
STATE OF WASHINGTON 

DEPARTMENT OF ECOLOGY 
4350-150th Ave. N.E. Redrnond, Washington 98052 (206) 885-1900 

August 31, 1 9 8 2  

M r .  Mark Burnet t  
Acurex Corporation 
485 Clyde Avenue 
Mountain V i e w ,  C a l i f o r n i a  9 4 0 4 2  

Dear M r .  Burnet t :  

A s  you reques ted ,  enclosed are cop ie s  of s o m e  r e c e n t  
tes ts  w e  have done a t  primary aluminum production p l a n t s .  

A s  you can  see, t h e  average p a r t i c l e  s i z e  f o r  roof 
monitor emissions i s  somewhere between 1 0  and 2 0  microns. 
I n  t h i s  s i z e  range t h e  impactor t h a t  we used i s  n o t  very 
a c c u r a t e . .  I t  is s a f e  t o  say t h a t  t h e  average p a r t i c l e  
s i z e  i s  more than 8 microns. 

I f  you have any ques t ions ,  p l e a s e  f e e l  f r e e  t o  c a l l .  

S ince re ly ,  

OFFICE OF A I R  PROGRAMS 

B Jay mwq M. Willenbe g ,  P .  E .  
Engr . Compliance & Planning Sec t ion  

JMW : kw 

Enc . 

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

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






SOURCE TEST 

SUMMARY OF EMISSIONS TO ATMOSPHERE Report No. 82-8 - 
Report Datc! 4 /25 /8 :  

I 

I I I 

M i l l  Total 

Test: Date 3 / 2 2 - 2 6 ,  
1982 K A I S E R  ALUMINUM & CHEMICAL CORPORATION - Name of plant  

i 

55.4  g/kg 

Location of plant  MEAD, SPOKANE COUNTY -- 
Person contacted- SCH MIDT ( 5 0 9 )  466-3300 

Type o f  operation PRTMARY -ON 

Source tested , P O T L I N E  1, ROOM 4 L I  

Requesting Agency W O E  INDUSTRIAL SECTION 
Purpose MEASURE PARTICULATE AND SO, E M I S S I O N S  FOR COMPLIANCE 

I 

Applicable Standard WAC: 1 7  3-415  - 
SUMHARY OF MEASUREMENTS 

Alan T. B u t l e r  

Jay M. Wi l lenberg  

Test Witnessed by: 

Methods 

- .- 
EPA M e t h o d  1 

WDOE Method 

-. 
WDOE Met-hoc; 

MDOE Method 

ECY 020-1-62 
Ro-v. 1/79 

. . .- 
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Source T e s t  82-8 

Mead, Wash. 
T e s t  Date: 3/22-26/82 
Report  Date: 4/27/82 

KAISER ALUMINUP! & CEEMICAL CORP. 
Page 2 

I. Purpose 

This  test w a s  done fo r  t h e  purpose of measuring p a r t i c u l a t e ,  
f l u o r i d e  and s u l f u r  d i o x i d e  emiss ions  from t h e  Kaiser,  Mead 
primary aluminum reduc t ion  m i l l .  R e s u l t s  w i l l  be  used i n  t h e  
de te rmina t ion  of compliance w i t h  WDOE r e g u l a t i o n s .  P a r t i -  
c u l a t e  and SO2 r e s u l t s  w i l l  be r e p o r t e d  he re ,  f l u o r i d e  r e s u l t s  
w i l l  b e  g iven  i n  a supplement t o  t h i s  report  upon complet ion 
of l a b o r a t o r y  a n a l y s e s .  This  f a c i l i t y  w a s  l a s t  tested by t h e  
WDOE i n  February 1 9 7 6  ( S t a t .  Report  7 6 - 1 ) .  

Descr ip t ion  of t h e  'Unit  Tested 

Kaiser Aluminum Chemical Corpora t ion ' s  Mead works i s  a prehake  
primary aluminum reduc t ion  p l a n t .  The m i l l  is l o c a t e d  approxi -  
mately 1 5  m i l e s  n o r t h  of Spokane and is t h e  on ly  major a i r  
p o l l u t i o n  source  f o r  several m i l e s .  

The wlant  has e i s h t  p o t l i n e s ,  seven of which w e r e  i n  o p e r a t i o n  
& i;he t i m e  of o u r  t est. pr oducina 500  m e q a c l r a m s  (550 t o n s )  of 
aluminum per d a y .  E ach  wo t l ine  has  two potrooms,- w i th  an ave rage  
of 7 1  o p e r a t i n q  pots per roomP A l l  pots w i t h i n  a l i .ne  are hooded 
and served by t w o  manifold systems which dump i n t o  a common main 
manifold.  E i q h t  four -sec t ioned  baqhouses draw e f f l u e n t  from t h e  
common main manifold v i a  forced  d r a t t  b l  owers. Aluminum ore i s  
i n j e c t e d  i n t o  t h e  effluent str- of t h  e f u  
forminq a f l u o r i d e  absorb ing  bed of alumina i n  each  bashouse.  
The ore and e f f l u e n t  p a r t i c u l a t e  i s  t h e n  c o l l e c t e d  i n  t h e  hags .  
E f f l u e n t  which escapes from t h e  hoodj.ng system, .:such as may 
occur d u r i n g  a d d i t i o n  of alumina, t a p p i n g  molten aluminum, or 
breaking t h e  c r u s t ,  i s  carried upward by n a t u r a l  convect.i.on and 
i s  emi t ted  through t h e  roof  monitor .  

Coke for t h e  anodes i s  r ece ived  bv t h e  i n i l l  and fed t h r o u s h  a 
r o t a r y  k i l n .  A cyclone i s  used t o  c o n t r o l  emissi.ons. The coke  
is then  mixed t o  form an anode p a s t e  i n  t h e  green  carbon p l a n t .  
Emissions f r o n  t h e  m i x i n u 2  d h-oDerations are ven ted  
throush 9 baqhouse. 

The formed anodes a r e  then  baked i n  t h e  anode bake p l a n t ,  which 
is normally f i r e d  by n a t u r a l  gas. m i s s i o n s  are c o n t r o l l e d  by 
a baghouse, which has  t h e  s a m e  c o n f i g u r a t i o n  as t h o s e  used on t h e  
p o t l i n e s .  

11. 

e. a n L S 2  a t  Xaiser  tes ts  t h e s e  sou rces  f o r  war t i c u l a t e .  f l u o r i d  
r e q u l a r  i n t e r v a l s .  EPA Method 1 4  i s  used by Kaiser fo r  samp ing  
from t h e  Potroom 4 roof monitor .  Rather  t han  s e t t i n g  up samplers  
on t h e  roof monitor o u t l e t  d u c t ,  an  i s o k i n e t i c  a l i q u o t  of t h e  
roof monitor e f f l u e n t  is drawn from t h e  roo f  monitor  th rough 
seven d u c t s ,  which are combined and rou ted  through a s i n g l e  s t a c k  

$7 . 
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KAISER ALUMINUM & CHEMICAL CORP. 
Mead, Wash. 
T e s t  Date: 3/22-26/82 
Report Date: 4/27/82 

i 

t o  ground level.  A s i n g l e  sample, which should be r ep resen -  
t a t i v e  of t h e  e n t i r e  roof  moni tor ,  i s  then  collected from t h e  
ground l e v e l  sampling po in t .  

111. T e s t  Procedure 

T< s m s w e r e  c o l l e c t e d  
from each of t h r e e  sampling p o i n t s ,  d e s i a n a t e d  A ,  B ,  and C ,  
l oca t ed  on t h e  roo f .mon i to r  of potroom 4 .  The back h a l v e s  of 
t5e p a r t i c u l a t e  t r a i n s  w e r e  used t o  c o l l e c t  gaseous f l u o r i d e ;  
s o l i d  f l u o r i d e  compounds are cauoht  i n  t h e  front .  h a l v e s .  F l u o r i d e  
r e s u l t s  w i l l  h e  r epor t ed  upon complet ion of l a b o r a t o r y  a n a l y s e s .  

Twice duri-g each p a r t i c u l a t e  run ,  v e l o c i t i e s  w e r e  neasxeci nea r  
e x 3  roo f  n o c i t o r  sampl-in? p o i n t  by a n  i n t e g r a t i n g  anemometer, 
u s ing  a seven p o i n t ,  one minute p e r  p o i n t ,  traverse. An a d d i -  
t i o n a l  anemometer w a s  a t t ached  t o  t h e  sampling probe a t  pos i t i on  
B ,  and allowed t o  run  f o r  t h e  e n t i r e  sampling period. The 24-hour 
averaqe v e l o c i t y  a t  each sampling p o i n t  w a s  cal .culated by app3.ying 
a r a t i o  of t h e , s h o r t  term v e l o c i t y  a t  each p o i n t  v e r s u s  t h e  s h o r t  
t e r m  ve l cc5 ty  a t  t h e  c e n t e r  p o i n t  t o  t h e  center  p o i n t  24-hour 
v e l o c i t y .  A p l a n  v i e w  of t h e  Potroom 4 roof  m o n i t o r ,  showing 
sampling and v e l o c i t y  s i t e s  and v e l o c i t y  c a l c u l a t i o n s ,  are  g iven  
on page 1L 

A t  roo f  monitor sampling p o i n t  A ,  t h r e e  24-hour p a r t i c u l a t e  s i z e  
samples were c o l l e c t e d ,  concur ren t  w i t h  p a r t i c u l a t e  t e s t i n g .  

S ix  30 rninute WDOE Method 6 SO2 tests were run:  t h r e e  a t  t h e  
Potroom 4 primary c o n t r o l  system i n l e t ,  and t.hree a t  t h e  carbon 
bake p l a n t  baghouse o u t l e t .  N o  S O  tes ts  w e r e  done a t  +he g reen  
carbon p l a n t  because r e s u l t s  from $he p rev ious  WDOE test  a t  t h i s  
l o c a t i o n  were less than  1 ppm SO2. 

I V .  Resu l t s  

T e s t  r e s u l t s  are d e t a i l e d  i n  Tables 1 through 4 f o r  t h e  Potroom 4 
roof moili tor,  Table 5 f o r  t h e  Potroom 4 primary c o n t r o l  system 
SO2' and Table  6 f o r  t h e  carbon bake p l a n t  SO2. 

P a r t i c u l a t e  r e s u l t s  f o r  t h e  Potroom 4 roof  moni tor  were 0 . 0 0 6 0  
g r a i n s  p e r  d r y  s tandard  cub ic  meter of e f f l u e n t ,  o r  1 2 . 2  k i lograms 
of par t i cu la t e  per hour ,  which i s  1 7 1 . 1  ki lograms per hour when 
m u l t i p l i e d  by t h e  14 opera t ing  p o t l i n e s .  S i n c e  35.86 megagrams 
per  day per  potroom of aluminum are produced, t h e  emiss ion/process  
f a c t o r  would be 8.17 grams of p a r t i c u l a t e  per k i logram of a lumhum 
produced. I t  i s  estimated from t h e  p rev ious  tes t  r e s u l t s  t h a t  
t h e  p o t l i n e  baghouse primary c o n t r o l  system would add approximately 
0 . 1  g/kg t o  t h e  emission/process  factor .  
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I Source T e s t  82-8 Page 4 
KAISER ALUMINEM & CHENICAL CORP. 
Mead, Wash. 
T e s t  Dates: 3/22-26/82 
Report Date: 4/27/82 . .  

P a r t i c u l a t e  s i z e  tests i n d i c a t e  t h a t  t h e  ave rage  p a r t i c l e  median 
d iameter  i s  1 0  microns or  g r e a t e r .  I t  should be noted t h a t  

a t  t h e s e  r e l a t i v e l y  large p a r t i c l e  diameters, s i z i n g  results 
become less than  c e r t a i n .  There i s  a tendency f o r  t h e  second,  
and e s p e c i a l l y  t h e  f i r s t ,  in?pactor s t a g e s  t o  col lect  pa r t i c l e s  
of s i z e  ranges  r a t h e r  than s p e c i f i c  s i z e  c u t s .  A d d i t i o n a l l y ,  
t h e r e  i s  no real  upper l i m i t  on t h e  s i z e  of t h e  p a r t i c l e s  caugh t  
on t h e  f i r s t  s t a g e .  

SO2 or 46.5 grams of S O 2  p e r  kilogram of aluminum produced. 

SO2 r e s u l t s  f o r  t h e  carbon bake p l a n t  were 214 ppm, or  8 .87  g/kg. 

r e s u l t s  f o r  t h e  Potroon 4 primary c o n t r o l  system w e r e  1.46 ppm, 

When t h e  SO2 emissions f o r  a l l  s i g n i f i c a n t  sources i.n t h e  m i l l  
( p o t l i n e  primary c o n t r o l  system and carbon bake p l a n t )  are con- 
bined,  t h e  SO2 emission/process  factor for t h e  e n t i r e  f a c i l i t y  i.s 
55.4 g/kg. . .  

V. Comment 

The average process/emission factors f o r  sampling p o i n t s  A ,  R ,  and 
C on t h e  P o t l i n e  1, Room 4 roof  n o n i t o r  were 5.85, 7.27 and 1.l.39 
pounds per  t c n ,  r e s p e c t i v e l y ,  over our  t h r e e  d a y  t es t  p e r i o d .  The 
Method 1 4  saraslinq system used by Kaiser t o  g a t h e r  p a r t i c u l a t e  
d a t a  i s  set  up around p o i n t  A e x c l u s i v e l y .  

Resu l t s  from p a r t i c u l a t e  d a t a  c o l l e c t e d  only a t  p o i n t  A would be 
28 p e r c e n t  below t h e  8.17 pounds per t o n  ave rage  f o r  a l l  p o i n t s .  
Perhaps s o n e  work should be done t o  de termine   the. t r u e  xayn i tude  
and d u r a t i o n  of t h i s  b i a s ,  and whether some c o r r e c t i v e  measure 
should be employed. 

ATB : kw 
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EMISSION 

TEST DATA SUMMARY 
(METRIC) 

n 
Y 

. .  
roof m o n i t o r  w a i t  Name Kaiser Aluminum L Chemica l  Source P n t l  i n e  1 , m... { 

Address Industry Type 

State Washington  ZipCode 99021  
ntrnrvn City Mead ' County Unit Capacity - -  7 - .  . .  . . .  - 

see 

Tested a t  Inlet 

. .. 

NEDS . 4 9-2060-0 62-16-04 Fuel Type ___- 
Outlet X ' 

-. . . 
Type of Control Equipment 

Reason Tested: Spec. Study 
Personnel P rwn t  A. B u t l e r ,  J. Wil lenbers  

Pollutant Measured P t i  r u a  Method EPA Met;hod 17 

Stack Height, in. 
Sampling Location: Diameters Downstream of a Disturbance 
Test Number - 

. .  Compliance w/Fed. State X Local ' 

. .  

* 2 Cross-sectional Area, $4. m. -6 m / w n r  

Iweraqe Run Number 1 A  1B -L 
D6te: Mo., Day, Yr. 3/23/82 
Operating Rate AlW. .  Mg/day 11. 35  ' 11.95 71.95 
Gas Compojition % CO2 0.0 A L A  

- --.L!zuL 1 / 2 v L  3 5 . 8 6  

21.0 21.0 21.n 21.0 
79.0 79.0 79.0 

Estimated Mole Wt., Wet 
Excess Air, % 
Gas Flow Data 

Gas Pressure, mm. Hg. 
Gas Temp. ?C 
No. of Traverse Points 
k v g .  Stack Velocity, AMPS 
Gas Flow Rate. DSCMM 

Volume Sampled, DSCM 
Sample Duration, min. 
Nozzle Dia.,mm. 
lsokinetic Rate, % 

Conc., glDSCM .PPm 
Emission Rate, kdhr 
Process fia.cE%, 9lk9 

Sample Information 

F:esults 

- 
28 28 28 28 

1 0 , 6 0 0  1 2 , 3 0 0  .- 
1 1: 1 
1.22  1 . 4 2  1 .94  1 . 5 2  

1 2 , 7 0 0  ---I 35 600* 

Emission Rate, kg/hr 
Process Factor. glkg 

Other Measurements 

comments: -- 
Qf A -  B and C. 
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k 
EMISSION 

(METRIC) 
TEST DATA sunimw 

. .  
Source 
l r , d u s ~ ~ r i m i r y  1 A l w  

Prrnrn 

, . . . .  
City Mead County Spokane Unit Capacity 
Address 

NEDS ' , 49 
- -  - State Washington ZipCode 99021 see 

. .  
Outlet X 

-2060-062-16-04 Fuel Type 

_. . . 
Tested a t  Inlet 

Type of Control Equipment 

- .  . . .  . .  . 
. . .  

Compliance w/Fed. State X Local ' ' Reason Tested: Spec. Study 
PersonnelPresent A. But-. ;1. W i  l l & ~ r n  

Pollutant Measured P a r t i c u l a t e  

Stack Height, rn. 
Sampling Location: Diameters Downstream of a Disturbance 

. .  Method - m a  12 
Cross-sectional Area, sq. m. 4 4  6 - 8 6 m /monitor * . 

. .. 
2 

. 1 -. 
Test Number 82-8 

Run Number 
Date: Mo., Day, Yr. 1. 
Operating R a t e A l m .  /Nq/day 
Gas Composition % C02 

% 02 
% N2 

% H20 
%Other 

Estimated Mole Wt., Wet 
Excess Air, % 
Gas Flow Data 

Gar Pressure, mm. Hg. 
Gas Temp. ?C 
No. of Travene Points 
kvg .  Stack Velocity, AMPS 

. Gar Flow Rate, DSCMM 

Volume Sampled, DSCM 
Sample Duration, min. 
Nozzle Dia,mm. 
lsokinftic Rate, % 

Conc.;., I.'~--?.pPm 
Emission Rate, kg/!.; . '  

Process Factor, g/kg 

Conc., g/DSCM I PPm 
! Emission Rate, kdhr  

Process Factor, g/kg 

sample Information 

Results 

Results 

8 .  

