissions from t h e  f a b r i c  f i l t e r  s e r v i n g  a l l  f o u r  

fu rnaces  were sampled f o r  p a r t i c u l a t e  mat ter  and p a r t i c l e  s i z e  

d i s t r i b u t i o n .  The c leaned  gases  from each compartment e x i t  

4-.I 



through t h e  common monovent l o c a t e d  a t o p  t h e  f a b r i c  f i l t e r  i n  a 

c o n f i g u r a t i o n  t y p i c a l  of p o s i t i v e - p r e s s u r e  f a b r i c  f i l t e r s .  

Method 1* cr i te r ia  cou ld  n o t  be m e t  a t  t h i s  s i t e ;  t h e r e f o r e ,  t h e  

t h r o a t  of t h e  monovent was chosen as  an  optimum sampling l o c a t i o n  

because it r e p r e s e n t e d  t h e  smallest c r o s s - s e c t i o n a l  a r ea .  Th i s  

small  area would n o t  o n l y  provide  t h e  h ighes t  gas  v e l o c i t i e s ,  

b u t  a l s o  o f f e r  less chance f o r  b i a s  due t o  f a u l t y  bags.  

F igu re  4 - 5 ,  a t o p  view o f  t h e  f a b r i c  f i l t e r  arrangement,  

shows t h e  g e n e r a l  l o c a t i o n  of sampling p o i n t s .  F igure  4-6 ,  an  

end view of t h e  f a b r i c  f i l t e r ,  shows t h e  l o c a t i o n  o f  t h e  sampling 

p l ane  used i n  each  compartment w i th  r e s p e c t  t o  t h e  s i te  configu-  

r a t i o n .  F igu re  4-7 g i v e s  s p e c i f i c  dimensions f o r  t h e  sampling 

p l ane  c r o s s - s e c t i o n a l  a r e a  and t h e  l o c a t i o n  of sampling p o i n t s  

i n  a t y p i c a l  compartment. 

o f  t h e  sampling p l ane  were s l i g h t l y  d i f f e r e n t  from t h o s e  of t he  

a c t u a l  monovent t h r o a t  because t h e  tests were conducted j u s t  

below t h e  t h r o a t .  Other dimensions are g iven  for  t h e  compartment 

wid ths  and pane l  o f f s e t s  c r e a t e d  by s t r u c t u r a l  I beams. A s  t h e  

f i g u r e  i n d i c a t e s ,  dimensions f o r  t h e  sampling c r o s s  s e c t i o n  and 

t h e  exhaus t  opening i n  t h e  t w o  end compartments were d i f f e r e n t  

from t h o s e  i n  t h e  s i x  middle compartments. Based on t h e s e  

measurements, t h e  t o t a l  c r o s s - s e c t i o n a l  area of t h e  sampling 

p l a n e  i n  a l l  e i g h t  compartments was c a l c u l a t e d  t o  be 113.2 m 

(1218.8 ft’) .  

I t  should be noted  t h a t  t h e  dimensions 

2 

* 
40 CFR 6 0 ,  Appendix A ,  J u l y  1, 1980. 
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Each p a r t i c u l a t e  t e s t  c o n s i s t e d  of sampling f o u r  p o i n t s  i n  

each of f o u r  compartments (for a t o t a l  of 1 6  p o i n t s ) ;  a t  20 

minutes  per p o i n t ,  t h i s  y i e lded  320 minutes  of sampling t i m e .  

The tests began a t  t h e  same t i m e  as t h e  i n l e t  tests and concluded 

a t  t h e  end o f  t h e  16-poin t  t r a v e r s e .  F igu re  4-5 shows t h e  

s p e c i f i c  compartments t e s t e d  d u r i n g  each  run.  A t  t h e  end o f  

t h r e e  r u n s ,  each  compartment had been t e s t e d  a t  least  once. 

Each p a r t i c l e  s i z e  d i s t r i b u t i o n  sample w a s  c o l l e c t e d  a t  one 

sampling p o i n t  i n  each  of f o u r  compartments, which y i e l d e d  a 

t o t a l  sampling t i m e  o f  300 m i n u t e s .  These  samples were c o l l e c t e d  

s imul taneous ly  w i t h  p a r t i c u l a t e  mat ter  tes ts  and i n  t h e  same 

compartments; however, both probes were n o t  i n  t h e  same compart- 

ment a t  t h e  same t i m e .  

During each  test ,  t h e  e n t r y  o f  d i l u t i o n  a i r  through t h e  open 

g r a t i n g  a t  t h e  bottom l e v e l  o f  t h e  f a b r i c  f i l t e r  was minimized by 

cove r ing  t h e  g r a t i n g s  w i t h  k r a f t  paper  and boards.  The g r a t i n g s  

i n  a l l  f o u r  compartments t o  be t e s t e d  on a given day were covered 

d u r i n g  t h e  preceding  day t o  a l low f a b r i c  f i l t e r  c o n d i t i o n s  t o  

e q u i l i b r a t e .  

4.4 VELOCITY AND GAS TEMPERATURE 

A t y p e  s p i t o t  t u b e  and an  i n c l i n e d  d r a f t  gauge manometer 

w e r e  used t o  measure t h e  g a s  v e l o c i t y  p r e s s u r e s  a t  t h e  two in-  

lets.  V e l o c i t y  pressures were measured a t  each  sampling p o i n t  

across t h e  d u c t  t o  determine an  average  va lue .  Measurements 

were t aken  i n  accordance with procedures  o u t l i n e d  i n  Method 2 of 
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the Federal Register.* Velocities at the outlet site were 

calculated from inlet flow rates and the size of the outlet area. 

The temperature at each sampling point was measured by using a 

thermocouple and potentiometer. 

4.5 MOLECULAR WEIGHT 

Flue gas composition was determined in accordance with 

procedures described in Method 3 . *  An integrated bag sample was 

collected at each site during the preliminary runs on Monday, and 

an Orsat Gas Analyzer was used to analyze the bag contents for 

oxygen and carbon dioxide. Since these results verified that the 

gas streams were essentially air, additional samples were not 

collected. 

4.6 PARTICULATE MATTER 

Method 5 *  was used to measure particulate concentrations at 

the two inlet sites. All tests were conducted isokinetically by 

traversing the cross-sectional area of the stack and regulating 

the sample flow rate relative to the gas velocity in the duct as 

measured by the pitot tube and thermocouple attached to the 

sample probe. Each sampling train consisted of a heated, 316 

stainless steel-lined probe, a heated 87-nun (3-in.) diameter 

glass fiber filter (Gelman Type AE), a Teflon sample line, and a 

series of Greenburg-Smith impingers followed by an umbilical line 

and metering equipment. 

probe, and filter holder portions of the sample train were 

At the end of each test, the nozzle, 

n 

40 CFR 60, Appendix A, July 1, 1930. 
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ace tone- r insed .  The ace tone  r i n s e  and f i l t e r  media were d r i e d  a t  

room tempera ture ,  d e s i c c a t e d  t o  a c o n s t a n t  weight ,  and weighed on 

an a n a l y t i c a l  ba lance .  To ta l  f i l t e r a b l e  p a r t i c u l a t e  mat ter  w a s  

determined by adding t h e  n e t  weights  o f  t h e  two sample f r a c t i o n s .  

m y  condensate  i n  t h e  sample i i n e  w a s  d ra ined  i n t o  t h e  impinger 
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s e c t i o n  o f  t h e  sampling t r a i n .  A f t e r  t h e  amount o f  water  col-  

lected i n  t h e  impingers  was measured, t h e  c o n t e n t s  were recovered 

and g r a v i m e t r i c a l l y  analyzed for condens ib l e  m a t t e r  by evapora t ing  

t h e  s o l u t i o n s  i n  an oven a t  105OC. 

Method 5 equipment and modified sampling procedures  were 

. - - ~ .  us.ed~ f q r  p a r - t i c u l a t e ~  .tests-at the. f a b r i c  - f . i l ter-out le t . .  The- ~:.-. . - - . I . 
sampling t r a i n  w a s  s imilar  t o  t h o s e  used a t  t h e  i n l e t  s i tes 

excep t  f o r  t h e  lack o f  a p i t o t  t u b e  and t h e  use  o f  a g l a s s - l i n e d  

probe. T e s t s  were conducted a t  a c o n s t a n t  sampling rate based on 

t h e  e s t ima ted  average  v e l o c i t y  o f  t h e  e n t i r e  sampling area. Th i s  

average  v e l o c i t y  w a s  c a l c u l a t e d  by f irst  conve r t ing  t h e  t o t a l  

flow rate measured a t  t h e  t w o  i n l e t  s i t es  t o  o u t l e t  c o n d i t i o n s  o f  

tempera ture ,  p r e s s u r e ,  and moi s tu re ,  and t h e n  d i v i d i n g  by t h e  

t o t a l  o u t l e t  sampling area. The r e s u l t a n t  average v e l o c i t y  w a s  

assumed t o  r e p r e s e n t  each sampling p o i n t  and was used t o  ca lcu-  

l a t e  an average i s o k i n e t i c  sampling rate.  The hea ted  probe and 

f i l t e r  assembly w a s  suspended from t h e  c e n t e r  o f  t h e  r i d g e  beam 

i n  a f a b r i c  f i l t e r  compartment, as  shown i n  F igure  4-6. The 

n o z z l e  w a s  p o s i t i o n e d  a t  each  of t h e  f o u r  sampling p o i n t s  i n  a 

compartment by r o t a t i n g  t h e  probe and f i l t e r  assembly. When t h e  

sampling p o i n t s  were changed, care w a s  t aken  t o  avoid  s t i r r i n g  up 

4-14 



I 
I 
E 
I 
I 
1 
1 
II 
E 
I' 
I 
I 
1 
I 
I 
I' 
I 
11 
I 

any d u s t  o r  bumping t h e  probe a g a i n s t  any s t r u c t u r a l  members. 

Compartment c l e a n i n g  c y c l e s  were sampled as they  occurred .  Com- 

partment gas  flows were i n t e r r u p t e d  wh i l e  t e s t  equipment was 

moved from one compartment t o  a n o t h e r ,  b u t  c o n d i t i o n s  were 

allowed t o  e q u i l i b r a t e  f o r  s e v e r a l  minutes be fo re  sampling 

resumed. O u t l e t  samples were recovered  and analyzed i n  a manner 

s imilar  t o  i n l e t  p a r t i c u l a t e  samples,  excep t  t h a t  t h e  impinger 

s o l u t i o n s  were analyzed f o r  o r g a n i c  and ino rgan ic  matter by 

ether-chloroform e x t r a c t i o n .  

Sampling t i m e s  and volumes f o r  t h e  o u t l e t  p a r t i c u l a t e  tests 

exceeded t h e  r e s p e c t i v e  minimum requi rements  o f  4 hours  and 4.5 

dNm3 ( 1 6 0  d s c f )  s p e c i f i e d  i n  Subpar t  AA of  t h e  Fede ra l  Reg i s t e r .*  

4.7 PARTICLE SIZE DISTRIBUTION 

P a r t i c l e  s i z e  samples a t  the i n l e t  s i t e  were c o l l e c t e d  w i t h  

an Andersen Mark I11 Cascade Impactor and an Andersen Heavy Grain 

Loading Impactor ( H G L I ) .  The Mark I11 i s  an in - s t ack ,  m u l t i s t a g e  

cascade impactor t h a t  y i e l d s  a t o t a l  o f  e i g h t  p a r t i c l e  c u t - s i z e s  

ranging,  nominally,  from 0.5 t o  1 5  pm. S u b s t r a t e s  f o r  t h i s  

impactor w e r e  64-mm diameter  glass f i b e r  f i l ters.  The Mark I11 

w a s  used t o  co l l ec t  samples o v e r  t i m e  i n t e r v a l s  o f  approximately 

20 minutes. The HGLI  i s  an  i n - s t a c k  m u l t i s t a g e  impactor des igned  

s p e c i f i c a l l y  t o  a l l o w  longe r  sampling times a t  h igh  g r a i n  load- 

ings .  The t h r e e  nominal c u t - p o i n t s  are 2 ,  5, and 1 0  pm. The 

on ly  f i l t e r  i n  t h e  H G L I  i s  a glass f i b e r  th imble  used as t h e  

backup stage. T h i s  impactor w a s  used t o  co l l ec t  samples over  an  - 
40 CFR 6 0 ,  Subpar t  A?+, J u l y  1, 1980. 
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e n t i r e  EAF h e a t ,  which w a s  approximately 3.5 hours .  A cyclone 

p r e c u t t e r  w a s  a t t a c h e d  to  t h e  f r o n t  o f  each t y p e  o f  impactor t o  

remove larger p a r t i c l e s  and t o  avoid t h e  use o f  buttonhook 

nozz le s .  Because t h e  sampling ra te  cou ld  n o t  be a d j u s t e d  t o  

o b t a i n  t h e  1 5 - u m  cu t -po in t  of t h e  cyclone p r e c u t t e r ,  t h e  weight 

of p a r t i c u l a t e  c o l l e c t e d  by t h e  cyc lone  w a s  added t o  t h e  weight  

i n  t h e  f i r s t  s t a g e  o f  t h e  r e s p e c t i v e  impactor.  

A l l  i n l e t  samples were c o l l e c t e d  a t  a p o i n t  o f  average 

v e l o c i t y  nea r  t h e  c e n t r o i d  of t h e  duc t .  The i s o k i n e t i c  sampling 

rate w a s  based on i n i t i a l  measurements of v e l o c i t y  p r e s s u r e  and 

_ _  - .  temperature .  C o n s t a n t  _cut:pp_int .charac_ter-istics_w_ere_ mai-nta+n_eG ~. 

dur ing  sampling, b u t  v e l o c i t y  p r e s s u r e s  and tempera tures  were 

measured p e r i o d i c a l l y . a t  t h e  sampling p o i n t  t o  e v a l u a t e  t h e  

a c t u a l  v a r i a t i o n  i n  i s o k i n e t i c s .  Nozzles were s e l e c t e d  t o  keep 

sampling rates i n  t h e  recommended range  of 8.5 t o  2 1  l i ters  per 

minute (0.3 t o  0.75 acfm) .  Each f i l t e r  w a s  recovered ,  des i c -  

c a t e d ,  and weighed on  an  a n a l y t i c a l  ba lance .  Acetone rinses o f  

a p p r o p r i a t e  stages were evapora ted ,  d e s i c c a t e d ,  and weighed. 

Particle s i z e  samples a t  t h e  o u t l e t  were c o l l e c t e d  by u s i n g  

a Mark I11 impactor f i t t e d  w i t h  a s t r a i g h t  nozzle .  The impactor 

and probe w e r e  suspended i n  a f a b r i c  f i l t e r  compartment f r o m  t h e  

c e n t e r  of t h e  r i d g e  beam, i n  a manner s imi l a r  t o  t h a t  used on 

p a r t i c u l a t e  matter t e s t i n g  equipment. Each  sample was c o l l e c t e d  

for an  equa l  amount o f  time a t  one p o i n t  i n  f o u r  d i f f e r e n t  com- 

par tments .  The i n i t i a l  i s o k i n e t i c  sampling rate was based on t h e  

c a l c u l a t e d  average  v e l o c i t y  o f  t h e  e n t i r e  sampling area. 
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Constant  cu t -po in t  c h a r a c t e r i s t i c s  w e r e  maintained throughout  

each t e s t ,  and gas  tempera tures  were measured wi th  a thermocouple 

a t t a c h e d  t o  t h e  impactor probe. Each f i l t e r  was recovered ,  

d e s i c c a t e d ,  and weighed on an a n a l y t i c a l  ba lance .  The i n l e t  

chamber and nozz le  were brushed and r i n s e d  wi th  ace tone  and t h e  

r i n s e  w a s  evapora ted ,  d e s i c c a t e d ,  and weighed. 

4 . 8  V I S I B L E  AND FUGITIVE EMISSIONS 

C e r t i f i e d  o b s e r v e r s  recorded v i s i b l e  emiss ions  from t h e  m e l t  

shop and f a b r i c  f i l t e r  monovent accord ing  t o  procedures  desc r ibed  

i n  EPA Method 9 .*  Data were taken  i n  6-minute sets (s imul tane-  

ous ly  wi th  p a r t i c u i a t e  t e s t s ) ,  and i n d i v i d u a l  r ead ings  were re- 

corded i n  p e r c e n t  o p a c i t y  a t  15-second i n t e r v a l s .  I n t e r m i t t e n t  

rest p e r i o d s  were taken  t o  p r e v e n t  eye f a t i g u e :  however, a s  long  

a s  emiss ions  were v i s u a l l y  d e t e c t a b l e ,  readings  were cont inued  

u n t i l  a break w a s  a b s o l u t e l y  necessary .  The emiss ion  p o i n t s  were 

c a s u a l l y  monitored d u r i n g  break p e r i o d s ,  and r ead ings  were 

resumed i f  emiss ions  g r e a t e r  t h a n  zero o p a c i t y  were no t i ced .  

F u g i t i v e  emiss ions  from t h e  f a b r i c  f i l t e r  dus t -handl ing  

system w e r e  observed accord ing  t o  t h e  proposed Method 22.** 

Emissions were recorded a s  t h e  cumulat ive amount of t i m e  t h a t  

any f u g i t i v e  emiss ions  were v i s u a l l y  d e t e c t a b l e  d u r i n g  a 20- 

minute  obse rva t ion  pe r iod .  S e v e r a l  obse rva t ion  p e r i o d s  were 

recorded du r ing  t h e  t es t  series. 

Observers were p o s i t i o n e d  on  t h e  s i d e  of a h i l l ,  approxi-  

mately 75 meters (250 f e e t )  southwest  o f  t h e  baghouse. 

x 
40  CFR 6 0 ,  Appendix A ,  J u l y  1, 1980. 

~~ - ** 
Federa l  R e g i s t e r ,  V o l .  45, N o .  224, November 1 4 ,  1980. 
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Adverse weather conditions prevented visual emission observations 

during the third test. 

I 

4 . 9  FABRIC FILTER DUST SAMPLES 

Samples from the dust-handling system were obtained just 

below the central junction of the screw conveyors that connect 

individual hoppers. Because the hoppers were emptied only once 

a day, a single grab sample was taken on each test day. For each 

sample, approximately 1 liter of dust was collected in a glass 

jar that had been rinsed with dilute nitric acid in the labora- 

tory. Upon return to the laboratory, each sample was split into 

two fractions; one for trace element analysis, and one for 

particle size distribution analysis. 

.. - - - 

Spark Source Mass Spectroscopy was the analytical technique 

used for qualitative examination of the presence of approximately 

70 elements. A known concentration on indium was added to each 

sample prior to ionization. All elements were ionized with 

approximately equal sensitivity. A photographic plate was used 

to record the mass spectra. The plate was examined and the 

response of each element was related to that of indium. Relative 

sensitivity factors based on previous analyses of standards were 

used to compensate for the variation in response of the photo- 

plate for different elements. 

The Coulter Counter technique was used to determine particle 

size distributions after problems associated with particle 

agglomeration prevented the initial attempts by Bacho analysis. 

For the Coulter analysis, particles in each sample were suspended 

4-18 
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in a sodium chloride electrolytic solution. Electrical current 

passed from one immersed electrode through a small aperture to 

another electrode. As a particle passed through the aperture, it 

displaced a volume of electrolyte and changed the electrical 

current by an amount proportional to the size of the particle. 

The volume and number of particles were used to establish a 

differential distribution by volume. Assuming all particles were 

of equal density, the volume distribution also represented a 

weight distribution. 
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SECTION 5 

QUALITY ASSURANCE 

Quality assurance is one of the main facets of stack sam- 

pling because the end product of testing is to produce repre- 

sentative emission results. Quality assurance guidelines provide 

detailed procedures and actions necessary for defining and pro- 

ducing acceptable data. Four documents were used in this test 

program to provide the required guidance to help ensure the 

collection of acceptable data and determine when data quality is 

unacceptable. These documents are the source-specific test plan 

prepared by PEDCo and reviewed by the Emissions Measurement 

Branch: the EPA Quality Assurance Handbook Volume 111, EPA-600/4- 

77-02733: the draft PEDCo Environmental Emission Test Quality 

Assurance Plan: and the PEDCo Environmental Laboratory Quality 

Assurance Plan. The last two quality assurance plans are PEDCO'S 

general guideline manuals, which define the standard operating 

procedures followed by the company's emission testing and the 

laboratory groups. 

Appendix F provides more detail on the Quality Assurance 

procedures, including QA objective: data reduction: quality 

control checks: performance and system audits: preventive main- 

tenance: precision, accuracy, and completeness: corrective 

action: and quality assurance reports to management. 
5-1 



R e l a t i v e  t o  t h i s  s p e c i f i c  t e s t  program, t h e  fo l lowing  are 

t h e  s t e p s  t h a t  were taken t o  ensu re  t h a t  q u a l i t y  d a t a  were ob- 

t a i n e d  by t h e  t e s t i n g  and a n a l y t i c a l  procedures .  

0 C a l i b r a t i o n  o f  f i e l d  sampling equipment. ( C a l i b r a t i o n  
g u i d e l i n e s  a r e  desc r ibed  i n  more d e t a i l  i n  Appendix E . )  

0 T r a i n  c o n f i g u r a t i o n  and c a l c u l a t i o n  checks.  

p i t o t  t u b e ,  and Orsa t  l i n e  l e a k  checks.  
0 O n s i t e  q u a l i t y  assurance  checks ,  such as sample t r a i n ,  

0 U s e  o f  des igna ted  a n a l y t i c a l  equipment and sampling 
r eagen t s .  

Table 5-1 l i s t s  t h e  sampling equipment used t o  conduct  

p a r t i c u l a t e  and p a r t i c l e  s i z i n g  tests,  a long  wi th  c a l i b r a t i o n  

g u i d e l i n e s  and l i m i t s .  I n  a d d i t i o n  t o  t h e  pre-  and p o s t - t e s t  

c a l i b r a t i o n ,  a f i e l d  a u d i t  w a s  performed on t h e  d ry  gas  meters by 

t h e  use  o f  c r i t i c a l  o r i f i c e s  c a l i b r a t e d  and supp l i ed  by t h e  EPA. 

The a u d i t  r e s u l t s  i n  Table 5-2 show t h a t  a l l  d r y  gas  meters used 

f o r  t h i s  t e s t  series were wi th in  l i m i t a t i o n s  s t i p u l a t e d  i n  EPA 

Method 5. Dry gas meter performance t e s t  procedures  and f i e l d  

a u d i t  s h e e t s  are shown i n  F igures  5-1 through 5-6. 

- .  

Between runs ,  o n s i t e  p re l imina ry  c a l c u l a t i o n  checks were 

performed t o  v e r i f y  i s o k i n e t i c  sampling ra tes  and t o  compare 

mois ture  c o n t e n t s ,  f l o w  rates, and o t h e r  parameters  w i t h  expected 

va lues .  These checks i n d i c a t e d  t h a t  t h e  tests were be ing  con- 

ducted p rope r ly .  

As a check o f  t h e  r e l i a b i l i t y  of t h e  method used t o  ana lyze  

t h e  p a r t i c u l a t e  matter and p a r t i c l e  s i z e  f i l t e r s ,  sets o f  blank 

f i l t e rs  t h a t  had been preweighed i n  t h e  l a b o r a t o r y  were resub- 

m i t t e d  for r e p l i c a t e  a n a l y s i s .  Table  5-3 summarizes t h e  r e s u l t s  
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TABLE 5-2. DRY GAS METER AUDIT RESULTS 

Ca l i b ra ted  aga ins t  Meter box No. Deviat ion,  % 

FB-2 

FB-3 

FB-5 

FB-6 

FB-7 

FB-8 
. .  

C r i t i c a l  o r i f i c e  No. 2 

C r i t i c a l  o r i f i c e  No. 2 

C r i t i c a l  o r i f i c e  No. 2 

C r i t i c a l  o r i f i c e  No. 1 

C r i t i c a l  o r i f i c e  No. 1 

C r i t i c a l  or i f ice-No.  1 

5-6 

+ 2.0 

+ 0.4  

- 0.3 

+ 2.7 

- 0 . 2  
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Type o f  f i l t e r  

P a r t i c u l a t e :  87-mm 
Gelman AIEa 

Andersen Markb 
111 Impactor 

Andersen Mark 
111 Impactor 
Blank t e s t  r u n  

Andersen Heavy. 
Grain Loading 
Impac to i  (HGLI) 
Thimble 

TABLE 5-3. FILTER BLANK ANALYSIS 

F i l t e r  No. 

21 65 

Y 94 
251 
Y66 
Y75 
Y88 
239 
Y76 
253 
B179 

X31 
x32 
x33 
x34 
x35 
X36 
x37 
W60 
8222 

39 
61 

Tare 
weight, 

mg 

362.3 

127.8 
136.0 
126.8 
134.9 
127.2 
136.0 
127.4 
136.6 
180.5 

148.9 
137.6 
145.6 
138.6 
151.1 
138.9 
150.2 
135.2 
188.0 

2470.6 
2176.6 

-- 

Blank 
weight , 

mg 

362.6 

127.8 
136.3 
126.8 
135.0 
127.4 
136.3 
127.4 
136.8 
180.6 

149.1 
137.8 
146.0 
139.0 
151.3 
139.2 
150.4 
135.4 
188.7 

!480.4 
Z178.6 

Net 
weight, 

mg 

+ 0.3 

0.0 
+ 0.3 

0.0 
+ 0.1 
+ 0.2 
+ 0.3 

0.0 
+ 0.2 
+ 0.1 

+ 0.2 
+ 0.2 
+ 0.4 
+ 0.4 
+ 0.2 
+ 0.3 
+ 0.2 
+ 0.2 
+ 0.7 

+ 9.8 
+ 2.0 

Comments 

C 

aExpected dev ia t i on ,  50.5 mg. 
bExDected dev iat ion,  t0.3 mq. 
‘The h i g h  n e t  weight 7s probably  a r e s u l t  o f  ve ry  small  p a r t i c l e s  l e a k i n g  

dExpected dev ia t i on ,  - +0.5 mg. 
around the  p r e f i l t e r .  

5-13 



of  t h e  blank f i l t e r  ana lyses .  T h e s e  r e s u l t s  show good d a t a  

r e p r o d u c i b i l i t y  from a n  a n a l y t i c a l  s t a n d p o i n t .  

A blank run was performed a t  t h e  f a b r i c  f i l t e r  o u t l e t  t o  

determine whether s tack  gases  r e a c t e d  wi th  t h e  f i l t e r  media t o  

produce e r roneous  r e s u l t s .  T h i s  w a s  accomplished by p l a c i n g  a 

backup f i l t e r  i n  f r o n t  of a normally prepared impactor and then  

sampling i n  t h e  usual manner. Table 5-3 l ists  r e s u l t s  of t h e  

blank run ,  which shows t h a t  stack gases  d i d  n o t  s i g n i f i c a n t l y  

a f f e c t  f i l t e r  media. 

I n  a d d i t i o n ,  b l anks  were taken  t o  check t h e  q u a l i t y  o f  

r e a g e n t s  used t o  r ecove r  and ana lyze  p a r t i c u l a t e  and p a r t i c l e  

s i z e  samples. Table  5-4 summarizes t h e  r e s u l t s  o f  t h e s e  b lank  

a n a l y s e s ,  which show t h a t  most r e a g e n t s  m e t  de s igna ted  s p e c i f i c a -  

t i o n s  f o r  q u a l i t y .  

A trace element a u d i t  sample w a s  analyzed,  a long  wi th  t h e  

f a b r i c  f i l t e r  d u s t  samples, t o  check t h e  accuracy of t h e  SSMS 

a n a l y t i c a l  procedures .  The a u d i t  sample was taken from Standard 

Reference Material No. 1633,  "Trace Elements i n  C o a l  F ly  Ash," 

which was ob ta ined  from t h e  Na t iona l  Bureau o f  S tandards .  The 

r e s u l t s  (shown i n  Table  5-5) i n d i c a t e  t h a t  t h e  a n a l y s e s  were 

w i t h i n  a factor  o f  t h r e e  of t r u e  v a l u e s ,  which is t h e  expected 

l i m i t  o f  SSMS accuracy.  

Sampling equipment, r e a g e n t s ,  and a n a l y t i c a l  procedures  f o r  

t h i s  tes t  series followed and m e t  a l l  necessa ry  g u i d e l i n e s  set 

f o r t h  f o r  a c c u r a t e  test  r e s u l t s  i n  Volume I11 of  t h e  Q u a l i t y  
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Weight a f te r  
evaporation and 

desiccat ion,  a 
mg/g 

+ 0.01 
+ 0.007 
+ 0.004 

+ 0.004 
+ 0.02 

+ 0.005 

Type of b l a n k  Comments 

0.01 used i n  
ca l cu la t ions  

Par t iculate  blanks: 
Acetone 
Acetone 
Water 

Particle size blanks 
Acetone 
Acetone 

Acetone 

Analytical b l anks :  
Ether/chl oroform 
Water 

TABLE 5-4. REAGENT BLANK ANALYSIS 

Container 
No. 