Other Measurements 

---. 
32 32- 
b -I -i 
0.98 1 A . -  -1.47 

8,400 1 2 . 3 L  2- 

8 .850 1 3 , L  &123-- 
1 266.3 1.256.0 2 n  

12.7 1 2 . 7  1 2 . 7  
98 1 0 3  92 

0.0075 0.0064 0 , A L l L -  
3.78 4.73 8.37 
1.60 9.48 16 .80  

2 

P a r t i c u l a t e  

- Averaqe  

. .  

2 *Roof moni to r  area of 446.86 m was divided i n t o  t5ree zones .  
*mme% B-an ; 

of A.  R & r 
c 

ECY 020-38 
R.". 1181 
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I EMISSION 

TEST DATA SUMMARY 
(METRIC) 

PlantName . Xaiser Aluminum & Chemical Source P o t l i n e  1. roo m 4 yoof roMlt ' n r  
Address Industry Type m e Re- 
City -i County ''-- Unit.CapacitB4 X q / d a v / p o t r o o n  
State 'ha- ZipCode scc 3-03-001-01 
NEDS Fuel Type 

Tested a t  Inlet Outlet X 
... . Type of Control Equipment ?;one 

Reason Tested: Spec. Study Compliance w1Fed. State X Local 

Personnel Present A. B u t l e r , .  J. T . T i l c j  

RPA F .. Pollutant Measured Part-ate Method .* 1 7  

' L  Cross.sectional Area, sq. m. 446 . 8 6 m 2 /  mnnltn Stack Height, m. 
Sampling Location: Diameters Downstream of a Disturbance 
Test Number - 1 

Run Number 
Date: Mo., Day, Yr. 
Operating Rate Alum. 
Gas Composition % C02 

% 02 
%N2 

% H20 
% Other 

Estimated Mole Wt.. Wet 
Excess Air, % 
Gas Flow Data 

Gas Pressure, mm. Hg. 
Gas Temp. ?C 
No. of Traverse Points 
kvg. Stack Velocity, AMPS 
Gas Flow Rate, CSCMM 

Volume Sampled, DSCM 
Sample Duration, min. 
Nozzle Dia, mm. 
lsokinetic Rate, % 

Conc.. g1DSCM .PPm 
Emission Kate, kgfh 
Process Factor, glkg 

Conc., glDSCM , PPm 
Emission Rate, kgfhr 
Process Factor, glkg 

Sample Information 

Fiesults 

Results 

Other Measurements 

73 

ECY 020-38 
Re". 1/01 
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IX 1rtmc:nt EhIISSION 

TEST DATA SUMMARY 
(METRIC) 

* 
. ()&I )k &y 

Plant Name 
Address 
City Eead County Spokane 
State Washinqton Zip Code SCC' ' 3-03-001-01 

iser Aluminum E, Chemical Source P o t l i n e  1, room 4 roof monitor 
indust,,, T~~~ primary Al.uminum Reduction 
Unit Capacity 34 Kq/d ay /potr oom 

Fuel Type 
Tested a t  Inlet Outlet x 

NEOS 

.. . Type of Control Equipment None 

. .  Reason Tested: Spec. Study Compliance wlFed. State X Local 
Personnel Present A. B u t l e r ,  J. Willenberg - 

EPA Method 13 
. .  

Pollutant Measured P a r t i c u l a t e  Method 

Stack Height, m. 

Test Number 8 2-8 

Run Number 
Date: Mo., Day, Yr. 
Operating Rate A l u m -  Mg/day 35.86, 35.86 35.86 
Gas Composition 96 C02 

2 446.86/m /monitor* Crosssectional Area, sq. m. 
Sampling Location: Diameters Downstream of a Disturbance -1 

1 2 3 Avcraqe -- 
3/25/82 3/23/82 3/2=2 

35.86 
0 . 0. 0 .0 0.0 0.0 

21.0 21.0 21.0 21.0 
79.0 79.0 79.0 79.0 

56 02 
56 N2 
%Other 
% H20 

Estimated Mole Wt.. Wet 
Excss Air, 56 
Gas Flow Data 

Gas Pressure, mm. Hg. 

No. of Traverse Points 
Gas Temp. ?C - 3- 

kvg. Stack Velocity, AMPS 1.571.79 
Gas Flow Rate, DSCMM - ?3.&rn- 

Sample Information 
Volume Sampled, DSCM 
Sample Duration, min. 
Nozzle Dia, mm. 
lsokinetic Rate, % 

Results P a r t i c u l a t e  
Conc.. glDSCM .PPm n.nn A9 n . n o a 3 .  
Emission Rate, kg/hr A 16.88- 
Process Factor, g/kg A11.2y 

Results Median D i a .  ' : :par t ic le  S i z e  
Conc.. Microns- 
Emission Rate, kdhr 
Process Factor, glkg 

Other Measurements - 
Comments: 

ECY 0 2 0 3 8  
Rev. 1/81 
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TEST DATA SUMMARY 
(METRIC) 

Plant Name K a i s e r  Aluminum & C h e m i c a l  source P o t l i n e  1 r room. ' baghouse in'.e 
Address 
City . Mead County S p o k a n e  Unit Capacity -- 
State Wash inq tonZ ipCode  9 9 0 2 1  
NEDS -0 - 6 2 - 1 6  . .  Fuel Type 

Industry Type P r i m a r y  ~ l u m l n * m  fit- 

- see - -  
Tested a t  Inlet Outlet X 

Type of Control Equipment 

Reason Tested: Spec. Study 
Personnel Present A R n t l r r .  J. w i l l e n b e r q  

State Local Compliance w/Fed. 

Method WDOE Method 6 Pollutant Measured - . .  

Stack Height, m. 1 5  Cross-sectional Area, sq. m. 
Sampling Location: Diameters Downstream of a Disturbance 
Test Number 82 -8  

1: 

Run Number A 
Date: Mo., Day, Yr. 7/71/A3 
Operating Rate ~ 1 ~ .  xg/day 
Gas Composition % C02 nn 

% 02 - 
% N2 -7-%n--- 
%Other 
% H20 

Estimated Mole Wt.. Wet 29.00 

7 3 Average 

1/23/82 -.3/23/82 3 5 . 8 6  

15.86 0.0  0.0 
0.0 2 1 . 0  2 1 . 0  

3 5 . 8 6  

A 79.0  79.0 79.0 .. 

29.00 2 9 . 0 0  29 .00  

Excess Air, % c 

Gas Flow Data' 

-I§----- 18 18 --8--- Gas Pressure, mm. Hg. 
Gas Temp. ?C - .  

(1) .a -- 
lb.5 ' 1 6 . 6  

No. of Traverse Points v, (samplp\ 33 (1) 
. .  
- - m V  , 7 ¶ 0 0 -  . 

kvg.  Stack Velocity, AMPS 1 6 . 7 . '  
Gas Flow Rate, DSCMM 2 9 1 0  2900  

Sample Information 
Volume Sampled, DSCM 
Sample Duration, min. 
Nozzle Dia,mm. 
lsokinetic Rate, % 

Fiesults 
Conc.. : m m  
Emission Rate, kg/h: 
Process Factor, glkg 

Conc., QIDSCM I PPm 
Emission Rate, kglhr 
Process Factor, glkg 

Results 

Other Measurements 

.OS46 . 0 2 8 1  .0636 
30.0 30.0 30.0 

^^  

bu2156  143  1 4 1  

7 4 . 3  6 7 2 -  L U -  
1 4  6 

6- - 



EMISSION Page 10 
TEST DATA SUMMARY 

(METRIC) 

PlantName Kyiser Aluminuni & C w  ' 1 Source - e.-- 
Address Industry Type w r v  A 1  

County Suok- Unit Capacity 
. .  

City Mead 

NEDS i .  Fuel Type 
State Washington Zip Code 9 9 0 2 1  see - n5 

Outlet x Tested a t  Inlet 
Type of Control Equipment Baghouse 

Reason Tested: Spec. Study Compliance wlFed. State X Local 
Personnel Present 4. w r .  J. V J J i . l l g  

Pollutant Meaured 

Stack Height, m. 
Sampling Location: Diameters Downstream of a Disturbance 
Test Number - 

Method WBQm-a, 5 

Cross-sectional Area, sq. m. 0.292 
. .. 

I1 

Run Number 
Date: Mo.. Day, Yr. 
Operating Rate Alum. 
Gas Composition % CO2 

%o, 
?4 N2 
% Other 
% H20 

6 Average 
3 /24 /82  

_3zBs ?5L 
0.0 a.nL 
21.0 ?.I .n  
79.0 7 9 . D -  

5 
.- 3/24/82 

i%g/day 35.86 ' 35.86 
0.0 . 0.0 

21.0 21.0 
79 .0  79 .0  

Estimated Mole Wt., Wet 
Exxc~ss Air, % 
Gas Flow Data 

'Gas Pressure, mm. Hg. 
Gas Temp. ?C 
No. of Traverse Points ?,(Sample) 1 6  (1) 
kvg.  Stack Velocity, AMPS 24.7 
Gas Flow Rate, DSCMM 5,270 

Volums Sampled, DSCM .0170 
Sample Duration, min. 30.0 
Nozzle Dia.,mm. 
lsokinetic Rate, % 

Sample Information 

'02176 Cone:; . . . : m m  
Emission Rate, kg/W 1 5 1  
Process Factor, glkg 7.24 

Conc., glDSCM , PPm 
Emission Rate, kglhr 
Process Factor, g/kg 

Flesults .. 

Results 

Other Measurements 

~~ ~ 

1 6  (11 
2 5 . 1  

5 ,300  

16u- 
25.2 
5.320 

.0176 
30.0 

.0160 
3 0 . 0  

231 
2 0 1  

9 .62  

235 
204 

9 . 7 4  

Comments *Gas flow and SO, enission rates represent total f o r  lilated 
by multiplyinq results obtained at the baahouse by 8 merat3 'ng_bag--_ 
houses. 

ECY 020.38 
Re" 1/61 
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ASSUMED PARTICLE DENSITY = 1-00 

G A S-C OHPO SI T I ON ( PE RC EN T ) -- . .:-- -~.- 

CALCc i4ASS LOADING = 9e6066E-04  
~ 

IMPACTOR STAGE 

~ .-.- -- 
S T A G E  INDEX NUMBER 

. I._- GM/CUoCI4. STACK PRESSURE = 2{ - >:..- . 'P ' 

._ ._ c02 

GR/ACF 

- o,oo --co .= 

9.9732E-34 

. . - . 
s f. s2 

1 2 
__-- 

c :4ASS I H I L L I G R A M S t  5-21, 6-80 3. 
____ . .. . . .. -. - - __- -- 

HG /D SC M/S T A GE 5,4.9E-01. 7.17F01: 3. '  
@ T: 

-e  
-e  

B. 

e 

4 

C 



Y 
....... ................. -- . SZG 

I 54 s5 56 57 FILTER 
. . . . . . . . . . . . . . . . . . . . . . . .  ... -- .-, 

4 5 6 7 8 ca 

........ .- .... - __ 
3 E  01 4.44E 03 2.44E 00 L.34E 00 7.18E-01 3.73E-01 

. -- - *' .... . . ,-:..: 

. ...- i.: 
...A:- 

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

. .  . .  ..... .. 

c 

._ 
. . .  - 6  .. 

. . .  - 
. 



i ......... . .  ..- . ... ___ ...... .... . 

RUN NO Z NITHOUT GREASE 5 
. . . .  IMPACTOR FLOWRATE-=. O . Z ~ ~ - A C F R .  ..... . --IMPA~TOR-TEMPERATUR 

c- IMPACTOR PRESSUXE DRO'P "'0-4 I N .  OF HG STACK .TEMPERATURE = 
............ . ........ 
ASSU3EO PART,ICLE DENSITY = 1.00 GM/CUoCM. STACK PRESSURE = 2 

.... GAS.. CO!-lPOSITI.O?I.~I PERCENT) . .-COZ-=.- O-OO-- ....... ---CO-= --0 

G- CALC. MASS LOADING = 1,2549E-03 GR/ACF Lo3027E-03  GK 

c 

._ -- . ... -~ 
IMP4CT.JR STAGE 

SI s2 . .  
G 

Q .  

GB 

6 

........ . __ . __ 2 .. 

STAGE I N C E X  NUMBER I 2 

-- . . .  C 5 0  .. (MICROMETERS.) 4.0-38 1 . 6 a . 6 7 -  6 -  

MASS r?lILLIGRAFSI 4.97 1.3.00 3. 
..._.__.__I____-_...--.---..- -.__ 

!4G/DSCH/STAGE 5.27E-01 I . 3 0 E  00 4. 

. - ..... CUM,-~ERC.EN.T-OF.-.M.ASS--SMALLER.-T.WAN-DSQ ~2..33------.-36~-1.0-----.22 

6 .  CUM. (MG/ACM) SEALLER THAN 050 2.36E 00 1.e04.E 00 6 .  
- . -. 

2.+5E 00 1-08E 00 6. 

'6 

b 

(d 

ia 

. __ ___ _--__._._--_-_-I_. 

N O R M 4 1  IENSINEE%ING STAMOARD) CONDITIONS ARE' 2 1  OEG C AN0 760flH HG 

. . AER~OOYNAMIC .DIAHETERSLARE: CALCULATED .HERE. ACCORDING -TO T H L T A S K  GR 

..... ...-. ... ...... _ ......... _ . .......... . 
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90.0 F = 32.2 C 

iE-01 

! E  06 

.15.32=0 L 

,1.17E 07 

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

(3 
. . . . . . .  -. .... -. .~ .~ ~ . .. . . .  - 

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

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

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

. -  
. -  

.... 
, ..\_ 

- .. 
. .  

. -  
. .  

'7 . I-;, 
>. , 
. .  . . .  ... 

~ . .  .~ 
.~ 

.I - . . .  .. . .  . . .  
. .  

--p . . .  ...... 





n 
0 

L. 

0 
N 

0 
0 

r: 
0 ” e 
‘t 



CALC. MASS LOADING = . 6 o 8 5 9 7 E - O t  GR/ACF 7.12.1 6E-34 Gi 
.____~__l_____I_.- 

c 
IHPACTOR STAGE r Sl s 2  

M A S S  I H I L L I G R A M S I  

XG/OSCH/STAGE 
-. . . . .  ~ - ....... 

c 

:. 

4.67 3 . 0 6  3 

4 . 4 3 E - 9 1  Z-YOE-01. 3 
. .  ..... . 

-.e ' 

. .. ~__ ...... ___ ---_- _____ 
?IOXNAL (E$lGINEE%ING STANDARD) CONDITIONS A X E  21 OEG C AND 769Y.Y H c 

c 
c 
c 
c 

1. 

_ _  AERODYNAMIC-. DIAH~TERS._ARE.CALCULATED.MERE. .ACCORDENG TC). THE .TASK .G 
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'L 
t 

. . . .  . . ... . . . . .  a.. ..... L. 

':I c 

90.0 F = 3 2 - 2  C c: 
- . .  90.0--F.= ..... 32.2 C ........ SAMPLING--DUKATION-= **$"%*. M I N  ........ 

.............. ........... _._..___..____._..______I_.-_. l_l 

c 9 2  IN. O F  HC MAX. PARTICLE DIAMETER = 239.1. MICROMETERS 

I O  -_ ......... N Z  = -79.00 . . . . . .  .... I)Z-= -21- OO.-- .HZO-=-O,OO-- 
. .  

:NCF 1.5697E 00 MG/ACM 1.6.297E 00 f I G / D N C N  ' c: 
... .,,, 1 :. 

::, c 

,: c 

:< 

. .  
2 : .. 

F I L T E R  
.. 

I 5 4  55 Sb s7 
__-. - .  . . __ . ___ . - .... .. 

4 5 6 7 8 

0-52 ____I_ 
_ _  ___..____I_ . 

7 1.37 0.79 0.85 0.89 2.09 , /  

7E-01 1.30E-01 7.49E-02 8.06E-02 8.44E-02 L-9EE-01 

j ---2 6 ..88 

7E-01 4.22E-01 3.50E-01 2.72E-01 1091E-01  

3 3.22 1 , R l  0-96 

.. .......................... ___ .... .... ... , 

2 2 * Z &---- 1-7 . -03~~12.~ . l6- - - - - - - - - - - - -  

. ........ ~ ~ . - _ _ - - _ _ _  
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SULFUR DIOXIDE DETERMINATION UY 
ABSORPTION 1N PERIOXIDE 

METHOD 6 

0 

34 

I Operator 7%- 
Vm Tm Meter Pressure, Pm mm Hg 

Test No. ~ I 

Date ?I$$?- 
.. . . 

I - 
SAMPLING LOCATION Kdc Z e C  SAMPLE NO. 

Aliquot Ratio: Vab ' I Ra 
ml Aliquot 

Reagent Titration Volume for Blank: Vtb 

128/20 

. o s  rnl - 
L , L 5  ml Reagent Titration Volume for Sample: Vts 

Lab. Analyst ;?, Date in ,931 -%2 Date out 4-2-82- 
(I U 

93, Mass Collected. Mro., = 32 0 Nr (Vts - Vtbl Ra = 11 0 3  mg 
L 

(293) ' x vm= 63-63 S O L  

m g d  
r:1.15 

c.*:=+7 
Volume Sampled, Vs = 

"2 Mass Concentration. Cmso2 = 1000 Mso2 J Vs = 

(Tm + 273) ma 
C 2 4 . % 4  

ppm 932 Volume Concentration, CuroZ = 0.367 Cmso2 = 155-q2. -. 

w2 Emission Rate, Rso2 = 60.0 x Crnso2 x Qs = 74.39 kg/hr 

Stack Flow Rate, Os = 2.T 14-78  DSCMM 



33 
1 

SfqP o f  
~ l S t N 1  g l O I 1  

Test No. 