3 9 8 2 ~  
3989A 
3983A 

2526A 
2531A 

2549A 

BT459 (org 
BT459 (aq)  

Volume of 
blank, ml 

237 
227 
378 

382 

51 a 
190 

150 
250 

+ 0.005 
+ 0.002 

aTolerance: - +0.01 mg/g. 
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Element 

Arsenic  

Cadmium 

Chromium 

Copper 

Lead 

Manganese 

N icke l  

Selenium 

Uranium 

Vanadium 

Zinc 

TABLE 5-5. TRACE ELEMENT AUDIT RESULTS 

Concentrat i  
NBS-cert i f i eda 

61 - + 6 

1.45 - + 0.06 

131 - + 2 

128 + 5 

70 - + 4 

- 

493 - + 7 

98 + 3 

9.4 - + 0.5 

11.6 - + 0.2 

214 + 8 

- 

- 

210 - + 20 

1, K l / g  
Measured 

120 

1 

150 

71 

110 

170 

54 

16 

18 

99 

220 

Percent ,, 
d i f f e r e n c e  

+ l o o  

- 30 

+ 10 

- 40 

+ 60 

- 70 

- 40 

+ 70 

+ 60 

- 50 

0 

aSRM No. 1633, "Trace Elements i n  Coal F l y  Ash". 
bPercent d i f f e r e n c e  = measured actual - x 100, t o  t h e  nearest  10%. Expected 

d e v i a t i o n  i s  +200%, -70%' (+  - f a c t o r  o f  3 ) .  
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Assurance Handbook.5 Therefore ,  t e s t  resu l t s  r e p o r t e d  i n  t h i s  

document should be w i t h i n  t h e  expec ted  accuracies of t h e  method 

used. 
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SECTION 6 

STANDARD SAMPLING AND ANALYTICAL PROCEDURES 

T h i s  s e c t i o n  d e s c r i b e s  t h e  test  methods, sampling equipment, 

and a n a l y t i c a l  t echn iques  t h a t  were used i n  t h i s  t es t  program f o r  

de te rmina t ion  o f  p a r t i c u l a t e  matter and p a r t i c l e  s i z e  d i s t r i b u -  

t i o n .  

6 . 1  DETERMINATION OF PARTICULATE EMISSIONS 

I n  t h i s  t e s t  program, the sampling and a n a l y t i c a l  procedures  

used t o  determine p a r t i c u l a t e  emis s ions  a t  S i t e s  1 and 2 were 

those  desc r ibed  i n  Method 5 o f  t h e  Federa l  R e g i s t e r . *  

6 . 1 . 1  Sampling Apparatus 

The p a r t i c u l a t e  sampling t r a i n  used i n  t h e s e  tests m e t  

des ign  s p e c i f i c a t i o n s  e s t a b l i s h e d  by t h e  EPA. The sampling 

appa ra tus ,  which w a s  assembled by PEDCo personnel ,  c o n s i s t e d  o f  

t h e  fol lowing:  

Nozzle - S t a i n l e s s  steel (316) w i t h  sha rp ,  t a p e r e d  l e a d i n g  
m n d  a c c u r a t e l y  measured round opening. 

Probe - S t a i n l e s s  steel (316) w i t h  a h e a t i n g  system capable  
of main ta in ing  a minimum g a s  tempera ture  o f  1 2 1 O C  ( 2 5 0 O F )  a t  
t h e  e x i t  end d u r i n g  sampling. 

P i t o t  Tube - A type  S p i t o t  t u b e  t h a t  m e t  a l l  geometr ic  s t an -  
d a r d s  w a s  a t t a c h e d  t o  a probe t o  monitor s t a c k  gas v e l o c i t y  
p re s su re .  - 

40 CFR 6 0 ,  Appendix A ,  J u l y  1, 1980. 
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Temperature Gauge - A Chromel/Alumel type-K thermocouple (or  
e q u i v a l e n t )  was a t t a c h e d  t o  t h e  p i t o t  t u b e ,  i n  an i n t e r -  
f e r e n c e - f r e e  arrangement,  t o  monitor  s t a c k  gas  temperature  
w i t h i n  1.5OC (5OF) us ing  a d i g i t a l  readout .  

F i l t e r  Holder - The f i l t e r  h o l d e r  was made o f  Pyrex g l a s s ,  
w i t h  h e a t i n g  system capable  o f  main ta in ing  a f i l t e r  t e m -  
p e r a t u r e  o f  approximately 1 2 l o C  (250OF). 

F i l t e r  - An 87-mm (3- in . )  d i ame te r  g l a s s  f i b e r  f i l t e r  
-(Gelman A/E) w a s  used. 

D r a f t  Gau e The d r a f t  w a s  measured wi th  an i n c l i n e d  manom- +- made by Dwyer) w i th  a r e a d a b i l i t y  o f  0.25 mm ( 0 . 0 1  
i n . )  H 2 0  i n  t h e  0 t o  25 mm (0 t o  1 i n . )  H 2 0  range.  

I m  i n  ers - Four Greenburg-Smith des ign  impingers were con- -5b- n e c t e  i n  series wi th  g l a s s  b a l l  j o i n t s .  The f i r s t ,  t h i r d ,  
and f o u r t h  impingers  were modif ied by removing t h e  t i p  and 
ex tending  t h e  t u b e  t o  w i t h i n  1 . 3  c m  (0 .5  i n . )  of t h e  bottom 
of t h e  f l a s k .  - 

Metering System - The meter ing  system c o n s i s t e d  o f  a vacuum 
gauge, a l e a k - f r e e  pump, thermometers capable  of measuring 
tempera ture  t o  w i t h i n  1.5OC (SOF), a c a l i b r a t e d  d r y  gas  
meter, and r e l a t e d  equipment, t o  main ta in  an i s o k i n e t i c  
sampling ra te  and t o  determine sample volume. The d r y  gas  
meter w a s  made by Rockwel l ,  and t h e  f iber vane pump w a s  made 
by G a s t .  

Barometer - An ane ro id  type  barometer  was used t o  measure 
atmospheric  p r e s s u r e s  t o  0.3 kPa (+0.1 - in.Hg).  

. ~ 

6.1.2 Sampling Procedure 

A f t e r  t h e  sampling s i te  and minimum number o f  t r a v e r s e  

p o i n t s  were s e l e c t e d ,  t h e  stack p r e s s u r e ,  t empera ture ,  mois ture ,  

and range of v e l o c i t y  head were measured accord ing  t o  procedures  

d e s c r i b e d  i n  t h e  Federa l  Regis te r .*  

Approximately 200 grams of s i l i ca  gel were weighed and 

p l aced  i n  a s e a l e d  impinger pr ior  to  each test .  Glass  f i b e r  

f i l t e r s  were d e s i c c a t e d  f o r  a t  least 24 hours  t o  a c o n s t a n t  

* 
40  CFR 60 ,  Appendix A,  Methods 1, 2, 3 ,  or 4 ,  Ju ly  1, 1980. 
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weight and weighed t o  t h e  n e a r e s t  0 . 1  mg on  an  a n a l y t i c a l  ba lance .  

One hundred mi l l i l i t e rs  of d i s t i l l e d  water  was p laced  i n  each o f  

t h e  f i r s t  two impingers;  t h e  t h i r d  impinger w a s  i n i t i a l l y  empty; 

and t h e  impinger c o n t a i n i n g  t h e  s i l i ca  gel was p l aced  n e x t  i n  

series. The t r a i n  w a s  set up as shown i n  F igure  6-1.  The sam- 

p l i n g  t r a i n  was leak-checked a t  t h e  sampling s i t e  p r i o r  t o  each 

tes t  run by plugging t h e  i n l e t  t o  t h e  nozz le  and p u l l i n g  a 50- 

kPa (15-in.Hg) vacuum, and a t  t h e  conclus ion  of t h e  tes t  by 

plugging t h e  i n l e t  t o  t h e  nozz le  and p u l l i n g  a vacuum equa l  t o  

t h e  h i g h e s t  vacuum reached du r ing  t h e  t es t  run. 

The p i t o t  t ube  and l i n e s  were leak-checked a t  t h e  tes t  s i te  

p r i o r  t o  each test run  and a t  t h e  conclus ion  of each t e s t  run. 

The check was made by blowing i n t o  t h e  impact opening o f  t h e  

p i t o t  t ube  u n t i l  1 .6  c m  ( 3  in . )  o r  more o f  water were recorded on 

t h e  manometer and t h e n  capping t h e  impact opening and hold ing  it 

f o r  15 seconds t o  a s s u r e  it w a s  l eak - f r ee .  The same procedure 

was used t o  leak-check t h e  s t a t i c  p r e s s u r e  s i d e  of t h e  p i t o t  

t ube ,  excep t  s u c t i o n  w a s  used t o  o b t a i n  t h e  7.6-cm (3- in . )  H 2 0  

manometer reading .  Crushed ice  w a s  p l aced  around t h e  impingers  

t o  keep t h e  temperature  o f  t h e  g a s e s  l e a v i n g  t h e  las t  impinger a t  

2OoC (68OF) or less. 

During sampling, s t a c k  gas and sampling t r a i n  d a t a  were 

recorded a t  each sampling p o i n t  and whenever s i g n i f i c a n t  changes 

i n  s t a c k  f l o w  c o n d i t i o n s  occurred .  I s o k i n e t i c  sampling rates 

were set throughout  t h e  sampling p e r i o d  w i t h  t h e  a i d  of a nomo- 

graph or c a l c u l a t o r .  A l l  sampling d a t a  were recorded on t h e  

Emission Tes t ing  F i e l d  Data Shee t .  
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6.1.3 Sample Recovery Procedure 

The sampling t r a i n  was c a r e f u l l y  moved from t h e  t e s t  s i t e  t o  

t h e  cleanup a r e a .  The volume o f  wa te r  from t h e  f i r s t  t h r e e  

impingers  w a s  measured, and t h e  s i l i c a  g e l  from t h e  f o u r t h  

impinger w a s  weighed t o  t h e  n e a r e s t  0 . 1  gram. Sample f r a c t i o n s  

were recovered a s  fo l lows:  

Container  N o .  1 - The f i l t e r  was removed from i t s  ho lde r ,  
p laced  i n  a p e t r i  d i s h ,  and s e a l e d .  

Container  N o .  2 - Loose p a r t i c u l a t e  and ace tone  washings 
from a l l  sample-exposed s u r f a c e s  p r i o r  t o  t h e  f i l t e r  were 
p l aced  i n  a polye thylene  ja r ,  s e a l e d ,  and l a b e l e d .  Par- 
t i c u l a t e  w a s  removed from t h e  probe wi th  t h e  a i d  o f  a brush  
and ace tone  r i n s i n g .  The l i q u i d  l e v e l  was marked a f te r  t h e  
c o n t a i n e r  was s e a l e d .  

Container  N o .  3 - A minimum o f  200 m l  o f  ace tone  w a s  t aken  
f o r  t h e  blank a n a l y s i s .  The b lank  was o b t a i n e d  and t r e a t e d  
i n  a s i m i l a r  manner as  t h e  ace tone  washing. 

Conta iner  N o .  4 - A f t e r  being measured, d i s t i l l e d  water i n  
t h e  impinger s e c t i o n  of t h e  sampling t r a i n  w a s  placed i n  a 
polye thylene  c o n t a i n e r .  The impingers  and connec t ing  g l a s s -  
ware were r i n s e d  wi th  d i s t i l l e d  H 2 0 ,  and t h i s  r i n s e  w a s  
added t o  t h e  c o n t a i n e r  f o r  shipment t o  t h e  l a b o r a t o r y .  

Conta iner  N o .  5 - A minimum o f  200 m l  of  d i s t i l l e d  water w a s  
t aken  for  t h e  b lank  a n a l y s i s .  The b lank  w a s  ob ta ined  and 
treated i n  a s imi la r  manner as t h e  water r i n s e .  

Container  N o .  6 - An unused glass f i b e r  f i l t e r  was t aken  for 
b lank  a n a l y s i s .  

A l l  p e r t i n e n t  d a t a  were recorded  on t h e  Sample Recovery and 

I n t e g r i t y  Data Sheet .  

6 . 1 . 4  A n a l y t i c a l  Procedures  

The a n a l y t i c a l  p rocedures  used were t h o s e  desc r ibed  i n  t h e  

Fede ra l  Reg i s t e r .*  

Conta iner  N o .  1 - The f i l t e r  and any loose p a r t i c u l a t e  
matter w e r e  d e s i c c a t e d  i n  t h e  p e t r i  d i s h  f o r  24  hours  t o  a 
c o n s t a n t  weight  and then  weighed t o  t h e  n e a r e s t  0 . 1  mg. 

* 
40  CFR 60. Appendix A ,  J u l y  1, 1980. 
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Container  N o .  2 - The volume of ace tone  washings was m e a -  
sured  and t r a n s f e r r e d  t o  a t a r e d  beaker .  The sample was 
evaporated t o  d ryness  a t  ambient  temperature  and p r e s s u r e ,  
d e s i c c a t e d  f o r  2 4  hours  t o  a c o n s t a n t  weight ,  and weighed 
t o  t h e  n e a r e s t  0 . 1  mg. 

Container  N o .  3 - The volume o f  ace tone  blank w a s  measured 
and t r a n s f e r r e d  t o  a t a r e d  beaker .  The blank was evaporated 
t o  dryness  a t  ambient tempera ture  and p r e s s u r e ,  d e s i c c a t e d  
for 24 hours  t o  a c o n s t a n t  weight ,  and weighed t o  t h e  near-  
e s t  0 . 1  mg. 

Container  N o .  4 - The volume o f  t h e  impinger c o n t e n t s  and 
d i s t i l l e d  water  r i n s e  w a s  measured and t r a n s f e r r e d  t o  a 
t a r e d  beaker .  The sample was evapora ted  t o  d ryness  a t  105'C, 
d e s i c c a t e d  t o  a c o n s t a n t  weight ,  and weighed t o  t h e  n e a r e s t  
0 . 1  mg. 

Container  N o .  5 - The volume o f  d i s t i l l e d  water  blank was 
measured and t r a n s f e r r e d  t o  a t a r e d  beaker.  The blank was 
evapora ted  t o  d ryness  a t  105OC, d e s i c c a t e d  t o  a c o n s t a n t  
weight ,  and weighed t o  t h e  n e a r e s t  0 . 1  mg.  

The term " c o n s t a n t  weight" means a d i f f e r e n c e  o f  no more 

than  0.5 mg or 1 p e r c e n t  o f  t o t a l  weight  less tare weight ,  which- 

e v e r  is g r e a t e r  between two consecu t ive  r ead ings ,  w i th  no less 

than  6 hours  o f  d e s i c c a t i o n  between weighings.  All a n a l y t i c a l  

d a t a  were recorded on t h e  A n a l y t i c a l  P a r t i c u l a t e  Data Shee t .  

Acetone and water b lank  d a t a  were recorded  on r e s p e c t i v e  blank 

d a t a  s h e e t s .  

6.1.5 Modi f i ca t ions  t o  Standard Procedures  f o r  S i t e  3 T e s t s  

Seve ra l  mod i f i ca t ions  were made t o  t h e  s t anda rd  sampling and 

a n a l y t i c a l  procedures  t o  conduct p a r t i c u l a t e  m a t t e r  tests a t  S i t e  

3 .  Some sampling equipment and a n a l y t i c a l  procedures  were a l so  

d i f f e r e n t ,  b u t  w e r e  no t  method d e v i a t i o n s .  These mod i f i ca t ions  

and d i f f e r e n c e s  are as fo l lows:  
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Sampling Apparatus-- 

Probe - The probe was of borosilicate glass with a heating 
system capable of maintaining a minimum gas temperature of 
121°C (250°F) at the exit end during sampling. 

Pitot Tube - A pitot tube was not used. 

Sampling Procedure-- 

The sampling site and number of sampling points did not meet 

minimum Method 1* criteria, but were selected according to 

practical considerations. The stack pressure, temperature, and 

moisture at this site were measured according to standard pro- 

cedures, but accurate velocity pressures could not be determined 

at each point. 

The sampling train was prepared, assembled, and leak-checked 

according to standard procedures, except that a pitot tube was 

not used. 

During sampling, stack gas temperature and sampling train 

data were recorded at each sampling point. An average isokinetic 

sampling rate was set initially, based on the estimated average 

velocity for the entire sampling cross-sectional area. This 

estimated velocity was calculated from data that had been ob- 

tained at Sites 1 and 2 and adjusted for the differences in 

cross-sectional area, temperature, pressure, and moisture. The 

resultant value was assumed to represent the average velocity at 

each Site 3 sampling point. The average isokinetic sampling rate 

was held constant throughout the sampling period. All sampling 

* 
40  CFR 60, Appendix A, July 1, 1980. 
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d a t a ,  i n c l u d i n g  t h e  estimated average  v e l o c i t y  p r e s s u r e ,  were 

recorded on t h e  Emission Tes t ing  F i e l d  Data Sheet.  

I n i t i a l  c a l c u l a t i o n s  of emission r e s u l t s  were based on es t i -  

mated v e l o c i t i e s  and l a t e r  a d j u s t e d  t o  r e f l e c t  a c t u a l  v e l o c i t i e s  

measured a t  Si tes  1 and 2 du r ing  s imultaneous tests. 

Sample Recovery Procedure-- 

The sample recovery  procedures  were t h e  same a s  t h o s e  f o r  

S i t e s  1 and 2 .  

A n a l y t i c a l  Procedures-- 

Conta iner  No. 4 - The volume of d i s t i l l e d  water and water  
r i n s e  w a s  measured and t r a n s f e r r e d  to a s e p a r a t o r y  funnel .  
The sample was e x t r a c t e d  t h r e e  t i m e s  wi th  d i e t h y l  e t h e r ,  
and each  t i m e  t h e  water w a s  d r a i n e d  back i n t o  t h e  o r i g i n a l  
sample c o n t a i n e r  and t h e  e t h e r  i n t o  a c l e a n ,  t a r e d  beaker .  
The sample w a s  t h e n  e x t r a c t e d  t h r e e  times wi th  chloroform,  
and each  t i m e  t h e  chloroform w a s  d r a i n e d  i n t o  t he  beaker  
w i t h  t h e  e t h e r .  A f t e r  t h e  f i n a l  e x t r a c t i o n ,  t h e  water 
p o r t i o n  w a s  d r a i n e d  i n t o  a s e p a r a t e  t a r e d  beaker ,  evapora ted  
t o  d ryness  a t  105OC, d e s i c c a t e d ,  and weighed t o  a c o n s t a n t  
weight  t o  o b t a i n  t h e  condens ib le  i n o r g a n i c  c o n t e n t .  The 
e the r / ch lo ro fo rm p o r t i o n  w a s  evapora ted  t o  dryness  a t  
ambient tempera ture ,  d e s i c c a t e d ,  and weighed t o  a c o n s t a n t  
weight  t o  o b t a i n  t h e  condens ib le  o rgan ic  con ten t .  

Conta iner  N o .  5 - The d i s t i l l e d  water blank w a s  t r e a t e d  i n  
an i d e n t i c a l  manner a s  Conta iner  N o .  4 .  The aqueous f r a c -  
t i o n  w a s  used a s  a water  b lank ,  and t h e  o r g a n i c  f r a c t i o n  w a s  
used as an e ther /ch loroform blank.  

A l l  o t h e r  procedures  f o r  t h e  de t e rmina t ion  o f  p a r t i c u l a t e  

emiss ions  were a s  used i n  t es t s  a t  S i t e s  1 and 2.  

6 . 2  DETERMINATION OF PARTICLE SIZE DISTRIBUTION 

Three d i f f e r e n t  c o n f i g u r a t i o n s  of i n - s t a c k  cascade impactors  

w e r e  used t o  col lect  samples f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  
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measurements. The following sampling and analytical procedures 

were used. 

6.2.1 Sampling Apparatus 

The source sampling train used in these tests met design 

specifications established by the EPA. Assembled by PEDCo per- 

sonnel, it consisted of: 

Nozzle - Stainless steel (316) with sharp tapered leading 
m n d  accurately measured round opening. 

Temperature Gauge - A Chromel/Alumel type-K thermocouple (or 
equivalent) was attached to the probe to monitor stack gas 
(impactor) temperature to within 1.5OC (5'F) using a digital 
readout. 

Metering System - The metering system consisted of a vacuum 
gauge, a leak-free pump, thermometers capable of measuring 
temperature to within 1.5OC (S°F), a dry gas meter with 2 
percent accuracy, and related equipment to maintain an 
isokinetic sampling rate and to determine sample volume. 
The dry gas meter was made by Rockwell, and the fiber vane 
pump was made by Gast. 

Condenser - The condenser consisted of a moisture-removal 
aevice capable of maintaining a temperature less than 20°C 
(68'F) and an attached thermometer to monitor temperature. 

Impactor - An Andersen Mark I11 with eight stages and a 
backup filter was used at Sites 1 and 3 .  An Andersen Heavy 
Grain Loading Impactor with three stages and a backup filter 
was used at Site 1. A cyclone precutter was attached to the 
front of each impactor used at Site 1. 

Barometer - An aneroid type barometer was used to measure 
atmospheric pressures to 0.3 kPa (+0.1 - in.Hg). 

6 . 2 . 2  Sampling Procedure 

The stack pressure, temperature, moisture, and velocity 

pressure of the selected sampling site were measured with Method 

5 equipment according to procedures described in the Federal 
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average v e l o c i t y  were R e g i s t e r . *  One o r  more p o i n t s  r e p r e s e n t i n g  

s e l e c t e d  as  sampling p o i n t s .  

~ 

Each type  o f  impactor w a s  assembled a p p r o p r i a t e l y .  Assembly 

of t h e  Andersen Mark I11 (Mark 111) involved a l t e r n a t i n g  t h e  

s t a g e  p l a t e s ,  c o l l e c t i o n  media, f l a t  c r o s s b a r s ,  and incone l  

space r  r i n g s  so as  t o  provide  e i g h t  c u t - s i z e s .  The c o l l e c t i o n  

s u b s t r a t e s  were Reeve Angel 934 AH g l a s s  f i b e r  f i l t e r s  t h a t  had 

been hea ted  i n  a 204OC (400OF) oven for 1 t o  2 hours ,  d e s i c c a t e d  

for  24 hours  t o  a c o n s t a n t  weight ,  and weighed t o  t h e  n e a r e s t  0 . 1  

mg on an a n a l y t i c a l  balance.  

Assembly o f  t h e  Andersen Heavy Grain Loading Impactor ( H G L I )  

involved i n s e r t i n g  a g l a s s  f i b e r  thimble i n  t h e  backup s t a g e  and 

t h r e a d i n g  t o g e t h e r  t h e  va r ious  p a r t s  of t h e  t h i r d - s t a g e  cyclone 

and f i r s t -and-second s t a g e  je t - impact ion  chambers. The g l a s s  

f i b e r  thimble had been d e s i c c a t e d  f o r  24 hours  t o  a c o n s t a n t  

weight  and weighed t o  t h e  nearest 0 . 1  mg on a n  a n a l y t i c a l  balance.  

I f  used,  t h e  cyclone p r e c u t t e r  w a s  th readed  t o g e t h e r  and 

a t t a c h e d  t o  t h e  f r o n t  o f  t h e  impactor .  

The sampling t r a i n  w a s  assembled a s  shown i n  F igure  6-2 or  

6-3. It w a s  leak-checked a t  t h e  sampling s i te  p r i o r  t o  each tes t  

r u n  by plugging t h e  i n l e t  t o  t h e  impactor  (or  cyclone p r e c u t t e r ,  

i f  used) and p u l l i n g  a 50-kPa (15-in.Hg) vacuum. Once t h e  

desired vacuum w a s  reached,  t h e  leakage  r a t e  w a s  checked a t  t h e  

d r y  gas meter for  1 minute. I f  t h e  l e a k  r a t e  w a s  less than  0.6 

l i t e r / m i n  (0.02 cfm) ,  t h e  t r a i n  was cons ide red  ready f o r  - 
40 CFR 60, Appendix A, Methods 2, 3, o r  4, J u l y  1, 1980. 

6-10 



I' 
I 

6-11 



I 
s 
I 
# 
'I 
I 

1 
I 
0 
I 
I 

PROBE T U B E  

IMPACTOR 

-CONDENSER 
TEMPERATURE 

I N D I C A T O R  

6-12 

Figure  6-3. P a r t i c l e  s i z e  d i s t r i b u t i o n  samplinq t r a i n . a t  c i t e  3. 

I 
I 
i 
- 



I 
I 
I 
I 
1 
I 
1' 
1 
I 
II, 
1 
I 
I 
I' 
I: 
11 
I 
I 
I 

sampling. Any e x c e s s i v e  l e a k s  were c o r r e c t e d  b e f o r e  t h e  t r a i n  

was used. The impactor  was then  p l aced  a t  t h e  s e l e c t e d  sampling 

p o i n t  and allowed t o  p r e h e a t  f o r  s e v e r a l  minutes be fo re  sampling 

began. While t h e  impactor w a s  p r e h e a t i n g ,  t h e  nozz le  was capped 

or po in ted  away from t h e  gas  f l o w .  A leak-check was n o t  per- 

formed a f t e r  t h e  tes t  run so as t o  avoid  t h e  p o s s i b i l i t y  o f  

d i s lodg ing  t h e  p a r t i c l e s  on i n d i v i d u a l  s t a g e s .  

During sampling, s t a c k  gas  and sampling t r a i n  d a t a  were 

recorded a t  r e g u l a r  i n t e r v a l s  based on t h e  l e n g t h  o f  t h e  run.  

Ve loc i ty  p r e s s u r e  d a t a  a t  S i t e  1 w e r e  ob ta ined  p e r i o d i c a l l y  us ing  

s e p a r a t e  Method S equipment. Average v e l o c i t i e s  a t  S i t e  3 were 

es t ima ted  from p rev ious  d a t a  measured a t  Si tes  1 and 2 .  The 

i s o k i n e t i c  sampling rate w a s  set i n i t i a l l y ,  and c o n s t a n t  c u t -  

p o i n t  c h a r a c t e r i s t i c s  w e r e  maintained throughout  t h e  sampling 

per iod .  P re l imina ry  impactor runs  were made a t  each s i t e  t o  

determine t h e  Mark I11 sampling t i m e s  r equ i r ed  t o  a l l o w  uniform 

loading  on t h e  backup f i l ter  and t o  p reven t  l o a d i n g s  o f  g r e a t e r  

than  1 0  m g  on any one s t a g e .  A l l  sampling d a t a  w e r e  recorded on  

t h e  Impactor T e s t i n g  F i e l d  Data Shee t .  

6.2.3 Sample Recovery Procedure 

A f t e r  t h e  best was completed,  t h e  impactor w a s  removed from 

t h e  probe and c a r e f u l l y  moved t o  a des igna ted  c l eanup  area whi l e  

s t i l l  i n  an  u p r i g h t  p o s i t i o n .  The impactors were recovered as 

fol lows:  
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Mark 111: 

Conta iner  N o .  1 - P a r t i c u l a t e  i n  t h e  nozz le  and i n l e t  cham- 
ber w a s  removed by brushing  and r i n s i n g  wi th  ace tone  i n t o  a 
polye thylene  c o n t a i n e r ,  which w a s  s e a l e d  and l a b e l e d .  

Con ta ine r s  N o .  2 through 1 0  - Each f i l t e r  was removed from 
i t s  s t a g e  and c a r e f u l l y  p laced  i n  a pe t r i  d i s h .  Loose 
p a r t i c u l a t e  from t h e  bottom s i d e  o f  t h e  p rev ious  s t a g e  
p l a t e ,  t h e  Inconel  space r ,  f l a t  c r o s s b a r ,  and t h e  t o p  s i d e  
of t h e  p l a t e  d i r e c t l y  under t h e  f i l t e r  were brushed i n t o  t h e  
same p e t r i  d i s h  as  t h e  r e s p e c t i v e  f i l t e r .  Each p e t r i  d i s h  
w a s  s e a l e d  and l a b e l e d .  

Conta iner  N o .  11 - I f  t h e  cyc lone  p r e c u t t e r  w a s  used,  par-  
t i c u l a t e  from a l l  sample exposed s u r f a c e s  excep t  t h e  in -  
t e r i o r  o f  t h e  cyclone e x i t  t u b e  w a s  brushed and acetone-  
r i n s e d  i n t o  a polye thylene  c o n t a i n e r ,  which w a s  s e a l e d  and 
l a b e l e d .  P a r t i c u l a t e  from t h e  i n t e r i o r  of t h e  cyclone e x i t  
t ube  w a s  added t o  Container  N o .  1. 

Heavy Grain Loading Impactor With Cyclone P r e c u t t e r :  

Con ta ine r s  N o .  1 through 5 - P a r t i c u l a t e  from a l l  sample- 
exposed s u r f a c e s  a f t e r  t h e  c u t - p o i n t  of t h e  preceding s t a g e  
and p r i o r  t o  t h e  cu t -po in t  o f  a g iven  s t a g e  was brushed and 
r i n s e d  w i t h  ace tone  i n t o  a polye thylene  c o n t a i n e r .  A f t e r  
t h e  c o n t a i n e r  w a s  s e a l e d  and l a b e l e d ,  t h e  l i q u i d  level w a s  
marked. 

Conta iner  N o .  6 - The g l a s s  f i b e r  thimble w a s  c a r e f u l l y  
removed from t h e  holder  and p l aced  i n  a g l a s s  j a r .  The ja r  
w a s  then  s e a l e d  and l a b e l e d .  

A l l  p e r t i n e n t  d a t a  were recorded on Sample Recovery and 

- 

I n t e g r i t y  Data Shee ts .  

6 . 2 . 4  A n a l y t i c a l  Procedures  

F i l t e r s  - Each g l a s s  f iber  f i l t e r  o r . t h i m b l e  and any l o o s e  
p a r t i c u l a t e  matter were d e s i c c a t e d  i n  r e s p e c t i v e  sample 
c o n t a i n e r s  f o r  2 4  hours  t o  a c o n s t a n t  weight  and weighed t o  
t h e  n e a r e s t  0 . 1  mg on an a n a l y t i c a l  ba lance .  

Acetone Rinses  - The volume o f  each  ace tone  washing w a s  
measured and t r a n s f e r r e d  t o  a t a r e d  beaker .  The sample w a s  
evapora ted  t o  d ryness  a t  ambient tempera ture  and p r e s s u r e ,  
d e s i c c a t e d  f o r  2 4  hours  t o  a c o n s t a n t  weight ,  and weighed t o  
t h e  n e a r e s t  0 . 1  mg. 
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The t e r m  " c o n s t a n t  weight" means a d i f f e r e n c e  o f  no more 

than  0.5 mg o r  1 pe rcen t  o f  t o t a l  weight  less tare weight ,  which- 

e v e r  i s  g r e a t e r  between t w o  consecu t ive  weighings,  w i t h  no less 

than  6 hours  of d e s i c c a t i o n  between weighings.  A l l  a n a l y t i c a l  

d a t a  were recorded on Andersen Impactor o r  HGLI P a r t i c u l a t e  

Ana ly t i ca l  Data Shee t s .  

6.2.5 Blanks 

S e v e r a l  unused g l a s s  f i b e r  th imbles  and a complete se t  of 

unused Mark I11 f i l t e rs  were r e t u r n e d  t o  t h e  l a b o r a t o r y  i n  

t h e i r  r e s p e c t i v e  c o n t a i n e r s .  Approximately 200 m l  of t h e  ace tone  

used f o r  sample recovery w a s  t aken  a s  a blank.  I n  a d d i t i o n ,  a 

blank test run w a s  conducted w i t h  t h e  Mark I11 impactor t o  d e t e r -  

mine i f  s tack  gases  had reacted w i t h  t h e  f i l t e r  media t o  cause  

f a l s e  weight changes. I n  t h e  b lank  run a backup f i l t e r  w a s  

p laced  i n  f r o n t  o f  a normally assembled impactor  t o  f i l t e r  o u t  

a l l  p a r t i c u l a t e  m a t t e r  so t h a t  o n l y  t h e  s t a c k  gases would c o n t a c t  

t h e  f i l t e r  media. 

A l l  b lanks  were recovered  and analyzed i n  t h e  same manner a s  

t h e  a c t u a l  samples. Data were recorded  on t h e  r e s p e c t i v e  blank 

d a t a  s h e e t s .  
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APPENDIX A 

COMPUTER PRINTOUTS AND EXAMPLE CALCULATIONS 

PARTICULATE 

Site 1 
Site 2 
Site 3 

PARTICLE SIZE 

Site 1 Mark I11 
Site 3 Mark I11 
Site 1 HGLI 
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(cont inued) 

EXAMPLE CALCULATIONS FOR ADJUSTMENTS 
TO OUTLET RESULTS 

Computer calculations for outlet tests are based on esti- 

mated velocities. Results listed in the text and tables for flow 

rates, emission rate, isokinetic rate, and gas velocity have been 

adjusted to reflect actual conditions. The computer calculations 

for dry, standard flow rate at the outlet represent the original 

estimated conditions. Actual outlet conditions of dry, standard 

flow rate are represented by the sum of corresponding inlet 

standard flow rates: therefore, outlet results were adjusted 

according to the ratio of the estimated and actual flow rates. 

Example: For Run 1, 

Actual o u t l e t  f l o w  = S i t e  1 f l o w  + S i t e  2 f l o w  
= 468,163 dscmh + 467,517 dscmh 
= 935,680 dscmh 

Estimated o u t l e t  f l o w  = f l ow  ind i ca ted  i n  computer ou tpu t  

935 680 Rat io  o f  ac tua l  t o  est imated f l o w  = R = 956:891 

= 956,891 dscmh 

R = 0.9778334 

Actual  emission r a t e  = R x emission r a t e  i nd i ca ted  i n  computer ou tpu t  
= 0.9778334 x 3.13 kg/h 
= 3.06 kg/h f o r  f i l t e r a b l e  p a r t i c u l a t e  

1 Actual i s o k i n e t i c  r a t e  = E X  i s o k i n e t i c  r a t e  i nd i ca ted  

x -1.04'; 3 - 1 - 
0.9778334 

= 107.3% 
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Actual gas velocity = R x indicated velocity 
= 0.9778334 x 2.5 mps 
= 2.44 mps 

Actual flow rate at stack conditions = R x indicated flow rate at stack condi- 
tions 

= 0.9778334 x 1014954 acmh x h/3600 sec 
= 275.68 acms 
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50% EFFECTIVE CUT DIAMETER (MIRCOMETERS) 

STAGE I STACE 2 CY C LOS E 

0.3 
0 . 4  
0 . 5  
0 .6  
0 . 7  

1 1 . 0  7 . 6  2 .  I 
1 2 . 1  6 . 5  1.6 
11.0 5.9 1 . 3  
10.0 5 . 4  1.1 
9 . 1  4 . 9  0.94  
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0 . 4  
0 . 5  

0 . 1  
0 . 4  
0 . 5  
0 . 6  
0 . 7  

0. 6 
0 . 7  

1 1 . 1  7 . 6  2 . 1  
1 2 . 4  6 . 6  1 . 6  
11.1 5 . 9  1 . 3  
10. I 5 .4  I .  I 
9 . 4  5 . 0  0.98 
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11 .2  
1 0 . 4  

1 5 . 8  9 . 2  3 . 2  

8 . 5  
7 . 1  
6 . 5  
6.0 
5 .5  

0 . 3  

I 2 . 6  
2 . 2  

18.6 1 0 . 8  4 . 5  

1.9 I ::: 

Operat ing Manual f o r  Ande'rsen Samplers, Inc. ,  Heavy Gra in Loading 
Impactor P a r t i c l e  S i ze  Stack Samplers; January 1, 1980, Table 11, p .  41 
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APPENDIX B 

FIELD DATA 

PARTICULATE 

S i t e  1 
S i t e  2 
S i t e  3 

PARTICLE SIZE 

S i t e  1 Mark I11 
S i t e  3 Mark I11 
S i t e  1 HGLI 

VISIBLE EMISSIONS 

Baghouse o u t l e t  
M e l t  shop 
F u g i t i v e  
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Nearest downstream disturbance &-%L3dd 
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.. 

nipple (nipple length) 45 
Y5'" B@D 

&/-OFF & A & E  I 
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 
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OBSERVATION RECORD PAGE a OF p- 
COMPANY Ai TRN S ~ ~ n , ~ t r r  &si OBSERVER &‘.7  so^* 
LOCATION h.. TYPE FACIL ITY + a y a p p  

- TEST NO. - I  POINT OF ENISSIONS - ~ L / S ~ -  

DATE d / ? / p ,  
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OBSERVATION RECORD PAGE - 3 OF f 

COMPANY At /CCX SP.S-IAL~~ 6rrr-2 OBSERVER s ~ H - 6  0,U 

LOCATION ALI)aNv TYPE F A C I L I T Y  

TEST NO. R -/ POINT OF RIIS sg 

DATE V / > / f /  

- 
I 
c 
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OBSERVATION RECORD PAGE - f ~  OF -p 

COMPANY A' 7 i C N  S ~ F ~ , A ~ N  sr,,, OBSERVER SJ- 
LOCATION a,R,+,v TYPE FACIL ITY t 'AF /aoo  

TEST NO. ~ e - 1  POINT OF ENISSIONS dhsko.rs; 

DATE w,+/ P/ 
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OBSERVATION RECORD PAGE OF f 
COMPANY A 7 ; 6 ~ r  s?Ec/,.%ry OBSERVER SJ M ~ ~ , , ~ ~ ~  

LOCATION d n , u v  TYPE F A C I L I T Y  F A F , / A ~ ~  

TEST NO. A B  - 
DATE y/?/t/ 
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B-48 



I' 

OBSERVATION RECORD PAGE OF 3 
COMPANY Ac /ccN - ~ p s e e ~  22- OBSERVER s . 7 ~ ~ ~ ~  

LOCATION av TYPE FACIL ITY E/K/AOT) 
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TEST NO. pa-/ POINT OF Ol ISSIONS ~ 6 -  SC- 

DATE 5/:/8, 
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OBSERVATION RECORD PAGE 2 OF _p 
COMPANY AL Tp-n ,Sp-ru Sz.-c, OBSERVER 
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M i n .  0 115 I30 1 4 5  A t t a c h e d  I D e t a c h e d  COMMENTS 

. <  ,410 In lo I I 
Y O  A 6 a o  J 
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COMPANY 4. T E ~ V  G a r ~ ~ r u  S c c L  OBSERVER SJ &,, 
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1 OBSERVATION RECORD PAGE & O F  f 

Hr. 

m ?  

COMPANY AL T*H LT-*IAUV OBSERVER L q ~ k u , s o * /  

LOCATION J, RANY TYPE FACIL ITY &A.AF/AdO 

TEST NO. ~ x - 2  POINT OF MISSIONS % usc - 
DATE 

STEAM PLUME 
Seconds (check i f  a p p l i c a b l e )  
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OBSERVATION RECORD PAGE A OF - 9 

COMPANY <fi-a,A,rv s*=-, OBSERVER SJ M ~ - , , . - ~  

U P  LOCATION A r ~ ~ n / q  TYPE FACILITY ,cAp/+j 
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DATE y/c/p/ 

STEAM PLUME I 
Seconds (check  i f  appl  i cab1 e )  

M i n .  0 ( 1 5  130 1 4 5  A t t a c h e d  I D e t a c h e d  COMMENTS 
I I I 

0 4  ._~ O O O A  

os n o 0  0 
06 A 0 0 0  

0 7  b 0 0 0  

0 
0 

h 
a 

I 

E-57 
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TEST NO. A R  -a POINT OF EMISSIONS wqx 
DATE Y/P/H 
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COMPANY u * g  6 -  ,€c-L OBSERVER .q2,qe ,,Lor 

LOCATION p L a r N q  TYPE F A C I L I T Y  JSAP/~A- 
TEST NO. ~ g - 3  POINT OF MISSIONS woos 2 

DATE *?/p/ 
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OBSERVATION RECORD PAGEJ - OF - 4 

COMPANY f i L  re Gh 5 &-%d OBSERVER 7. p L e ~ k  
LOCATION ~a&u,C& Al. L/ TYPE F A C I L I T Y  FAF/&D 
TEST NO. &?'5 - / ' 
DATE 4,/7,/a / 
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COMPANY dL Tech  SA9c/YL4r,SkZL OBSERVER 7, e L e  8t 

I 

LOCATION V y u M  /v. u' TYPE F A C I L I T Y  &/,/ADD 
TEST NO. @flS - 1 ' 
DATE 4 / 7  /SI 

POINT OF EMISSIONS f ie& s h p  
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OBSERVATION RECORD PAGE 4 OF 9 
COMPANY A L  T e d  5 ~ ~ 1 4  .& Sdd 
LOCATION WakrwL:e+. u, V' 

DATE +,/7/B/ 

OBSERVER -J, & ~ & k  
TYPE F A C I L I T Y  ~ ~ ; / h s p  

f 
TEST NO. Ams - / ' POINT OF ENISSIONS &,& rh OL, 
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COMPANY AL Techspec; a L h  SkeL OBSERVER f' !A Pk, 
LOCATION &&VU,! i d ,  d I V  
TEST NO. 9m - /  

b 
TYPE F A C I L I T Y  & H r / A c  0 
P O I N T  OF EI!ISSIONS We/ t S L n  m7 

DATE 4/  7 /$ / 
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COMPANY ALTech 59c G l 4 h  she/ OBSERVER C L a n  
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TYPE F A C I L I T Y  &AF/Bflh 
COMPANY Af 7&h < e r  ;Q/.L%+ CL OBSERVER T: CL a ~k 

TEST NO. /tMJ - 1 P O I N T  OF EMISSIONS 4 e L S  S h f l  
LOCATION \AJYkr r /L l f? /  

DATE 4,/7,/%! 
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OBSERVATION RECORD PAGE - OF // 
C O H P A N Y ~ L  Tec h S ~ o U l / t  Sked OBSERVER 7 C :I& /7,= 
LOCATION H/e&uL/'oL n/, ~ 

TYPE F A C I L I T Y  .g~p/& 3b , 
TEST NO. F-rns - 2' 
DATE 4 /e/0/  

POINT OF EMISSIONS CfiPU ".,i:.:~. 
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PAGE 7 OF OBSERVATION RECORD - 
COMPANY 4~ Tech SwcioLA.,SkeeL OBSERVER 'iT r l?/onk 

TEST NO. 9 f l 5  - z POINT OF EMISSIONS MeLf  S ~ O Q  

I 

LOCATION vXiktQL.~e+, &, p TYPE F A C I L I T Y  ~ R / / H D D  

DATE &/& /  8 / 

I I 
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COMPANY dL Tech Scecic, / f &  S k P L  OBSERVER 7,  e ~ ~ ~ t r  
LOCATION d r c k r V l / e t ,  r ~ ,  y 

TEST NO. gm < - POINT OF EMISSIONS #?e&' s & ~  
DATE 4 / 8 / 8  / 

TYPE F A C I L I T Y  &-HF/AoQ 
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OBSERVATION RECORD PAGE 3 OF L/ 
COMPANY &le ch sa-= C1.Q * f& OBSERVER TCIack. 
LOCATION I A ~ ~ x J L / & ,  ~ 7 ,  Y TYPE F A C I L I T Y  L?&'p,hDo 
TEST NO. 4 m s -  7 POINT OF EMISSIONS M P L f  ShOf' 

DATE 9'/$3/6/ 
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OBSERVATION RECORD PAGE - /o OF - I f  

I lerUreLl c 
COMPANY PJ J p  ch S p P r / . s  d/,, SkCreL 
LOCATION &&-~,/.,'PC Af. v TYPE F A C I L I T Y  E @ k - / / T p  / S  

TEST NO. d v M <  - 2- POINT OF EtqISSIONS L/ .- 
DATE -/E / 

OBSERVER 

/ 
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OBSERVATION RECORD PAGE & OF 

COMPANY AL T e d  sped- -& L OBSERVER y, C/uE .- ’ 

TEST NO. A m <  - 7 POINT OF EMISSIONS Pj‘C L f  S l e d  

DATE 4-/R /a/ 

LOCATION uqkry/ips. rv,‘” TYPE F A C I L I T Y  E#F/ U 4  L7 
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Company - ,  ,q2;<,,AL r'/ ST,-?, . .  

L o c a t i o n  Ai B G ~ Y  

Company Rep. 

Sky C o n d i t i o n s  P/c17tc 

P r e c i p i t a t i o n  n,o~6  

Fac i  1 i ty  Type EAP/~UB 

3 00: 00 

B-92 

I n s p e c t o r  L L i % ~ s n  /d 

A f f  i 1 i a t i  on PADC~ / ~ ~ & u U % h ~ ~  - 

Date  _y/7/P / 

Wind D i r e c t i o n  & t 

Wind Speed 0-3 

Emiss ion  Source nglqi ~ d / ~  ci. . &I c1L6 

q?:SL I 15.9 7, 
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I 
S 
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I 
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I 
@ 
1 
I 
I 

Company A &H GFKC . ,aLrv $7- 

Location ALA&./ 

Company Rep. 

Sky Conditions [/Pa r 

Precipitation AJ/A 

Facility Type t;AF/4 OD 

. .  . . . .. . . ~  . 

Inspector ALL&- s o b  

- 
A f  f i 1 i at i on ?CTG w m  L 

Date q/B/p/ 

Wind Direction @E& t 
- 

Wind Speed 3 - 3  

Emission Source ~ . , G T C L ,  6r-d 

t 1- A B f  -a 

Sketch emission source, indicate observer position relative to source; 
indicate potential- emission points and/or actual emission points. 

,,A< 

OBSERVATIONS Accumulated Accumulated 
Observation Emission 

Time Period Time 
(Mi n:Sec) (M in :  Sec) 

Begin Observation 09: 50 - / O  : f 0  20 ZOO 0:cb 

/o :do -/o:&o d o  ‘00 0;Od 

/& ; 5-o - // . ,o JJU :a? 0 : O d  

/ / : 8 0 - / / : V 6  *:a9 0:oo 

/ /  : 50 - /3:/0 &:Od 0 .‘OO 

/a: ao -/Q:~, &2;00 d ;c% 

/.?,‘Q -/3;/6 D : O O  0 : O O  

/3;a0 - 13.~0 2 a  :OD a iod 

/3: 50 . /4 I /O a0:oo 0:oo 

/WU- )‘/.ea . .  J O : , &  u;oo 
/Y. 56 - /J-.&74 /0 : & 0:Oo 
/5.’ / O  -1s: 30 YO .‘W 

End Observation do .L? 0 
U.ba 

0 ,‘do 



FUGITIVE EMISSION INSPECTION 

Company TCW 

Locat ion-  

Company Rep. 

Sky C o n d i t i o n s  d u d  CAST 

P r e c i p i t a t i o n  

- 
I n s p e c t o r  5 7 , ~ -  

A f f i l i a t i o n  PCTJ 6 t-,w,pd 

Date  !/9,/P/ 

Wind D i r e c t i o n  S c  

Wind Speed 6 - 3  

F a c i  1 i ty  Type &f /Aeo  

I 

OBSERVATIONS ;:'e Accumulated Accumulated 
O b s e r v a t i o n  E m i  s s i on 

E m i s s i o n  Source 8h6HOUSc- 

Time P e r i o d  Time 
(Mi n:Sec) (Min :Sec)  

Beg in  O b s e r v a t i o n  N:oo - f / :2a 7 b ; m  0 . a  

End O b s e r v a t i o n  

BiftL 

B-94 
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APPENDIX C 

SAMPLE RECOVERY AND ANALYTICAL DATA 

PARTICULATE 

Site 1 
Site 2 
Site 3 

PARTICLE SIZE 

Site 1 Mark I11 
Site 3 Mark I11 
Site 1 HGLI 

BLANKS 

DUST SAMPLES 

Trace elements 
Particle size 

Specific gravity 

I 
I 
I 

c-1 



PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET P 
Plant AL Tfcn B Sample date v / > / p /  

Run number A / ?  - / Recovered by c S ~  u l p b V D P / T z  

Sample loca t ion  &AA,V W L W  Recovery date d 

F i l t e r  number(s) O O C 7 9 : 4 A  
I ’  , 

CK)ISTURE 

Impingers S i l i c a  gel 

F ina l  volume ( w t )  /gs .& ml(g) F ina l  w t  43/. 9 9 
I n i t i a l  volume (wt) -.m~ CI ml(g) I n i t i a l  w t  ~ L W  g 
Net volume (wt) - /a .  d ml(g) Net w t  31-9 g 
Descript ion o f  impinger water CJ- a X spent 

Total moisture /9. 9 9 

4 
I 

I 
:I 

d 
1 RECOVERED SAMPLE 

F i l t e r  container number(s) 39fS 8 Sealed J .  

Descript ion o f  pa r t i cu la te  on f i l t e r  ZI-OWn I 
3985 A marked / I Liquid l e v e l  Probe r inse  

container no. 
blank L iqu id l eve l  , 
r no. 3 marked 

J 
Impinger contents L iqu id l e v e l  
container no. 7 9 8 8 A  marked 
-/ blank L iqu id l eve l  , 
container no. ,1983 A marked 
Samples stored and locked if- 
Remarks 

I 

I 
Recel ved by Date 4/3 - 8/ 
Remarks 

c-2 

1 
I 



~ 

I 
I 
1 
I 
I 
1 
II 
C 
I 
m 
I 
I 
1 
I 
I 
I 
I 
1 
I 

sample 
t y p e  

Acetone r i n s e  
f i l t e r  ( 6 )  

UETHOD 5 TRAIN ANALYTICAL PARTICULATE DATA 

R u n  No. 4 I P - I  J P l a n t  d.5. 1 &lec*cc Aec S e e  I 
Sample l o c a t i o n  
Relat ive humidi ty  Soqo 
Densi ty  of 8ce tone  ( p a )  .79DR g / m l  

Sample Liquid  l e v e l  8t mark 
i d e n t i f i a b l e  and/or c o n t a i n e r  s e a l e d  

ue5 t .5 
ic< U d  c 

~~ 

Acetone r i n s e  c o n t a i n e r  no. 
Acetone r i n s e  volume (Vaw) m l  

BT 437 

Acetone b lank  r e s i d u e  c o n c e n t r a t i o n  (Ca) .007 mg/g 
Wa = Ca Vaw pa = (.007 ) (-6 ) t.7908 ) = 2.5 mg J 

Date and t i m e  of w t  4-al-8i 4:15a.,., Gross w t  IllOCi6.b mg 
Date and t i m e  of w t  4 - d l - B I  3:30 urn Gross w t  lllO9b.8 mg 

Tare w t  IIDE&\ mg 
Average gross w t  / / l O L j b : 7  mgJ’ 

Less  a c e t o n e  b lank  w t  (Wa) 2.5 mg’ 
Weight of p a r t i c u l a t e  i n  a c e t o n e  r i n s e  . &%.I mg / 

F i l t e r  ( 6 )  c o n t a i n e r  no. 8T%3*Oooar% 
Date and time of w t  4-15-81 3:300m Gross w t  836.0 mg 
Date and time of w t  4-16-91 8:+5u, Gross w t  g35.8 mg 

Average gross w t  835.4 mgl ‘  
Tare w t  354.q mg 

Lt76.0 mg J 

230.1 mg 
Weight of p a r t i c u l a t e  on f i l t e r ( s )  

Weight of p a r t i c u l a t e  i n  a c e t o n e  r i n s e  
T o t a l  weight  of p a r t i c u l a t e  T T m g J  

Note: I n  no c a s e  s h a l l  a b lank  r e s i d u e  greater t h a n  ( .01 mg/g) or 
.0018 of t h e  weight  of a c e t o n e  used be s u b t r a c t e d  from t h e  sample 
weight.  
Remarks: 

S i g n a t u r e  of a n a l y s t  5 
S i g n a t u r e  of reviewer 

I dl A-,, . ,  1 L+ -l .o .v. 

c-3 



'1 Page 2 

Sample Sample 
type identifiable 

Water Rinse ye\ 

L i q u i d  level at mark 
and/or container sealed 

ges 

I 

I 
I 

I I 

Water rinse container no. 

Water rinse volume (VW) 188 ml 

0T 4-38 

Water blank residue concentration (Ca) .Do'/- mg/g 

ww = cw vww pw = (.004) ( ( 8 8  ) ( /.o = 0.0 

I 
$1 

mg ' I 
I 
I 
I 
I 

Date and time of wt 4-17-81 Gross wt 100 83t).'Amg 

Date and time of wt 4-d l -81 q:5Oa-, Gross wt IaOsJg. I mg 

Average gross wt loOp&.&mg ' 
Tare wtIOCg35.I mg 

0.8 mg ' Less water blank wt (Ww) 

Weight of particulate in water rinse 

TOTALS : 

I 
I 

Remarks : I 

Weight of particulate on filter(s) Y76.0 mg 

Weight of particulate in acetone rinse b3W mg J 

Weight of particulate in water rinse 13.3 mgJ 

Total weight of particulate 718.LCmg / 

Signature of analyst QQ/tes 
Signature of reviewer ?Lik.A/v Lid H 7.j.%. 

# V 
I 

I 

c-4 
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IC 
I 
1 
I 
I 
I 
b 
I 1  

I 
Y 
I 
I 
I 
I 
I 
I 
I 
1 
1 

PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET 

P lan t  AL T&-& Sample da te  &/s)F/ 
Sample l o c a t i o n  & A M  Recovery da te  " 

Run number A ,?-a Recovered by 

F i l t e r  number(s) 005.3 /L/ 

I ,  - 
MOISTURE 

Impingers S i l i c a  ge l  

I n i t i a l  volume ( w t )  &d ml(g)  I n i t i a l  ut %zw 

Desc r ip t i on  o f  impinger water C /eG< 2a % spent 

F i n a l  volume ( w t )  /f L. ml(g)  F i n a l  ut 432, L 9 

Net  volume ( u t )  - / L  ml(g)  Net w t  32. L 9 

To ta l  mois ture 2 d . L  9 

RECOVERED SAMPLE 

F i l t e r  con ta ine r  number(s) , 7 9 5 9 ~  Sealed J 

Descr ip t i on  o f  p a r t i c u l a t e  on f i l t e r  7Art \orG?J.. 

/ 
Probe r i n s e  L i q u i d  l e v e l  
con ta iner  no. ,7959 A marked 
Am+ blank L i q u i d  l e v e l  
con ta iner  no. 3 9 F P A  marked I 

Impinger contents  L i q u i d  l e v e l  
con ta iner  no. .?959~ marked / 
 JAW blank L i q u i d  l e v e l  

con ta iner  no. S A  marked , I 3 9 8  
Samples s to red  and locked / 
Remarks 

Received by 
Remarks 

c-5 



* 
Sample Sample 
trpe i d e n t i f i a b l e  

Acetone r i n s e  JeS 

Remarks : 

Liquid  l e v e l  a t  mark 
and/or c o n t a i n e r  r e e l e d  

9 e5 

s i g n a t u r e  of a n a l y s t  &l 
S i g n a t u r e  of reviewer %Jl.k, 

U 

C-6 
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c 
II 
I 
1 
I 
I 
b 
I 
I 
Iy 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Sample Sample 
type identifiable 

Water Rinse Q eS 

. .  

Liquid level at mark 
and/or container sealed 

Y eS 

L Page 2 

~~ ~ 

Water rinse container no. 