Date 

1>1.J )ilrtfl)('lit 
( )f I i r  )k gy SULFUR DIOXIDE DETERMINATION UY 

ABSORPTION IN PERIOXIDE 
METHOD 6 

-. 

'L- ... 
SAMPLING LOCATION P o l  - A i e  SAMPLE NO. 

OPERATING CONDITIONS .. ' 

, 
c .  , I  502 No. 82-3- qs7 

128 ml 
Analysis Method -L 

Absorbant Volume: Vab 

Normality of Standard Reagent Nr a 
Aliquot Ratio: Vab' , Ra 

ml Aliquot 

Reagent Titration Volume for Blank: Vtb 

Reagent Titration Volume for Sample: V t s  

Lab. Analyst Date in .. /+z Date our Y -2-82 

z i  .3 i3 mg "2 Mass Collected, Mso2 

Volume Sampled, Vs 5S-u = ,293) (h) Vm = 54 -5? SOL 

3 18 379. I5 mdm. 502 Mass Concentration, Cmso2 = 1000 Mso2 I Vs = 

. . w m  

= 32.0 Nr (Vts - Vtb) Ra = 

Urn + 273) om) 

-2 Volume Concentration, Cuso2 = 0.367 CmsoZ = -_ 143- 12 
Stack Flow Rate, (2s = a8-77.55 DSCMM 

Emission Rate. Aso2 = 60.0 x Cmso2 x QS = 67.Z3 kghr  
"2 



SAMPLING LOCATIO@ 

SULFUR UIOXIDIC DETERhllNATlON UY 
ABSORP'I'ION 1N PERIOXIDE 

lllETHOD 6 

SAMPL 
J 

.E NO. 

OPERATING CONDITIONS . . . . 

+.3 2 27 \%I Operator 

e Vm Tm Meter Pressure, Pm mm Hg 

so2 No. - 3 - Y S P  Analysis Method 
Absorbant Volume: Vab ./D&LL!!! 

-02 - N -  Normality of Standard Reagent Nr 

Vab i o  L/ZO ' I  
Aliquot Ratio: --a Ra 

,CJ< mi 

3.35' ml 

ml Aliquot 

Reagent Titration Volume for Blank: Vtb 

Reagent Titration Volume for Sample: Vts 

Lab. Analyst rn Dale in -? -3j-a Date nut $-2-3 
I 0.77 rn3 

x7-95 (m) (Pm) Vrn = 18. I4 sot 
w2 Mass Collected, Mso2 

Volume Sampled, Vr = 

to2' Mass Concentration, Cmso2 = 1000 Ms02 I VS = 

W 2  Volume Concentration, CusoZ = 0.367 Cmso2 = 

Stack Flow Rate, (2r = 

"2 

= 32.0 Nr (Vts - Vtb) Ra = 

371.77 mdm3 
(Tm+ 273) V a l  
I7-5 

, 4 . J .  4% . p p m  

kslhr 

2280.3 DSCMM 

Emission Rate, Rso2 =. 60.0 x Cmso2 x Qs = 66, 15 

Calculated by 

S Y  02013  
wv. 1/81 



9 

Calculated by k\ a.h 7 - .  EL<$-i_.r- Checked by 

Vm Tm Meter Pressure, Pm mm Hg I 

.. - . .. . . , ,_ 1- -- I .. .I .---. . .. , , .,.,' 



i 34 SIat<.of 
w 1 4  1u won 

Test "I:+ ; 1 '(r ) i l r n l I ( Y  It 
( )t. 1 $1 )k &?J 

re ;kh Dale , SULFUR DIOXIDE DETERMINATION UY 

METHOD 6 
ABSORPTION IN PENOXIDE .. 

. .  

.. 
SAMPLE NO. SAMPLING LOCATION . .  

OPERATING CONDITIONS 

Absorbant Volume: Vab N 

Normality of Standard Reagent t+r 

i I  ?/io 
,K  ml 

Reagent Titration Volume for Blank: Vtb a. ric 'ml 

Vab' , Ra Aliquot Ratio: 
rnl Aliquot 

Reagent Titration Volume for Salrple: Vts 

Lab. Analyst Date in 3-31-- Date 01~1 >--2 - 8 z  

mq I O -  x\ "2 Mass Collected, Mso2 

Volume Sampled, Vs = 

502 Mass Concentratlon. Cmso2 = 1000 Mso2 I VS = 

"2 Volume Concentratlon, Cuso2 = 0.367 Cmso2 = 

Stack Flow Rate, Or = 

= 32 0 Nr (Vts - Vtb) Ra = 

S O L  

64 0.3% mg/m3 

16 0 7  (293) (Rn) Vm = 15.75 
ITm+273) urn) 

PPrn 
5 3 0 2 . 0 0  DSCMM 

kg/hr 

x35 i?D 

Emission Rate, Rso2 = 60.0 x loT6 CmsoZ x = "10'3 -7 
"2 



SULFUR DIOXIDE DETERMINATION UY 
ABSORPTION 1N PERlOXlDE 

METHOD 6 

Test No. 
I .  

Date 3 W G l  
.. . 

I '  

SAMPLENO. 6 

Absorbant Volume: Vab : 

Normality of Standard Reagent Nr . 0 7 .  N 

/%/W 
. .  

Aliquot Ratio: Vab . Ra 
ml Aliquot 

Reagent Titration Volume for Blank: Vtb 

Reagent Titration Volume for Sample: Vts 

Lab: Analyst 

OS- .. rnl 

2. bo 'rn~ 
I 

4- 2qgi 3 

(h) Vm = 17.e D S O L  

Date our . Date in 3-31 - 
. .  

. .  

"2 Mass Collected. MsoZ = 32.0 Nr (Vts - Vtbl Ra = I I . ' Q  mci 

Volume Sampled, Vs =. 

502 Mass Concentration. Cmro2 = 1000 Mso2 I Vs = 

1 7 - 7 D  ,293) . 

mg/m3 

"2 Volume Concentration, Cuso2 = 0.367 Cmso2 = - 131.4/ 
Stack Flow Rate, (h = 5 3  Lo.%X DSCMM 

CTm + 273) (7601 
630-55 '-1.67 

P P  

Emission Rate, Rso2 = 60.0 x Crnso2 x Or = ZO'l ~ 3' I k&r 
"2 

Calculated by Checked by 

ECY 02&13 
Rev. 1 /81  
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Srrmrnary E D e s c r i p t i o n  Pages 1 - 6 -  
stare of LEFE.e€dCL -2 

SOURCE TEST 

SUMMARY OF EMISSIONS TO ATMOSPHERE Report  No. 8 2 - 1 1  

Report  Date 6 /15 /82  

P o l l u t a n t  

Name o f  p l a n t  

L o c a t i o n  of p l  

Measured AI l cwabte  Ernission/Process 
Emiss ion  Em 1 ss i  of^ F a c t o r  

Tes t  Date- -.-- 18-20 
ALCOA 1982 

Vass Mean S i z e  

m T R  a n t  

Person con tac ted  ET-v 

Type o f  o p e r a t i o n  ..-. TBWDV _.- -1 all-T. D m  

Source t e s t e d  DOTLINE 1 0  ROOF FoNITOR 
Reques t ing  Agency STAT 
Purpose ~ A S U R E  PARTICLE SIZE 
A p p l i c a b l e  S t a n d a r d d o - F  

SUMMARY OF MEASUREMENTS 

dDOE Kethod 11 microns 
22 

I P a r t i c u l a t e  I I 

TEST EKGINEER 

Fl.ELD PERSONNEL 

Jay 14. Willenberg, P.  E /  

LAB ANALYSIS 

Vi P- a r i r u  1 t n r  a c v  S t e i n f o r t  

Jay bJ.lillenberg 

.rest Witnessed by:  

' ECY 020-1-62 
Rov. 1/79 
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Souxce T e s t  82-11 

Vancouver 
Roof I$onitor P a r t i c l e  S i z e  
T e s t  Dates: Elay 18-20, 1982 
Report D a t e :  June 15, 1982 

ALCO?? 

I. Purpose 

The purpose of t h e  t es t  w a s  t o  measure t h e  par t ic le  s i z e  of 
t h e  emissions from t h e  roof monitor a t  Alcoa ' s  Vancouver 
g l a n t .  ?he r e s u l t s  w i l l  be used f o r  i n f o r m a t i o n a l  purposes .  

11. Desc r ip t ion  of F a c i l i t y  Tested 

The Alcoa, Vancouver, f a c i l i t y  is a prebake type  primary 
aluminiun r e d u c t i o n  f a c i l i t y  and i s  loca ted  nea r  t h e  Colu-nbia 
River  west of t h e  c i t y  of Vancouver. 

The p1ant':has f i v e  p o t l i n e s  w i t h  65 p o t s  p e r  room a.nd two rooms 
pe r  l i n e .  A t  t h e  t i m e  of our test  only  two p o t l i n e s  were 
ope ra t ing ,  reducing  approximately 133 tons of aluminu-n p e r  day. 
Emissions from t h e  p o t s  a r e  c o l l e c t e d  by hoods and duc ted  t o  a 
r e a c t o r  haghouse. There a r e  f i v e  baghouses pe r  p o t l i n e  and two 
s t a c k s  p e r  baghouse. P r i m  t o  t h e  baghouse,  t h e  p o t s  e f f l u e n t s  
a r e  ducted t o  t.he r e a c t o r s  where it i s  passed throu.gh a f l u i d  
bed of  alumina f o r  f l u o r i d e  removal.. 

Most secondary emissions are re l eased .wheneve r  t h e  p o t s  are  
d rossed ,  t apped ,  o r  more alumina i s  added. Emissions a r e  c a r r i e d  
t o  t h e  c e i l i n g  by convec t ion  and r e l e a s e d  t o  t h e  atrnosphere 
through roof monitors .  
monitors  which a r e  r e c t a n g u l a r  v e n t s  running  t h e  l eng th  of t h e  
roof of t h e  potroom. On potroom #S, n ine  small diameter  i n l e t  
d u c t s  a r e  connected and rou ted  t o  a s i n g l e  1 5 "  d iameter  s t a c k  
loca ted  i n  t h e  cour tyard  between potrooms #E and #lo. H e r e  
samples are drawn f o r  measurement of p a r t i c u l a t e  and f l u o r i d e  
c o n c e n t r a t i o n s  u s i n g  EPA Method 14. 

N o  c o n t r o l  system is used wi th  t h e  roof 

111. T e s t  Procedures  

Three p a r t i c l e  s i z e  samples were t aken  fo l lowing  KDOE Method 22. 
A Ur?iversity of VJashington Mark 111 Impactor was used t o  c o l l e c t  
a l l  samples over  a 50 hour pe r iod .  Run 1 went from 12:lO t o  
21:30 on May 18, Run 2 from 21:42 t o  12:06 011 b!ay 19, and R V ~  3 
from 12:12 t o  13:OE on Kay 20. O n  Runs #l and #2 t h e  s ta inless  
s t ee l  s u b s t r a i t s  w e r e  coated wi th  Apizon H g rease  t o  minimize 
p a r t i c l e  bounce and re -en t ra inment .  
#3. A l l  t h r e e  samples were taken  a t  a p o i n t  of Rear average  
v e l o c i t y .  Because of low s t a c k  tempera ture  (about  90  ,C) and t h e  
low mois tu re ,  no heated probe o r  impingers  w e r e  used. 

The exposed p l a t e s  were d r i e d  a t  105OC f o r  fou r  hour s ,  d e s i c c a t e d  
and weighed t o  t h e  n e a r e s t  0 .01 m i l l i g r a m s .  The d a t a  was computer 
reduced u s i n g  t h e  CLDRS program developed by t h e  Southern Research 

No g r e a s e  was used on Run 
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I n s t i t u t e .  A p a r t i c l e  s i z e  was c a l c u l a t e d  assuming a l l  
p a r t i c l e s  t o  be sphe res  of d e n s i t y  1 . 0 0 .  

IV. R e s u l t s  

As shown i n  F igure  1, about  h a l f  the  p a r t i c l e s  masu-ed were 
less than  1 0  t o  11 microns. This  cor responds  c l o s e l y  t o  t h e  
50% c u t  s i z e  i n  the second stage on t h e  irnpactor an?. i s  i n  
a range where t h e  u n c e r t a i n t y  of measurement is large. 

The s i z e  d i s t r i b u t i o n  curve for  Bun tl a n d  #2 i s  s l i q h t l y  
d i f f e r e n t  t han  f o r  Run r3. This  may be  caused by process  
change, b u t  m o r e  l i k e l y  caused by the f ac t  t h a t  g rease  w a s  n o t  
used 03 Run # 3 .  It w a s  n o t i c e d  t h a t  t h e r e  i s  a l a r q e  amount of 
loose Faterial i n  t h e  f irst  stage on Run # 3 .  Some of t h e  
material  may have migrated down from the o t h e r  s t a g e s .  

I! 

JMW : kw 
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Prohe l e n g t h .  Type .  F a c t o r  __  - 

Assumed Moisture, f / % 
Sample  Box Number M e t e r  

Water Volume C o l l e c t e d  + = I" I 

- N o r z l e  I.D. -3/ ,/ 

Impingers S i l i c a  G e l  

P a r t i c u l a t e  Weight  

Wash F i l t e r  I m p i n g e r s  - 
I D  No; 

Final 
Tare 

Gain 1 
< 

SCHEUATIC OF TRAVERSE POINT LAYOUT 

DRY GAS METER CLOCK TIME ORIFICE PRESSURE 1MP:NCER 
DIFFERENTIAL STACK PROBE TEMP TEMPERATURE P W  

VELOCITY Box VACUUM 
in. ~g INLET OUTLET ( A H l i n .  H20) TEW TEKP OF TEMP 

CAS METER READING nEAD 
@PS) , i n .  H20 (Ts) , 'F  "F ) , ' F ( ( T  ) , 'F  

!V,),ft 3 
DFSIRED 1 ACTUAL m . -  
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Date ............ _ _  ...................... 

................ REQUESTED BY : : 

. 
J/; d ... 

LOCATION .... 1 / A / ~ C O ~ ’ U ~ R  ................ ................................................................ P-VI COLLECTED BY ......... 537. L ................................... : 
COUNTY 

/a/ DATE WERE (WILL BE) COLLECTED &d. f.. !..?...:.k? .............. APPROVED BY .... lk? ... .- . : 

SAMPLES WILL ARRIVE: DATE ..&. $?...&.!...APPROXIMATE TIME .................... CARRIER ...................... 

PRIORITY: REASONABLY SOON ................ L l  AS SOON AS POSSIBLE .................... EMERGENCY ... 

ROUTE DATA SUMMARY TO: ..... ~.!?d!!?.?b..??f .... - 
PROGRAM CODE 

0 Investigation 0 Survey 17 Spill 0 Complaint 0 Other (describe) ............................................................... 

- 1 - 1;z Amb. Mon. D Compliance Inspeclion 0 Class, It 

OTHER INFORMATION: .............. 

Lc J4-r - -Yo/ -  / P-6-5 ................. 2.L ....... !.!?.I? ...................... J’? ..................................... 

~ 

Analyses of &?- 
RequLed Samples 

‘\ 
I I 1 

Fill out a s  corngletely as possible. Some Analyse 
bers of samples must be scheduled ahead of time. 
supervising the particular analysis desired. 

-Specific Gest ions should be directed to the Analyst 
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Date .......................... 

I- SOURCE .......... A.1. REQUESTED BY 
, ................. L ......................... COLLECTED BY .._ - cowry 

DATE WERE (WILL BE) COLLECTTCD ...A*: .[8.&...&!?... API'ROVED BY ...................... 

SAMPLES WILL ARRIVE: DATE ___. ~ ~ . ~ _ . _ _ _ _ _ _ _ _ _ _  APPROXlI1IA.TE TIME C'ARRIER 

PRIORITY: 

ROUTE DATA SUMMARY TO: ............................... 

REASONABLY SOON .................. AS SOON AS POSSIBLE ........ ..-...EMERGE NCY 

PROGRAM CODE - _ A  - : C3 Amb. Man. ~oiiipliance inspection n Class, ti 

0 Investigation 0 Survey. 0 Spill Complaint. n Otlier (describe) 

OTHER INFORMATION: ....... ................................................................. ... ..... 

Type of 
Analyses 
R e q u i d  

*.I 8' 2 
%.. 

5 

-4 

6 

Number 
of 

Samples 

.. .... ... 

. . . . . . . .  

__-- 

' as possible. Some Analyses (bacteriological, biological, BOD, ck.) and large n u s -  
bers of samples must be scheduled ahead of time. Specific questions shod? be directed to  the )\nab's! 
supwvising the particular analysis desired. 

Fill out as complete 
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I. Purpose 

The purpose of t h i s  t es t  was t o  measure p a r t i c u l a t e  and f l u o r i d e  
emiss ions  from roof  monitors  o f  t h e  North P l a n t  of t h e  Reynolds 
Metals Company, Longview, primary aluminum reduc t ion  m i l l .  C o r -  
r e la t ive  purposes  of t h i s  tes t  were t o  measure p a r t i c u l a t e  and 
gas  v e l o c i t y  d i s t r i b u t i o n  across t h e  roof  mon i to r ,  and t o  com- 
pare t w o  d i f f e r e n t  methods f o r  measuring f l u o r i d e s .  F l u o r i d e  

ana lyses  - 'measurements w i l l  be r epor t ed  upon completion of l a b o r a t o r y  

11. Desc r ip t ion  of the U n i t  Tested 

The Reynolds 
heav i lv  i n d u s g r i a l i z e d  area t o  the sou th  of Lonqview, Washinqt.on . r imary  aluminum reduc t ion  m i l l  i s  3.ocated i n  a 

< 

$ h i s  m i l l ' s  r e d u c t i o n  fac i l i t i es  inc lude  t w o  h o r i z o n t a l  s t u d  
Soderburg (HSS) p l a n t s ,  known a s  t h e  "North" and "South" p l a n t s .  
The South p l a n t  w a s  t e s t e d  by WDOE i n  June 1979  (STAT repor t  
79-19A and B). 

The North P l a n t  ( s  e e F igure  1 )  p ,  w i t h  a combined 
c a p a c i t y  of 127,000 Mg/year '(l40,OOO ton /yr . ) .  The total. output. 
of t h e  North and South p l a n t s  is 191,000 Mg/yr (210,000 t o n / y r ) .  
Each P o t u  has  ~QJJ 3, 01: two 
potrooms have sidewall and basement v e n t i l a t i o n .  T h i s  f a c i l i t y  
w a s  cons t ruc t ed  i n  1968. 

The HSS cells  ( f i g u r e s  2 and 3 ) are e l eva ted  s l i g h t l y  above t h e  
f l o o r  and have t o t a l - e n c l o s u r e  hooding with mechanj.cal1.y opera ted  
aluminum doors  ex tending  the f u l l  l e n g t h  of bo th  ' s i -des  of each 
cel l .  P o l l u t a n t s  con t inuous ly  escape from t h e  t o p  of t h e  cell. 
enc losu re  and a lso from t h e  hood door s  when t h e y  axe open. The 
door s  have t o  be opened f r e q u e n t l y  t o  add alumina t o  t h e  c r y o l i t e  
bath by working t h e  c e l l ,  t o  t a p  the molten l a y e r  from benea th  

' t h e  ba th ,  and t o  i n s e r t  and remove s t u d s  from t h e  anode block 
whi le  r a i s i n g  t h e  f l e x i b i l e  c u r r e n t  connec tors .  

Four d u c t s ,  t w o  on each end of each ce l l ,  p i c k  up  t h e  primary 
exhaus t  from t h e  top of t h e  c e l l  hooding enc losu re  'and c a r r y  i.t 
t o  a manifold duc t .  One manifold3handles primary exhaus t  from 
14 cel.ls, a t  a f l o w  ra te  o f  1 0 0  m /min. F igu re  '1 shows t h e  
l o c a t i o n  of t.he 36 s p r a y  towers  t h a t  were used f o r  pr imary p01l.u- 
t i o n  c o n t r o l  u n t i l  1975. Also shown a r e  the wet electrostatic 
precipi:tators ( ~ S p ' s )  , which are p r e s e n t l y  used t o  c o n t r o l  
primary emissions from t h e  cel ls .  
f o r  t h e  North p l a n t  primary c o n t r o l  system i s  90 pe rcen t .  

. 2.. 42-cel The 

Estimated control  e f f i c i e n c y  
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A l l  emissions n o t  cap tu red  by t h e  t o t a l  enc losu re  hood are 
vented by convec t ion  through t h e  secondary system, or roof  
monitors.  which have a zero  pe rcen t  c o n t r o l  e f f i c i e n c y .  Each 
potroom has a roof  monitor wh ich  is an 8 f o o t  wide by 1360 foot  
long hooded opening running down the center  of t h e  roo f .  

There a r e  sampling s i tes  onmch ESP s t a c k ,  and t h r e e  si.tes even1.y 
separa ted  on each roof monitor.  

111. T e s t  Procedure 

Three approximately one-day p a r t i c u l a t e  and fl.uorir1e tests w e r e  
run a t  t h e  potroom 52 c e n t e r  l o c a t i o n  and on t h e  f i n a l  day a 
p a r t i c l e  s i z e  t e s t  w a s  run  a t  t h e  potroom 52 n o r t h  l o c a t i o n .  

Each one day ( 2 4  h r )  p a r t i c u l a t e / f l u o r i d e  tes t  set  consi.r.ted 
of fou r  samples, c o l l e c t e d  by four  sampling ti:ains s e p a r a t e d  by 
two-foot i n t e r v a l s  a c r o s s  t h e  width of t h e  roof monitor .  These 
sampling l o c a t i o n s  were l abe led  A through D ,  and are shown i.n 
F igures  4 and 5. Four samplers were used in an a t t empt  t o  
determine d i f f e r e n c e s  i n  p a r t i c u l a t e .  'Two d i f f e r e n t  t y p e s  of 
p a r t i c u l a t e / f  l u o r i d e  sampling t r a i n s  were used. The " f r o n t  h a l f "  
o r  nozz le  and f i l t e r  p o r t i o n s  of t h e  t r a i n s  w e r e  i d e n t i - c a l  i n  
conf igu ra t ion ,  and c o n s i s t e d  of a s t anda rd  0.500 i n c h  1.11. nozz le  
followed by a f i l t e r - h o l d e r  c o n t a i n i n g  a pre-weighed. 4 1  m i  ace- 
ta te  f i l t e r .  P a r t i c u l a t e  concen t r a t ions  were determined by t h e  . 
p a r t i c u l a t e  weight g a i n s  of t h e  f i l t e r  and a 50% ali.quol: of t h e  
nozz le  r i n s e .  The o t h e r  50% of t h e  nozz le  r i n s e ,  as well. a s  t h e  
p a r t i c u l a t e  f i l t e r s ,  were then  s e n t  t o  the WDOE 1.a.boratory foi: 
f l u o r i d e  a n a l y s i s .  

The "back-half" p o r t i o n s  of t h e  sampling t r a i n s  were used t o  
collect  gaseous f l u o r i d e  and d i f f e r e d  i n  conf i .gura t lon .  The 
EPA Method 13  back-half c o n s i s t s  of two impingers  contai.ni.ng 
250 m l  of .1N NaOH, followed by a drop-out impinger and a si.l.i.ca 
g e l  f i l l e d  impinger f o r  moi s tu re  removal. 
t o  EPA Method 13.  The dry  method f o r  c o l l e c t i n g  gaseous f l u o r i d e  
invo lves  placement o f  a second f i l ter  ho lde r ,  c o n t a i n i n g  a t r e a t e d  
c e l l u l o s e  f i l t e r  a f t e r  t h e  p a r t i c u l a t e  f i l t e r .  The EPA Method 
13 and t r e a t e d  filter gaseous f l u o r i d e  sampli-ng methods a r e  xe-  
f e r r e d  t o  as t h e  " w e t "  and "dry" methods, r e s p e c t i v e l y .  

T h i s  i s  e q u i v a l e n t  

-. . 
An i n t e g r a t i n g  anemometer w a s  used t o  measure e f f l u e n t  flow rates 
a t  each sampling l o c a t i o n  p r i o r  t o  each sampling run. These 
s h o r t  t e r m  measurements were then  used f o r  s e t t i n g  sampling rates. 
An a d d i t i o n a l  i n t e g r a t i n g  anemometer was p o s i t i o n e d  nea r  one of 
t h e  sampling nozz le s  and allowed t o  run t h e  e n t i r e  sampl-ing per iod .  
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Flow r a t e s  f o r  t h e  o t h e r  p o i n t s  du r ing  t h e  sampling p e r i o d  were 
es t ima ted  by apply ing  a r a t i o  of the s h o r t  t e r m  v e l o c i t y  meau cure-  
m e n t s  t o  t h e  one long term measurement as shown below: 

P o i n t  "X'! long t e r m  v e l o c i t y  = p o i n t  C longterm v e l o c i t y  
X s h o r t  t e r m  point"X" v e l o c i t y  
s h o r t  term p o i n t  C v e l o c i t y  

IV. Resu l t s  

Resu l t s  are d e t a i l e d  i n  Tables  .1-4 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  
averaged 0.0039 grams pe r  d r y  s t anda rd  cubic  meter of e f f l u e n t .  
The p a r t i c u l a t e  emission r a t e  for t h e  e n t i r e  roof monitor  was 
obta ined  by t o t a l i n g  t h e  emission rates f o r  sample zones A,B,C 
and D f o r  each run ,  then  averaging .  This  . w a s  1 8 . 1  ki.lograms per  
hour. Since t h e  aluminum o u t p u t  d u r i n g  our sampl.j.ng was 2 . 5 2  

room 52 w a s  7 .20  qram/kiloqram. 

Resu l t s  of t h e  p a r t i c l e  s i z e  tes t  i n d i c a t e  t h a t  approximate1.y 
80% of t h e  p a r t i c u l a t e  a i rbo rne  a t  t h e  sampl inq  l o c a t i o n  was 
q r e a t e r  t han  15 microns i n  d i ame te r ,  

Sample d a t a  comparisons were made be tween  poi.nts A,R,C and D and 
are shown i n  F igu res  4 and 5. Gas flow r a t e s  and e m i s s i o n  rates 
tend t o  p r o g r e s s i v e l y  dec rease ,  looking from sampling p o i n t s  A 
through D ,  a s  shown i n  F igu re  4 .  The s tandard  d e v i a t i o n  i s  
g e n e r a l l y  t h e  narrowest  a t  p o i n t  B ,  ind ica t - ing  t h e  m u s t  c o n s i s -  
tency .  

Future  p a r t i c u l a t e  samples could very l i k e l y  be adequa te ly  
c o l l e c t e d  by a s i n g l e  sampler l oca t ed  near  p o i n t s  E or C- 
Samples c o l l e c t e d  near  p o i n t s  A and D may lie a f f e c t e d  hp proxi.mj.ty 
t o  dus t - laden  roof monitor w a l l s ,  o r  khe open doorway nea r  p o i n t  
D. 

F igu res  4 and 5 show, however, t h a t ,  taken over t h e  sample peri.oc1, 
f o r  ou r  t h r e e  sample runs ,  averaoe  ? re su l t s  a t  any one p o i n t  l i e  
w i t h i n  one s t anda rd  d e v i a t i o n  of t h e  o v e r a l l  average .  The re fo re ,  
t h e r e  i s  no s t a t i s t i c a l  evidence t h a t  would a c t u a l l y  d i s c o u n t  or 
support any one sampling p o i n t  over t h e  o t h e r s .  

meqaqrams per hour ,  t h e  averaqe emiss ion/process  f a c t o r  f o r  pot L 

=:kw 
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..''<'.. - .  ,: ': 1X (&,k)@/ irtmcn'nt EMISSION 
TEST DATA SUMMARY 

Page 9 .i 

, . .  . .  .. 
: . .  . 

.. . . . . . 
(METRIC) . .  . .  

I . .  . . . 
: . ~ .  

Tableki& ~7 T)yr .._ . . . 
Rant Name n 

. .. Address 

. .  City ' . .Lonqview County C o w l i t z  Unit CapaciW 
" industry Type glumj nllm R p h P + i n n  M- 1 

. .  . .  State Washington 2ipcods 98632  SCC 

. . .  . Fuel Type 
Outlet .x 

NEDS . .  49-0480-193-0015 
. .  . .  Tested at Inlet 

. - .- .. 
- Type of Control Equipment . .  

. .  _ . .  State X Local . 
. .  

. 

'RearonTeiied: Spec. stud Compliance w/Fed. 

7ersonnel Present 

Pollutant Measured P a r t w t e  

Stack Height, A. , Appr  ox. 5 0  Cross-sectional Ama.,w. m. lo]:].' . .  

A. ! 3 u t ~ e r ,  3.  Willenberg.  

. - .  

. .  

I, I t  
Method ~ . -  .. .. 

. '.. .~ 
Less t h a n  1 Sampling Location: Diameters Downstream of a Disturbance - . . .. 

. .  R u n . 1 '  . .  - 
Test Number ~ ' 7  - 9 
niin Number 
Date: Mo., Day, Yr. 

.Operating Rate Alum. Mg/.day 
Gas Composition % C02 

.. . 
~ ''--.u--. - /~verm,c- 

211.1~7 
. 7  5- n:~ 

0.0 0.0 
21 :o -I, A 

L "  .. 
7:'. 0 79'.0 ' 

. .  
__. 

. . %02 
: ' ' %N, 

. .  

0.53 ' 

. .  % &er 

. . . . .  
. . .  ., .. %HZO '_ 

._ . 
.~ 

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

~ Estimated Mole Wt., Wet 

.. Exms Air, 'x ... 

. 30'.40: 
.. 

. ... .Gar Flow Data .. .. 
: . .: ' Gas Pressure, mm. Hg. I I  

Gas Temp. ?C . .  
. .  

. .  No. of Traverse Poink ]..la- . 

... . .  ' . Gas Flow Rate, DSCMM . .  -----7Q3@@--~ 
. . ~ . .  .. . .  . ~ kvg. Stack Velocity, AMPS 

Sample Information . . 

. ~ . Volume Sampled, DSCM 
:' Sample Duration, min. 
. . Nozzle Dia, mm. 

. .  

. .  

% .  

. .  

. .  
. .  hokimticFtate, % - Results 0.0046 

1.9.35* . .  

. . . ~ Cone.. g/OSCM ,PPm 

7.68. 
. . Results . .  

. . -  Conc., S/DSCM, ppm 

. . -  

Emission Rate, k@r 
Process Factor, f i g  

,. . . 

. - '  Emission Rate, k@r 
. ... .- 

. .  
. Prows< Factor. gPAg 1.. . . 

Results . .  
. .  conc., S/DSCM, ppm 

..' Emission Rate, k d i r  
Process Factor. g k g  

Other Measurements 

Comments: 
. . -  *Total of r u i s  IA, IB, I C  and 1D 

. .  
. .  

. .  
. . .  . -  . .  
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. . . .  ., E i n k g y  EMISSION . ' p a g e -  1:0 - 

~ .... 
..: 'fi: :; i ~ ~ ~ r t n i c n f  

, . TEST DATA SWMhfARY . .  ..  . .... .: . 

.. ~ 

(METRIC) 
TABLE 2 

. - .  . , 

.. . .  
. I .  . ;  .. . ..: 

Source P n t r n o m + - r n n f m n n i t - n r  
IndustryType Alltmjnrrm-;'' ' 

Unit Capacity 

. .  
%nt Name 
.'. Address 

. .  . .  
.. 

City . . . Longv r n w l  i t 7  

State ~ashlnaton 
NEDS -. 1 Fuel Type 

ZipCud? 98627 . 5cc .. . 
.. 

Ourlet x ' .. . ' -. . - ..  
. .  Tested a t  Inlet 

. .. 
. .  . .  

.. . . . .  

TYIX o i  Control Equipment 

Reason T&d: Spec. Study Compliance w/Fed. State X Low1 - . . .  
. 

?eenonn21 Present A .  B u t l e r ,  J. Willenberq 
. .  . .  

I, 

.. _. 
Method EPA M e - t b d . d i 3 i . d  " d r y  mPthnil: .. Pollutant Measured P a r t i c u l a t e  

- . .  . 

. .  
Stack :bight, m. Approx. 50 Cross-sectional Arsa. rq. m. -1 

T e n  Number 2-2 
Less t han '  1 Sampling Location: Diameters Downstream of a Disturbance . . . _. 

.~ .. . .  . .  .. .. .. . 
I .. A AveraQc 

.. 

r: A:. .-&.2Lu - .  
2L n.-, 

lj'uii fiumber . .  
Date: Mo., Day, Yr. 
Operating Hate A l u m .  ,Mg/day 

21.0 21.0 __2J-Q.-- 21.0 
79.0 79.0 7. .-.22&a 

Gas Composition % C02 

' .  zo2 
. . ..:.:'%N2 

.' ..:. : %HZO 

. .  . .  

. . % Other 

.. .. ~. . 

Estimated Mole Wt., Wet 
&cess Air, % 
Gas Flow Data 
: Gas Pressure, mm. Hg. 

Gas Temp. ?C 
No. of Traverse Points 

. ~ Avg. Stack Velocity. AMPS 
Gas Flow Rate. DSCMM 

Sample Information 
~ . Volume Sampled, DSCM 

Sample Duration. min. 

~ ~ ~ , %  

... 

. . Nozzle Oia, mm. 

EeSUltS 

Conc.. S/DSCM .ppm 
Emission Rate. kglhr 
Process Factor. y k g  

Conc., s/Dsct4, ppm 
Emission Rate. kg/hr 

Results 

P r o d  Factor. ____. 
Results 

Conc., g/DSCM , ppm 
... Emission Rate. kghr 

Process Factor. 9/kg 
Other Mearutementt 

0.38 

Y- 
1 
1.35 

21 ,400  
. .  

1 0 . 5 4  
1.489.6 

1 2 . 7  
66 

0 .0033  
----KT9 X Z  

0 . 3 1  
. ... . .- - 

. .  .. . .  
. 30.46.' ' 

13 
1. .. : . 

. .  .- ... . 

2-  
Comments: * T o t a l s  of r u n s  2A, '28, 2C and 2D. 

. .  _ .  . - i . .  



EMISSlON 

Plant Name 
. Address . -  I' 

. . .  
~ y p  oi&trot Equipment 

Reason'Tested: Spec Study. ' 

~ersonna~  Present ' A .  R ~ e r  ~ .T W i  1 1-2 

Pollutant Measured P a r t i c u l a t e  

Stack Height. nl. Approx. 50 Cross-sectional Area. Sq. m. -.-.&&La 

. .  . .  Cornpliancc wtFcd. State x Local 
. .  

.. 

. .  
.._ . Method E P n M F . _ t h o L l 3 - ~ ~ d .  . . .  .. ' - 

1 .. Sampling Location: Diameters Downstream of a Disturbance 
Test Number 8.2-2 . .  . . . . .  

.. 

Run Number 
Date: Mo.. Day. Yr. 

Gar Conlposition % GO2 
.., -Operating I7ate Mg/da 

. . . . .  . . %a2 .. - .  
. . .  

. .  ' - : % N 2  
, ,  

. .  -. %Other 
. . .  . . . . .  

. . - :. 
:.. % ti2a 

. . .  . . . . . .  
, .  

, . ::. 
1 .  .. 

- Estimated Mole Wt.. Wet 

... , .  E X W S  Air. % . 

... 
. ~. . Gas Flow Data 
. .  . -  . -. . ' Gas Pressure. rnm. Hg. 