Water rinse volume (VW) IS9 ml 

Water blank residue concentration (Ca) .0&- mg/g . 

ww = Cw Vww pw = (.004) ( /8q  ( 1.0 = 0.0 mg J 

B T  W-0 

Date and time of wt 4-/?)-8l  8:35an, Gross wtJoJ6osomg 

Date and time of wt q-dO-81 &'lop+, Gross wt 102604.7mg 

Average gross wtJoa6o$f$mg 

Tare wtJD.UI.0 mg 

Less water blank wt (Ww) 0.8 mg/ 

Weight of particulate in water rinse /pd 
TOTALS : 

Weight of particulate on filter(s) 33'kkmg J' 

Weight of particulate in acetone rinse &3.8 rngy 

Weight of particulate in water rinse 3.0 rngJ 

Total weight of particuiate 561.&mg 1 

c-7 



PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET 

P l a n t  AL TEPH A/RA+-’Y Sample da te  4/9/81 

Run number ~ 1 7 - 3  Recovered by , ~ T H / , c  - / D  F/  P / L  

F i l t e r  number(s) Q>oz220 

I 

Recovery date ‘I Sample l o c a t i o n  JU-= 

MOISTURE 

Impingers S i l i c a  ge l  

F i n a l  volume ( w t )  J Yt;’ ml(g)  F i n a l  w t  A 4 
I n i t i a l  volume ( w t )  do0 m1(g) I n i t i a l  w t  +d/, g 

Desc r ip t i on  o f  impinger Water F-lc 4 r  2 5 % spent 
Net  volume ( w t )  - 5  ml(g)  Net  ut 3 2  9 

To ta l  mois ture 2 7 1 8  g 

RECOVERED SAMPLE 

F i l t e r  con ta ine r  number(s) , 1 9 4 4 8  Sealed / 

Descr ip t i on  o f  p a r t i c u l a t e  on f i l t e r  I/Q,~ 10,. .IC bm.m 
” 

Probe r i n s e  L i q u i d  l e v e l  
con ta ine r  no. ,?9 L s l A  marked / 

--blank L i q u i d  l e v e l  
con ta iner  no. 3989 A marked 1 

Impinger contents  L i q u i d  l e v e l  
con ta ine r  no. 3 9h5 marked / 

1 
a blank L i q u i d  l e v e l  
contarner  no. 3 p . 3  A marked 
Samples s to red  and locked / 
Remarks 

LAB ORY CUSTODY 

Received by &A~&/Ar&&lr Date -/3 - 
Remarks 

C-8 a 

’3 
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C 
I 
I 
I 
I 
1 
1 
I 
I 
Q 
I 
I 
1. 
I 
1 
I 
I 
I 
1 

Sample 
type 

Acetone r i n s e  
f i l t e r  (6 )  

c-9 

Sample Liquid  l e v e l  a t  mark 
i d e n t i f i a b l e  and/or c o n t a i n e r  mealed 

\I QS u PS 
W S  ’jes 

UETHOD 5 TRAIN ANALYTICAL PARTICULATE DATA 

P l a n t  U.S. EPA 1 E ~ e c t ~ c c  &LL S& 1 
sample l o c a t i o n  
R e l a t i v e  humidity 50 ‘?/o 

Densi ty  o f  ace tone  ( p a )  .7400 g/ml 



METHOD 5 TRAIN ANALYTICAL PARTICULATE DATA 
IMPINGER CONTENTS AND WATER RINSE 

le&c kkc steel Plant U.5 WA 1 E 
Sample location 

Relative humidity S 0 f o  

Run No. A / p - 3 J  - 

Density of water(pw1 1.0 s/ml 

Sample Sample Liquid level at mark 

Weight of particulate in water rinse @’ 

type 

TOTALS : 

Weight of particulate on filter ( 8 )  ja9L).amg 

Weight of particulate in acetone rinse 189.amgJ 

Weight of particulate in water rinse q.amg J 

Total weight of particbiate 1w7.6 mg J 

Remarks : 

identifiable and/or container sealed 

Signature of analyst 

Signature of  reviewer q.W. 
I 
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET 

- P l a n t  L,.,~ Sample date 4 / 7 / p /  

Sample location Y f A / L K T  Recovery date '1 

Run number Ad P - 1  Recovered by ~ B H P L /  

Filter number(s) f ino3199 

I ,  

- 

I 

MOISTURE 

Impingers Silica gel 

Init ial  volume ( w t )  ,O m1(g) Init ial  w t  g 
F i n a l  volume ( w t )  162 .O ml(g)  Final w t  4 3s: &= 9 

Net volume ( w t )  - JKO ml(g)  Net w t  3s. 9 
Description of impinger water arL- I 0 X spent 

Total moisture '5 7. k 9 

RECOVERED SAMPLE 

Filter container number(s) 3 9 S l B  Sealed I 
Description of particulate on f i l t e r  

Probe rinse L i q u i d  level 
container no. .?9fL A marked 

hrnaAJn 

J 
L i q u i d  level 

39f9 A marked J 
Liquld level 

/ 
Impinger contents 
container no. 3 9 9 3 P  marked 
[J&r b lank  Liquid level 

container no. marked / 39f3A , 
Samples stored and locked J 
Remarks 

Received by 943 -r/ 
Remarks 

c-11 



. -  

RETHOD 

~~ ~ 

5 TRAIN ANALYTICAL PARTICULRTE DATA 

P l a n t  US.  Epa / E t e c t L  Aec Stee I RU NO. mi>-i J 
sample loca t ion  
R e l a t i v e  humidi ty  50°/~ 
Dens i ty  of a c e t o n e  ( p a )  .7905 g/ml 

sample Sample Liquid  l e v e l  a t  mark 
t y p e  i d e n t i f i a b l e  and/or  c o n t a i n e r  mealed 

Acetone r i n s e  \I es J e.. 
f i l t e r  ( 6 )  Jes . I 6  

Acetone r i n s e  container  no. BT 
Acetone r i n s e  volume (Vaw) 557 ml 

- 

Acetone b l ank  r e s i d u e  c o n c e n t r a t i o n  (Ca)  .ml mg/g 
W a  = Ca Vaw pa = ( ,007 1 ( 5-57 1 (.7908) = 3.1 mg 1 
Date and t i m e  of w t  4-2a-SI 8.30- Gross w t  106Ul.4- mg 
Date and t i m e  of w t  4-23-81 4 O O p q  Gross w t  /0620(.7 mg 

Average gross v t  lc&ao1.6 m y  
Tare w t  1055aq.a mg 

Less  ace tone  b l ank  w t  (Wa) 3 1  mgJ 
464.3 mg 1 Weight of p a r t i c u l a t e  i n  acetone r i n s e  

F i l t e r ( s )  c o n t a i n e r  no. BT4&7nma/9/r l  
Date and t i m e  of w t  +l5-81 3 ' 3 0 h  Gross w t  ld15.3 mg 
Date and time of w t  Lf-/b-gI 8:+50.-, Gross w t  ld15.1 mg 

Average gross w t  1215 a mg/ 

Weight of p a r t i c u l a t e  on f i l t e r ( s )  855.1 mg' 
T a r e  w t  360.1 mg 

Weight o f  p a r t i c u l a t e  i n  a c e t o n e  r i n s e  
T o t a l  we igh t  o f  par t icu la te  -a:: J 

Note: I n  no c a s e  s h a l l  a blank r e s i d u e  greater t h  mg/g) or 
.001% of t h e  weight  of ace tone  used be s u b t r a c t e d  from t h e  sample 
weight .  
R-rks : 

s i g n a t u r e  of a n a l y s t  p M  b . 5  
S i g n a t u r e  of reviewer . d U k ,  7, j .U 

a 

Y 

c-12 
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I 
1 
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1 
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type identifiable 

\I e5  Water Rinse 

Page 2 \”- 

and/or container sealed 

J e5 

METHOD 5 TRAIN ANALYTICAL PARTICULATE DATA 

J 
IMPINGER CONTENTS AND WATER RINSE 

Plant Il.5. €PA 1 Ue.~&-tc hk c S&eeI Run NO. A2P-’1 

Remarks : 

signature of analyst U , 
signature of reviewer At-& T.j.b, il 

C-13 



.~ . ... ~ . . .  . .  . .  . .  

PARTICULATE SAMPLE RECOVERY AN0 INTEGRITY SHEET 

P l a n t  AL T~cti Sample da te  '+/ PA?/ 

Sample l o c a t i o n  AF(AI/V Recovery date 
Run number ,927-2 Recovered by 6jr/n&/ TC/DF 
F i  1 t e r  number( s) ,? I T-P 

MOISTURE 

Impingers S i l i c a  ge l  

F i n a l  volume ( w t )  I 5 L l  ml(g)  F i n a l  w t  4 6 2 . 4  9 
I n i t i a l  volume ( w t )  200 ml(g)  I n i t i a l  w t  Y O 0  9 
Net  volume ( w t )  qb ml(g)  Net w t  82#4 9 
Desc r ip t i on  o f  impinger  water s a  % spent 

To ta l  mois ture 3 6 . 4  g 

RECOVERED SAMPLE 

F i l t e r  con ta iner  number(s) ,-79ba B Sealed / 
Descr ip t i on  o f  p a r t i c u l a t e  on f i l t e r  Dace br-9 .h 

Probe r i n s e  L i q u i d  l e v e l  
con ta iner  no. 3 9 ~ 4  A marked / 

blank L i q u i d  l e v e l  
con ta iner  no. 3989 4 marked I 

Impinger contents  L i q u i d  l e v e l  
con ta iner  no. 3911 A marked / 
Wbm blank L i q u i d  l e v e l  

con ta iner  no. 3988'~ marked I 

Samples s to red  and locked / 
Remarks 

Received by Date 4 -/3- 2v 
I 

Remarks 

'b 
I 
I 
1 
I 
I 
I 
I 
I 
.1 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 

Sample Sample 
i d e n t i f i a b l e  t y p e  

Acetone r i n s e  \I e5 
f i l t e r  ( 6 )  * $4 

I 
I 
I 
I 

Liquid  level a t  mark 
nnd/or c o n t a i n e r  r e a l e d  

y es 
\)es 

I 
I 
I 
I 
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Page 2 

Sample Sample 
type identifiable 

METHOD 5 TRAIN ANALYTICAL PARTICULATE DATA 
IMPINGER CONTENTS AND WATER RINSE 

Plant (A .5. fY A / E l e c - h r  A e c S  e I Run No. f lap-& 

sample location 

Relative humidity 50°h 

Density of water (pw) /.D g/ml 

Liquid level at mark 
and/or container sealed 

Water Rinse $5 Je5 

Signature of analyst QLXQ S 
signature of reviewer uzk- T . .  4.k 

U 

C-16 
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET 

I 
I 

Sample date - Plant AL /ten - A L B d A Y  

Sample loca t ion  J-,,'~~ Recovery date . 'I 

Run number ? -3 Recovered by S j H / &  P?]DF/T 
I I / 

F i l t e r  number(s) 30 5 2 / 9 3  

MOISTURE 

Impingers S i l i c a  gel 
Final  volume (wt) 1 q Y  ml(g) Final  w t  Y 7 0 . 7  4 
I n i t i a l  volume (wt) 2LV.i m1(g) I n i t i a l  w t  4m g 
Net volume (wt) - ml(g) Net w t  7017 9 
Descript ion o f  impinger water p14r-v bo % spent 

Total moisture H-870 g 

RECOVERED SAMPLE 

F i l t e r  container number(s) 39bL 3 Sealed / 

Descript ion o f  par t i cu la te  on f i l t e r  b r b  b F A .  I$_ 

~~ ~ 

L iqu id  l eve l  
/ 

Probe r inse  
container no. 3 9 L 6  9 marked 
pfLmN~ blank L iqu id  leve l  
container no. 3YP ? A  marked / 

/ Impi nger contents L iqu id  l eve l  
container no. ,? 9 6 9.4 marked 
1JP &7 blank L iqu id  leve l  

container no. 3 Yf,rA I marked / 

Samples stored and locked / 

Remarks 

Received by /-/s-.Jy 
Remarks 

. 
C-17 



METHOD 5 TRAIN ANALYTICAL PARTICULATE DATA 1 

Acetone r i n s e  I u e5 

J p l a n t  U . S .  LPft /&lec*c k steel Run No. &2?-3 

des 

Sample l o c a t i o n  
Relative humidity 50 o/o 
Densi ty  of ace tone  ( p a )  .7908 g / m l  - 

~ ~~~ 

Sample Sample Liquid l e v e l  a t  mark 
t y p e  I i d e n t i f i a b l e  I and/or c o n t a i n e r  s e a l e d  

Acetone r i n s e  volume (Vaw)  ad8  m l  
Acetone b lank  r e s i d u e  c o n c e n t r a t i o n  (Ca)  -007 mg/g 
Wa = C a  Vaw p a  = ( . O h  ) (330 ) ( . y l O e )  = 1.3 mg J 

Date and t i m e  of w t  4-dI-81 q:15+ Gross w t  lo7Q)b.a mg 
Date and t i m e  of w t  4-9d-01 q;COk Gross w t  IO7076.~ mg 

Tare w t  106537.0 mg 
Average g r o s s  w t  1 ~ 7 6 7 6 . 2  mgY‘ 

L e s s  ace tone  b lank  w t  (Wa) 1.3 mgJ 
Weight of p a r t i c u l a t e  i n  ace tone  r i n s e  537.1 mg J’ 

Fi l t e r ( s )  c o n t a i n e r  no. ET %w02 197 
Date and t i m e  of w t  L)-lS-Bl 3:30p, Gross w t  6 f a . 3  mq 
Date and t i m e  of w t  4-16-81 B;*a*, Gross w t  611.8 mq 

Tare w t  359.5 m g  

Weight of p a r t i c u l a t e  i n  a c e t o n e  r i n s e  537.1 m g  

Average gross w t  6fa.o mq/ 

Weight of p a r t i c u l a t e  on f i l t e r ( s )  a~a.5 mgJ 

Total  weight of p a r t i c u l a t e  TdW’ 
Note: I n  no case shall a blank r e s i d u e  g r e a t e r  t h a n  mg/g) or 
.001% of t h e  weight  o f  ace tone  used be s u b t r a c t e d  from t h e  sample 
weight.  
Reinarks : 

S i g n a t u r e  of a n a l y s t  

S i g n a t u r e  of reviewer 73%- 
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Sample Sample 
type i d e n t i f i a b l e  

Water Rinse ges 

I 
I 
I 
I 
I 
I 

Liquid  l e v e l  a t  mark 
and/or c o n t a i n e r  s e a l e d  

ue.5 

Water r i n s e  c o n t a i n e r  no. 29- 'Pi3 
Water r i n s e  volume (vww) 423 ml 

Water blank r e s i d u e  c o n c e n t r a t i o n  ( C a )  .oo'k mg/g 

ww = cw vww pw = ( .oo* ( G 3  1 ( 1.0 1 = 1.7 mg J' 

Date and t i m e  Of W t  4-17-g( B : 4 5 a ,  Gross w t  ioss~o.smg 

Gross w t  I O ~ ~ U D . ~  mg Date and t i m e  of w t  4-2l-01 q;5061 
/ Average g r o s s  wtloSSco.4mg. 

Tare w t  I@s46B.>mg 

Less water blank w t  (Ww) 1-7 mg v 

Weight of p a r t i c u l a t e  i n  water  r i n s e  @mg / 

TOTALS : 

Weight of p a r t i c u l a t e  on f i l t e r ( s )  252.5 mg V' 

Weight of p a r t i c u l a t e  i n  ace tone  r i n s e  537.1 mgJ 

Weight of p a r t i c u l a t e  i n  water r i n s e  !/0.5 mg 1 
Total we igh t  of p a r t i d u i a t e  8m.r mg J 

r 
c 

S i g n a t u r e  of a n a l y s t  s 
Signature of reviewer %f-d d.&& . r J . t f . ,  

# U 

c-19 



PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEEl 

Sample date 4 / > / P /  1 - Plan t  ,4 /6w 

Sample l o c a t i o n  AL~A,UL/ Recovery date tc 

Run number A SP-/ Recovered by 6 J ~ / r c  /PW f 
F i l t e r  number( s) doe zze5 - 

* .  
I I 

.. 
MOISTURE 

Impi ngers S i l i c a  tiel 

F i n a l  volume (wt )  /.5-3,0 ml(g)  F i n a l  ut 4bL. 2 g 

I n i t i a l  volume (wt)  m. i, m1(g) I n i t i a l  w t  4u0 9 

Net volume ( w t )  - 9'7.0 ml(g)  Net ut /-/-.d g 
Desc r ip t i on  o f  impinger water PJAW h~ % spent 

Tota l  moisture 19.7 9 

RECOVERED SAMPLE 

F i l t e r  con ta iner  number(s) .3992~ Sealed J 

Descr ip t i on  o f  p a r t i c u l a t e  on f i l t e r  & bcnwn 

/' Probe r i n s e  L i q u i d  l e v e l  
con ta iner  no. ,1391 A marked 

L i q u i d  l e v e l  3 9 @  A marked / 
/ I c p ~  blank 

conta iner  no. 

/ Impinger contents L i q u i d  l e v e l  
con ta iner  no. L?99J 4 marked 

L i q u i d  l e v e l  3983 A marked / 
lJ+f blank 

conta iner  no. 
Samples s to red  and locked J 
Remarks 

Received by LLCJ Date 4/ . 4.3 -a/ 
Remarks 
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. . .. .. . . . .. 

~~ 

sample 
type 

Acetone rinse 

Impinger rinse 

I 
I 
I 
I 
I 
I, 
a 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Sample Liquid level at mark 
identifiable and/or container sealed 

q e3 JeS 

yes 9 6  

page 1 of 2 7’ 

Analytical Organic Particulate Data 

Sample location 

Relative humidity 5O0/0 

Density of acetone (pa) -7908 g/ml 

FRONT HALF 

Acetone wash of nozzle, probe, cyclone 
(bypass), flask, front half of filter 
holder. Container no. 3-l-453 uciu--e 263 .-) 

Date and time of wt. +a‘-81 4.15a, Gross wt. 102035.3 mg 

Date and time of wt. 4-91-81 3-3Q0, Gross wt. l o a 3 3  b mg 

(‘Qo-7) c ~ W C . ~ ~ O B ) - -  1.5 1 Average gross wt. /02-033-5 mg 1 
Tare wt. 102oJ7.6 mg 

Less acetone blank wt. (Wa) 1.5 mgd’ 

Weight of particulate in acetone rinse j4*+ mg/ 

Filter (SI container no. ST 4-7 I * 000 &a05 
Date and time of wt. 4-15-81 ,~;BD- Gross wt. 362.d mg 

Date and time of wt. L)-lb-%I 9:s- Gross w t .  362.5 mg 

Average gross w t .  3 L a . 6  mgJ 

Tare wt. 356.6 mg 
Weight of particulate on filter ( 8 )  6.0 m g J  

J 

Weight of particulate in acetone rinse I++ mg 

Total weight of particulate mg 

FRONT HALF SUBTOTAL 20.4 mg’ 



BACK HALF ETHER-CHLOROFORM EXTRACTION 

Impinger contents and water wash of 

I3T4!34- A3 1- i impingers, connectors, and back 
half of filter holder. Container no. 
~~ 

Inorganic fraction container no. ET Lt54-‘‘+” If01ume if;+&) 

Date and time of wt. +a’-81 %3°0.*r, Gross wt. 1 0 4 8 f O . 8  mq 

Date and time of wt. Lt-al-Bi mq 4 : 1 0 p / n  Gross wt.- l0489O.S’ 
(”Oa)  150) ‘‘‘oj=o’3 ’ Average gross wt. l 0 4 P Y O . g  mq J 

mgJ 

Tare wt. I o L f - ~ t ~ . ~  mq/ 

J Less water blank wt. 0.3 mq 

Total weight of inorganic phase 
‘d 

4 1  Organic fraction container no. BT 4 5 + ’ r ~ m  
Date and time of wt. 4-ai -si  ‘?:30%Gross Wt. 6qIb3 .7  mq 

Date and time of wt. 4-31-8r 4 : i 0 p m  Gross wt. &I&+. i mo 
(.-I ( ‘ 5 0 )  Ll.0?0>= 0.0 /Average gross Wt. 64143.9 mg J 

d:3  m9 J 

Tare wt. 6+lb0.0 mq 

/ Less ether-chloroform blank wt. 0.8 mg 
Total weight of organic phase 

?.6; mq i BACK HALF SUBTOTAL 
W 

TOTAL WEIGHT 23.0 mqJ 

Signature of analyst \ 
0 0 

Signature of reviewer-= a &“,b7& .?;j.‘k: 
U 

c-22 

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



- 

I 
I 
I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET 

Sample date Y/P/E/ - Plant Ac / ~ C H  

Sample loca t ion  &bV Recovery date '' 
Run number ~3 3 -2 
F i l t e r  number(s) n o o z t n  

I '  

Recovered by f i r , , / p . / p  F/rr  
I 

MOISTURE 

Impingers S i l i c a  gel 

I n i t i a l  volume (wt) ,3nn m1(g) I n i t i a l  w t  - 
Description o f  impinger water C'/&T 40 X spent 

Final  volume (wt) / Pi9 ml(g) Final  w t  46d.7 9 

Net volume (wt) * ml(g) Net w t  go. 7 9 

Total moisture ,70,7 9 

RECOVERED SAMPLE 

I F i l t e r  container number(s) 3 9 / 3 8  Sealed 
Descript ion o f  par t i cu la te  on f i l t e r  L S q t O W h  

Probe r inse  L iqu id  l eve l  
container no. ,Y gLL? A marked 

blank L iqu id  leve l  
container no. . 7 ? f 9  fl marked 
Impinger contents L iqu id  l eve l  
container no. ,?9&7A marked 

L iqu id  leve l  
container no. 39f3 I4 

I 

/ 
/ 

blank 

Samples stored and locked 
Remarks 

Received by Y23 - m 
Remarks 

C-23 



~ ~ ~- ~~ ~~~~ . .  

Analytical Organic Particulate 

sample Sample 
type identifiable 

qes 
w 
yes 

Acetone rinse 

Impinger rinse 

Filter (s) 

Data 

Liquid level at mark 
and/or container sealed 

y es 
3 e5 
v s  

'z Page 1 of 2 

Date and time of wt. 4 -21-81 Cj.'lS* Gross wt. l o s a 7 . o  mg 

Date and time of wt. 4-24-01 3:300, Gross wt. fD5=7 .+  mg 

C 1 9 3 )  C-Vof?)  = 1.0 1 Average gross wt. I o s a n  a mg J. 

Tare wt. 105ar6.4 Ag 
Less acetone blank wt. (Wa) 1.O mg / 

Weight of particulate in acetone rinse 9.8 mg /' 

Filter ( s )  container no,. BT 4% 6 OOD alrt--, 
Date and time of wt. 4-15-81 3:3Opo Gross wt. 364.5 .mg 

Date and time of wt. L)-lb-%I B:- Gross w t .  369.6 mg 

Tare wt; 3m.a mg 

Weight of particulate in acetone rinse 9.e mg 

Average gross wt. 369.6 mgJ 

Weight of particulate on filter (s) 74- mg J 

Total weight of particulate 

FRONT HALF SUBTOTAL 17.2 mg J 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I- 
I 
I 
I 

C-24 



Paae L or f 

I 
I 
I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BACK HALF ETHER-CHLOROFORM EXTRACTION 

J 
Inorganic fraction container no. -EL!f*+ C V & d . " e  i74m.C) 

Impinger contents and water wash of 
BTLtSL? 6 3 x 2  impingers, connectors, and back 

half of filter holder. Container no. 

Date and time of ut. Y-af-81 9.'*% Gross wt. 10647B.a mg 

Date and time of wt. # - a l - S I  q ; / o L h  Gross wt.- lO6977.g mg 

('003)'1741 c /.O)= 0.4 L/ Average gross wt. 106q72.0 mg J 

G.+ mg / 

Hi) m g J  

Tare wt. 106%'?.b mg 

Less water blank wt. 

,/ 
Total weight of inorganic phase 

/ h ,  Organic fraction container no. BT 456 "OW 
Date and time of wt. I$-ai-8/ ?:30+ Gross wt. 67325.a ma 

Date and time of wt. 4 - a - F I  4'IopmGross wt. 67325.6 ma 

(.005>( 150) ( I . o 4 0 ) = 0 . 0  Average gross wt. 6732SLt- m g /  

Tare w t .  6732Y.0 mg 

/ Less ether-chloroform blank wt. 

Total weight of organic phase 25 ::; 
BACK HALF SUBTOTAL 0.6 mg 

TOTAL WEIGHT 17.8 mqJ 

Signature of analyst 

Signature of reviewer 7.j. A/. 

C-25 



PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET 

Plant - - CEipAlV Sample date +/p / 

Run number ,43 2-3 Recovered by SlN/&&:/ - , r / P p r  

L / C C H  
- 

I 

Sample location o,*&- Recovery da te  " 

F i l t e r  number(s) AAA ? 2 6 6  
I .  I '  

MOISTURE 

Impingers S i l i ca  gel 

Final volume ( w t )  a 0 3  m l ( g )  F i n a l  w t  444. L f  9 

I n i t i a l  volume ( w t )  ml(g) I n i t i a l  w t  400, a 9 
Net volume ( w t )  3 ml(g) Net w t  49I 4 9 
Description o f  impinger water a& 25--% % spent 

Total moisture 5 2 . 4 -  9 

R E C O V E R E D  SAMPLE 

F i l t e r  container number(s) 3 9bPS Sealed 
Description of  par t icu la te  on f i l t e r  

Probe r inse Liquid level 
container no. 3 4 6 ~ A  marked 

.LI 

/ 
Liquid level 

/' 
&-blank 
container no.  ,? 9 8 9  A marked 

L Impinger contents Liquid level 
container no. 3% 9 A  marked 

./ 
blank Liquid level 

container no.  3983 A ,,marked 
Samples stored and locked J 
Remarks 

Received by 
Remarks 

C-26 
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I 
I 
I 
I 
I 
I I  

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

Sample Sample 
type identifiable 

Acetone rinse \J e5 
Impinger rinse ges. 

Analytical Organic Particulate Data 

Liquid level at mark 
and/or container sealed 

J e.5 

9 e5 

FRONT HALF 

Acetone wash of nozzle, probe, cyclone 
(bypass), flask, front half of filter 
holder. Container no. 8T 457 (qoldme l 0 6 d )  

Date and time of wt. Y-al-$i 3 : 3 0 p r 7  Gross wt. I 075 7 9.7 mg 

Date and time of wt. +Ja-gf q : O O a ,  Gross wt. 107574.6 mg 
c '  OO7) (106) [ .-)qOB)= 0.6 J Average gross wt. 10757'4.6 mg J 

13.4- mg J 

Tare wt. iO7565.b mg 

/ Less acetone blank wt. (Wa) 0.6 mg 

Weight of particulate in acetone rinse 

Filter (s) container no. ZT 473 tt O O O a m  

Date and time of wt. 4-15-81 3:304n7 Gross wt. 369.4 mg 

Date and time of wt. q-Ib-81 8:- Gross wt. 369.1 mg 

Average gross wt. s9-2 mg/ 
Tare wt. 357.6 mg 

11.6 mg J Weight of particulate on filter (s) 

Weight of particulate in acetone rinse 

Total weight of particulate 

FRONT HALF SUBTOTAL 

C-27 



Paq,  L UT L 

11 

BACK HALF ETHER-CHLOROFORM EXTRACTION 

J Impinger contents and water wash of 
BT 4-58 A33-3 impingers, connectors, and back 

half of filter holder. Container no. 

Inorganic fraction container no. BT *B "+'I <YO/* 31+ns-) 
Date and time of wt. q-ar+l q ' 3 c h ,  Gross wt. lO53/7.'7 mg 

Date and time of wt. 4-al-81 4 : I O p m  Gross wt.- iC6317.a mg 

lO5317.Lt mg J 

5 mgJ 

[ .OO&) C 3I4l L f . O ) =  0.6 Average gross wt. 

Tare wt. lD5315.2 mg 

/ 0.6 mg Less water blank wt. 

Total weight of inorganic phase 
1 1  Organic fraction container no. ET %8 " O I W  

Date and time of wt. 4 - ar - 8r 4:3oC- Gross w t .  7 4 7 8 2 . 4  ma 

Date and time of Wt. LC-ai-81 '+:lop* Gross wt. 747ia.9 mg 
(.Oo5) l I 'oqB>=0.8  / Average gross wt. 79729.6 mg J 

Tare wt. 79774.5 mg 
/ Less ether-chloroform blank wt. 0.0 mg '' 

a Total weight of organic phase 

BACK HALF SUBTOTAL 3.4 mg 

TOTAL WEIGHT x . 9  mg J 

Signature of analyst 

Signature of reviewer 
U 
LC 7.1. jL . 

Y Y 

C-28 
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I 
I 
I 
I 
I 
I 
a 
0 
I 
I 
E 
I 
I 
1. 
I 
1 
I 
I 
:I 

ANDERSEN IMPACTOR RECOVERY AN0 INTEGRITY SHEET 

P1 ant  a/- riA Sample date c -  

&- San(p1e l o c a t i o n  / , V L ~ ; T  p 0 ,  I Recovery date 
Run number & P M -  I &  . Recovered by 

RECOVERY SAMPLE 

dB Cycl one p a r t  i cu l  a t e  
conta iner  number 

Cyclone and nozzle r i n s e  
conta iner  number marked 

Nozzle ( o r  i n l e t  chamber) 
r i n s e  con ta ine r  number 3 A marked / . 

/-- L i q u i d  l e v e l  

L i q u i d  l e v e l  

/ Acetone b lank L i q u i d  l e v e l  
conta iner  number A marked 

F i  1 t e r s  

Stage 

0 
1 
2 
3 
4 
5 

6 
7 

Backup 

F i l t e r  number Container number Container sealed 
J 

J 
J 
J 
J 
I Y  

J 

* 37 x- 
3 3 3  - 
2 +g - -223% 
t a? - 
t 3 6  - y 9/ 
yoq J 

a LlY --=-e--& 
Samples s to red  and locked / 

Remarks 

Received by +4m?/ 
Remarks 

C-29 



ANDERSON IMPACTOR ANALYTICAL DATA 

Sample Sample Liquid level at mark 
type identifiable and/or container sealed - 

l/ Acetone rinse :c> / r s  

filter ( s )  

I 

Backup 

Weight of particulate in acetone rinse 
Total 

Signature of analyst r/hA LQL 
Signature of reviewer <9dk LL..u&- r .  8 

I 

C-30 
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I 
r I  

I 
I 
I 
1 
I 
I 
1 
I 
1 
I 
I 
1’ 
I 
I 
I 
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- -- 



I 
I 
I 
I 
I 
I 
c1 
I 
I 
I 
I 
I 
I 
I 
1 
r 
I 
I 
Y 

Sample Sample Liquid level at mark 
type identifiable and/or container sealed 

Acetone rinse Yc s Y 6  
filter ( s )  I I  Y.5 - 

ANDERSON IMPACTOR ANALYTICAL DATA 

Stage 

0 
1 
2 
3 
4 
5 
6 
7 

Backup 

sr,+GfO-Weight - of particulate in acetone rinse 3.b J 
Total 258 J 

Signature of analyst MIL Gkx---- 
Signature of reviewer 9A.L 7-2. V, 

0 

C-31 

39 



‘I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
Y 
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET 

P1 a n t  f ib KG Gf Sample da te  Y-$-k/ 
Sample l o c a t i o n  < /  T F A  . ./-/&&%-Recovery date y-8-W - .  
Run number A /  ff i  aJ3 Recovered by fxdHAJtR 

RECOVERY SAMPLE 

Cyclone p a r t i c u l a t e  L i q u i d  l e v e l  
con ta iner  number fl.& marked 

/ Cyclone and nozz le r i n s e  
conta iner  number marked 

L i q u i d  l e v e l  

/ 

cr7 L i q u i d  l e v e l  / i n l e t  chamber) 
r i n s e  con ta ine r  number marked 

I 

Acetone b lank L i q u i d  l e v e l  
con ta iner  number -%-$-Ti & marked 

F i  1 t e r s  

Stage F i l t e r  number Container number Container sealed Comments 

0 y 34 % 5 x 2 )  J IV8 &@RPJ* 
J I (  

2 J VEAY L/ 6?w 
3 
4 

5. 
6 
7 

Backup 

Samples s to red  and locked 

r /  
J 
J 

Remarks 

A P R Y  CUSTODY 

Date 
/ 

Remarks 

C-32 
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I 
I 
I 
E 
I 
I 
II 
I 
I 
I 
1 
I 
I 
1: 
I 
I 
I 
1 
1 

Sample 
type 

Acetone rinse 
filter (s) 

ANDERSON IMPACTOR ANALYTICAL DATA 3y 

Sample Liquid level at mark 
identifiable and/or container sealed 

Y- S Y-5 

0 ., 

6 - 
I 

Backup 

Weight of particulate in acetone rinse 
Total 

Signature of analyst ,Ai! 
Signature of reviewer 5 U t . u  7.2. P 

c-33 



ANDERSON IMPACTOR ANALYTICAL DATA 

Sample Sample 
type identifiable 

Acetone rinse (t< 5 

filter (s) ‘tf 5 

3’ 

Liquid level at mark 
and/or container sealed 

V J  
U 
( r >  

Weight of particulate in acetone rinse 3.0 / 
Total 10.5 1 

S794E -0 - 

Signature of analyst fiA K d &  
Signature of reviewer 2d-A- && 4 ) ‘  . 

/ 

c-34 
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET 

RECOVERY SAMPLE 

L i q u i d  l e v e l  PA- marked 
Cyclone p a r t i c u l a t e  
conta iner  number 

2C70 / Cyclone and nozzle r i n s e  
conta iner  number a marked 

L i q u i d  l e v e l  

J -Ne&a&r i n l e t  chamber) L i q u i d  l e v e l  
r i n s e  con ta ine r  number arL4PA marked 

Acetone b lank L i q u i d  l e v e l  
conta iner  number y p  A marked / 
F i  1 t e r s  

Stage 

0 

1 

2 
3 

4 
5 
6 

7 
Backup 

F i  1 t e r  number 

3$z- a 
s s 

Y 9L 
E/ 78 

h pa 

Container number 

2 r 9 3  I 

Container sealed 
J 
J 
J 

r/ 
L/ 
r/ 
J 

J. 
J 

Samples s to red  and locked / 

Remarks 

Received by 

Remarks 

c-35 
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ANDERSON IMPACTOR ANALYTICAL DATA 

Sample 
type 

Acetone rinse 
filter(s) 

Sample Liquid level at mark 
identifiable and/or container sealed 

Y- 5 ' 5  

Stage 

0 
1 
2 
3 
4 
5 
6 
7 

Backup 

Filter No. Lab No. Gross,mq Tare, mq Net, mq 

Weight of particulate in acetone rinse 
Total 

Signature of analyst P A  
Signature of reviewer 71 . I  h( 

U 

% 
'rlW1 

I 
1 
I 
I 
I 
I 
IJ 
I 
I 
I 
I 
I 
I 
I 
I 
I 

C-36 



I 
I 
1 
I 
I 
I 
a 
I 
1 
I 
I 
! 
I 
1 
I 
I 
I 
I 
1 

Sample 
type 

Acetone rinse 
filter ( s )  

ANDERSON IMPACTOR ANALYTICAL DATA 3L 

Sample Liquid level at mark 
identifiable and/or container sealed 

y< J < >  

$’r > y7 > 

Stage 

0 
1 
2 
3 
4 
5 
6 
7 

Backup 

Filter No. Lab NO. 

DT h L  

SiG 2 
s(r 3 

Gross ,mq Tare , mq Net, mq 
w p r . + n r  ~ A ~ G H ~  , N I R ~ C V T T C U  38 J 

Weight of particulate in acetone rinse a.0 J 
Total J9,7 J 

Signature of analyst mcl, LlL, 
Signature of reviewer c &LA& 7 . i .  9. 

C-37 



ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET 

P lan t  A L T E C H  Sample da te  q- 7 4  
Sample l o c a t i o n  bu'rLt$&17&3 Recovery date b/ - 7-e/ 
Run number A3 ps - I A Recovered by 

RECOVERY SAMPLE 

Cyc 1 one p a r t  i c u l  a t e  
conta iner  number /u& marked 

Cyclone and nozz le  r i n s e  

L i q u i d  l e v e l  

L i q u i d  l e v e l  

L i q u i d  l e v e l  2532. A marked r i n s e  conta iner  number 

Acetone blank L i q u i d  l e v e l  
con ta iner  number 2.537 4 marked 

F i l t e r s  

conta iner  number' d A  marked 

. / -  
Nozzle 1 

S t a g e  F i l t e r  number 
0 2 0  J 

1 'Y oa 
2 70 7 

4 " 
5 7 7 Y  
6 203 
7 zab -6 

Backup a 301 

Container number Container sealed 
J + 9 5 1 0  / 

%TI1 A 
%5t2 I/ 

Samples s to red  and locked if 
Remarks 

Received by a te  Y-/S-~/ 
Remarks 

C-38 
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ANDERSON IMPACTOR ANALYTICAL DATA 1% 

Sample 
type 

Acetone rinse 
filter (s) 

I 

Sample Liquid level at mark 
identifiable and/or container sealed 

ye 5 % J 

7- I - >  

I 

Filters 

Stage Filter No. Lab No. 

0 2 @!i DT 577 
1 v 00 
2 03 
3 z 2.0 
4 t \c 
5 *7'4 
6 t 03 
7 2 16 

Backup 0 201 

Weight of particulate in acetone rinse 3.0 J:,? 
Total -6.q e:>, I , (?  

Signature of analyst mA K& 

Signature of reviewer . . .  v 

c-39 



ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET 

P l a n t  A& e/& Sample date 4f -f--d/ 
Sample l o c a t i o n  s/*,3 - L a v r ~  Recovery da te  4-8-8-/ 
Run number A 3  P5A A Recovered by p&mp& - 

RECOVERY SAMPLE 

Cycl one pa r t i  cu l  a t e  
con ta ine r  number marked 

pL/& marked 
Cyclone and nozz le r i n s e  
con ta ine r  number 

AJk 
L i q u i d  l e v e l  

L i q u i d  l e v e l  

L i q u i d  l e v e l  
marked J 

Nozzle 

J L i q u i d  l e v e l  & F q q  4 marked 
Acetone b lank 
conta iner  number 

F i  1 t e r s  

Stage 

0 

1 

2 

3 
4 

5 
6 

' 7  
Backup 

F i  1 t e r  number 
7 3 5  

20  s 

Container number 

a - 
L2SxL- 

, 

Container sealed 
v 

J 

v 

Comments 

U/&7 
ak 
nlC 

bK 
ok( 
oK 

O k  
O l t  

Samples s to red  and locked J 

Remarks 

Y C U S T O D Y  

Received by Date f&2/& 
/ '  ~ 

Remarks 

( I. 

-. 
C-40 

1 
1 
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I 
I 
I 
I 
I 
1 
4 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Sample 
type 

Acetone rinse 
filter (s) 

Sample Liquid level at mark 
identifiable and/or container sealed 

q - 3  y- 1 

Y- > Y- s 

Weight of particulate in acetone rinse 2 . 5  

Total \3 .3  J 

Signature of analyst ./hac +&L.eL- . .  , 
U 

Signature of reviewer &A A& 



ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET 

P lan t  -k& ,?& Sample date y+*/ 

Run number 4 - 5  PT3A Recovered by  
Sample l o c a t i o n  5 / T F 7 - - 0  V T i  Recovery date y-941 

RECOVERY SAMPLE 

Cyclone p a r t i c u l a t e  L i q u i d  l e v e l  
con ta ine r  number marked 

L i q u i d  l e v e l  /.A- marked 
Cyclone and nozz le  r i n s e  
conta iner  number 

Nozzle L i q u i d  l e v e l  
r i n s e  con ta ine r  number k marked 

, -  

prrp 
2 . T Y f  / 

Acetone b lank L i q u i d  l e v e l  
con ta iner  number A- marked " 

F i  1 t e r s  

Stage F i l t e r  number Container number 

J ox 

f O K  

8 k  
J 6 )< 
J SK 
J O h  

K 

Backup k C f f T  
Samples s to red  and locked J 

Remarks 

Received by Date 7-/3- ti*/ 
Rema r ks 

C-42 
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ANDERSON IMPACTOR ANALYTICAL DATA v- I 

Sample 
type 

Acetone rinse 
filter (s) 

I 
I 
t 
I 
I 
I 
C 
I 
I 
I 
I 

Sample Liquid level at mark 
identifiable and/or container sealed 

Y 4  7 )  

q.r-j f - I  v 

I 
I 
I 
1 
I 
fi 

Weight of particulate in acetone rinse 3.0 J 

Total 15.7 1 

7-4 . .  p 3 

Signature of analyst 

Signature of reviewer 
d 

c-4 3 



ANDERSEN HEAVY G R A I N  LOADING IMPACTOR RECOVERY AND INTEGRITY SHEET 

AI  rrcrr Sample date 4-7 - gf  Plan t  - 
Sample l o c a t i o n  .S;h 10 . I  Recovery date Y - 7 -  g! 
Run number 4 f i  - / Recovered by m 4 s o d  

RECOVERED SAMPLE 

Stage 

P a r t i c u l a t e  
con ta ine r  

number 

Container 
sealed 

comments 

Rinse 
conta iner  L i q u i d  l e v e l  

number marked 

2ciw 
Cyclone 
p r e c u t t e r  &&+++ d 

J 
1 

2 m 
Cyclone u d 
Backup L-= / 

I / Samples s to red  and locked 

Remarks 

LABORATORY CUSTODY 

Remarks 

c-4 4 

ui3 1 
I 
I 
1 
I 
I 
I 
I 
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I 
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I 
1 
I 
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~ 

I 
I 
I 
i 
I 
I 
11 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

Sample Sample 

Page J_ of -T 

Liquid level marked 

EGLI PARTICULATE ANALYTICAL DATA 

Plant U'1 EQL) I E b o a t  A a,'- >rc.P ~ u n  NO. f l  115 - I  

Relative humidity  SO^., 

I 

Sample location 

Density of acetone (pa) .'1YoE g/ml 

Particulate I q.> :< 5 

Signsture of analyst r / &  d J J 4  
Signature of reviewer . .  . 

f 

e-45 



. .  ~~~~~ . . . . . .. 
~ . '.. . . . - . . :  . . .  .. .~ * .- . . . - ._ . ..~.. 

Sample Sample 
tYPe identifiable 

Acetone rinse Yc, 

Particulate 

''1 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

Liquid level marked 
and/or container sealed 

G I 

Page 2 of 

C-4 6 
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. . .  . 
. ., ... . .  . .. . . . ... . . . ,.._ ,-... 

Sample Sample 
type identifiable 

Acetone rinse . rs  

rtrimble 

I 
I 
I 
I 
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Sample Sample 
type identifiable 

Acetone rinse Y 4 3  

Particulate 

Page 1 of 2 

Liquid level marked 
and/or container sealed 

L/ 
I 4  I 

Date and time of wt Y - 2 L - K l  l ? 3 0  Gross wt 15%533 g y ‘  

Average gross wt I U C L . O S ~  b 9’ 

Tare wt Io’i~Jlb 3 9 

t.? mg / Less acetone blank w t  (Ita) 

Weight of particulate in acetone rinse b5.Y mgJ 

Particulate container no. 

Date and time of ut Gross wt 9 

Date and time of wt Gross wt 9 

Average gross wt 9 

Tare w t  9 

Stage 

Weight of particulate mg 

Weight of particulate in acetone rinse 

Total weight of particulate stage 

mg 

mg 

Note: In no case shall a blank residue greater than (.01 mg/g) or 
.DO18 Of the weight of acetone used be subtracted from the sample 
weight. 

Ramarks: 

~~ 

Signature of analyst f n L l u  K& 
Signature of reviewer 4b(@ &L,&& T l k .  
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ANDERSEN HEAVY GRAIN LOADING IMPACTOR RECOVERY AND INTEGRITY SHEET 

Sample date - -  / FLn’ - Plan t  A L  
Sample l o c a t i o n  </ TE&.., 1 - / U L  &7- Recovery date y-r- &/ 
Run number A / p 5 -.7. Recovered by ,Z&& /& &5,7/J 

/ 

Stage 

P a r t i c u l a t e  
con ta ine r  

number 

RECOVERED SAMPLE 

Container 
sealed 

comments 

Rinse 
conta iner  L i q u i d  l e v e l  
number marked 

Cyclone 
p r e c u t t e r  ,dA 

Samples s to red  and locked J 
Remarks 

C-50 
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Sample Sample 
tYPe identifiable 

Acetone rinse -, 
Particulate 

. . . . . . . . . . . . . ., .. . .  
.._, .. . . :. ~ .... ~ .. .. 1 .. ... . . . . . . .  . . 

d 

Liquid level marked 
and/or container sealed 

v- J 

~~ 

Signature of analyst m-A K& 
Signature of reviewer r . f . l fL  
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Sample Sample 
tYPe Identifiable 

v Acetone rinse \-r> 

Particulate 

Liquid level marked 
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Sample Sample 
type identifiable 

U 
Acetone rinse 14 > 

Particulate 

. , -..., . ._ ,... . ~ .  .. .: . . .... \. 

Liquid level marked 
and/or container mealed 

J 
4es 

?age 3 of 

Signature of analyst nh% K d J  
Signature of reviewer 7. j. &, 

v 
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Sample Sample 
type identifiable 

Acetone rinse ‘1 7 )  

Particulate 

Liquid level marked 
and/or container mealed 

YI,  
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Sample Sample 
type identifiable 

Acetone rinse $ 5  

nimble 

j Y 

Liquid level marked 
and/or container mealed 

Y4.5 

?age t of 5- 

BGLI PARTICUUTE ANALYTICAL DATA 

Plant U 5 F P n  1 E - \ v ~ T f i - t  &t ~ T T c ~  R u n  No. c h P 5 - b  

Sample location 
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ANDERSEN HEAVY GRAIN LOADING IMPACTOR RECOVERY AND INTEGRITY SHEET 

Plant - ,&86 7 F 4  Sample date 9- 9-a/ 
Recovery da te  y e  - Sample l o c a t i o n  C I S /  - / J & K  

- Recovered by &A+’ A 1 f5 3 Run number 

Stage 

Cyclone 
p r e c u t t e r  

1 

0 
L 

Cyclone 

Backup 

RECOVERED SAMPLE 

P a r t i c u l a t e  Container Rinse 
con ta ine r  sea 1 ed conta iner  L i q u i d  l e v e l  

number comments number marked 

& V 6 0 ~ -  J’ -- 2 S u l L  
/c//F- -68 

P A  m L  

Samples s to red  and locked / 
Remarks 

i 

i 

C-56 
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Sample Sample 
type identifiable 

Acetone rinse r 

Particulate 

. ... .. . . . . . .* . . 

CL 

Liquid level marked 
and/or container sealed 

<> 

Signature of analyst MA t& 
Signature of reviewer 7.f,PL 
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Sample Sample 
type identifiable 

Acetone rinse <> 

Particulate 

Liquid level marked 
and/or container sealed 

<> 
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Sample Sample 
tYPe identifiable 

Acetone rinse r >  

Particulate 

. . . . . -. .. ... .. . .  . 
sb 

Liquid level marked 
and/or container sealed 

-3 

rage A Of 

Signature of analyat nnJ2 &4zf.l 
Signature of reviewer 71, k 

v 
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sample Sample 
type identifiable 

Acetone rinse 

Particulate 

Liquid level marked 
and/or container sealed 

Remarks: 

Signature of analyst k / G  LLL 

Signature of reviewer 73 Ik 
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Sample Sample 
type identifiable 

?ape &of 

Liquid level marked 
and/or container mealed 

WGLI PARTICULRTE ANALYTICAL DATA 

Plant U S ~ P A ~  ~k.rr#c GG Run NO. g\ $5-3 
Sample location 

Relative h d d i t y  3-0 7, 
Density of acetone (pa) , 79cK g/ml 

Thimble I 
Acetone rinse container no. 2SW-I I p,T '197 stage Y bfirli-y 
Acetone rinse volume (Vaw) ah- ', ml ,/ 
Acetone blank residue concentration (Ca) 

Wa - Ca Vaw pa = ( . O D \ - )  ( X\.lT) (.>WE?) = 

Date and time of wt +2t X I  1 0 3 0  Gross wt 101 . b53 l  9' 
Date and time of wt '+23 '?3l 1730 Gross wt 101. / 

Tare wt l C l . ~ , Y > l  g / 

. V O T  mg/g / 
I. o mg ii' 

g 

Average gross wt 10 1 .  g" 

1' 

'I.? mg J 
Less acetone blank wt (Wa) 1.e "9 

Weight of particulate in acetone rinse 
LY i3 

Thimble container no. g7 (rqpj +#3 
Date and time of w t  <{-'>.l.8] 1'700 Gross wt 1.LL36 g J  

Date and time of wt '1-22-81 l l C 0  Gross w t  1. bC'\q g J'' 

Average gross wt A . G L  q L  g J 
Tare w t  2. Y'i88 g J 

Weight of particulate in Thimble 115.9 mg y 

Weight of particulate in acetone rinse q.7 mgJ 

/ 

Total weight of particulate in mtage 4 

Total stage 0 

I 20.3 mg J 
30.1 mg J 

' Y.'i mg J 

'i0.3 mg J 
110.3 mg J 

Total particulate 199.9 mg J 

Total stage 1 

Total stage 2 

Total mtage 3 

Total stage 4 

, V.1 mgr/ 

Signature of analyst m2 v&e./ 
Signature of reviewer 7.1 & 
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Note: 
-.001% of t h e  b lank  weight be s u b t r c o c t c d  from the  a;?ropte 
weight.  

I n  '10 case should a blank r e s i d u e  g r e a t e r  t l i a n  0 .01  mg/g) 

b!ote: _ _  
sample weiyht whichever is g r e a t e r .  

Remarks 

Xvcrage d i f f e r e n c e  m i i s t  be  1c:;s i 2 ; , 3 i i  f5 illy o r  %% of t o t a l  

-- 

s i g n a t u r e  of analyst h 5  

S i g n a t u r e  of revieweE :%5 &WKLtf c/..lj. 
Y 

Qual i ty  Assurance Handbook M5-5.4 
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i 

Sample location 737461 3'79444 
Relative humidity -yo 
Liquid level marked and container sealed Ves 

Density of acetone (pa) .7908 g/ml 

Blank volume (Val aa7 ml 

Date and time of wt 4-ai-81 9;rSrn Gross wt 998'74.7 mg 
Date and time of wt 4-a-Sl 3.30~- Gross wt 99875.1 mg 

Average gross wt Ci9?7.t;9 mg' 

Tare wt 9 9 ~ ~ 3 7  mg 

Weight of blank (ma) 1.2 mgJ 

( / . a  ) . 007 mg/gJ ma c, = 
"a Pa ( a&? ) ( ,7408 ) 

Note: In no case should a blank residue greater than 0.01 mg/g) 
=.001% of the blank weight be subtracted from the sample 
weight. 

Filters Filter number 

Date and time of wt 

Date and time of wt 

Average 

mg 

Gross wt mg 

gross wt mg 

Tare wt mg 

Gross wt 

Difference wt mg 

Note: Average difference must be less than - +5 mg or 2 %  of total 
=le weight whichever is greater. 

Remarks 

Signature of analyst 
U 

Signature of reviewer A& .I-j.k. 
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.. 

? R R T ; u k .  B/fld( 
BLANK ANALYTICAL DATA 

P l a n t  Ll4.5. EPfi I &kc-& ARC Stee l  
sample l o c a t i o n  37- 459 39 034 J 

Relative humidi ty  50% 
Type o f  b lank  U t e R  

Liquid  leve l  a t  mark and container s e a l e d  

Dens i ty  o f  b lank  ( p a )  f.0 g/ml 

B lank  volume ( V a )  37 P, m l  1 

Date and time of w t .  - /7-81 0.G- Gross w t .  11/16$.*g 

Date and t i m e  of w t .  4-31-81 q : 5 0 h  Gross w t .  / I l r b & ~ m g  

Average g r o s s  w t .  I j I / & % . 4 m q  

\I es 

J 

Tare  w t .  11lrb6.7 mg / 

Weight of b lank  (ma) i.7 mg 

Note: I n  no case s h a l l  a blank r e s i d u e  g r e a t e r  t han  ( 0 . 0 1  
mg/g) or 0.001% of t h e  weight of blank used be s u b t r a c t e d  
from t h e  sample weight .  

Remarks : 

S i g n a t u r e  of a n a l y s t  5 
S i g n a t u r e  of reviewer T.f.$/\ 

I 
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BLANK ANALYTICAL DATA 

Plant U S .  Qfl l&lec$ecc flue S&I 
” !I m-m I 1  && Sample location 

Relative humidity 50Q[o 
Type of blank l L ) b k  

Liquid level at mark and container sealed 

Density of blank (pa) 1.0 g/ml 

,ye5 

Blank volume (Va) a50 ml’ 

Date and time of wt. Lf-91-81 4:lO DM Gross wt. ’?669* mg 

Date and time of wt. 4-aa-81 $:004n Gross wt. 96645.4-mg 

Average gross wt. 46695.2 mg / 

Tare wt. 966446mg 

Weight of blank (ma) 0.6 mg 

Note: In no case shall a blank residue greater than (0.01 
mg/g) or 0.001% of the weight of blank used be subtracted 
from the sample weight. 

Remarks : 

Signature of analyst 
a r 

Signature of reviewer JDLLL & hLtt T4. ?r/ 
Y’ 
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BLANK ANALYTICAL DATA 

Plant u.5. FPA lLlecQL a a  s t e e l  
Sample location BT W 
Relative humidity 50D/o 

Type of blank 

.,v/ 

ekheLL /Chlolro h&m 

Liquid level at mark and container sealed 

Density of blank (pa) 1.048 g/ml 

Blank volume (Val 150 ml J 

Date and time of wt. y - a r - 8 ~  q:?m, Gross wt. 65761.5 mg 

Date and time of wt. 4-ai-i3 I +.‘IO Gross wt. &x,i.a mg 

3 e5 

Average gross wt. 65761.4- mg d’ 

Tare wt. 657W.5 mg 

Weight of blank (ma) 0.9 mg 

Note: In no case shall a blank residue greater than (0.01 
mg/g) or 0.001% of the weight of blank used be subtracted 
from the sample weight. 

Remarks : 

Signature of analyst Qsnes 
(I 

Signature of reviewer gi. ~1 ,.Ute- 7.9. h, 
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1L 
BLANK ANALYTICAL DATA FORM AeT,+,~ 

Plant U > € W  E-\r,.n;c t c >7--.2. l3T L%L= 

Sample location Z T 2 b  

Relative humidity 3x93 

Liquid level marked and container Y+ 5 

Density of acetone (pa) g/ml 

Blank volume (Val 381 mlJ 

Date and time of wt L \ - 2 Y - & \  I Y  00 Gross wt 10YL\31.Y mg' 

Date and time of wt ?-zs -& \  1330 Gross wt IOZ; q 3 1 . b  mg/ 

Average gross wt \0~.\~33.?;-mgJ 

Tare wt I O Y ~ ~ I  , L I  mg' 

sealed 

Weight of blank (ma) 1 . 1  mg / 
( 1.1 ) ,004 mg/g / ma ca = 

"a Pa ( 351) ( .7qoQ 1 

Note: In no case should a blank residue greater than 0.01 mg/g) 
=.001% of the blank weight be subtracted from the sample 
weight. 

Filters Filter number 

Date and time Of wt Gross wt mg 

Date and time of wt Gross wt m9 

Average gross wt m9 

Tare wt mg 

Difference wt mg 

Note: Average difference must be less than 25 mg or 2 %  of total 
=le weight whichever is greater. 

Remarks 

~~ 

Signature of analyst 

Signature of reviewer f j  k 
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Plant K\ E P ~  / , r~ -ew,c  ~1-rc J i r r \  

Sample location ST 6Yb 

Relative humidity YO 7'. c* 2 5 3 1  

Liquid level marked and container sealed c s  

Density of acetone (pa) .75og g/ml 

Blank volume (V,) \95 ml J 

Date and time of wt q-Zz-g\ IJDO Gross wt io3bs$.s mgJ 

Date and time of wt '\-?-3-&i 1730 Gross wt 1 0 3 o S 9 . 7  mg J 

Average gross wt 1 0 3 0 a s . g  mg J 

Weight of blank (ma) 0 mg J 

Tare wt 10 3 075.53 mg 

( 3.0 ) .ox mg/g J ma ca = 
Va Pa ( I90 ) ( .)YC? ) 

- Note: In no case should a blank residue greater than 0.01 mg/g) 
or 0.001% of the blank weight be subtracted from the sample 
weight. 

Filters Filter number 

Date and time of wt Gross wt mg 

Date and time of wt Gross wt mg 

Average gross wt mg 

Tare wt mg 

Difference wt mg 

Note: Average difference must be less than - +5 mg or 2 %  of total 
sample weight whichever is greater. 

Remarks it&-& ,O/ m @alru/dnis?s, .I 

Signature of analyst 

Signature of reviewer T f . k  
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P l a n t  % € E & \  Rcm;c t% c- 5 7  'Ct I a1 5-00 

Sample locat ion c 2 S Y 7  Q 

Rela t ive  humidity COY. ,  

Liquid l e v e l  marked and conta iner  sealed 

Density o f  acetone ( p a )  4 9 o e  g/ml 

Blank volume (V,) 218 m l /  
/ Date and t i m e  o f  w t  Y-2i -81 1300 Gross w t  \CJLt,,ZO. S- mg 

kT > 

Date and t i m e  of w t  v- l l -%l  0 4 3 0  Gross W t  l V X b b i 0 . q  mgJ 

Average g r o s s  w t  I C i - b l C .  7 m9 J 

Tare  w t  lox 6 r8.8 mg J 

Weight o f  blank ( m a )  1 . 9  m9 / 
ca = ~ ( 1.9 ) c v . ~  mg/g J ma 

va P a  ( S I 8  ) ( '7'fb$ 

Note: I n  no c a s e  should  a b l a n k  r e s i d u e  g r e a t e r  than  0 . 0 1  mg/g) 
n O . O O 1 %  of  t h e  blank weight be s u b t r a c t e d  from t h e  sample 
weight. 