No. of traverse Points 

. .  

. .  GS Temp Pc 

. . . . . . .  . .  Avg. Stack Velocity. AMPS 
. .  . .  

. . Gas Flow Rate. DSCMM 

: ' Volume Sampled, DSCM 

. .  

&nipla Information 

... Sample Duration, min. 

hakinetieRate,% 
.,- Nozzle Dia,mrn. 

Results 

. .  

. . Conc..g/DSCM.PPm 
Emission Rate. koJhr 
Process Factor, rJkg 

Conc., QIDSCM. PPm 
Emission Rate, k g h r  
Process Factor. g k g  

- 

. . Results 
. . .  

. . . . . . . . . . .  ...... __ - nesltltr 

.; Emission Rate, kghr 

Other Measurements 

Comments: 

. Conc., glDSCM ppm 

Process Factor. sn(g 

. . . .  
* T o t a l s  'of r?1I1s ? A .  2n 

1 

. .  

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

Lp~- 



'Imllc'llt EMISSION 
TEST DATA SUMMARY 

(METRIC) 

Address P.  0. BOX 999 industry Type Aluminurn R e d u c t i o n  M i l l  

( Ecu,lo@ 'P 
. .  

YNOLDS METALS COMPANY source Potroom 52 roof monitor 
Plant Name 

City Longview County C o w l i t z  Unit Capacity . .  . .  

State Wash. ZipCode 98632 SCC 
NEDS 4 9 - 0 4 8 0 - 1 9 3 - 0 0 1 Y  Fuel Type 

Outlet X Tested a t  Inlet 
... .. Type of Control Equipment 

Compliance w1Fed. State X Local Reason Tested: Spec. Study 
Personnel Present A. B u t l e r ,  J. W i l l e n b e r g  

P a r t i c u l a t e  Method EL'.& M ethod 13 and "d ry" m e t h o d  Pollutant Measured 

1 0 1.1 Approx. 50 Cross-sectional Area sq m. 
l e s s  tTan 1. 

Stack Height, m. 
Sampling Location: Diameters Downstream of a Disturbance 
Test Number 82-2 

Run Number 
Date: Mo., Day, Yr. 
Operating Rate A l u n l -  Mg/day 

Run 1 Run 2 Run 3 Average 

2 .  51.e 
0.0 

3/rJ82 -.'-37rT78T-- 
2.518. 2 .518 2.518 
0.0. 0.0 0.0 

..j, (, ,, ii 21.0 2 . - !  
79.0 -. ' 29.0  ' -33 .n '. j-jrr.- 

Gas Composition % CQ2 

%02 
%N2 
% Other 
% H20 

Estimated Mole Wt.. Wet 
Excess Air, % 
Gas Flow Data 

'Gas Pressure, mm. Hg. 
Gas Temp. ?C 
No. of Traverse Points 
kvg. Stack Velocity, AMPS 
Gas Flow Rate, DSCMM 

Volume Sampled, DSCM 
Sample Duration, min. 
Nozzle Dia,mm. 
lsokinetic Rate, % 

Conc.. gJDSCM .PPm 
Emission Rate, kg/hr 
Process Factor, glkg 

Cone., dDSCM, PPm 
Emission Rate, kdhr 
Process Factor, glkg 

Sample Information 

Gesults 

Results 

Other Measurements 

0 . 2 4  0 .36  0 .53  0 . 3 1  - 

30.40 30.46 3 0 . 5 1  30.46 
1 4  1 4  1.4 1 4  

4 4 '4 
1 . 1 4  1 . 3 4  I.. 1 9  1 . 2 %  

75 ,300  7 6 , 7 0 0  70 ,300  84 ,400  - 

0.0046 0.0036 0.0037 
1 9 . 3 5  1 8  ..I2 1 6 . 9 0  

7.68 7 .20  6 . 7 1  - 

Comments: 

/ 

ECY 020-38 
Re". 1/81 
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R E Y N O L D S  A L W M I N U M  

1902 MARCH 08 

PRlMAflY METALS DIVISION 

MR. ALAN BUTLER 
DEPARTMENT OF ECOLOGY 
4350 1 5 0 ~ ~  AVENUE N.E. 
REDMOND, WA 98052 

THE PRODUCTION DATA FOR THE NONTH OF FEBRUARY WHICH I S  
PERTINENT T O  THE SAMPLING PROGRAM CONDUCTED A T  TIIE LONGVIEW 
REDUCTION PLANT DURING THE W E E K  OF FEBRUARY 1 - 5, 1982, 

NORTH PLANT' POTROOM, INCLUDING  ROOM'^^ IN WHICH YOUR ROOF 

VENTILATOR SAMPLES WERE TAKEN, W A S  66.619 TONS PER ROOM 

HAS NOW B E E N  COMPILED. THE AVERAGE PRODUCTION R A T E  PER 

PER DAY. 

VERY TRULY YOURS, 

REYNOLDS METALS COMPANY 

. 
H. S .  HAYS 
CHEMIST 

<- 

REYNOLDS METALS COMPANY ~ P. 0. BOX 999 ~ LONGVIEW. WASHINGTON 98632 . 206/425-2800 
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r' ( CHAPTER: 12. 

I' FILENAME: -6r c,-oooo2 
AP-42 Background File Documents 
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REYNOLDS ALUMINUM 
Reynolds Meialb Company RiLIu.#O?id 'Jirgin a 2325' 

January  28, 1986 

Mr. Dale  Harmon 
U.S. Environmental  Pro tec t ion  Agency 
Pa r t i cu la t e  Technology Branch 

Research  Triangle  Park ,  NC 2771 1 

Dear  Mr. Harmon: 

MD-61 

Reynolds Metals Company has  r ecen t ly  rev iewed a d r a f t  revision t o  sec t ions  of 
t h e  Compilat ion of Air Pollution Emission F a c t o r s  (AP-42) per ta in ing  t o  t h e  nonferrous 
metals industry.  Reynolds i s  t he  nation's second l a rges t  producer  of pr imary aluminum 
and assoc ia ted  products.  Therefore ,  we have  a v i t a l  i n t e r e s t  in ensuring that  Sec t ion  
7.1, en t i t l ed ,  Pr imary  Aluminum Product ion of AP-42 have as sound a technica l  basis 
as possible. Accordingly,  a t t a c h e d  to th is  l e t t e r  a r e  our  sugges ted  changes t o  t h e  
d r a f t  revision. 

Should you require  fu r the r  c la r i f ica t ion  or  e l abo ia t ion  on a n y  of t he  issues raised 
in our  c o m m e n t s ,  please do not  hes i t a t e  t o  c o n t a c t  us a t  (804) 281-4836. 

S incere ly ,  

Kenneth  N. Weiss, P.E. 
Envi ronmenta l  Engineer  
Envi ronmenta l  Control  Depa r tmen t  

KN W 106/s t t  

A t t a c h m e n t  

cc: L. C. Tropea 



REYNOLDS METALS COMPANY 

Review of Proposed Revisions to  AP-42 
January 24, 1986 

Comments on Source Category Report for The Nonferrous Metals Industry, Chapter 2 - 
"Primary Aluminum Industry" 

1) Section 2.1 - pages 8-11: 

The overview of the industry is considerably out-of-date. The US. Primary 
Aluminum industry is in the process of rationalization.as high cost smelters a r e  closed, 
with production moving overseas. 

Table 1 lists the s ta tus  of plants as of November 13, 1985 while Figure 1 shows 
production trends through November, 1985. Changes in  the industry have occured 
since November. For example, Reynolds Metals Company has announced the 
permanent shutdown of both i t s  Arkansas primary aluminum reduction plants. 

2) Section 2.1.1 - page 11, paragraph 3: 

In the Bayer process, alumina precipitates a s  hydrated aluminum oxide not 
aluminum as the reports states. 

3) Figure 2 - page 12: 

It should be noted that  anode paste is input t o  either HSS or VSS reduction cells. 

4)  Section 2.1.1 - page I 1  ti 14: 

There is a discrepancy between the  Fahrenheit temperature ranges presented on 
the bottom of page I 1  and Centigrade temperature ranges presented at  the top of page 
14. 

5 )  Section 2.1.1 - page 14, paragraph 3: 

Steel crucibles lined with refractory a r e  used to withdraw the molten metal not 
cas t  iron pots as stated. Additionally, the  crucibles may or may not have lids. Finally, 
i t  should be noted that  only a portion of the molten aluminum is removed from a pot. 

6 )  Section 2.1 - page 14, paragraph 4: 

The listed ranges of anode current densities and voltage drops across a single cell 
are too narrow. Current densities may be substantially greater than 800 amplf t2  and 
the voltage drop range should be considerably wider. 

7) Section 2.1.1 - page 14, paragraph 5: 

The paragraph is no longer necessarily true. The industry has considerably more 
knowledge than in the past with respect t o  balancing magnetic fields. 

D 
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8 )  

. 
9)  

IO) 

Section 2.1.1 - page 15, paragraph 1, sentence 3: 

Reynolds is not aware of anyone “cleaning” coke in an anode production plant. 

Section 2.1.1 - page 15, paragraph 3, sentence 1: 

The time for firing manifold burners varies and is not necessarily 40 to 48 hours. 

Section 2.1.1 - page 17: 

Most experts do not consider the tunnel kiln a s  a viable alternative for baking 
carbon. In fact, Reynolds believes the one U.S. installation is no longer operated. 

11) Section 2.1.1 - page 17, paragraph 4: 

Materials besides fine coke are used as blasting grit to t rea t  baked anodes. 

12) Section 2.1.1 - page 17, paragraph 6, sentence 1: 

Prebake cells m a y  have more anode assemblies per cell than 26 contrary t o  the 
report. Reynolds has at least one potline with 28 assemblies per cell. 

13) Section 2.1.1 - page 19, paragraph 4, final sentance: 

The sentence doesn‘t make sense. In HSS cells, pitch components are not 
removed from the gas stream until the stream is treated by fume control equipment. 

14) Section 2.1.1 - page 19, paragraph 5 ,  first sentence: 

It is not necessarily true that  Soderberg cells require more electrical energy to 
produce a given weight of aluminum than prebake cells. 

IS) Section 2.1.1 - page 19, paragraph 6: 

Reynolds believes the greatest single influence on the trend t o  prebake cells is 
probably the fact prebake cells can be built in much larger units than Soderberg cells. 

16) Section 2.1.1 - page 21, paragraph 2,  sentence 4: 

Steel channel perforations for HSS studs need not be 3 inches. Reynolds, for 
example, utilizes a larger perforation. 

17) Section 2.1.2 - page Z-f, p a r a g r a p h k f i r s t  sentence: 
%-$t 

The carbon anode is formed from pitch and calcined petroleum coke. Coal is not 
an anode constitutent. 
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19) Section 2.1.2 - page 24, pararaph 4: 

The ta r  fouling problem attributed to HSS pots is substantially overstated. 
Reynolds operates many HSS cells and fume control equipment without substantial tar 

20) 

.L fouling problems. 

Table 2 - page 25: 

I t  should be noted that  both wet and dry ESP's are used to control the anode 
baking process, floating bed wet scrubbers a re  successfully employed on HSS reduction 
cells and dry ESP's combined with dry alumina absorption systems a re  successfully 
employed on VSS lines. 

21) Section 2.1.3 - page 26, paragraph 5: 

The s ta tement  concerning ta r  fouling at HSS cells i s  overstated. Reynolds 
operates more HSS capacity than a n y  other producer in the United States and nowhere 
employs venturi scrubbers with either ESPs or dry a lumina  scrubbers for the purpose of 
avoiding fouling of the  control device with tar. Both WESP's and floating bed 
scrubbers a re  used successfuly on our HSS capacity. 

22) Table 3 - page 26: 

Best available hooding for HSS cells is a range of 85 to 90 percent capture. 

Comments on draf t  Section 7.1 - "Primary Aluminum Production" 

1) Page 7.1-1 - second paragraph, final sentence: 

Hydrated aluminum oxide is washed t o  remove sodium hydroxide not "iron oxide, 
silicon and other impurities" as stated. 

Figure 7.1-1: 

The schematic fails to mention digestion, silication, evaporation and hydrate 
settling which are all important steps in t h e  Bayer process. 

No bauxite in the United States i s  processed in a drying oven before entering ball 
mills. 

The settling chamber should show red mud tailings a s  an exit  stream. 

The filter prior t o  the crystallizer should show red mud tailings not red mud 
"impurities." 

Table 7.1-1: 

The parameter "current thorough potline" today could have a range of 60,000 t o  
280,000 amps. 

A 
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. 
The parameter "voltage drop per cell" should show a range of 4.0 to 5.2. 

The parameter "current efficiency" has exceeded 90 percent on a regular basis. 
A range of 85 to 95 percent would be more correct. 

Page 7.1-4 - paragraph 1, first sentence: 

Blending with pitch blinder often takes  place in hot oil jacketed mixers as 

4) 

opposed to the s ta ted steam jacketed mixers. 

5) 7.1-4 - paragraph 3, sentence 4: 

W e  suggest changing the beginning of the sentence to read: "The cell casing 
consists of aluminum or steel  sheeting, permanent steel  skirt and ..." 

Table 7.1-2: 

The control equipment shown for bauxite grinding apperar to be in error. 
Reynolds is not aware of any ESPs installed for this service. Reynolds employs 
either bag collectors or wet scrubbers a t  i ts  locations and expect emissions in 
the 0.1 Ib/ton range. 

The 200 Ib/ton total  paticulate emission ra te  should be qualified as entering an 
ESP from a rnulticlone. 

Reynolds believes tha t  is possible t o  reduce aluminum hydroxide emissions from 
calciners equipped with ESP's to below 4.0 Ib/ton. In some instances i t  may be 
possible to at ta in  emission levels as low as 0.5 Ib/ton. 



I 

Figure I 

'from t h e  wall S t r e e t  Journal, 
kcember 20, 1985 
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Annual Current 
capacity Operating 

July 1, 1985 rate 

Onnet Corp. (Revere-Consolidated) 
Bannibal, OH 270,000 270,000 

Revere Copper L Brass Inc. 

Reynolds Metals Co.++ 

Scottsboro, AL 

Arkadelphia, AR 
Jones Mills, AR 
Lake Charles, LA not 
Listerhill, AL 
Longview, WA 
Hassena, NY 
Troutdale, OR 

Reynolds Total. . . . . . . . . . . .  

117,000 0 

68,000 
125,000 

operating+ 
202,000 
210,000 
126,000 
130,000 

, .861,000+ 

0 
0 
0 
0 

186,000 
126,000 
55,000 

367,000 

Total U.S. . . . . . . . . . . . . . . . . . . . .  3,474,600 
Percent Operating . . . . . . . . .  5,259,000++ 66.0% 

Note: Aluminum Co. of America and Alcan Aluminum Ltd. figures 
have been converted from metric tons to short tons, and have been 
rounded. 

Kaiser Aluminum 6 Chem. Corp. has reduced the annual rated 
capacity of the Chalmette, LA smelter by writing down part of the 
plant’s capacity. 

+ Reynolds Metals Co. does not include the Lake Charles, LA 
smelter in its company wide domestic capacity. 

++ Total U.S. annual rated capacity has been adjusted to reflect 
changes listed above. 

Source: Compiled by American Metal Market from aluminum company 
data; revised 11/7/85. 



TABLE I 

OPERATING RATE AT 669 CAPACITY 
FOR ALUMINUM SMELTERS IN U . S .  

Alcan Aluminum Corp. 
Sebree, KY 

Annual 
capacity 

July 1, 1985 

180,000 

Alumax Inc. 
Ferndale, WA (Intalco) 280,000 

Mt. Holly, SC 200,000 
Frederick, ML) (Eastalco) 176,000 

Alumax Total. . . . . . . . . . . . .  656,000 
Aluminum Company of America + 

Alcoa, TN 220,000 
Anderson County, TX 16,000 
Badin, NC 127 , 000 
Massena, NY 226,000 
Rockdale, TX 342,000 
Vancouver, WA 121,000 
Warrick, IN 298,000 
Wenatchee, WA 226,000 

Alcoa Total . . . . . . . . . . . . .  1,576,000 
Arc0 Aluminum Co. 
Columbia Falls, MT 180,000 

Commonwealth Aluminum Corp. 
Goldendale, WA 185,000 

Consolidated Aluminum Corp. 
New Johnsonville, TN 144,000 

Kaiser Aluminum 6 Chemical Corp. 
Chalmette, LA 116,000' 
Mead, WA 220,000 
Ravensworth, WV 163,000 
Tacoma , WA 81,000 

Kaiser Total 580,000' 

Martin Marietta Aluminum 
The Dalles, OR 90,000 

National Southwire Aluminum Co. 
Hawesville, KY 190,000 

Noranda Aluminum Co. 
New Madrid, MO 230,000 

Current 
Operating 

rate 

120,000 

- 

277,000 
132,000 
165,000 
574,000 

165,000 
0 

95,300 
186,000 
266,500 
72,700 

253,000 
221,600 

1,260,100 

180,000 

113,000 

1 8 , 0 0 0  

0 
110,000 
81,500 
71,000 

262,500 

0 

190,000 

120,000 



CITY OF TOLEDO OHIO 

DEPARTMENT OF PUBLIC U T I L I T I E S  
ENVIRONMENTAL S E R V I C E S  AGENCY DONALD M. M O L I N E  

2 6  M A I N  S T R E E T  Adni n i  s t  r a t o r  
THOMAS L. KOVACIK 

D i r e c t o r  T O L E D O ,  O H I O  U3605  Telephone: (419) 693-0350 

January 27, 1986 

M r .  Dale L. Harmon 
Pa r t  i c u 1 a t  e Techno 1 ogy 8 r an c h 
Gas Cleaning D i v i s i o n  
Un i ted  Sta tes  Environmental  P r o t e c t i o n  Agency 
Air and Energy Engineer ing Research Lab 
Research T r i a n g l e  Park, N o r t h  C a r o l i n a  27711 

. .  .. 
Re : " I n h a l  ab1 e Pa r t  i c u l  a t e  Source 

Category Report  f o r  t h e  Non-Ferrous 
I ndu s t ry " 

Dear M r .  Harmon: 

I rece ived y o u r  l e t t e r  o f  January 15, 1986, w i t h  t h e  s u b j e c t  r e p o r t  enclosed. 
I do no t  have any comments on t h e  r e p o r t s ,  s i n c e  I do no t  have any exper ience 
w i t h  these i n d u s t r i e s .  When t h e  i n i t i a l  i n h a l a b l e  p a r t i u l a t e  survey was com- 
p l e t e d  a t  t h i s  Agency l a s t  year ,  my name was p laced under "non-ferrous meta ls "  
i n s t e a d  o f  secondary aluminum process ing.  I am s o r r y  f o r  t h e  confus ion.  I f  
you a r e  a b l e  t o  t r a n s f e r  my name, I would a p p r e c i a t e  be ing  i n c l u d e d  under t h e  
secondary aluminum category.  