F i l t e r s  F i l t e r  number 

Date and t i m e  o f  w t  Gross w t  mg 

Date and t i m e  of w t  Gross w t  m9 

Average g r o s s  w t  mg 

Tare  w t  m 9  

D i f f e rence  w t  mg 

Note: Average d i f f e r e n c e  must be less than  - +5 mg or 2 %  of t o t a l  
sample weight  whichever i s  g r e a t e r .  

Remarks 

- 

S i g n a t u r e  o f  a n a l y s t  

S i g n a t u r e  of reviewer %k&lL+u& . .  , 
Y 
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"1 

ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET 
W R u v B  b; /TcR B/f ids 

P lan t  A L iT;"/.# Sample date NA- 
Sample l o c a t i o n  */A- Recovery date 

Run number 4 3  19 flp Recovered by 

RECOVERY SAMPLE 

Cyclone p a r t i c u l a t e  L i q u i d  l e v e l  
con ta iner  number dA- marked 

Cyclone and nozz le r i n s e  L i q u i d  l e v e l  
conta iner  number NA marked 

Nozzle ( o r  i n l e t  chamber) L i q u i d  l e v e l  
r i n s e  conta iner  number d A  marked 

Acetone b lank L i q u i d  l e v e l  
conta iner  number a/A marked 

F i l t e r s  

S t a g e  

0 
1 

2 

3 

4 
5 

6 
7 

Backup 

F i  1 t e r  number * Container sealed Comments 

./ 

L/  

J 

'1 

J 
r /  

Samples s to red  and locked I 

Remarks 

Received by a te  +/3- 8/ 
Remarks 
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1 
1 
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T 
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I 
f’ 
I 
1 
# 
1 
I 

m 

Sample 
type 

Acetone rinse 
filter ( s )  

Sample Liquid level at mark 
identifiable and/or container sealed 

y-r \  G S 

Date and time of wt Gross wt mg 

Date and time of wt Gross wt mg 

Average gross wt mg 

Tare wt mg 

Less acetone blank wt (Wa) mg 

Filters 

Stage 

0 
1 
2 
3 
4 
5 
6 
7 

Backup 

Weight of particulate in acetone rinse mg 

Filter No. Lab No. Gross,mq Tare, mq Net, mg 

Weight of particulate in acetone rinse - 
Total 1.L / 

Signature of analyst 

Signature of reviewer ;r: P.k 
u 
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET (q; 8 ) ~ d K )  
4 L  - -  P1 an t  Sample date 

Sample l o c a t i o n  5 /=  3 - 0 u7AJF7- Recovery date Y- 6-8/ 
Run number A 3 PSB Recovered by 

RECOVERY SAMPLE 

Cyc 1 one p a r t  i cu l  a t e  
conta iner  number fJA marked 

Cyclone and nozz le r i n s e  
conta iner  number A/b marked 

Nozzle ( o r  i n l e t  chamber) 

L i q u i d  l e v e l  

L i q u i d  l e v e l  

L i q u i d  l e v e l  
r i n s e  conta iner  number Na- marked 

Acetone blank L i q u i d  l e v e l  
’ number n/A marked conta iner  

F i  1 t e r s  

Stage 

0 
1 

2 

3 

4 
5 

6 
7 

Backup 

F i  1 t e r  number 

x-31 
x -  5 2  
x- 33 
r(- 3y 
Y - 3 r  
1-36 
x-  37 
W -  60 
D 2 2 2  

Samples s to red  and locked 

47nr\: IO00 1311 
Container number Container sealed Comments 

1 
1: 
I 
1 
I 
a 
I 
1 

I 
J I ,  

J ’I 

Received by %,/? -p/ 
Remarks 

I 
I 
1 
I 
I c-7 2 



I 
1 
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1 
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I 
1 
I 
P 
I1 

1 
1' 
P; 
1 
I 
1 
I 

Sample 
type 

Acetone rinse 
filter ( s )  

ANDERSON IMPACTOR ANALYTICAL DATA 1, 

Sample Liquid level at mark 
identifiable and/or container sealed 

J c / 

Filters 

Stage 

0 
1 
2 
3 
4 
5 
6 
7 

Backup 

Weight of particulate in acetone rinse m9 

Filter No. 

X 31 
r- 31 
k 33 
x 3\1 

Signature 

Signature 

Lab No. Gross,mq Net, mq 

.1. J 
XJ 

, (1 J 
* 'I J 
.I J 

.z J 

L J  
.l J 

Weight of particulate in acetone rinse - 
Total 2.8 J 

of analyst n& K L  7.9.  w. 
fl 

of reviewer %LA 
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ANDERSEN HEAVY GRAIN LOADING IMPACTOR RECOVERY AND INTEGRITY SHEET 

Plant - A L ?/& Sample date ,AJA 

Sample location - Recovery date 
Run number -a/ py E/= Recovered by r/# 

Stage 

Cyclone 
precut ter  

1 

2 

Cyclone 

Backup 

RECOVERED SAMPLE 

Par t icu la te  Container Rinse 
container sealed container Liquid level 

number comments number marked 

I 
I 

Samples stored and locked I 

Remarks 

LABORATORY CUSTODY 

Remarks 

c-74 
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..I.' .. . . , :  . . . . ~ . ~  . .. . . . .: 
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Sample location 

Relative humidity 

Density of acetone (pa) g/ml 

Sample Sample Liquid level marked 
type identifiable and/or container sealed 

I I 

signature of analyst % 
signature of reviewer fk-m / -$/ww 
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C O M M E R C I A L  TESTING 81 ENGINEERING CO. 
OENERAL OFFICES: a m  NORTH L A  SALLE STREET. CWICAPO.  ILLINOIS ~ D U O ?  . A R E A  CODE 312 11e.0434 

Reply to INSIRUHENIAL ANALVSIS DIVISION. 14135 WESI U 1 H  AVENUE, GOLDEN. COLORADO MMI. VUONf: 103-Y7I.V52l 
- . ~ 

-- .. . .. . 

,..r, ./. 

I lo: Mr.  Thomas J. Wagner 
PEDCo Enviromental, I nc .  
11499 Chester Road 
C inc innat i ,  Ohio 45246 

Date: May 26, 1981 

J .  Oldham I No PEI-81-3918-3530-2 
SPARK SOURCE MASS SPECTROGRAPHIC ANALYSIS IAD No 97-6425-515-04 Sample No BT 431 

W 5 T  sf f~PL.15 
A r e - /  4 - 7 - B l  CONCENTRATION IN PPM WEIGHT 1 

ELEMENT CONC ELEMENT CONC ELEMENT CONC ELEMENT CONC 

Uranium 

Thorium 

I Bismuth 
Lead 

I Thal l ium 

Mercury 

Gold 

1, p1 a ti 
I r i d i u m  

I Osmium 

6 

8 

350 

MC 

12 

NR 

100 

*3 

3 

Terbium 

Gadol i n i  um 

Europium 

Samarium 4 

Neodymi um 5 

Praseodymium 2 

Cerium 21 

Lanthanum 21 

Barium MC 

Cesium 7 

Iod ine  2 

Te l l u r i um 3 

A n t i  mo ny 160 

T i n  410 

Indium STO 

Cadmium 150 

<4 S i  1 ver  - 

Pal 1 a d i  um 

Rhodi urn 

*Heterogeneous 

Rutheni um 

Molybdenum 

Niobium 

Zirconium 

Y t t r i u m  

St ron t ium 

Rubidium 

Bromine 

Selenium 

Arsenic  

Germanium 

Gal l ium 

Zinc 

Copper 

N icke l  

Cobal t  

I r o n  

Manganese 

Chromium 

MC 

190 

130 

15 

MC 

170 

170 

120 

420 

100 

660 

t.IC 

MC 

MC 

340 

MC 

MC 

MC 

Vanadium 

T i  t a n i  um 

Scandium 

C a l  c i  um 

Potas s i um 

Chlor ine  

S u l f u r  

Phosphorus 

S i  1 i c o n  

A1 umi n um 

Magnesi um 

Sodi um 

F luo r ine  

Oxygen 

N i t rogen 

Carbon 

Boron 

Bery l  1 i um 

L i t h i u m  

Hydrogen 

850 

M C 

1 

MC 

MC 

t.!C 

MC 

MC 

MC 

MC 

MC 

MC 

MC 

NR 

NR 

NR 

42 

0.3 

160 

NR 

I Lutetium 
Y t t e r b i  um 

1 Thulium 

Erbium 

I Holmium 

1 Dysprosium STO - Internal Standard 
NR - Not Reported 

MC - Major Component 
IN1 - Interference 

All elements rwt detected < 0.4ppm Approved: h. L . x&-& (nl 
e-77 

w .  
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C O M M E R C I A L  TESTING 81 ENGINEERING CO. 
QEUEWbL O F F I C E S :  219 UOWTH L b  SbLLE 9lWEET. CHICLOO. ILL1NOIS 80801 , bWEb CODE 912 728.8494 

~NSleUMENlAl A N b l I I I S  DIVISION, 14335 WE51 441" AVENUE, GOLDEN. COLORADO 00401. PHONE: 103.170~9511 Reply to 

lo: M r .  Thomas J. Wagner 

11499 Chester Road 
C inc inna t i ,  Ohio 45246 

PEOCo. Enviromental, InC. .,-, ., ..e. 

Date: May 26, 1981 

Analyst: J . 01 dham 

P. 0. No,: PEI-81-3918-3530-2 
Sample No.: BT 432 

O U S  7 5 d H P 4 i  
81-fl-z ~ - 8 - g )  CONCENTRATION IN PPM WEIGHT 

SPARK SOURCE M A S S  SPECTROGRAPHIC ANALYSIS IAD No.: 97-6425-51 5-04 

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

Urani urn 

Thorium 

Bismuth 

Lead 

Tha l l i um 

Mercury 

Go1 d 

P1 a t i  num 

I r i d i  urn 

Osmi urn 

Rhenium 

Tungs ten  

Tantalum 

Hafnium 

Lute  t i  urn 

Yt terb ium 

Thul i urn 

Erbium 

Holmium 

Dysprosium 

3 

5 

420 

MC 

NR 

54 

- <0.9 

1 

Terbium 

Gadolinium 

Europium 

Samarium 

Neodymi um 

Praseodymi urn 

Cerium 

Lanthanum 

Barium 

Cesium 

Iod ine  

T e l l  u r  i urn 

An ti mony 

T i n  

I n d i  urn 

Cadmi urn 

S i  1 ver  

Pal 1 a d i  urn 

Rhodi urn 

STD - Internal Ssndard 
NR - Not Reported 
All elements not detected< 0.1 ppm 
MC - Maior Component 
IN1 - Interference 

0.4 

2 

3 

1 

19 

25 

MC 

14 

3 

5 

190 

220 

STD 

180 

190 

Ruthenium 

Molybdenum 

Niob i  urn 

Z i  r c o n i  urn 

Y t t r i u m  

Stron t i urn 

Rubidium 

Bromine 

Selenium 

Arsenic  

Gennani urn 

G a l  1 ium 

Zinc 

Copper 

N icke l  

Cobal t  

I r o n  

Manganese 

Chromi urn 

MC 

56 

39 

8 

MC 

530 

94 

66 

410 

55 

81 0 

MC 

MC 

MC 

190 

MC 

MC 

MC 

Vanadium 

T i  t a n i  urn 

Scandi urn 

Cal c i  um 

Po t a s s i  um 

Ch lor ine  

S u l f u r  

Phosphorus 

S i l i c o n  

A1 uminum 

Magnesium 

Sodi urn 

F luo r ine  

Oxygen 

Ni t rogen 

Carbon 

Boron 

Bery l  1 i urn 

L i t h i  urn 

MC 

710 

0.1 

MC 

MC 

MC 

MC 

840 

MC 

MC 

MC 

PI c 
MC 

NR 

NR 

NR 

23 

0.1 

9 

1 
I 
I 
@ 
I 
I 
I 
I 
I 
1 
I 

Hydrogen NR 

Approved: M *L - 
C-78 % %  



COMMERCIAL TESTING & ENGINEERING CO. 
QENERAL O f f l C E S :  118 NORTH LA SALLE STREET. CHICAGO. ILLINOIS a0801 . AREA CODE 332 710.11434 

Rcolv to IIISlRUHENtAL ANALISIS DIVISION. 14335 WESt U l H  AVENUE. GOLDEN, COLORADO 80401. PHONE: )03.27S.V5ll  I 
1 lo: Mr. Thomas J. Wagner 

PEDCo E n v i r m e n t a l .  I nc .  
11499 Chester Road- I Cinc innat i ,  Ohio 45246 

D ~ ~ ~ :  May 26, 1981 

Analyst: J. Oldham 

1 P. 0. No.: PEI-81-3918-3530-2 
Sample No.: BT 433 SPARK SOURCE MASS SPECTROGRAPHIC ANALYSIS IAD No.:97-425-515-04 

1 

1 Bismuth 44 

0 Mercury 

8 0 s  T J 4 9 n P A i  
~ r u - 3  + - 9 - B /  CONCENTRATION IN PPM WEIGHT 

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

2 Terbium Rutheni urn Vanadi um MC 

Ga do l  i n i um Molybdenum MC T i tan ium 660 

Europium N i  ob i  urn 52 Scandi um 0.5 

6 Thorium 2 

Lead M C Samarium 2 Zirconium 36 Calcium MC 

1 Thal l ium 2 Neodymi um 1 Y t t r i u m  16 Potass i um MC 

NR Praseodymium 1 S t r o n  ti um 800 Ch lor ine  MC 

Cerium 6 Rubidi  um 200 S u l f u r  MC Go1 d 

1 Plat inum Lanthanum 6 Bromine 43 Phosphorus 970 

I r i d i  um Barium MC Sel e n i  urn 28 S i  1 i c o n  MC 

1 Osmium Cesium 3 Arsenic  120 Aluminum MC 

Rhenium Iod ine  3 Germanium 41 Magnesium MC 

Tungsten 50 T e l l  u r i  um 2 Gal l ium 330 Sodium MC 

*1 Antimony 44 Zinc MC F1 uo r ine  MC 

1 T i n  a2 Copper MC Oxygen NR 

I Lutet ium Indium STD N icke l  MC Ni t rogen NR 

Y t t e r b i  um Cadmium 132 Cobal t  430 Carbon NR 

r 

1 Thulium S i  1 ver  220 I r o n  MC Boron 53 

c Erbium 

Hafnium 

Pal ladium Manganese MC Bery l  1 ium 0.2 

Rhodi um Chromi um MC L i t h ium 79 Holmium I Dysprosium *Heterogeneous 

STD - Internal Standard 

Hydrogen NR 

Approved: M .  f-.TUdn $ @% k NR - Not Reported 
AII elements not detected< 0.2ppm 
MC - Major Component X b h - 8 1  ' 
IN1 - Interference r-79 

I 



I C O M M E R C I A L  TESTING & ENGINEERING CO. 
QENEIAL OFFICES: 11. NORTH L A  SILL€ STWEET. CHICAGO, I L L I N O ~ S  m o m  . AREA CODE Sta  71a.0436 

INST~UHINtAL ANALYSIS OIVISION. 1433s WESI U l H  AVENUE. GOLDEN. COLORADO 80101. PHONE: 301.I78.VS11 ____ . - __ Reply 10 
- - 

lo: M r .  Thomas J. Wagner 
PEDCo Enviromental, I nc .  ..,, . . 
11499 Chester Road 
C inc inna t i ,  Ohio 45246 

Date: b y  26. 1981 

1 
Analyst. J .  Oldham 

I P. 0. NO.: PEI-81-3918-3580-2 

Sample No.: BT 434 Std SPARK SOURCE MASS SPECTROGRAPHIC ANALYSIS 'AD No.. 97-6425-515-04 
CONCENTRATION IN PPM WEIGHT 

NB.5 1 6 3 3 6  

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT 

Uranium 

Thorium 

Bismuth 

Lead 

Thal 1 i urn 

Mercury 

Go1 d 

P1 a t i  num 

I r i d i u m  

Osmi urn 

Rheni urn 

Tungsten 

Tan t a l  um 

Hafnium 

Lute  ti urn 

Y t t e r  b i  um 

Thul i urn 

Erbium 

Holmium 

Dysprosi um 

18 

56 

0.5 

110 

6 

NR 

7 

*11 

3 

0.3 

1 

0.2 

1 

2 

Terbium 

Gadolinium 

Europium 

Sama r i um 

Neodymi urn 

Praseodymi um 

Cerium 

Lanthanum 

Bar i  urn 

Cesium 

Iod ine  

T e l l  u r i  urn 

An ti mony 

T i n  

Indium 

Cadmi urn 

S i l v e r  

Pa 1 1 a d i  urn 

Rhodi um 

1 

4 

2 

11 

15 

15 

170 

140 

MC 

19 

0.3 

0.2 

4 

3 

STD 

1 

0.4 

Ruthenium 

Molybdenum 

N i  ob i  um 

Z i  r c o n i  um 

Y t t r i u m  

St ron  t i  urn 

Rubidium 

Bromine 

Selenium 

Arsenic  

Germani urn 

Ga l l ium 

Zinc 

Copper 

N icke l  

Cobal t  

I r o n  

Manganese 

Chromium 

15 

19 

21 0 

96 

940 

110 

11 

16 

120 

12 

43 

220 

71 

54 

10 

MC 

170 

150 

Vanadium 

Ti tan ium 

Scandi urn 

Calcium 

Potass i um 

Chlor ine  

S u l f u r  

Phosphorus 

S i l i c o n  

A1 urninum 

Magnesium 

Sodi um 

F1 u o r i  ne 

Oxygen 

N i t rogen 

Carbon 

Boron 

B e r y l l i u m  

L i t h i u m  

99 

MC 

19 

MC 

MC 

30 

MC 

MC 

MC 

MC 

MC 

MC 

46 

NR 

NR 

NR 

10 

2 

>370 

d 
1 
I 
Q' 
I 
I 
I 
1 
I 
I 
s 

3 * Heterogeneous Hydrogen NR 
STO - Internal Standard 
NR - Not Reported 
All elements not detected < 0.1 ppm 
MC - Maior Component 
IN1 - Interference 

Approved: M .c ~ I ~ L ~ I ,  % & I 2 6  E /  
c-80 
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1 
I 

PEDCo ENVIRONMENTAL 
1 1 4 9 9  CHESTER ROAD 

CINCINNATI. OHIO 45246 

( 5 1 3 )  782-4700 

MALYTICLL RESULTS 

4 / 1 3 / 8 1  1 l e n t :  U .  S .  E. P.A. Sample received:  
PN 3530-2  Results reported: 7 / 9 / 8 1  

1 
I A t t n :  

I 
I 
1 

I 
EA& &u,ELW5/  .5X+hrflLEs . 

- #omen t s  : 

t u b m l t t e d  by: 

BRANCH OFFICES 
I 
1 c7-n Cl"l*l ROf*..IOnd VlllrOI 

K.n..m Clty Mo C h m D I I  UIII N C 
CUESTER TOWERS c C-87 



Run No. 

A3PS-1A 
A3PS-3A 

* Not a n a l y z e d  

Run No. 
ATM- 2 
ATM- 3 

I 
I 
I 

PEDCO ENVIRONMENTAL, INC. 
1 1 4 8 9  CHESTER ROAD 

IS1 3) 782-4700 
CINCINNATI. onlo 45246 

TELEX (si  3) 782-4807 

LABORATORY REPORT 

FLUORIDE ANALYSES 

F- i n  r i n s e  F- o n  f i l t er ( s )  Total  F- 
( m g )  (ma) - _ .  

0.06 0.06 
0 . 1 3  0 . 7 6  0.89 

T o t a l  F- ,  m g / q  

4 3 . 1  
5 0 . 7  

Samples c o r r e c t e d  for b l a n k s .  

Reagent b lank for r inses  = ~ 0 . 0 4  m g  F - / f l a s k  
Reagent b l a n k  for f i l t e r s  = 0 . 2 4  mg F-/flask 
Andersen f i l ter  blank = - 1 . 5 2  mg F- 

Submitted  By: 

Date: 9 - /58/ 

. .  
f. BRANCH OFFICES 

r. 
t: 

?:;. . t. c. 

i 

L 
, . ?  

: 

CHESTER TOWERS UANSAS Cm. MISSOURI DURHAM. NORTU CAROLINA 

. .  

DALLAS. N ( A S  COLUMBUS. OHIO 
: .  . .. . . . : . . .: . ,. 

I 
I 
I 
I 
I 
I 
I 
I 

1 
I 
I 
I 
I 

- 
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PEDCO ENVIRONMENTAL, INC. 
1 idee CHESTER ROAD 

ELEX 151  31 7ez-0807 

CINCINNATI. OHIO 45546 
I51 3) 782-4700 

PARTICULATE RUNS 

Run No. 

A3PS2A (Anderson set) 
A3PS3B (Anderson set) 

Total vg metal 

Chromium - Lead Nickel 

214 91 120 
214 74 92 

All blanks: Non-detectable 

BULK SAMPLES 

mg/g metal 

Run No. 

ATM- 2 
ATM- 3 

Date: September 9, 198) - 

Lead Nickel - Chromium 

42.6 11.5 9.6 
35.8 5.31 23.0 

Submitted By: &&l&@/ I LJ 

f 
BRANCH OFFICES 

r?. 

. .  , ! 
I . .  

D A L U S .  TCXAS COLUMBUS. ~ 1 0  I 
. .  

. ., .. : .  , 

I 
I CHEWER TOWERS KANSAS Cm. YIUOURI DURHAM. NORTH CAROLINA 

C-8 9 
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APPENDIX D 

MRI PROCESS SUMMARY 
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MIDWEST RESEARCH INSTlTWl 
4505 Creedmoor Roar 

Raleigh, N.C. 2761: 

Telephone (919) 781-575, 

Date: May 8, 1981 

Subject: Source Test Report--Electr ic Arc Furnaces i n  the Steel Industry:  
AL Tech Special ty Steel Company, Watervl iet ,  New York 
EPA Contract No. 68-02-3059; ESED Pro ject  No. 79/9 
M R I  Pro ject  No. 4663-L 

From: Wi l l iam Terry, M R I d  

To : Reid Iversen, Lead Engineer 
ESED/ISB/SSAS 
U.S. Environmental Protect ion Agency 
Research Tr iangle Park, NC 27711 

I. Purpose 

To monitor the operation o f  the  e l e c t r i c  arc furnaces ( E A F ' s ) ,  
argon-oxygen decarburization (AOD) furnaces, and associated environmental 
cont ro l  systems dur ing the source t e s t  a t  the AL Tech Special ty Steel p lan t .  

11. Place and Date 

AL Tech Special ty Steel 
Spring Street  
Watervl iet ,  New York 12189 
Telephone: (518) 273-4110 
A p r i l  6-9, 1981 

111. Attendees 

A. AL Tech Special ty Steel 

Arthur St ienst ra,  Mechanical Engineer 
Paul Larkin, F i r s t  Melter 
Chuck I rw in ,  F i r s t  Melter 

B. U.S. Environmental Protect ion Agency ( E P A l  

Dennis Holzschuh, EPA/EMB 

C. PEDCo Environmental, Inc. (PEDCo) 

John Prohaska, Test Team Leader 

D-3 

Principal morator iw 425 Volker Boulevard. Kansas City. Missouri 641' 



I 
L 

0. Midwest Research I n s t i t u t e  ( M R I )  

L a l i t  Banker, MRI/Raleigh 
Wi l l iam Terry, MRVRaleigh 

IV. Discussion 

A. Background 

AL Tech Specia l ty  Steel (AL Tech) employs about 1,100 people a t  
t h i s  p l a n t  which produces approximately 113,750 megagrams (Mg) 
(125,000 tons) o f  spec ia l ty  s tee l  per year. Recently the p lan t  has been 
operating f r o m  three t o  f i v e  days per week depending upon the demand f o r  
t h e i r  products. 
s ta in less s tee l  and h igh temperature a l l oys .  

spec i f i ca t ions  f o r  the EAF's, AOD's ,  and the associated contro l  system. 
Each EAF and AOD has a ra ted  capacity o f  27.3 Mg (30 tons). 
presents the general p l a n t  layout. The nor th  AOD vessel and EAF No. 89 
are located i n  the nor th  end o f  the bu i ld ing ,  and EAF No. 90 and the 
south AOD vessel are located i n  the southern end o f  the bui ld ing.  The 
t e s t  observer could see from one end o f  t he  b u i l d i n g  t o  the other t o  
determine the stage o f  the heat f o r  each furnace and vessel. 
furnace No. 89 feeds the north ADD and furnace No. 90 feeds the south 
AOD. However, the nor th  EAF can feed the  south AOD vessel, and v ice 
versa, i f  necessary. 

source t e s t  on A p r i l  6 through 9, 3981. 
t r a t i o n ,  p a r t i c l e  s ize  d i s t r i b u t i o n  (PSD), v i s i b l e  emissions (VE) ,  and 
f u g i t i v e  emission (FE) t es ts  were performed a t  the common ductwork and 
the cont ro l  system f o r  a l l  the furnaces. These tes ts  were conducted by 
PEDCo. AL Tech was selected f o r  emission t e s t i n g  f o r  several reasons: 
the capture and cont ro l  o f  PM from the AOD vessels and EAF's  appeared t o  
be good dur ing M R I ' s  f i r s t  v i s i t ;  the capture and contro l  equipment were 
representat ive o f  current  technology; and the ductwork was amenable t o  
obta in ing uncontrol led emission data from the AOD and EAF operations. 
These tes ts  were performed p r imar i l y  t o  es tab l i sh  an emission data base 
t o  a i d  i n  the review o f  the  e x i s t i n g  new source performance standards 
(NSPS) f o r  the EAF's i n  the s tee l  indust ry .  

AL Tech produces many d i f f e r e n t  grades o f  s tee l ,  inc lud ing 

AL Tech operates two EAF's and two AOD's. Table 1 l i s t s  the 

Figure 1 

Typica l ly ,  

The ob jec t ive  o f  the t r i p  was t o  monitor the process dur ing the 
Par t i cu la te  matter (PM) concen- 

B. Process 

Normal meltshop operation consists o f  charging and backcharging the 
EAF w i th  co ld  scrap and f luxes; meltdown; tapping the EAF; charging 
molten metal, f luxes, and a l loys  i n t o  the  AOD vessel; r e f i n i n g  i n  the AOD 
vessel; and tapping the re f ined metal i n t o  a l ad le  which i s  then transferred 
t o  the teeming a is le .  Each o f  the two EAF's  has a 4.1-meter (m) C13.5-foOt 
(ft)] diameter shel l .  The average product ion per. heat i s  29 Mg (32 tons) of 
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TABLE 1. TECHNICAL DATA FOR PROCESS AND CONTROL SYSTEMS 
AL TECH SPECIALITY STEEL COMPANY 

A. E l e c t r i c  arc furnaces 

1. Capacity: des igdac tua l  27.3 Mg (30 tons)/29 Mg (32 tons) 
2. Shel l  diameter 4.1 m (13.5 ft) 

3. Electrode diameter 43.1 cm (17 in . )  
4. Tapping temperature 1866'K (2900OF) 
5. Transformer r a t i n g  10,000 kVA 
6. Heat t i m e  (tap-to-tap) 3.7 hours 

B. Argon-oxygen decarburization vessels 

1. Capacity:design/actual 27.3 Mg (30 tons)/29 Mg (32 tons) 
2. Shel l  diameter 3.0 in (10 ft) 
3. Tapping temperature 1839OK (285OOF) 
4. Heat t i m e  1.5-2 hours 

C. Control system--Baghouse 

1. Capture system 2 canopy hoods per furnace 
2. Manufacturer Wheelabrator-Frye 

3. Type/cleaning p o s i t i v e  pressure/shaker on t imer 

4. Design f low r a t e  282 m3/s (600,000 acfm) 

5. Compartments 8 

6. Total  number o f  bags 5,376 
7. Bag dimensions 20.3 cm (8 in. )  diameter 

8. A i r - to -c lo th  r a t i o  (net) 2.96 t o  1 

9. Fans (3) 522.2 kW (700 hp) each 

10. Pressure drop 1.0 t o  1.5 kPa (4-6 in . )  

11. I n l e t  temperature 339OK (15OOF) 

6.1 m (20 ft) length 
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molten metal per EAF compared t o  a ra ted  capacity o f  27.3 Mg (30 tons). 
Table 2 ind icates the charge and tap  weights f o r  the EAF's and AOD's 
during the source tes t .  
and contains a high percentage o f  s ta in less  steel .  
l o w e r  emissions. 
a l loys u t i l i z e d  may cause an increase i n  the amount o f  emissions generated 
by the furnaces and vessels. The charge mater ia l  consists o f  80 percent 
scrap [such as low phosphorous scrap, 18-8 scrap (18 percent chrome and 
8 percent n icke l ) ,  and Murray i ron* ]  and 20 percent addi t ives (such as 
l ime, charge chrome, fe r ron icke l ,  and i r o n  ore).  The scrap i s  not  subjected 
t o  any pretreatment. Addi t ional  addi t ives,  i f  needed, are added dur ing 
melt ing. The r e f i n i n g  i s  p r i m a r i l y  done i n  the AOD v e s s e l ;  therefore,  a 
minimum amount o f  oxygen, i f  any, i s  blown i n t o  the molten bath i n  the 
EAF's. Hot metal i s  tapped i n t o  a lad le ,  which i s  then t ransferred t o  
the AOD vessel. The transformer r a t i n g  on each furnace i s  10,000 k i l o v o l t  
amperes (kVA). 

The hot  metal from the EAF's i s  charged i n t o  the AOD vessel where 
major a l l o y  addi t ions are made. The addi t ions include h igh carbon magne- 
sium, high carbon chrome, n i cke l ,  s i l i c o n ,  molybdenum, and aluminum. The 
argon-oxygen-nitrogen gas mixture i s  blown i n t o  the molten bath through 
tuyeres located i n  the bottom o f  the  vessel u n t i l  the carbon i n  the metal 
has been oxidized t o  spec i f i ca t ion .  Reduction mixes are added t o  remove 
s u l f u r  and other impur i t ies .  
takes about 1.5 t o  2 hours and produces approximately 29 Mg (32 tons) o f  
s t e e l  per heat. Some AOD heats are longer i f  more refinement i s  necessary. 
The re f ined molten metal i s  tapped from the AOD i n t o  a l a d l e  and t ransferred 
t o  the teeming area where the hot  metal i s  poured i n t o  i ngo t  molds. The 
ingots are t ransferred t o  the f i n i s h i n g  sect ion where they are r o l l e d  
i n t o  the desired f in ished products. A f t e r  i t  i s  tapped, the AOD remains 
i d l e  u n t i l  another hot  metal charge from the EAF i s  ready. 

The scrap used a t  t h i s  p lan t  i s  r e l a t i v e l y  clean 
This would r e s u l t  i n  

However, the la rge  amounts o f  a l loys  and h igh carbon 

Average EAF heat t imes (tap-to-tap) are 3.7 hours. 

The r e f i n i n g  process i n  the A00 v e s s e l  

C. A i r  Po l l u t i on  Control System 

The capture system involves two  hoods above each e l e c t r i c  furnace 
and each AOD vessel. The e l e c t r i c  furnace hoods are s i tua ted  so t h a t  one 
hood captures a major i t y  o f  the emissions from charging and mel t ing whi le  
the other canopy captures a ma jo r i t y  o f  the tapping emissions. The AOD 
hoods are s i tua ted  so t h a t  each hood captures h a l f  the r e f i n i n g  emissions. 
A d i ve r te r  stack d i rec ts  the  AOD r e f i n i n g  emissions toward the canopies 
t o  avoid excessive d r i f t  o f  the emissions due t o  cross-drafts. Each 
canopy hood has a se t  o f  automatic dampers which can be closed t o  d i r e c t  
more suct ion t o  another hood. 
charging side o f  each EAF are always open. 
side open automat ical ly dur ing tapping and remain closed the r e s t  o f  the  

"Murray i r o n  consists o f  C--0.50% max., P--0.01% max., 5--0.04% max., 

The dampers on the hoods located on the 
The dampers on the tapping 

Si--O.50% max. , Cr--O.20% max. , Ni--O.20% max., Mo--O.20% max. , 
Cu--0.20% max.. and the balance Fe. 
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time. 
the time because the automatic mechanism no longer functions. 

b u t  emissions were s i g n i f i c a n t  dur ing tapping also. 
emissions are def lected by the crane hold ing the tapping lad le ,  a l l  the 
emissions dur ing tapping were no t  captured. The emissions from the AOD 
were greatest  dur ing the i n i t i a l  stages o f  the heat when the oxygen 
concentrat ion was the highest i n  the blowing gases. The emissions f r o m  
the AOD dur ing blowing were equal t o  o r  greater  than the EAF meltdown 
emissions. However, f o r  long periods o f  t ime, the vessel i s  i n  a 
non-blowing p o s i t i o n  whi le  operators wa i t  f o r  sample resu l t s  t o  determine 
what a l l oys  are needed and how much more blowing i s  necessary t o  meet 
f i n a l  spec i f icat ions.  

ducted t o  the  same baghouse which cont ro ls  the EAF emissions. 
i s  a posi t ive-pressure,  shaker-type Wheelabrator-Frye u n i t  cons is t ing o f  
e igh t  compartments. 
meters per second (m3/s) [600,000 actual  cubic fee t  per minute (acfm)]. 
The technical  spec i f i ca t ions  f o r  the baghouse are summarized i n  Table 1. 
AL Tech has assigned two people t o  the regular  maintenance o f  the baghouse. 
A per iod ic  v isua l  inspect ion i s  made, and the broken bags are changed 
when needed. 

The dampers on the canopy hood f o r  the AOD vessels are open a l l  

The emissions generated by the EAF's were greatest dur ing meltdown, 
Because the tapping 

The emissions evolved during r e f i n i n g  from each AOD vessel are 
The baghouse 

The a i r  f low through the baghouse i s  about 282 cubic 

The dust co l lec ted  f r o m  the baghouse i s  screw-conveyed t o  a storage 
s i l o  and then trucked t o  a metal recovery f i r m  (Inmetco, Elwood City, 
Pennsylvania). AL Tech buys back the reclaimed metal from Inmetco i n  bar 
form a t  a percentage o f  the current  market pr ice.  

D. Emission Tests 

The primary i n t e r e s t  o f  the emission t e s t s  was t o  determine the 
baghouse i n l e t  and o u t l e t  PM concentrat ions and observe V E ' s .  
the exhaust gas was analyzed f o r  PSD. 
co l lec ted  f o r  PSD and t race  metal analysis. Attachment 1 contains copies 
o f  the  AL Tech heat sheets f o r  the furnace and vessel operations f o r  the 
durat ion o f  the t e s t s .  Attachment 2 *  contains copies o f  t h e  logsheets o f  
the process operation observation. The sampling p lan  i s  presented i n  
Table 3 ,  and sampling points  are i d e n t i f i e d  on the cont ro l  system schematic 
diagram i n  Figure 2. The proposed sampling p lan was t o  conduct the tes ts  
over an i n teg ra l  number o f  heats based on the operation o f  one o f  the 
EAF's. The corresponding AOD was a lso t o  be tested f o r  an i n teg ra l  
number o f  heats, but  t e s t s  on the other furnace and vessel were t o  be 
staggered over por t ions o f  d i f f e r e n t  heats, as each EAF-AOD p a i r  operates 
independently. One complete t e s t  run would consis t  o f  two complete EAF 
heat cycles. On A p r i l  6, sampling s ta r ted  i n  the l a t e  afternoon; therefore, 
only a p a r t i a l  t e s t  over one complete EAF (No. 90) heat cyc le  was conducted. 
On A p r i l  7 and 8, emissions from two complete EAF (No. 89) heat cycles 
were sampled. On A p r i l  9, tests  were conducted f o r  6 hours beginning 

*Attachment 2 was not  included. 

I n  addi t ion,  
Baghouse dust samples were being 
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TABLE 3. SAMPLING PLAN--AL TECH SPECIALTY STEEL COMPANY 

Samp 1 i ng Sampl i ng No. o f  Time f o r  
s i t e  Sample type method samples each sample 

- 6 hours No. 1 Par t i cu la te  EPA 5 3 
P a r t i c l e  s ize  High capaci ty 3 - 3 hours 

impactor 
Impactor 3 - 1/2 hour 

- 6 hours No. 2 Pa r t i cu la te  EPA 5 3 

No. 3 Par t i cu la te  Modi f ied EPA 5 3 - 6 hours 

P a r t i c l e  s ize  Impactor 6 - 6 hours 

VE EPA 9 3 - 6 hours 

3 - 6 hours Shop e x i t  VE EPA 9 

Baghouse dust FE 
hand1 i ng Dust 
system 
(No. 4) 

EPA 22 3 - 6 hours 
Grab 3 3 grab/day = 

Composites 1 composite 
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Figure 2. Control system schematic. top view, 
AL Tech Specialty Steel Company. 
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a f t e r  the charge o f  furnace No. 90. PEDCo bel ieved t h a t  t h i s  6-hour t e s t  
on A p r i l  9 provided an adequate sample. Figure 3 i s  a char t  showing when 
the heats occurred dur ing the t e s t  period. The only sampling problem 
reported by PEDCo occurred on the f i r s t  day when some glassware broke and 
inval idated one o f  the i n l e t  runs. 

On A p r i l  7 and 8, VE observations (6-minute averages) were made a t  

The weather condi t ions were favorable 
the baghouse and the meltshop, and f u g i t i v e  emissions observations were 
made o f  the dust handling system. 
t o  record V E ' s  on these t w o  days. On A p r i l  9, inclement weather permit ted 
only 15 minutes o f  VE readings. PEDCo's t e s t  repor t  should include an 
evaluation o f  the VE readings dur ing the test .  

o f  the emissions were def lected by cranes when they passed above the 
furnaces and vessels and when they were i n  pos i t i on  f o r  a charge o r  a 
tap. 
and tapping p i t  sometimes def lected emissions f r o m  the canopy. The 
inoperable automatic dampers on the AOD canopies were always open and 
prevented the optimal use o f  the canopy hoods and baghouse. Although 
these dampers could be operated manually, they were l e f t  open f o r  the 
durat ion o f  the t e s t s .  
however, the shop always cleared i n  5 t o  10 minutes. 

During the t e s t s ,  emissions p e r i o d i c a l l y  f i l l e d  the bu i ld ing .  Some 

The cross d ra f t s  t h a t  developed from open doors i n  the scrap bay 

The emissions were not always completely captured; 

During the t e s t  period, the meltshop was operating a t  f u l l  capacity. 
Some delays on a l l  four t e s t  days were caused by one o r  more o f  the 
cranes not operating proper ly.  On A p r i l  7 ,  the t e s t  was stopped f o r  
10 minutes because furnace No. 89 was i d l e  f o r  too long wa i t ing  f o r  the 
p i t  crane t o  clean the tap runner. On Apri1.8, the t e s t  was stopped f o r  
approximately 15 minutes s t a r t i n g  a t  3:OO p.m. because emissions were 
reduced since a l l  the furnaces were not  operating. On A p r i l  8, the t e s t  
was stopped before the end o f  the  heat i n  furnace No. 89 because the 
furnace bay crane l o s t  power. PEDCo determined t h a t  adequate sampling 
had been performed. On A p r i l  9, the s t a r t  o f  the t e s t  was delayed f o r  
about 30 minutes because the furnace bay crane temporar i ly  l o s t  power 
again. 

baghouse cont ro l  panels were monitored hour ly f o r  the  durat ion o f  the 
tests .  During the t e s t ,  PEDCo personnel p e r i o d i a l l y  closed o f f  a baghouse 
compartment f o r  a shor t  per iod t o  move t h e i r  sampling equipment. 
one compartment was cleaning, t h i s  meant two compartments were not i n  
operation dur ing t h a t  short  per iod o f  time. The pressure drop i n  each 
compartment, the i n l e t  gas temperature, the fan amperage f o r  each o f  the 
three fans, and the number o f  compartments cleaning or  closed by PEDCo 
were observed t o  assure normal baghouse operation. The pressure drop 
var ied between 1.0 and 1.5 k i lopascals  (kPa) (4 and 6 inches) o f  water 
throughout the tests .  A l l  three fans were operating a t  f u l l  power dur ing 
the tests .  
t o  327'K (130OF) dur ing the t e s t  per iod.  

The baghouse was operating normally dur ing the t e s t  period. The 

Since 

The f l u e  gas i n l e t  temperature f luctuated from 316OK (11OOF) 
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V. Conclusions and Recommendations 

The t e s t  c o n d i t i o n s  were r e p r e s e n t a t i v e  o f  normal p l a n t  opera t ion ,  
and t h e  da ta  should be u s e f u l .  The r e s u l t s  from t h e  sampl ing t e s t s  
should be c o r r e l a t e d  w i th  t h e  charg ing,  me l t i ng ,  and t a p p i n g  t imes o f  t h e  
heats t o  determine i f  t h e  h i g h  o p a c i t y  readings are  assoc ia ted  w i t h  
charg ing and tapping.  

Wi th  a l l  fans working, t h e  f l o w  th rough t h e  system appeared t o  
' capture most o f  t h e  emissions. I f  t h e  automat ic  dampers on t h e  i n d i v i d u a l  

canopy hoods above t h e  AOD vessels  had been work ing p r o p e r l y ,  t h e r e  i s  an 
e x c e l l e n t  chance t h a t  t h e  emission cap tu re  would have improved and t h e  
V E ' s  would have been reduced. P l a n t  workers i n d i c a t e d  t h a t  t h e  emiss ion 
capture was b e t t e r  when t h e  capture  and c o n t r o l  system was new and t h e  
automat ic AOD dampers were opera t i ng  p r o p e r l y .  

The emissions from the  AOD vesse ls  d u r i n g  b lowing  appeared t o  be 
equal t o  o r  g r e a t e r  than t h e  emissions from t h e  E A F ' s  d u r i n g  meltdown. 
However, t h e  AOD vessel  i s  n o t  c o n s t a n t l y  b lowing  s ince  t h e  b lowing  s tops 
when t h e  vessel  i s  t u rned  down f o r  sample t a k i n g  o r  temperature readings 
and f o r  a l l o y / f l u x  add i t i ons .  
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APPENDIX E 

CALIBRATION PROCEDURES AND RESULTS 

I 
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CALIBRATION PROCEDURES AND RESULTS 

All of the equipment used was calibrated according to the 

procedures outlined in Maintenance, Calibration, and Operation 

of Isokinetic Source-Sampling Equipment.* 

NOZZLE DIAMETER 

The nozzles were calibrated by making 3 separate measure- 

ments of different inside diameters and calculating the 

average. If a deviation of more than 0.004 inches was found, the 

nozzle was either discarded or reamed out and remeasured. A 

micrometer was used for measuring. This calibration data is 

shown in Figure E-1. 

PITOT TUBE CALIBRATION 

The pitot tubes used in sampling were constructed by PEDCo 

Environmental and met all requirements of Method 2, Section 4.1 

of the Federal Register.** All pitot tubes were calibrated before 

field use according to the Quality Assurance Handbook for Air 

Pollution Measurement Systems*** to determine a base line coef- 

ficient. 

Method 2 ,  and Figure E-3 for actual inspection and calibration 

data of the pitot tubes used during the test program. 

See Figures E-2 and E-2a for alignment requirements of 

- 
Office of Air Programs Publication No. APTD-0576. 
4 0  CFR 60, Appendix A, July I, 1980. 

** 
***  .. .. .. 

Quality Assurance Handbook for Air Pollution Measurement 
Systems, Vol. 111, August 1977. 
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Nozzle 

number 
identification 

3-l(\ 

NOZZLE CALIBRATION 

D1, in. in. D2f D3, in. 

0 8  (9% 

AD, in. 

0.80 \ 

where: 

D = nozzle diameter measured on a different diameter, in. 
1 f 2 ' 3 '  Tolerance = measure within 0.001 in. 

AD = maximum difference in any two measurements, in. 
Tolerance = 0.004 in. 

D = average of D1, D2, and D3. 
avg 

Figure E-1.  Nozzle calibration data. 
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Date 4 - 6 - 8  I 
Nozzle 

number 
identification 

,7-10 - \ 

NOZZLE CALIBRATION 

in. Dl 

Calibrated by I FTzGFwcb 

D2, in. D3, in. AD, in. 

where: 

D = nozzle diameter measured on a different diameter, in. * '  3 '  Tolerance = measure within 0.001 in. 

AD = maximum difference in any two measurements, in. 
Tolerance = 0.004 in. 

D = average of D1, D2, and D3. 
avg 

Figure E-1 (cont inued)  
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NOZZLE CALIBRATION 

Date 'j-&-g/ Calibrated by .&!:or 

Nozzle 

number 

Apf5-  P 

identification 

where: 

D1, in. D2, in. in. D3 * 

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

AD, in. Davs 

= nozzle diameter measured on a different diameter, in. 
D1r2'3f Tolerance = measure within 0.001 in. 

AD = maximum difference in any two measurements, in. 
Tolerance = 0.004 in. 

3' D = average of D1, D2, and D 
avg 

Figure E-1 (continued) 
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NOZZLE CALIBRATION 

Nozzle 

number 
identification D1, in. 

where: 

D2, in. 

D = nozzle diameter measured on a different diameter, in. 
182'3' Tolerance = measure within 0.001 in. 

AD = maximum difference in any two measurements, in. 
Tolerance = 0.004 in. 

D = average of D1, D2, and D3. 
avg 

Figure E-1 (continued) 
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Date y/&/.Y! 
Nozzle 

identification 
number 

where: 

NOZZLE CALIBRATION 

D1, in. 

, >-iJ L’ 

Calibrated by & -L 
D2, in. 

.s-J I 

D3, in. AD, in. 

0 . 0 0  

Davg 

D = nozzle diameter measured on a different diameter, in. 

AD = maximum difference in any two measurements, in. 

1 t 2 1 3 r  Tolerance = measure within 0.001 in. 

Tolerance = 0.004 in. 

= average of D1, D2, and D3. Davg 

Figure E-1 (continued) 
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Nozzle 

number 
in. D2, in. D3, in. Dl identification 

~ ‘/4 Y 143P-S- In 0. Y 4  ,+?e, 

where: 

AD, in. 

0 ,  n 0 ( 

D = nozzle diameter measured on a different diameter, in. 
1 r 2 ‘ . 3 ’  Tolerance = measure within 0.001 in. 

AD = maximum difference in any two measurements, in. 
Tolerance = 0.004 in. 

D = average of Dl, D2, and D3. 
av’3 

Figure E-1 (continued) 
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i TRANSVERSE 
TUBE A X I S  

I+ OPENING FACE 4 
I PLANES I 

( a )  ENDVIEW 

A - S I D E  PLANE 

NOTE : 
LONGITUDINAL 

TUBE A X I S  
__c 

0.48 cm _< Dt 5 0.95 cm 
(3/16 i n . )  (3/8 i n . )  

I 
B-SIDE PLkNE 

( b )  

F igure E-2. 
face opening planes perpend icu la r  t o  t ransverse  ax is ;  ( b )  t o p  view; face open- 
i n g  planes p a r a l l e l  t o  l o n g i t u d i n a l  a x i s ;  ( c )  s i d e  view; bo th  l egs  o f  equal 
l e n g t h  and c e n t e r l i n e s  co inc iden t ,  when viewed f rom bo th  s ides .  
c o e f f i c i e n t  va lues o f  0.84 may be assigned t o  p i t o t  tubes cons t ruc ted  t h i s  way. 

P roper l y  cons t ruc ted  Type S p i t o t  tube, shown i n :  ( a )  end view; 

Basel ine 
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TRANSVERSE 

- -  
FLOW LONGITUDINAL 

TUBE A X I S  

UTA--- 
- - -  

IVZ 

Fiqure  E-2a. Types of face-opening misa l ignment  t h a t  can r e s u l t  f rom f i e l d  
use Or- improper c o n s t r u c t i o n  o f  Type S p i t o t  tubes. These w i l l  no t  a f f e c t  
CP so long as a1 and a2 < l o o ,  61 and B2 <5', z (0 .32  (1/8 i n . )  and w 4 . 0 8  
cm ( 1 / 3 2  i n . ) .  

E-10 
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f 
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C 
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PITOT TUBE INSPECTION DATA SHEET 

a = 1.' O (must be less than  10' 1 
a = 0,o (must be less than  10" 2 

8, = 1.0 ' (must be less than  5") 

b2 = 2.0 O (must be less than  5') 

y = 0.0 0 

e = 0.0 0 

A = Lc5b i n c h e s  

z = A s i n  y = 0 . 0 0 ~  i nches  (must be less than  0.125 i nches )  

w = A s i n  e = 6.000 i nches  (must be less t han  0.03125 i n c h e s )  

PA = 17. f l q i n c h e s  

P = O.q@2 i nches  
B 

Pt  = o.:<?./ i nches  

P i t o t  t u b e  No. 25 f 

Need c a l i b r a t i o n  yes  X no 

Inspec to r  3: A--5 J--, 
Date 3/,h, 

Figure E-3. P i t o t  tube inspection data sheet. 
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P i t o t  tube No.: 

Reference p i t o t  

PITOT TUBE CALIBRATION DATA SHEET 

J5/ Date: y,46./& C a l i  b r a t o r :  fl  ‘5 

tube No.: Type: . s U c - d  cp: 0 . 5 9  

! 

Cp(s) Oev. 
a b 

APstd APs 
S ide  i n .  H20 i n .  H20 

OJC 0x3 a f o b  0.005 
B 

a cP(S) = (CPstd)(APstd/Aps)”2 
Dev ia t i on  = ICp(s)-Cp(A o r  B ) I  
Must be l e s s  than o r  equal t o  0.01. 

F i g u r e  E 4  (cont inued)  
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P 
I 
I 
1) 
c 
I 
I 
I 
I 

c PITOT TUBE INSPECTION DATA SHEET 

= 2.0 (must be less than loo) 

a = 0.12 O (must be less than 10") 

B = 1.0 O (must be less than 5 ' )  

B2 = 3.C (must be less than 5') 

ul 

2 

1 

y = f . 0  0 

e = 0.Q 0 

A = 1.172' inches 

z = A sin y = o . o Z /  inches (must be less than 0.125 inches) 

w = A sin 0 = o . c o G  inches (must be less than 0.03125 inches) 

= 0.t3;'inches 

= 0. J . fO  inches 

= a.3dinches 
pB 

Pt 
Pitot tube No. 23-2 

Need calibration yes )c no 
Inspector J? A/..., !.*> 
Date $//& 

F i g u r e  E-3 ( c o n t i n u e d )  
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PITOT TUBE CALIBRATION DATA SHEET 

k J  I P i t o t  tube No.: 7- Date: y5h/& C a l i b r a t o r :  8 A , , S  

Reference p i t o t  tube No.: 0% Type: ,A-dc-d Cp: o . S q  

-I I 

I I I I . .  . I 

Dev ia t i on  = ICp(s) - tp(A or B ) I  
Must be l e s s  than o r  equal t o  0.01. 

Figure E-3 (cont inued)  
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P 
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I 
1,. 
6 
I 
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i 
PITOT TUBE INSPECTION DATA SHEET 

a1 = 0.0 O (must b e  less than 10') 

a = 0,' O (must be  less  than 10') 2 
6 = 3.O O (must be  less than 5 " )  1 
6 = 2.O O (must b e  less than 5")  2 
y = / . 3  

A = l . 0 6 0  i n c h e s  

2 = A s i n  y = d . o / 8  i n c h e s  (must be less than  0 .125  i n c h e s )  

w = A s i n  8 = 0 . 0 ~ 0  i n c h e s  (must be less than 0 .03125 i n c h e s )  

= h fV6 i n c h e s  

= 1 2 b I y  i n c h e s  

= 0 . 3 7 C i n c h e s  
pB 

Pt 

P i t o t  tube  N o .  253 

Need c a l i b r a t i o n  y e s  )c no 

I n s p e c t o r  E A-,,Ln J 
Date 3/,/,/8( 

Figure E-3 (continued) 
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PITOT TUBE CALIBRATION DATA SHEET 

P i t o t  tube No.: 253 Date: f/d/& C a l i b r a t o r :  B ~ - S { - - ,  - 

Reference p i t o t  tube No.: 3% 2 Type: s $ y.JJ  cp: 0 . 5 7  

APstd Aps Cp(s) Dev. 
S ide i n .  H20 in. H20 a b 

. . ..~.. 
, .. , . . . . . . ... . . ., . .  

F igure E-3 (cont inued)  
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DRY GAS METER AND ORIFICE METER 

Figure E-4 was the set-up used for the initial and post-test 

calibration. 

capacity and - +1 percent accuracy was used. 
approximately 15 minutes at an orifice manometer setting of 0.5 

inch of water to heat up the pump and wet the interior surface of 

the wet test meter. The information on Figure E-5 (example 

calculation sheet) was gathered for the initial calibration and 

then, the ratio of accuracy of the wet test meter to the dry test 

meter, and the AH@ were calculated. 

A wet test meter with a 2-cubic-feet-per-minute 

The pump was run for 

POST-TEST METER CALIBRATION CHECK 

A post-test meter calibration check was made on the meter 

box used during the test to check its accuracy against its last 

calibration check. This post-test calibration must be within - +5 
percent of the initial calibration. The initial calibration was 

performed as described in APTD-0576. The post-test calibration 

was performed using the same method as the initial calibration. 

Three calibration runs were made using the average orifice 

setting obtained during each test run and with the vacuum set at 

the average value obtained during each test run. After running 

the post-test calibration check all three runs were within the - +5 
percent range allowed by the Federal Register.* 

The initial and post-test meter box calibration data are 

presented in Figure E-6. 

* 
40 CFR 60,  Appendix A, July 1, 1980. 
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U E T  T E S T  METER 

1 .0  

1 . 5  

2.0 

CONTROL 
VALVE 

0 . 0 7 3 1  

0.110 

0 .147  

Figure E-4. Calibration setup. 

DATE I o m n  BOX no. 

mmmnic PRESSURT.P~ - - in. Hg. DRY CAS RZTER NO. 

I 
I 
I 
I 
I 
I 
1 
I 

I I I 
I t w *  4 6 0 )  e 2 

Pb Itd 4 6 0 )  

v,, Ph Itd t 4 0 0 )  
H 

Vd lPb &I Itw t 460) 

0 . 5  I 0 . 0 1 6 8  I I 

3 . 0  0.121 

4 . 0  I 0.294 I 

.I - Ratio of accuracy of r e t  t e s t  meter t o  dry t e a t  meter. Tcslerance - + 0.01 I 
I 

Am@ - Orifice O K  pressure differential that piv-8 0.75 e f m  of a lr  at 70.r Cnd 19.92 inchem of 
a r c u r y .  In HI). Tcslaranea - *0.15. 

Figure E-5. Cali bration data sheet. 

E-18 



I 
I 
1 
I 
1 
1 
I 
1 
E 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 

. .  . .  . .  . .  . .  . .. ..... ~ ~ . .  . . . &.i. ..^___-.__ kr.-.....;.d i . .  :.. a_... . 
\ -;-' 

DRY W K T E R  M ORlFlCE CALIBRATION MTA StlEEl 
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1 
I 
1 
I 
I 
I 
I 
0 
I 
I 
I 
I 
I 
I 
I 
I 

oly p m e r  

min. Y An@ 

i * Ratio of accuracy of at test  u t e r  to dry test  mter. 
Tolerance * : 0.02~ 

AH@ - Orif ice of pnssura d i f fe rent ia l  that gives 0.75 cfm of a i r  a t  7O.F and 
29.92 inches Of mrcury.  In .  HzO. 
T o l e r a ~ e  - 0.15. 

A t  least f i v e  inches water P ~ S S W C .  .. 
Yi th in  thTN l K H s  m r c v r y  01 ebWlut .  V l C U U .  ... 

Figure E-6 (continued) mt t o  e ~ c d  0.005 c h .  
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DRY W METER MD ORIFICE CALIBRATIOI  DATA SHEET 

LEAK CHECK: 

POSITIVE*:  J 

NEGATIVE-: vacuum used 26, 0 '% leakage rare 0.0tj0 cfm*** 

DATE 3/</& METER BOX NO. F 3 - r  
B A R W T R I C  PRESSURE. Pb - 3 9. /8 i n .  np. 

VACUIM USED DURING CALIBRATION 

V 

CALIBRATOR fl  /QCcri-.. 
/ 

-/e */fq 

* " I S  I 
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v * R a t i o  O f  .scwKy of nt Wt W U l  to dry UIt wtw. 
101nau. - ?. 0 . e  

29.02 t u i u  of rruln, h. 50.  
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Figure E-6 (continued) 
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LEAK CHECK: 

POSITIVE*: / $ A  
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O f S 2  L 

€ 
I - Ratlo 01 aecuruj ol nt t e s t  mur to dry U a t  wtm. 