I f  I can be o f  any o t h e r  he lp,  f e e l  f r e e  t o  g i v e  me a c a l l .  

Environmental  Engineer 

DJK:t f  

CC: Donald M. Moline, P.E.. A d m i n i s t r a t o r  
Toledo Environmental  Serv ices  Agency 
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SEP 3 9 1982 

Pz. Lavrence C. Tropm, Jr. 
Director of Envlroameatal Control 
Environmental Control Department 
Reynolds dlrrmirrum 
Richmond. Virginia 23261 

Dear !e. Tropes: 

A8 Nr. Arch MscQueeu of ay s ta f f  has recently discussed with ?fr. a c e  oE 
p u r  officc,  ve generally agree that the changes you propose t o  Section 7.1  of 
AP-42 would be improvements thnt we could readily accept and inplanent. 
appreciate your concerns about t h i s  widely used documnt, and we wel- the 
opportunity t o  work p i th  you on irsJroving it. 
that the rev i sed  factors (or fonnulu) be presented in a raanner useful to  local 
air pollution control abenciee. 
Yx. Albee further refinenents and vording of the  "C," "S" and "I;" terms io the 
equations you proposed, 80 they cm be translated in to  meaningful relationships 
with data likely to be available to  thc local  agency personnel. 

After receipt of t h i s  clarifying Information. we will -1a;l-t the 
changes you propose, and barrlng m y  nnforseen problems rmd delays, ve should 
be able t o  include them in Supplenent 14 to  AF-42, scheduled for spring of 
1983. 
breakdm in eomunications. 

??e 

Re do have a concern, however, 

Thercfore. Mr. NacQueen hss discussed with 

I apologize for the earlier confusion on our part  that resulted in a 

Sincerely yours, 

Richard G. Rhoads 
D i r e c t o r  

#onitor% and Data Analysis D i a i o n  



MIDWEST RESEARCH INSTITUTE 
425 Volker Boulevard 

Kansas City. Missouri 641 10 
Telephone (816) 561-0202 

June 25, 1970 q e  235 
( PR,F(&RY pL \tJD.- PEY0f-r 

M r .  Michael McGraw 
National A i r  Pollution Control Administration 
411 West Chapel H i l l  S t reet  

--io ~ A S H W G T O T J  rhp e SofiRu: 
OCT, , 9 6 9 )  

Durham, North Carolina 27701 

Dear M r .  McGraw: 

Enclosed i s  par t  of  the  information we are t o  send you. 
two stack-sampling r e su l t s  on lime k i lns ,  ( 2 )  the report  on the primary 
aluminum industry from the State of Washington, and (3) some figuring we 
have done on par t icu la te  emissions from ready-mix concrete plants .  

The two reports from the Mid-Willamette Valley A i r  Pollution Authority 
which contain information on a i r  pollution from particleboard and plywood 
plants are  presently not t o  be found. If and when they appear, we will 
send copies of them; but probably the quicker route now t o  t h e i r  acquisi- 
t ion  would be t o  write the Authority: 

These are (1) the 

Mid-Willamette Valley A i r  Pollution Authority 
2585 State 
Salem, Oregon 97301 

The report  which we used the most i s  en t i t l ed ,  "Air Pollution Problems i n  
Plywood, Particleboard, and Hardboard-Mills i n  the Mid-Willamette Valley," 
by Allan Mick and Dean McCargar. Allan Mick i s  i n  charge of the Authority. 

We were unable t o  f ind any fur ther  information t o  ident i fy  the source of 
the thes i s ,  "Coal Refuse Files--A Burning Problem. " 

There i s  also a note i n  our notes t o  send phosphate f e r t i l i z e r  data.  I am 
assuming t h a t  the data  I gave you a t  your desk i n  the afternoon covers t h i s .  
If we should be sending more information on t h i s  industry, l e t  me know. 

Yours very t ru ly ,  

Associate Chemical Engineer 

EES :crs 
Enclosures 



I w i l l  be glad t o  review and supply data i n  the  following f i e lds :  

Aluminum Industry 0 , Y P  - Aggregates,' 
-Chemicals 
A Refractories 

A H 6 r i a l s  handling,& rJ" w- 
E n i s s i O n s d  

Indus t r ia l  boi.lers, furnaces, and k i l n s  
. I  I f  you a re  in te res ted ,  please l e t  me how. 

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



1 .  
Kepnecott 
'1Q East South Temple 
P.0  BOX 11248 
Salt Lake City Utah 84147 

' "" 
I ?  

January 27, 1986 

Mr. Dale L. H a m  
Project Manager 
Particulate Technology Branch MD-61 
U.S. hvirorrmental Protection Agency 
Research Triangle Park, North Carolina 27711 

Kennecott 

REFERENCE: Draft Inhalable Particulate Source Category 
Report For The Nonferrous Industry 

DearMr. nannm: 

In response to your request for carment on the draft "Inhalable Particulate 
Source Category Reprt For The Nonferrous Industry," the following is for 
your consideration: 

Table 10, p.46 - The majority m e r  and operator of Chino Mines 
ccmpany is mecott Corporation. 
Listing Chino with the other Kennecott operations may be mre 
appropriate. 

Flash Smelting, p. 54 - The Inco Flash Furnace at Chino Mines Company 
came on line in late October, 1984. 
replaced the tm reverbatory furnaces at this plant. 
furnace has a low copper content and is discarded. 
converters continue in use. 

Slag Treatment, p. 9 - Slag fran the Norando process at the Garfield 
alter is slcwly cooled in large pots. 
the pot is emptied and the slag is recovered through conventional 
methods. 

Roaster and Dore m c e  Gas Scrubbing, p. 61 - Wet electrostatic 
precipitators connected in series with water scrubbers are also used 
for cleaning dore off-gas. 

Scrubbers, p. 67 - The advent of the Flash Furmace at the Chino Mines 
Canpany snelter (Kennecott-thnley) has eliminated the traditional feed 
dryer at t h i s  plant. Currently, feed is processed through one of tm 
fluid-bed dryer and baghouse system for preparation prior to 
smelting. 

Kennecott-Garfield, p.  72 - This data is useful for "green feed" 
reverberatory furnace systems. 
collected, the Garfield Qnelter has been mdernized and is llow a 
Noranda reactor system. 

IStsubisG is the minority mer. 

This furnace has ccmpletely 

Conventional 
Slag from this 

7 @  

After the slag solidifies, 

However, since this Mornration was 

A n  operaring company 01 The S lmdard  Oil Company (Ohm) 

~~ ~ 
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Mr. Dale L. Harum 
January 27, 1986 
Page h 

o Paragraph 1, p. 73-4 - As noted above, the slag fran the Chino Mines 
Canpany Flash furnace i s  low in copper and i s  discarded. 

Table 7.3-1, p. 7.3-8 - The sulfur dioxide concentration of the Chino 
Mines Canpany Flash furnace i s  70%. The gas i s  diluted and cleaned 
fo r  acid plant processing. 

Note b,  Table 7.3-2, p. 7.3-9 - Noranda furnace and Flash furnace 
offgases are a lso  processed through acid plants and are  subject t o  the 
same collection eff ic iencies  c i ted fo r  converters and some roasters.  

Note a ,  Table 7.3-6, p. 7.3-14 - Fbgitive emission factors fo r  Flash 
furnace sn-elters and Noranda furnace suelters are  probably mch less  
than the reported values, as  opposed t o  s l i a t l y  less than the 
reported values. 
designed, in par t ,  fo r  the e f f ic ien t  capture and cleaning of the 
process gas stream. 

o 

o 

o 

These furnaces represent very recent technology 

I hope this information w i l l  be of value t o  you. 
opportunity t o  ccmrent on this document. 
i f  you have any questions. 

We appreciate the 
Please contact me (801/322-8263), 

m:mf 

cc: R. A. Malone 

Very t ru ly  yours, &3zL.l 
A. M. Trbovich 



January 24, 1986 

Mr. Dale L. H a m ,  Project  Manager 
U.S. Environmental Protection Agency 
Particulate Technology Branch, -61 
Research Triangle Park, N.C. 27711 

 ear m. n m :  
Kaiser Al-wn & Chemical Corporation ( K a i s e r  Aluminm) w i s h e s  to suhnit 
the following ccnments on the proposed "qdate" to  AP-42, Canpilation of 
A i r  Pollution Emission Factors, especially Section 7. ,  Primary Al-~nn 
h-oduction, as  prepared by Acurex Corporation and ent i t led,  "Inhalable 
Particulate Source Category R e p r t  for  the Nonferrous Industry". 

The proposed mdificatims to Ap-42 make the docurrent, which already is 
Canpranised greatly by over-sinplification, into one which is cer ta in  to 
prcduce serims misconceptions for those it is supposed t o  help, and, 
result i n  agency decisions which w i l l  be unnecessarily costly for the 
r ep la t ed  d . t y .  The so-called emission factors are never identifiec? 
as  what they really are, that is, selected s t a t i s t i ca l  averages of trj-delv 
fluctuating data points, and, i n  no way representative of any individual 
primary alunhum plant i n  the country. The values i n  the N s s i o n  Factor 
Tables  are a mixture of emission data from different plants, and, in the 
case of the fine particulate data, are n o t  even the same plants fran which 
the total particulate data are derived. 
pmposed, are not representative of any plant which a state o r  local aaency 
m y  be considering for  purposes of regulation or for state i@emmtation 

In essence, the factors, a s  

plans. 

The mathematical analysis  presented in this docurrent is a mixture of two 
data bases, both with respect to the sou~ces of data and the tirre frame i n  
which the separate data bases were collected. 
a t  different times (years apart) fran plants of different age, different 
hocding characteristics, different ore sources, etc., a l l  of which affect  
not .only the total particulates, but, also, the particle size distribut.ions. 

, A t  the very least, there should he an attempt to  consider data f m  the 
sane plants taken a t  the sam time, and to  present the data as sets of 
ranges rather than an average without acknmkdgcmnt that half the plants 
were hiqher than the average and half the plants were lmr  than the 
average. 

If, i n  fact, +re is no appropriate data, the agency should either abandon 
mission factors for  that categnry of industry or ckvelop s ta t i s t ica l ly  
reliable data on which to base tbn. The state and local agencies have 
enough diff icul t ies  unders-ing the characteristics of individual plant 

The data sets were collected 

300 LAKESIOE DRIVE OAKLAND CA?IFORNl4 9 4 ~ 3  
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Mr. Dale I,. Hamn,  EPA 
January 24, 1986 

missions without leading them to believe that the emission factors are 
uniformly representative of any reduction fac i l i ty ,  existing or proposed. 
Use of the emission factors by an agency inevitably leads to  unnecessary 
debate about their specific applicability to either emission limitations or 
state inplenentation plans. In the end, industry has t o  reeducate the 
state or local agency as  to  the actual conditions and p t e n t i a l  control 
neasures w h i c h  m y  be r e a l i s t i c a l l y  expected t o  be applied i n  any q e c i f i c  
casek)  . 
Kaiser Aluminum appreciates the opportunity to cument in the developnent 
of the emission factor information. 
these ccmrents, Kaiser Aluninm respects the need to  provide guidance to 
the s ta te  and local agencies and the d i f f icu l t ies  experienced by FPA and 
it 's contractms in obtaining g a d  data f m n  which to develop that  
guidance. It is suggested th? t  even less---perfect data can be used 
appropriately i f  the i n f o m t i o n  is presented as ranges which clearly tell 
the user that emission sou~ces in this catesory are variable and need to be 
considered on a case-by-case basis. 

In spite of the critical nature of 

sinqre1y yours, 

M e r ,  fir services 
C o w r a t e  Envimrnnental Affairs 

jcs 

CC: C. B. B m  - 828 KB 
D r .  Jack Golchnan, The Aluninm Asscciation 
P. H. F m t  - Baton WCJe 70821 
B. P. Leber - Newark 43056 
L. M, Rapp - Batan RI~JCJI? 70821 
R. J. Schlaqer - (3" 94566 
R. H. Watts - 1239 KB 
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PREFACE 

The Emission Source Sampling Program d e t a i l e d  i n  t h i s  r e p o r t  
was conducted by Roy F. Weston, Inc.  pursuant  t o  a t a s k  o r d e r  
i ssued by Region V o f  t he  U n i t e d  S ta tes  Environmental  P ro tec -  
t i o n  Agency, conforming t o  the  terms o f  EPA Con t rac t  No. 68- 
02-0240. 
d i i - e c t r d  the Weston f i e l d  team s t a f f e d  by the  f o l l o w i n g  per-  
sonnel : 

M r .  James W. Oavison, A i r  Sampling Superv i so r ,  

A l l a n  R. Daly Robert A. Lyon 

B a r r y  L.. Jackson J e f f r e y  D. O ' N e i l l  

Approved for Roy F. Weston, I n c .  

P r o j e c t  Manager 

.. 
I 1  

b 



SUMMARY 

1 The Environmental  P r o t e c t i o n  Agency, Region V , r e t a i n e d  Roy F .  Weston, 
Inc. t o  conduct p a r t i c u l a t e  emiss ion  compl iance and contaminant removal 
e f f i c i e n c y  t e s t i n g  o f  furnaces a t  t h e  Barmet I n d u s t r i e s ,  Inc. p l a n t  i n  
U h r i c h s v i l l e ,  Ohio. The t e s t i n g  i .nvolved t h e  t w o  scrubbers .and t h e  one 
baghouse t h a t  c o n t r o l s  t h e  emissions f rom t h e  dross aluminum recovery 
furnaces.  The s a l t  recovery washer /dryer  o u t l e t  s t a c k ,  an u n c o n t r o l l e d  
source o f  emiss ions,  was a l s o  t e s t e d  fo r  compl iance. Eng ineer ing  ob- 
s e r v a t i o n s  o f  u n i t  e f f i c i e n c y  and p l a n t  o p e r a t i o n  were i n c l u d e d  i n  the 
s tudy ,  a l o n g  w i t h  conc lus ions  and recommendations. 

The sampl ing t r a i n  employed f o r  c o l l e c t i o n  o f  t h e  p a r t i c u l a t e  and gaseous 
contaminants was t h e  EPA Method 5 T r a i n ,  m o d i f i e d  t o  i n c l u d e  an.alundum 
t h i m b l e  f i l t e r  ahead o f  t h e  p r i m a r y  f i l t e r ,  p l u s  wet impingement u t i l i z i n g  
impingers c o n t a i n i n g  d i s t i l l e d  w a t e r  f o l l o w e d  by impingers c o n t a i n i n g  
5-percent NaOH as approved by the  Ohio EPA and EPA Region V .  

P a r t i c u l a t e  mass r a t e  r e s u l t s  o f  t h e  10 t e s t  runs ,  as  d e f i n e d  by EPA 
Method 5 Procedures,  a r e  summarized as f o l l o w s :  

A I  lowable 
Tes t  Pounds/Hour Percent  P a r t i c u l a t e  
- Run Locat i o n  I n l e t  Out 1 e t  Removal Emissions 

I b s / h r  

1 Scrubber No. 2 58.52 56.47 3.5 9.10 

9.53 2 Scrubber No. 2 90.38 97.86 

3 Scrubber No. 1 76.75 36.17 52.9 6.96 

4 Scrubber No. 1 71.72 44.95 37.3 6.57 

5 Bag hou se 42.29 4.84 88.6 7.30 

6 Baghouse 41.59 4.63 88.9 7.20 

7 Baghouse 45.48 3.26 92.8 7.70 

2.11 

_ _  

- -  15.09 8 0 r y e r  - -  
2.07 

2.42 

_ _  10.03 _ _  
8.99 

9 D r y e r  .. 
- _  10 D r y e r  _ _  

'The F i e l d  Support S e c t i o n ,  A i r  S u r v e i l l a n c e  Branch, S u r v e i l l a n c e  and 
A n a l y s i s  D i v i  s ion 

s-1 
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APPENDIX A 

SUMWRY OF TEST RESULTS 



Table A-1 

P r e l i m i n a r y  V e l o c i t y  Traverse  
Scrubber Number One 

I n l e t  - 
Date - 
Baromet r ic  Pressure,  in  Hg 

Mois tu re ,  % by  volume 

Molecu la r  Weight, Dry S tack  Gas 

Mole F r a c t i o n ,  Dry Stack Gas 

Molecu la r  Weight, Wet S tack  Gas 

2 Stack Area,- in.  

S t a t i c .  Pressure; in  Hg 

Stack Pressure Abso lu te ,  i n  Hg 

30.10 

3.0 

29.0 

0.97 

28.7 

1256 

-0.04 

30.06 

V e l o c i t y  Head Stack Averaqe 
Traverse i n  H,O (Avq.) Temp. OF. ( / V e l o c i t y  x Temp. "Re 

i n l e t  0.37 425. 17.90 

O u t l e t  0.15 125. 9.04 

' Stack Cond i t ions 

. .  A- 1 

Out le t  

30.10 

13.0 

29.0 

0.87 

27.6 

1520 

+0.01 

30.09 

S tack  Gas Stack  Gas 
Ve 1 oc i t y 
F P M ~  SCFI4 

Volume 

2650. 13490. 

1360. 11420. 



Table A-2 
- 

Pre l  iminary V e l o c i t y  Traverse 
Scrubber Number Two 

D a t e  

Barometric Pressure, i n  Hg 

Moisture, % of Volume 

Molecular Weight, Dry Stack Gas 

Mole F rac t i on  Dry Gas 

Molecular Weight, Wet Stack Gas 

Stack Area, in. 2 

S t a t i c  Pressure, i n  Hg 

Stack Pressure Absolute, i n  Hg 

I n l e t  

10/2 1 /74 

30.45 

3.1 

29.0 

0.968 

28.64 

1256.6 

-0.04 

30.41 

Ou t le t  

10/2 1 /74 

30.45 

10.0 

29.0 

0.901 

27.91 

1735 

+0.01 

30.46 

Stack Gas Stack Gas 
Vel c i t y  Vo 1 ume P SCFM 

V e l o c i t y  Head Stack Averaqe 3 Traverse - i n  H30 (Avq.) Temp. OF. , /Ve loc i ty  x Temp. OR, FPM 
Y 

405 20.71 3050. 16050. 

2 Out le t  0.27 115 12.46 1860. 18970. 

I n l e t  0.49 

' Stack Condit ions Y 
" .  A-2 



. .  

Table A-3 
I 

Pre l  iminary V e l o c i t y  Traverse 
Baqhouse 

Date 

Barometric Pressure, i n  Hg 

Moisture. % by Volume 

Molecular Weight, Dry Stack Gas 

Mole F r a c t i o n  Dry Gas 

I n l e t  

10/27/74 

30.05 

5.0 

29.0 

0.95 

.Molecular Weight, Wet Stack Gas 28.45 

go8 
2 

Stack Area.' in. 

S t a t i c  Pressure, i n  Hg -0.09 

Stack Pressure Absolute, i n  Hg 29.96 

Out 1 e t  

10/27/74 

30.05 

5.0 

29.0 

0.95 

28.45 

1809 

+0.02 

30.07 

Stack Gas Stack Gas 
V e l o c i t y  Head Stack Ave r a  qe Vel yc i t y 'Jol ume 
i n  H 0 (Avq.) Temp. F. ( / V e l o c i t y  x Temp. "R. FPM SCFM 4 Traverse 

I n l e t  0.40 265 17.03 2510. 11020. 

Out le t  0.20 220 1 I .68 1720. 16060. 

' Stack Conditions. 

. A-3 



Tab le  A-4  

P r e l i m i n a r y  V e l o c i t y  Traverse  
Dryer  O u t l e t  

Date 10/30/74 

Baromet r ic  Pressure,  i n  Hg 

Mois tu re ,  % by  Volume 

Molecu la r  Weight,  Dry Stack Gas 

Mole F r a c t i o n  Dry  Gas 

Mo lecu la r  Weight,  Wet Stack Gas 

30.15 

6.0 

29.0 

.94 

28.34 

.Stack 

Stack 

Stack 

2 Area, in. 

Pressure,  i n  Hg 

Pres:.ure Abso lu te ,  i n  Hg 

1017 

0.00 

'30.15 

Stack  Gas Stack Gas 
Vel c i t y  Volume 

P SCFM FPM 
Stack Averaqe 

180. 4.38 640. 3570 

V e l o c i t y  Head 
i n  H7O (Avq.) Ternp'F. i v e l o c i t y  x Temp. OR. - 

0.03 

' Stack Cond i t ions .  

A- 4 
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ABSTRACT 

I 3 
L 

I 

New Source Performance Standard emissions t e s t s  were completed on the - 
new anode baking furnace a t  the Aluminum Company of America’s plant  near- 
Rockdale, Texas. Both  the Alcoa 446 reactor (primary abatement device) 
and the Alcoa 446 alumina regenerator were tes ted  and the r e su l t s  added 
together t o  determine to t a l  emissions from the system. Testing was done 
i n  accordance w i t h  EPA Methods 1, 2 ,  3. and 5 and Alcoa Method 4075A. 
Method 4075A was approved by EPA and the  Texas Air Control Board and is 
described i n  Section IV, Analytical Technique. 

Results of the tests were: 

Total F1 uoride - .03 lbs/equivalent ton A1 
HF - -02 lbs/equivalent ton A1 
Total Suspended Part iculates  - -41  lbs/equivalent ton A1 

CO Concentration (Regenerator Effluent) - -07% 
CO Concentration (Reactor Effluent) - .03% 

The Standard of Performance f o r  f luoride emissions from new anode baking 
f a c i l i t i e s  associated with primary a luminum reduction plants i s  0.1 lbs F-/ton 
aluminum equivalent. I t  was concluded tha t  emissions from the new anode 
baking furnace were compliant w i t h  this standard. 

. 

. -  
. . - .  

. .. .. 
. .  

. - 
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! 1. INTRODUCTION 

On September 14. 1976, a permit was issued t o  the Aluminum Company of 

Rockdale. Texas. Construction of the new f a c i l i t y  began dur ing  the  week 
e n d i n g  October 8, 1976. and the Environmental Protection Agency and the, 
Texas Air Control Board were no t i f i ed  of this event on November 19, 
1976, 
were s ta r ted  on December 19. 1977. The furnace reached f u l l  production 
s ta tus  on February.22,. . .  1978. 

On March 16, 1978, a Pretesting Meeting was held a t  the  Rockdale plant 
t o  review procedures t o  be used i n  N.S.P.S. emissions testing o f  the  new 
f a c i l i t y .  
Alcoa participated. 

I n i t i a l  testing of the f a c i l i t y  was conducted on six consecutive days 
from 1978 May 15-21. 
Environmental Protection Agency and the Texas Air Control Board on 1978 
August 29. 
allowing a production increase i n  the new furnace was granted by the 
Texas Air Control Board. 
pending , resu l t s  of emissions tests a t  the h i g h e r  production rate.  

March 5,  1979. and was witnessed by Mr. M. H. Pointer'of the Texas Air 
Control' Board Source Evaluation Section. Actual testing was performed 
.by Alcoa process engineering technicians J .  R. Brown, K. A. Tharp, D. J. 
Orsag, W. L. Young, G. L. Crowell. and A. 5. Youngblood. Mr. Jef f  
Bishop, Alcoa Environmental Lab, assisted.  

America.to construct a new anode baking furnace a t  i t s  plant near - 
Construction was completed and the i n i t i a l  f ires i n  the furnace 

Representatives of EPA, the Texas Air Control Board, and 

Results of these tests were reported t o  the 

Subsequent t o  these tests, an amendment t o  Permit C4476 

. ,  
Issuance of an Operating Permit was he ld  up 

'Re-testing of the f a c i l i t y  was conducted on nine days from January 29- . -  

Preparation and unloading of the sample trains and sample analysis was 
performed by Messrs. C. H. Ross and N. Martinez of the Rockdale Works . 
Analytical Lab. Messrs. E. B. Parker and R. S. Alvarez participated i n  
the planning and coordinating o f  the tests. 
calculations and assembled data used - i n  preparing this report. . 

Mr. Alvarez performed 

On the following pages are a plant map khowing location of the emissions 
sources, a schematic drawing of the anode baking process and related 
abatement equipment, and a description of the  anode baking process. 

d- 
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DESCRIPTION OF PROCESS 
- ~ 

I Green carbon anodes weighing approximately 630 pounds each a re  placed 
I 
I i n  the p i t s  of the  baking furnace, covered with packing material t o  conserve 

h e a t  and prevent bu rn ing ,  and baked a t  approximately 115OOC us ing  natural gas 
I fuel. Volati les a re  driven off and enter t h e  furnace exhaust where they a re  

burned. 

reactor. 

t o  the atmosphere. 

potrooms. 

The exhaust gas i s  collected i n  ducts and transported t o  the Alcoa A-436 

. Alumiia is used t o  absorb pollutants before the  gas i s  exha,usted 

The reacted alumina goes t o  the  regenerator and then t o  the 

After 'baking ,  packing material is removed and the baked anodes are 

taken from the p i t s ,  cleaned and sent on t o  the  anode assembly area. 

,material is reused with a small quantity of new material being introduced t o  

make u p  losses incurred through s'pillage and burning. 

Packirig 
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11. PROCEDURE 

Emissions p o i n t s  associated w i t h  the anode baking furnace are Source 56 
(Alcoa 446 Reactor) and Source 62 (Alcoa 446 Alumina Regenerator.) B o t h  - 
sources were tested for, par t iculate  and gaseous fluoride,  and t o t a l  
particulate.  

Tests on the Alcoa 446 Reactor which complied w i t h  the 100% +lo% isokinetic 
rule  were completed on January 29 ( t e s t  R l ) ,  February 1 ( t e s t  R3). and  
February 10 ( t e s t .  #8.) The method used was 4075A which was previously 
approved by the EPA:and TACB. The equipment consisted of the RAc u n i t ,  
the sample nozzle w i t h  the  attached p i t o t  tube, and  the thimble and 
f i l t e r  located as close t o  the sample point as possible - i t  was inside 
the stack and the heating system was not used. 
of the method and equipment are presented i n  the analytical technique 
section. 

Tests on the  Alcoa 446 regenerator were obtained us ing  two methods. The 
tests for  gaseous and par t iculate  fluoride were made u s i n g  Method 4075A 
on the.following dates: February 5 ( t e s t  #5), February 8 ( t e s t  #6), and 
February 9 ( t e s t  #7.)  Alumina conveying problems prevented the tests 
being made on consecutive days. The to ta l  .particulate t e s t s  for  the 
Alcoa 446 regenerator were made us ing  EPA Method 5 on March 1 ( t e s t  a l l ) .  
March 2 . ( t e s t  n"12). and March 5 ( t e s t  #13.) The intent ions were t o  use 

particulate;  b u t  the f i l t e r . d i d  no t  wi ths t and  . the env.ironment and showed 
loss i n  weight, consequently particulate t e s t s  required EPA Method 5. 

Orsat samples were obtained f o r  each test. On each reactor test six 
samples were obtained - two from each stack - one per por t .  On each 
regenerator t e s t  two Orsat samples were obtained - two per port .  ' The 
samples were delivered t o  the laboratory immediately a f t e r  they were 
obtained for  analysis. 

The fo l lowing  outline describes the method used ' to  operate the sampling 
t r a i n  for  a l l  tests: 

A detailed description 

.. ..Method 4075A f o r  par t iculate  and gaseous fluoride as well as t o t a l  
' 

. 

- 
I. Pre-Sampling Checks 

. 

A. Manometers were ,leveled and zeroed 
B. P i t o t  l ines were leak-checked 
C. Measured stack pressure a t  n u l l  position and 

recorded angle from axial tenter l ine of duct 
a t  l e s s  th'an 10 degrees 

D. Leak-checked sampling t ra in;  a stop watch was used 
- 

11. During-Sampling Checks 

A. 
B. 

Vacuum leak-checked when sample train broken 
All shut-down and start-up times were noted 

5 
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111. Port-Sampling Checks 
- A. 

B. P i to t  leak-checked 
C. 

Sample t r a in  was leak-tested as required a f t e r  
each t e s t .  
was present 

Field data sheets completely f i l l e d  out 

No leak greater t h a n  .02 f t3 /min  

The sample trains yere handled w i t h  care a t  a l l  times, i n c l u d i n g  when 
transported to  and from the laboratory. 
described i n  Section IV. Data and calculations are shown i n  Section V. 

Anode production was determined by using the average number of anodes 
baked dur ing  the t e s t  days and multiplying t h a t  number by the average 
weight. Average weight was determined by weighing twelve of the anodes 
taken from the furnace each day during the  t e s t .  

Analytical techniques are  

i 
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Traverse Point 

Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

16 
17 
18 
19 

.-20 
21 
22 
23 
24 

I 

Distance From Reference Point To Nozzle 

Reactor 

-36" . - _  
.96 

1.68 * 
2.40 
3.24 
4.08 
4.92 
6.00 
7.08 
8.40 
9.96 

12.24 
18.48 
20.76 
22.32 
23.64 
24.72 
25.80 

28.32 
29.04 * 
29.76 
30.36 

Regenerator 

-29" 
.97 ** 

1.71 
2.57 
3.63 
5.14 
9.38 

10.89 
11.95 
12.81 
13.55 ** 
14.23 

* Two outside points  dropped; First and las t  point tested for six (6) minutes 

** Outside points dropped; First and l a s t  point tested for 20 minutes 

* - 
~ .. 

..  .. 
. .. . .  
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111. RESULTS AN0 CONCLUSIONS 

Results 

Emissions tes t ing  yielded the following resul ts .  

Emissions Rate - Lbs/Oay 
. ,  (Alcoa 446 Reactor + 

Pollutant A1 coa 446 Regenerator) 

Total Fluoride ; 12.43 
HF ’ 10.24 
Total Suspended Part iculate  193.03 

Orsat analysis of the reactor and the regenerator eff luent  revealed the 
following concentrations of carbon monoxide. 

Reactor. - .03% 
Regenerator - .07% . 

All  sampling ra tes  du r ing  the test were well w i t h i n  100 +lo% isokinet ic  
~~ . .  ’. as shown below. 

Test No. 

1 
3 
8 
4 
5 
7 
11 
12 
13 

% Isokinetic 
Reactor Regenerator 

108.86 
106.86 
103.50 

104.03 
105.47 
105.60 
106.03 . 
105.42 
102.46 

10 

Operating conditions of the Alcoa 446 system dur ing  the t e s t  period were 
as follows. 

A-446 Reactor 

A1 umi na 
In l e t  Gas Fan 4 P (Bed) A P (Bag) Bed Feed Rate 
Temp. OF e Inches H7O Inches H7O Temp.OF Lbs/Hr 

Average 338 407.4 25.15 4.5 188.5 660 

Range 340-450 390-430 24.1-27.0 4.2-5.1 150-215 - 
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- - A-446 Regenerator 

A1 umina 
Dust Collector Feed Rate 

Bed Temp.oF A P,Inches H7O fLbs/Hr) 
I 

Average 1017 .93 800 

Range 930-1100 .8-1.0 - 
k- 

The average weight of ' the 108 anodes checked during the tes t ing  was 
612.4 pounds. During tests 1.3.4.6.7, and 8, 777.5 pieces of carbon 
were baked per day. During tests 11.12. and 13, 648 pieces of carbon 
were baked per day. The equivalent weight of aluminum f o r  t e s t s  1,3.4.6.7 
and 8 i s  476.14 tonlday and fo r  t e s t s  11,12. and 13 the equivalent ton  
of Al/day yields  396.84. 

i m 

1 Ea . .  . .-, 
Emissions .expressed i n  lbs/eq. t o n  A1 produced a re  l isted below. 

. .  Emissions . . 
(Lbs/Eq.Ton Al) 

i . Pol lu tan t  

Total 
HF 
Total 

F1 uorides 

Suspended Part iculate  

.026 

.021 
.404 

Conclusion 

The applicable fluoride emissions standard for new anode baking furnaces 
associated w i t h  primary aluminum-smelters i s  0.1 l b  F- per equivalent 
ton  o f  a luminum produced. 
emissions t e s t s  described i n  this report  indicate  t h a t  emissions from the 
new anode baking furnace a t  the  Aluminum Company of America, Rockdale Works, 
a r e  compliant w i t h  t h a t  regulation. 

(Subpart S ,  Section 60.193(3)). Results of the 

L 

h 
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Source T e s t  85-14 
Kaiser, Tacoma 
Sept.  24--26, 1986 

I. PURPOSE 

The purpose of t h e  t e s t  was t o  measure emission of t o x i c  
organic  aromatic  compounds from a Soderberg primary aluminum 
p l a n t .  The r e s u l t s  w i l l  be used i n  t h e  Department of 
Ecology's A i r  Toxics  program. 

11. FACILITY TESTED 

The Kaiser  Tacoma Works produces about  2 0 0  t o n s  of primary 
aluminum a day from t h r e e  Soderberg aluminum p o t l i n e s .  Line 
R4 is t h e  newes t  of t h e  t h ree  and produces about ha l f  of t h e  
t o t a l  product ion was t e s t e d .  

A l u m i n u m  i s  produced i n  e l e c t r o l y t i c  c e l l s  t h a t  t h a t  a r e  
twenty t o  t h i r t y  f e e t  on a s i d e .  Each pot  l i n e  has  about 
one hundred po t s .  The p o t s  a r e  completely hooded, w i t h  
moveable doors.  The exhaust from each po t  is ducted t o  a 
c e n t r a l  primary a i r  p o l l u t i o n  c o n t r o l  system t h a t  c o n t r o l s  
emissions of both p a r t i c u l a t e  and f l u o r i d e .  Emissions t h a t  
escape t h e  primary c o n t r o l  system a r e  vented out  t h e  pot  
room roof monitors.  

111. TEST PROCEDURE 

Samples wer.e&a.k.e_n from t h e  primary a i r  p o l l u t i o n  c o n t r o l  
device,  C b a q h o u s h  and t h e  roof monitors.  
Method 5 sampling t r a i n  was used t o  c o l l e c t  t h e  organics .  
For t h e  baghouse t h e  sampling t r a i n  cons i s t ed  of a s tandard  
Method 5 t r a i n  except t h a t  a water  j acke ted  cool ing  
condenser and a water jacke ted  XAD-2 absorbent  module were 
added a f t e r  t h e  heated f i l t e r .  The absorbent  was maintained 
below 70 degrees .  The sampling d u r a t i o n  was between four  
and f i v e  hours. 

Roof monitor samples were taken i n  a s i m i l a r  manner except  
t h a t  t h e  f i l t e r  w n a e & e d  and t h a t  each sample was 
t a k e n  over about a twenty-four hour pe r iod .  