Tolerant. - 2 0.m 

MI. ortffce of pmaaun d l f r a m t l a l  that plws 0.75 cfm of alr a t  70.f nd 
29.92 tnchn o f  nrcury, In.  H,O. 
Tolerance - 0. IS. 

* A t  1 u a t  11- I n c k a  nur p n ~ ~ .  .. 
*.. 

YlUltn Uw8 l n c k a  ~ u r y  ol abwluu  .'.CUI. 
IDt to aud 0.005 C h .  Figure  E-6 (cont inued)  
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THERMOCOUPLE 

Thermocouples were calibrated by comparison aqainst an ASTM- 

2F thermometer at approximately 32OF, ambient temperature, 1 0 0 ° F ,  

and 500'F. The thermocouples read within 1.5 percent of the 

reference thermometer throughout the entire range when expressed 

in degrees Rankine. If the thermocouple did not read within 1.5 

percent, a correction formula based on a least squares analysis 

of the data was utilized. The correction formula corrected the 

data to within 1.5 percent. The thermocouple was checked at 

ambient temperature at the test site to verify the calibration. 

Calibration data is presented in Figure E-7. 

DIGITAL INDICATOR FOR THERMOCOUDLE READOUT 

A digital indicator was calibrated by feeding a series of 

millivolt signals to the input, and comparing the indicator 

reading with the reading the signal should have qenerated. Error 

did not exceed 0.5 percent when the temperatures were expressed 

in degrees Rankine. Calibration data are shown in figure 

E-8. 

DRY GAS THERMOMETERS 

The dry gas thermometers were calibrated by comparison 

against an ASTM-2F thermometer at approximately 32OF, at ambient 

temperature, and at approximately 110'F. The thermometer agreed 

within 5OF of the reference thermometer. The thermometers were 

checked prior to each test series at ambient temperature to 

verify calibration. Calibration data are included in Figure 

E - 9 .  
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THEIZMOCOLIFLL: CALIBRATION DATA SlIELl'  I 

Reference 
point 
No. 

1 

3 
4' 

.3 
L 

Date: Thermocouyjle No. : 128 

. . . . . . . . .  . . . . . . . .  ..I-'y 
Rcierence ?hel-n,i:coci I C  

thermometer 

I 
.- 0. ?if I 

I I 

Source,* temperature, temperature, Differencc. 
(specif}.) O F * * *  O F  t * *  

0. C . 0  2 

3 1!1 ~ - c;. 3,'- 

! 
i ...... ..... 

1 
I .~ 

...... 

.7 

Y 3 J  

I 
@ . I  l2 

I 

q14 7- - 
I ./+7 .. - 

Critical test points are 32", l o o o ,  and 5 0 0 ' .  

*Source: 1) Ice bath 
2) Ambient 
3) Furnace 

**Percent difference 
~~ 

Reference temp. O F  - thermocouple temp. OF 
(Reference temp. OF + 46OOF) 

I 
I 
I 

Each percent difference must be less than or equal to 1 . 5 r .  

***Reference thermometer must be ASTM. 

****Correction factor must be determined if any percent difference 
is >1.5%. 

Figure E-7. Thermocouple calibration data sheet. 
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- 
Rcferencc Thermocoupl L' 

point Source,' temperature, temperature, 
Reference t her:.iome ter 

NO. (specify OF*+* O F  

7 Y  75 I 2 

THERblOCOUI'LE CALIBRATION DATA SHLLl '  

Differencc, 
;** 

c. L. c 

Date: Thermocouple No. : 12 5 

_ _  - I 7 7  2 

3 '3 __- 
9 

I I L ,  

3 I Y5-f 

37 I c,. c. c, 

1 1 2  0 L ' j  

I/ B I - 3 . ~  Gc1 

- 

Reference temp. O F  - thermocouple temp. O F  loo~o 
(Reference temp. O F  + 46OOF) 

Re fer ence 
Reference thermometer 

NO. O F  
point temperature, 

Each percent difference must be less than or equal to 1.5:. 

***Reference thermometer must be ASTM. 

****Correction factor must be determined if any percent difference 
is >1.5%. 

Figure E-7 (continued) 
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THERJIOCOUI'LL: CALIBRATlON DATA SIILL'I' 

__ ... . .. 
~ ~~ 

R e f e r e n c e  , Thermocouplc  
R e  f e r  e n c  e thermometer  

p o i n t  S o u r c e , *  t e m p e r a t u r e ,  t e m p e r a t u r e ,  
N O .  ( s p e c  i f  y )  OF*** O F  

I 2 77 77 - 

Date: Thermocouple  NO. : / 3  f 
Ambient t e m p e r a t u r e :  77 O F  B a r o m e t r l c  p r e s s u r e :  2 5 5 9  " 11.: 

C a l i b r a t o r :  0, A r m S  ( 2 - 5  / R e f e r e n c e :  A>T/v) 2 F  

I 

D i f f e r e n c i ,  
'r * *  

c;, (>c. 

C o r r e c t i o n  f a c t o r * * * * :  S l o p e :  I n t e r c e p t :  

R e f e r e n c e  C o r r e c t e d  qtemper--ture,m R e f e r e n c e  thermometer  ther rnocouplc  D i f f e r e n c i ,  

:** 

1 

, 
I 7- 

3 - - A - -  - ~ 

C r i t i c a l  t e s t  p o i n t s  arc 3 2 ' ,  l o o o ,  and  5 0 0 " .  

*Source :  1) Ice b a t h  
2 )  Ambient 
3 )  F u r n a c e  

* * P e r c e n t  d i f f e r e n c e  
R e f e r e n c e  temp. OF - t h e r m o c o u p l e  temp. O F  

( R e f e r e n c e  temp. O F  + 460°F) 
Each p e r c e n t  d i f f e r e n c e  m u s t  be less  t h a n  or  e q u a l  t o  1 . 5 : .  

* * * R e f e r e n c e  thermometer  must be  ASTM. 

* * * * C o r r e c t i o n  f a c t o r  m u s t  be d e t e r m i n e d  i f  any p e r c e n t  d i f f e r e n c e  

Figure E-7 (continued) 

is >1.5%. 
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- .- . . 

Reference 
point Source,* 
NO. (spec if y 1 

I . - .. 
7 
L 

THERNOCOLIPLL CALIBRATION DATA SIILLT 

.. - .- .- . . . - I 
Reference I Thermocouple i 

thermometer 
temperature, temperature, Difference, 

O F * * *  o r  L *  

77 
I 
I c. c c  77 1 __ 

Date: <//,-/5fo Thermocouple No. : /qq 
Ambient temperature: 77 .. .- O F  Baronetri: pessure: 29.r5 *' 119 

Calibrator: 13, A r,,.) /,e,,, Reference : ASTP-JF  
d 

Correction factor****: Slope: Intercept: 

Reference Corrected 
thermocouple 

Critical test points are 3 2 ' ,  loo", and 5 0 0 '  

'Source: 1) Ice bath 
2 )  Ambient 
3 )  Furnace 

**Percent difference 
Reference temp. OF - thermocouple temp. O F  )i 

(Reference temp. O F  + 460°F) 
Each percent difference must be less than or equal to 1.5:. 

***Reference thermometer must be ASTM. 

****Correction factor must be determined if any percent difference 
is > l . S % .  

Figure E-7 (continued) 
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I THERMOCOUPLE CALIBRATION DATA SiILLT 

I > '  
Thermocouple No. : 2S-f Y &A/ - Date: 

Ambient temperature: ' 77 OF Barometric pressure: 24-q " Hr; 

CaQbrator : &. rcal--< Reference: Asrfl-sg 
- 
- - v 

Reference 
I thermometer Reference 

point 
NO. 

I Thermocouple 

2 
3 

Y 

Source,* 
(specify) 

temperature, temperature, Difference, 
OF*** OF % * *  

Reference 
point 
No. 

! 7 7 7 7  0.0 

Reference Corrected 
thermometer thermocouple 
temperature, temperature, Difference, 

OF OF % * *  

I I 

Correction factor****: Slope: Intercept: 

I 
I Critical test points are 32'. l o o o ,  and 500'. 

*Source: 1) Ice bath 
2) Ambient 
3) Furnace 

**Percent difference 
Reference temp. OF - thermocouple temp. "F 

(Reference temp. OF + 46OoF) 

I 
I 
I Each percent difference must be less than or equal to 1.5'0. 

***Reference thermometer must be ASTM. 

I ****Correction factor must be determined if any percent difference 
is >1.5%. c 

Figure E-7 (cont inued)  
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D a t e  : A 4  

- 

I 
I 1 I I 

P s r c e n t  a i f f e r e n c e  r.2-s: be l e s s  t h a r  or eG.ua! t r  t .5 

, * * P e r c e p t  d i f f e r e n c e  

R e f e r e n c e  te-,p. - thermocouple ten;. O F  s 10C' 
( R e f e r e n c e  tern;. O F  + 460'F) 

Figure E-8. Digital readout calibration data sheet. 
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, 1 o . :  ,7 32 0. uc 3 2  I - -I- 

5 8. 3 1  40cm 3 7 7  c. I.2 

15.1; TO(, 6 fd c. (7 
6 1 0 . 5 7  5 0 (. J 4  i;' G A /  - 
I 

P?rcent a i f f e rence  r.;1st be l e s s  t h a r .  cr e,-'Jal tc C.5. 
.**Percept 2 i f fe rence  

Reference tezp .  'F - thermocouple ter ; : .  O F  x 1 O C  
(Reference temp. O F  + 460'F) 

Figure E-8 (continued) 
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! 

P e r c e n t  d i f f e r e n c e  5 . ~ 5 :  be l e s s  tha:. cr e";": tc i.5.. 

* * P e r c e n t  d i f f e r e n c e  

R e f e r e n c e  t e - F .  - t h e r n o c o u p l e  ter.;. O F  x 1 O C  
( R e f e r e n c e  terr>. O F  + 4 6 D c r i  

F igure E-8 (cont inued)  
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DRY GAS THERMOMETER CALIBRATION DATA SlILE1' 

Date: A /'O Thermometer No. : O-.z 1, /&e 
Ambient tenqerature: 7 s  OF Barometric  pressure:^ 7.3 ti' " l j r :  

Calibrator: 17. A.cn, /---; Reference: 

I 

ASTi4 -7r  / 

Reference 

KO. 
point Source,* 

I 
Reference I Thermometer ' 

thermometer 1 
temperature, temperature, Dlffercncc, 

* *  OF*** O F  

I 

Figure E-9. Dry gas thermometer calibration data sheet. 

*Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately l l O ° F  

**Difference must be less than or equal to + 5 O F .  - 
***Reference thermometer must be ASTN. 
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Re.ference 
point 
NO. 

1 

DRY GAS THERMOMLTIJH CALIBRATION DATA SIILEl '  

1 thermometer ! 

Source, I temperature, ' I  temperature, Dif ferencc, 
t *  O F * * *  ~ OF 

I 

1.  * 7L - __ __ .. .- .. . . . 2 72. 0 I 
____. 

Date: 6/0/& Thermometer No. : F d . 2  '3-+ 
I 

Ambient temperature: 72 Barometric pressure:g7c/ .yg " li(.: 

Calibrator: /z . A r - 5  r a- L. Rcfercnce: .457& -2 6 
J 

Figure E-9 (continued) 

*Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately llOor 

"Difference must be less than or equal to +5OF. - 

***Reference thermometer must be ASTM. 
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DRY GAS THERMOMLTER CALIBRATION DATA SIILL1'  

Reference 
point 
NO. 

Date: 6A J/S. 0 Thermomctcr No. : F D . 3  Ln r,c 
Ambient tempcrdture: 7; *r  baroretrlc pressure: 25.36 1 1 1  

RL ~ erciice Thermometer I 

thermometer I 
Sourc , temperature, I temperature, ~ l f f e r c r l c i ,  

* *  OF*** I O F  

Figure E-9 (cont inued)  

*Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately llOor 

**Difference must be less than or equal to +5"F. - 
***Reference thermometer must be ASTM. 
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DRY GAS THERMOMETIIH CALIBRATION DATJi SlILLl '  I 

Reference 
point I IiO . 

I Datc: Thermometer No. : 6 - 3  0 - 4  IC+ 

' thermomctcr ! 
Source,* temperature, j temperature, . Differencc, 

* *  OF*'* ! OF 
I 

Figure E-9 (continued) 

'Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately 

**Difference must be less than or equal to 

I 

***Reference thermometer must be ASTM. 
I 

l l O D F  

t 5 ' F .  - 
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DRY GAS THERMOMETER CALIBRATION DATA SIILI3' 

Date: l'hermometcr NG. : F B -  C 5,lc-C 

Ambient temperature: 7,2 " I '  BarurnrLrr, piuksure:;l$ 3 d I' I1y 

Calibrator: AT,.,,, f, T o - q  Reference: A 5 7/17 - 2 F  
2 

l-Thernor.,c LLT Rc f erenc e 1 

thermometer ! 
Source,* temperature, I temperature, Differencc, 

* t  OF*** I O F  
1 Ref erencf 

point 
NO. 

1 I 

Figure E-9 (continued) 

*Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately l l O ° F  

**Difference must be less than or equal to +5OF. - 
***Reference thermometer must be ASTN. 
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DRY GAS THERMOMETER C A L I B R A T I O N  DATA SlILL1'  

Date: Thermometer No. : p B - 5  O-j/,+ 

Ambient temperature: ?.OF Baroretric pressure: 9 4  , 37 " I !  1.: 

. . .. . - - 
t e r ~ 

thermometer ! i 

* *  OF*** I 0 1 '  

. . - . .. 

Reference 

NO. 
point tempcrature. Differcnce, 

I I 

Figure E-9 (continued) 

'Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately l l O ° F  

**Difference must be less than or equal to t 5 " F .  - 
***Reference thermometer must be ASTM. 

I 
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Reference 
point 
KO. 

Figure E-9 ( c o n t i n u e d )  

'-' Rcfercnce ! Thermometer I 

thermometer I 

Source,* temperature, temperature, . Difference, * *  o r * * *  I OF 

*Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately llOor 

**Difference must be less than or equal to +5OF. - 
***Reference thermometer must be ASTM. 

E-46 

I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
F 
I 
1 
:I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
P 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 

Reference 

No. 
point Source,* 

DRY GAS THERMOMETER CALIBRATION DATA S I l L E l  

R e f  erencf ' Thermometer I 
thermometer I 
temperature, I temperature, Differencc, 

t f  OF*'* OF 
, 

Date: 6/Co (0  Thermometer Nu. : f I3 -6  0,+/eL 

Ambient temperature: 72 'i: Barometric p : - e s s u r e : ~ ~ . 3 ~  " ] I ( :  

Calibrator: fi. A rcp 3 3 . 0  -% R e f  crencc: A57-m -4 e' 
J 

Figure  E-9 (cont inued)  

*Source: 1) Ice bath 
2) Ambient 
3) Furnace set 

**Difference must be less 

at approximately l l O ° F  

than or equal to +5'F. - 

***Reference thermometer must be ASTN. 
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DRY GAS THERMOMETER CALIBRATION DATA SHEET 

Source,’ 

2 

Date: L / L / &  Thermometer No. : )=6 -7 z.. f,t 
Ambient temperature: 72 OF Barometric pressure: 27.3d “ Hq 

Reference Thermometer 
thermometer 
temperature, temperature, Difference, 

OF * * *  OF * *  

7L7. O 76 

Ca1ibrator:J Ac,,,5 , D .. < Reference: TA ZF. 
-I 

Reference 
point 
No. 

2 

3 

Figure E-9  (continued) 

*Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately llO°F 

**Difference must be less than or equal to +5OF. - 
***Reference thermometer must be ASTM. 
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I 
I 
I 
I 
P 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Reference Thermometer 
Reference thermometer 

point Source,* temperature, temperature, 
N O .  O F * * *  O F  

1 2 72.0 7;: 
2 1 7 7  3 3 7  
3 3 1 / 7  c3 r / ?  a 

Difference, * *  

o =  
0 3  

Y o  

Figure E-9 (continued) 

*Source: 1) Ice bath 
2 )  Ambient 
3) F.urnace set at approximately 

**Difference must be less than or equal to 

***Reference thermometer must be ASTM. 
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DRY GAS THERMOMETER CALIBRATION DATA SHEET 

Reference Thermometer 
Reference thermometer 

point Source,* temperature, temperature, 
Nn. OF*** OF 

Ambient temperature: 7 3  OF Barometric pressure: 24.41 'I Hg 

Calibrator: brJ I ~ T G ~ * L + A  Reference : jk7-&->F 

Difference, * *  

Figure E-9 (continued) 

*Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately llODF 

**Difference must be less than or equal to +S°F. - 
***Reference thermometer must be ASTM. 
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I 
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I 

Reference Thermometer 
Reference thermometer 

p o i n t  Source,* temperature, tempera ture ,  
No. O F * * *  OF 

DRY GAS THERMOMETER CALIBRATION DATA SHEET 

D i f f e r e n c e ,  * *  

Thermometer N o . :  @#fs o a T C F 7  

Ambient temperature:&CC 4. I OF Barometr ic  p re s su re :  a%'=!-/ " Hg 

C a l i b r a t o r :  x~icg&,..A R e f e r e n c e :  hc. 4 -iM- a 

Figure  E-9 (continued) 

*Source: 1) Ice b a t h  
2 )  Ambient 
3)  Furnace set 

**Difference mus t  be less 

a t  approximate ly  

than  o r  equa l  t o  

***Reference thermometer mus t  be ASTM. 
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TRIP BALANCE 

The trip balance was calibrated by comparison with a Class-S 

standard weight and agreed within 0.5 g. Calibration data are 

shown in Figure E-10. 

BAROMETER 

The field barometer was calibrated to within 0.1 in. H q  of 

an NBS-traceable mercury-in-glass barometer before each test 

series. The field barometer was checked against the mercury-in- 

glass barometer after each test series to determine if it read 

within 0.2 in. Hg. If it did not read within 0.2 in. Hg, a 

correction factor was determined for the last test series. 

Calibration data are included in Figure E-11. 

ORSAT ANALYZER 

The orsat analyzer was calibrated before each test series by 

determining the percentages of oyxgen, carbon monoxide, and 

carbon dioxide in a calibration gas containing known percentages 

of each. The analyzer read within 0.5 percent of the known value 

f o r  each gas. Calibration data are shown in Figure E-12. 
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TRIP BALANCE ACCURACY LOG 

Calibrator 

Figure E-10. Trip balance accuracy log. 
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Post- t e s  t 

Barometer 

* 
** Barometer i s  - n o t  a d j u s t e d ,  d i f f e r e n c e  must n o t  exceed 0.2"Hg. 

Barometer i s  a d j u s t e d  so t h a t  d i f f e r e n c e  does n o t  exceed O.1"Hg 

F i g u r e  E-11. Barometer c a l i b r a t i o n  l o g .  
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O R S A T  C A L I B R A T I O N  D A T A  S H E E T  

Orsat N o . :  / y 2  Gas ( c i r c l e  one): 0, @ C o  

c a l i b r a t i o n  data  sheet.  

I I 
Figure  E - 1 2 .  Orsat 
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ORSAT CALIBRATION DATA SHEET 

O r s a t  No. : l Y 2  Gas ( c i r c l e  one): @ CO, CO 

Ca l  i b r a t o r  

Figure E-12 (continued) 
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ORSAT CALIBRATION DATA SHEET 

Orsat No. : lc/e Gas ( c i r c l e  one): 0, Cop Q 

C a l i b r a t o r  I Date  I Value D e t .  
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Figure E-12 (continued) 
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QUALITY ASSURANCE SUMMARY 

The following summary addresses factors that ultimately are 

used to ensure data quality and accuracy for any given emission 

test project. 

PROJECT ORGANIZATION AND RESPONSIBILITES 

The project organization and responsibilities are generally 

defined in the test plan. Specific responsibilities for this 

field test are shown in the list of project participants in 

Appendix G. 

QA OBJECTIVE 

The QA objective of the data collection was for potential 

NSPS standards setting. Therefore, all procedures used to 

collect and analyze emissions samples followed EPA reference 

methods where applicable. No attempt was made to determine pre- 

cisions, because the precision of these reference methods had 

previously been determined. Modifications to Method 5 were 

necessary in order to perform emission tests at the nonideal 

outlet site. The precision of the modified method was not deter- 

mined because such determination was not included in the scope of 

the project. The completeness of the data was the same as 

required for a performance test as defined in 4 0  CFR 60, Section 
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60.8. The emission results were to be representative of normal 

operations. The data and results were presented in several units 

to allow for comparability with data from all other organizations 

wishing to access the data summary. 

DATA REDUCTION, VALIDATION, AND REPORTING 

Data reduction and reporting have been shown to be great 

potential sources of system error. Most of PEDCO’S test method 

calculations are performed by a validated computer program to 

minimize error. The field data sheets are also set up on a 

standard computer card to allow accurate input of data into the 

computer by individuals unfamiliar with testing procedures. The 

data printout is then validated by comparison with the field and 

analytical data sheets. In addition, hand calculation checks are 

generally made to validate the computer output. Other data 

validations are made whenever possible. The particulate emission 

test results were validated by good agreement with the particle 

size sample results. The reporting format provides efficient and 

effective review of all data and results. 

PERFORMANCE AND SYSTEM AUDITS AND FREQUENCY 

When feasible, PEDCo performs both performance and system 

audits. A performance audit for accuracy was performed in the 

field on all dry gas meter systems using critical orifices that 

were supplied and calibrated by the EPA. The EMB task manager 

was onsite and performed a general system audit. Items checked 

F-3 



were similar to those on the checklist in "Quality Assurance 

Handbook"; however, no written record was made. 

SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA PRECISION, 
ACCURACY, AND COMPLETENESS 

NO attempt was made to assess data precision, which had 

been reported elsewhere or else was not in the scope of the 

report. Precision results for EPA reference methods are sum- 

marized in "The EPA Program f o r  the Standardization of Stationary 

Source Emission Test Methodology, A Review," EPA-600/4-76-044. 

PEDCo has been a collaborator in several of the EPA programs to 

determine method precision. In all cases of final data summary 

reporting, PEDCo was within two standard deviations of the 

method precision. Based on the quality and experience of the 

test team used in this test series, all data summaries are likely 

to be within one standard deviation of the documented precision, 

as determined for a single run f o r  each specific reference 

method. The precision of the modified method used at the non- 

ducted outlet site is probably lower: however, results seemed 

consistent. The accuracy audit procedure used f o r  the dry gas 

meter is the standardized written procedure used by the EPA 

Quality Assurance Division program. The procedure for deter- 

mining completeness of data is the same as that specified in 

40 CFR 60, Section 60.8. 

INTERNAL QUALITY CONTROL CHECKS 

Several internal quality control checks are usually made for 

each test. The majority of these checks usually deal with the 
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field sample analysis. Filter blanks were returned to the 

laboratory for gravimetric analysis. This control checked the 

quality of both the initial and the final weighing. Results of 

the control sample checks are included in Section 5. 

CORRECTIVE ACTION 

PEDCo has two methods for corrective action. The first is 

the use of control limits. Examples of control limits are audit 

sample results, control sample results, and calibration results. 

When any of these limits show that data are of questionable 

integrity, then the procedure is repeated, additional data are 

collected, or the data are rejected. The second method is the 

use of red tags. Whenever any piece of equipment is suspected of 

producing unacceptable data, the entire apparatus or malfunc- 

tioning component is replaced and a red tag is placed on the 

item. That piece of equipment is then rejected until its ability 

to perform its function properly is verified by the proper 

individuals. The use of control limits and red tags reduces the 

amount of unacceptable data and provides a system to track and 

correct unacceptable items and procedures. 

PREVENTIVE MAINTENANCE PROCEDURES AND SCHEDULES 

PEDCo has a comprehensive preventive maintenance program. 

Many major components of test equipment have pretest checklists. 

These checklists ensure that all functions are checked and that 

action is taken to repair or replace any part likely to malfunc- 

tion. These checks are made before every field test series: 
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however, only the control console (meter box) checks are re- 

corded. Although the preventive maintenance program and schedule 

are not in writing, PEDCo's commitment of three full-time, ex- 

perienced personnel for equipment construction, preparation, 

calibration, and maintenance has resulted in a program based on 

experience and skill that cannot be matched by a program based on 

written guidelines. 

QUALITY ASSURANCE REPORTS TO MANAGEMENT 

The standard quality assurance procedures used in this test 

program generate sufficient documentation to indicate the quality 

of data. All evidence of the execution of the quality assurance 

guidelines is reviewed by management. In addition, all PEDCo's 

EMB task managers and project managers meet weekly. During these 

group meetings all aspects of each task, including quality as- 

surance, are discussed. No written reports result from these 

meetings because all interested parties are verbally apprised of 

the situation during each meeting. 

Two other reports not related to EMB task are made to man- 

agement. PEDCo's emission test and laboratory groups participate 

in all EPA QAD's national audits: and PEDCO's quality assurance 

coordinator, Mr. T.J. Wagner, makes several independent checks 

for management. 
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PROJECT PARTICIPANTS AND ACTIVITY LOG 
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TABLE G-1. PROJECT PARTICIPANTS 

Name 

J. Prohaska 

W. Mason 

D. F i t z g e r a l d  

P. Reinermann 

R. Antesberger 

P. Schworer 

T. C la rk  

S. Howison 

Dennis Holzschuh 

A r t  S t iens t ra ,  S r .  

Baghouse Operator ( 2  

L a l i t  Banker 

B i l l  Te r ry  

f f i l i a t i o n  

?EDCo 

PEDCo 

PEDCo 

PEDCo 

PEDCo 

PEDCo 

PEDCo 

PEDCo 

EPA 

A1 Tech 

A1 Tech 

M R I  

M R I  

A c t i  v i  t i es 

Coordinate t e s t  a c t i v i t i e s ,  l i a i s o n  
w i t h  M R I ,  s i t e  preparat ion,  c o l l e c t  
dus t  samples, sample recovery 

Team leader  a t  S i t e s  No. 1 and 2, 
p a r t i c l e  s i z e  (PSD) runs a t  S i t e  No. 1, 
recovery o f  PSD samples, a s s i s t  i n  
p a r t i c u l a t e  (PM) runs a t  S i t e s  No. 1 
and 2, s i t e  p repara t ion  

PM runs a t  S i t e s  No. 1 and 2, sample 
recovery 

A s s i s t  i n  t e s t s  a t  S i t e s  No. 1 and 2, 
sample recovery, s i t e  p repara t ion  

PM runs a t  S i t e  No. 3, a s s i s t  i n  PSD 
runs, s i t e  preparat ion,  sample 
recovery 

Team leader  a t  S i t e  No. 3, PSD runs, 
a s s i s t  i n  PM runs, recovery o f  PSD 
samples 

V i s i b l e  emissions from the  me l t  shop, 
sample recovery 

V i s i b l e  and f u g i t i v e  emissions from 
t h e  baghouse, sample recovery 

EMB task manager, moni tor  t e s t  per-  
formance 

P lan t  con tac t ,  general ass is tance 

Ass is ted  i n  c o l l e c t i o n  o f  dus t  samples; 
general ass is tance 

Monitored process opera t ion  

Monitored process opera t ion  
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Day 

Thursday 

Fr iday 

Saturday 

Sunday 

Monday 

Tuesday 

Wednesday 

Thursday 

Fr iday  

Saturday 

- - 
Date, 
Apr i  1 
1981 

2 

3 

- 

4 

5 

6 

7 

a 

9 

10 

11 - - 

TABLE 6-2. FIELD SAMPLING LOG 

A c t i v i t y  

Transported equipment t o  s i t e  (P.R., R . A . )  

Transported equipment t o  s i t e  (cont . ) ;  t r a v e l e d  t o  s i t e  
(J.P., W.M.) 

Set-up equipment (4 men) 

Completed equipment set-up, took Method 1 measurements, 
prepared sampling t r a i n  (4  men); t rave led  t o  s i t e  (D.F., 
P.S.) 

Took Method 2 measurements a t  a l l  s i t es ;  completed pre-  
l i m i n a r y  and b lank t e s t  runs ( 6  men); t r a v e l e d  t o  s i t e  
(S.H., T.C.) 

Conducted one run  a t  a l l  s i t e s  ( e n t i r e  crew) 

Conducted one run  a t  a l l  s i t e s  

Conducted one run  a t  a l l  s i t es ;  packed equipment and l e f t  
s i t e  

Returned t o  base ( 6  men); re tu rned w i t h  equipment and 
samples (R.A., P . R . )  

Returned w i t h  samples (cont . )  
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