The samples were analyzed by Engineering-Science f o r  
P r i o r i t y  P o l l u t a n t  using base n e u t r a l  EPA Procedure 625. 

A modified EPA 



S o u r c e  T e s t  85-14 
Kaiser, Tacoma 

I V .  RESULTS 

The r e s u l t s  a r e  summarized i n  T a b l e s  1-3 and F i g u r e  1 and 
compare well t o  l e v e l s  r e p o r t e d  i n  t h e  l i t e r a t u r e .  The 
amount of  B e n z o ( a ) P y r e n e  (BaP)  i s  c o n s i d e r a b l y  more t h a n  h a s  
been  measured  by Ecology i n  t h e  pas t .  The d i f f e r e n c e  may b e  
a t t r i b u t a b l e  t o  b e t t e r  sampl ing ,  c o l l e c t i o n  and  a n a l y s i s  
p r o c e d u r e s  f o r  t h e  c u r r e n t  t e s t .  

The p r i m a r y  a i r  p o l l u t i o n  c o n t r o l  s y s t e m  c o l l e c t e d  and  
removed most o f  t h e  P N A ' s .  The a i r  p o l l u t i o n  c o n t r o l  s stem 

d e s i g n e d  t o  remove p a r t i c u l a t e  and  f l u o r i d e .  Hence a 

were f i v e  t o  t e n  t imes t h e  roo f  m o n i t o r  e m i s s i o n s .  Fo r  t h e  
l i g h t e r  compounds s u c h  a s  n a p h t h a l e n e  and  a n t h r a c e n e  t h i s  
is t h e  case. For  t h e  h e a v i e r  P N A ' s  s u c h  a s  BaP t h e  r e v e r s e  
is t r u e ,  s u g g e s t i n g  t h a t  t h e  p o l l u t i o n  c o n t r o l  equ ipmen t  
removed t h e  compound. The e f f i c i e n c y  o f  removal a p p e a r s  t o  
b e  a f u n c t i o n  of  t h e  molecular w e i g h t  o r  t h e  vapor p r e s s u r e  
o f  t h e  compound, w i t h  t h e  removal  e f f i c i e n c y  of t h e  h e a v i e r  
PNA's s u c h  a s  BaP q u i t e  h i g h .  

i s  d e s i g n e d  t o  collect@ib t o  90% o f  t h e  e m i s s i o n s J a n  --+w.Li-L 
)lu ca-t 4J p o l l u t a n t  would b e  u n c o n t r o l l e d  i f  t h e  baghouse  emissions 2 
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KAISER,  TACOMA 
PNA E M I S S I O N S  

P o t l i n e  4 

TABLE 1 
EMISSION RATE, gm/hr 

BAGHOUSE ROOF TOTAL 

NAPHTHALENE 
ACENAPHTHYLENE 
ACENAPHTHENE 
FLUORENE 
PHENANTHRENE 
ANTHRACENE 
FLUORANTHENE 
PYRENE 
CHRY S ENE 
BENZO A ANTHRACEME 
BENZO A PYRENE 
PHENOL 

1,143 258 1,402 
125 96 221 

1,957 1,060 3,018 
709 170 880 

1,633 1,139 2,772 
1,472 80 1,552 

941 791 1,732 
677 5 19 1,196 
32 259 290 
50 131 181 
26 125 151 

622 438 1,060 

TOTAL 9,387 5,066 14,454 

TABLE 2 
EMISSION FACTOR, gm/ton 

BAGHOU S E  ROOF TOTAL 

NAPHTHALENE 
ACENAPHTHYLENE 
ACENAPHTHENE 
FLUORENE 
PHENANTHRENE 
ANTRRACENE 
FLUORANTAENE 
PYRENE 
CHRYSENE 
BENZO A ANTHRACEME 
BENZO A PYRENE 
PHENOL 

274 
30 

470 
170 
392 
353 
226 
162 

8 
12 
6 

149 

62 
23 

254 
41 

273 
19 

190 
125 
62 
31 
30 

105 

336 
53 
724 
211 
665 
372 
416 
287 
70 
43 
36 

255 

TOTAL 2,253 1,216 3,469 



5 

. 
81% HOUSE 

RUN NUNBER 1 2 3 
STRRT VOLUME,CF 395.20 528.18 8 ,673 .14  
FINNISH YOLURE 527.83 673.64 9,804.80 
SRNPLE 132.63 145.46 151.66 

NAPHTHRLENE 
RCENRPHTHYLENE 
RCENAPHTHENE 
FLUORENE 
PHENRNTHRENE 
ANTHRRCENE 
FLUORRNTHENE 
PYRENE 
CHRYSENE 
BEN20 R RNTHRRCENE 
BEN20 R PYRENE 
PHENOL 

3 .75  4 .11  

tim COLLECTED, 119 

1.60 8 . 2 0  
0.15 0.88 
3 .19  17.00 
0.99 6.00 
1.10 7 .80  
2 .60  17 .00  
0.58 8 . 6 0  
0.46 b .  IO 
0.02  0 . 2 3  
0.20 0.23 
0 .02  0.15 
1.02 3 .90  

3.72 

6 . 5 0  
0.75 
8.00 
3 .21  

14.00 
2.00 
4.40 
3.20 
0 .20  
0.27 
0 .20  
3 . 9 0  

ROOF NONITOR 

11 12 
2 , 3 6 8 . 4 8  3,183.32 
3,181.05 4,040.05 

812.57 856.73 
22 .95  24.20 

1.00 1.30 
0.68  0.16 
8.00 1 . 2 3  
0 . 9 9  0.51 
7.00 3.00 
0.28  0.43 
3 . 9 0  3.10 
2.40 2.20 
1.10 1 . 2 0  
0 . 6 1  0 . 5 5  
0.88 0 . 2 1  
3.00 0.83 



KRISER, TACONR 
PNR E M S S I O N S  

SANPLE ORTR 

Page 7 

NAPHTHRLENE 
ACENRPHTHYLENE 
RCENllPHTHENE 
FLUORENE 
PHENRNTHRENE 
RNTHRACENE 
FLUORRNTHENE 
PYRENE 
CHRYSENE 
BEN20 A RNTHRRCENE 
BEN20 A PYRENE 
PHENOL 

NRPHTHRLENE 
ACENRPHTHYLENE 
ACENRPHTHENE 
FLUORENE 
PHENRNTHRENE 
RNTHRRCENE 
FLUORRNTHENE 
PYRENE 
CHRYSENE 
BENZO A RNTHRRCENE 
BEN20 R PYRENE 
PHENOL 

NRPHTHALENE 
RCENAPHTHYLENE 
RCENRPHTHENE 
FLUORENE 
PHENANTHRENE 
RNTHRRCENE 
FLUORRNTHENE 
PYRENE 
CHRYSENE 
BENZO R RNTHRACENE 
9ENIO R PYRENE 
PHENOL 

TOTRL 

CONCENTRRTION, ug/CN 
1 2 3 

127.05 1,995.60 1,747.68 
40.04 214.16 201.66 
851.44 k,137.22 2,150.99 
264.24 1,460.20 863.09 
293.60 1,898.25 3,764.24 
695.96 4,137.22 531.75 
154.81 2,092.95 1,183.05 
122.78 1,k84.53 860.40 
5.34 55.97 53.77 

53.38 55.97 12.60 
5.34 36.50 53.77 

272.25 949.13 1,048.61 

EKlSSlON RATE, qmlhr 

351.25 1,641.40 
32.93 176.15 
700.31 3,402.90 
217.34 1,201.02 
241.49 1,561.33 
570.79 3,402.90 
127.33 1,721.47 
100.99 1,221.04 
4.39 46.04 
43.91 46.04 
4.39 30.03 

223.92 780.66 

1,437.48 
165.86 

1,769.21 
709.90 

3,096.12 
442.30 
973.07 
701. 66 
44.23 
59.71 
44.23 
862.49 

RVERRGE 

151.95 
2,379.88 

862.51 
1,905.36 

I ,  143,60 
822.51 
38.36 
60.65 
31.87 
756. 66 

1,390, I 1  

1~7a9.64 

1,143.38 
124.98 

1,951. k7 
709.42 

1,472.00 
940. 62 
676.57 
31.55 
49.89 
26.22 

622.36 

1, 632. 90 

EMISSION FRCTOR, palton 

84.30 393.94 345.00 274.41 
7.90 42.28 39.81 30.00 

168.08 816.70 424.61 469.79 
52.16 288.25 170.38 170.26 
57.96 374.72 743.07 391.92 
136.99 816.70 106.15 353.28 
30.56 413.15 233.54 225.75 
24.24 293.05 169.84 162.38 
1.05 11.05 10.62 7.57 
10.54 11.05 14.33 11.97 
1.05 7.21 10.62 6.29 

53.74 187.36 207.00 149.31 

I 1  12 
43.57 53.72 
29. 62 6.61 
348.52 50.82 
43.13 21.07 
301.96 123,96 
12.20 17.71 
169.91 128.09 
104.56 90.90 
41.92 49.58 
26.57 22.73 
38.34 8.68 
130.70 34.30 

231.34 
157.31 

1,850.72 
229.03 

I ,  619.38 
64-78 

902.23 
555.22 
254.47 
141.12 
203.58 
694.02 

285.24 
35.11 
269. 86 
111.90 
658.25 
94.35 

680.19 
482.71 
263.30 
120.68 
46.08 
182.12 

R6ERR6E 
48.64 
18.12 
199.61 
32.10 
214.46 
14.98 
149.00 
91.73 
48.75 
24.65 
23.51 
82.50 

258.29 
96.21 

1,060.30 
170.46 

1,138.81 
79.56 

791.21 
518.97 
258.89 
130.90 
124.83 
438.07 

55.52 68-46 61-99 
37.75 8.43 23.39 
444.17 64.77 254.47 
54.97 26 .86  40.91 
308.65 157.98 273.32 
15.55 22.64 19.09 

216.53 163.25 169.89 
i33.25 115.85 124.55 
61.07 63.19 52.13 
35.87 28.96 31.42 
48.6’6 tl.0C 29.96 

166.56 43.71 105.14 

TOTAL 

1,401.67 
221.19 

3,017.78 
879.88 

2,771 -79 
1 ,551 .56  
1,731 .E3 
1,195.54 
290.44 
180.78 
151.04 

1 ,060. 43 

14,453.93 

33b.40 
53.09 
724.27 
211.17 
665.23 
372.37 
415.64 
266.93 
69.71 
43.39 
36,25 

254.50 

3,468.94 
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RESEARCH AN0 ONELOPMENT LABORATORY 600 BANCROFT WAY BERKELEY. CALIFORNIA 94710 4151841-7353 

Priority Pollutant Analysis 
Base Neutrals - EPA 625 

Date Received 10/4/85 
Date Reported 11/20/85 

For: Engineering-Science, Fairfax Attn: Jon Bolstad 
Address: 

P.0. NO. -- 
Job No. 46921.00 
Page 1 OF 3 

Lab No: 
Source of Sample: Kaiser 

Date Collected: 
Time Collected: 

853009 853010 853011 853012 
R u n  1 Run 2 RUn 3 Run 1 1  
't t 

Ccmpound 

1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Hexachloroethane 
1,2-Dichlorobenzene 

Nitrobenzene 
Hexachlorobutadiene 
1,2,4-Trichlorobenzene 

Isophorone 
Naphthalene 
2-Chloronaphthalene 

Acenaphthylene 
Acenaphthene 
Dimethyl phthalate 
2,6-Dinitrotoluene 
Fluorene 

2.4-Dinitrotoluene 
Diethylphthalate 
Hexachlorobenzene 

(0.02 
(0.02 
c0.02 
<o. 02 

(0.02 
(0.02 
(0.02 

(0.02 
1.60 

<0.02 

0.15 
3.19 
<0.020 
(0.02 
0.99 

(0. 02 
(0.02 
(0.02 

ANALYTICAL RESULTS 

(0.2 <0.2 
<0.2 <0.2 
(0.2 ( 0 . 2  
(0.2 (0.2 

(0.2 <0.2 
<0.2 <0.2 
(0.2 (0.2 

(0 .2 (0.2 
8.2 6 .5  

<0.2 (0.20 

0.88 0.75 
17 8.0 
(0.2 (0.20 
(0.2 <0.2 
6.0 3.21 

(0.2 <0.2 
(0.2 (0.2 
(0.2 (0.2 

(0.2 
(0.2 
(0 .  02 
(0.2 

(0.2 
(0.2 
(0.2 

<0.2 
1.0 

<0.20 

0.68 
8.0 
<o. 20 
(0.2 
0.99 

(0.2 
(0.2 
( 0 . 2  

OFFICES IN PRINCIPAL CITIES 
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Page 1 4  ENGINEERING-SCIENCE . - .  

Benzo(a)pyrene mg <0.020 (0.15 (0.20 0.88 
Indeno(l,2,3-c,d)pyrene mg <0.040 <0.30 <O -40 (0.40 
Dibenzo(a,h)anthracene mg < O s  040 < O s  30 <0.40 <0.40 
Benzo(ghi)perylene mg <O . 040 <O .30 (0.40 C0.40 

Y 

i 

Priority Pollutant Analysis 
Base Neutrals - Epn 625 

(continued) 

Date Received 10/4/85 
Date Reported 11/20/85 

For Engineering-Science, Fairfax Attn: Jon Bolstad 
Address 

Lab No: 
Source of Sample: Kaiser 

Date Collected: 
Time Collected: 

P.0. No. -- 
Job NO. 46921.00 
Page 2 OF 3 

853009 853010 8530 1 1  853012 
RUn 1 R un2 Run3 Run 1 1  

t -- -- -- -- 

Caupound 
Units ANmYTICAL RESULTS 

Phenanthrene 
Anthracene 
Dibutyl phthalate 
Fluoranthene 

Pyrene 
Butyl benzyl phthalate 
Bis(2-ethylhexyl) phthalate 
Chrysene 

Benzo(a)anthracene 
Di-n-octylphthalate 
Benzo(b)fluoranthene 
Benzo(k)€luoranthene 

mg 1.1 7.8 14 7 
mg 2.6 17 2.0 0.28 
mg <0.02 <0.3 <O .4 (0.4 
mg 0.58 8.6 4.4 3.9 

mg 0.46 6.1 3.2 2.4 
mg <o .020 <0.15 <0.20 <0.20 
mg (0.020 <0.15 <0.20 <0.20 
mg <0.020 0.23 <0.20 1.10 

m9 <0.020 0.23 0.27 0.61 
mg <0.020 < O .  15 (0.20 <0.20 
mg <0.020 (0.15 <0.20 <0.20 
mg (0.020 <O. 15 <o .20 <0.20 
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Priority Pollutant Analysis 
Acid Extractable5 and PCBs - EPA 625 

Date Received 10/4/85 
Date Reported 11/20/85 

P.O. No. -- 
Job No. 46921.00 

. Page 3 OF 3 

For: Engineering-Science, Pairfax Attn: Jon Bolstad 
Address 

Lab No: 
Source of samp1e:Kaiser 

Date Collected: 
Time Collected: 

853009 853010 85301 1 853012 
R u n  1 Run 2 R u n  3 Run 1 1  

t t 

Cmpound 
Units ANmYTICAL RESULTS 

2-Chlorophenol 
2-Nitrophenol 
Phenol 
2.4-Dimethylphenol 
2.4-Dichlorophenol 

2,4,6-Trichlorophenol 
4-Chloro-3-methylphenol 
2.4-Dinitrophenol 
2-Methyl-4,6-Dinitrophenol 
Pentachlorophenol 

mg (0.02 <O. 15 (0.20 <0.20 
mg (0.02 <0.15 <0.20 <0.20 
mg 1.02 3.9 3.9 3.0 
mg (0.02 <O. 15 (0.20 <0.20 
mg <0.02 <0.15 (0.20 <o. 20 

m9 <o .02 <0.15 ( 0 . 2 0  <0.20  
mg <0.02 < O .  15 <0.20 <0.20 
mg (0.02 < O .  15 <0.20 <0.20 
mg <0.04 (0.15 (0.20 <0.20 
mg <o. 08 <O -30 <0.40 <0.40 

4-Nitrophenol mg <0.08 <0.30 (0.40 <0.40 

NAD-2 Plus Probe Wash 



Page 16 . .  . 
- r. . 

I ,  - “F=- 
L 5 e  M ENGINEERING-SCIENCE 

RESEARCH AND DEVELOPMENT LABORATORY 600 BANCROFT WAY BERKELEY. CALIFORNIA 94710 415B41.7353 

Priority Pollutant Analysis 
Base Neutrals - EPA 625 

Date Received 10/4/85 
Date Reported 11/20/85 

For: Engineering-Science, Fairfax Attn: Jon Bolstad 
Address: 

P.O. NO. -- 
Job No. 46921.00 
Page 1 OF 3 

Lab No: 
Source of sample: Kaiser 

Date Collected: 
Time Collected: 

853013 853014 853016 853018 
.Run 12 Blank RWI 2 Blank 
It XAD-2 1st Wash -- -- Impinger -- -- -- -- -- 

Ccanpound 
Unit s ANALYTICAL RgSULTS 

1,3-Dichlorobenzsne 
1.4-Dichlorobenzene 
Iiexachloroethane 
1,2-Dichlorobenzene 

Nitrobenzene 
Aexachlorobutadiene 
1,2,4-Trichlorobenzene 

Isophorone 
Naphthalene 
2-Chloronaphthalene 

Acenaphthylene 
Acenaphthene 
Dimethyl phthalate 
2,6-Dinitrotoluene 
Fluorene 

2,4-~initrotoluene 
Diethylphthalate 
Aexachlorobenzene 

mg (0.03 (0.001 (0.001 <0.001 
mg (0.03 <0.001 <0.001 <0.001 
mg (0.03 <0.001 <0.001 
mg (0.03 <0.001 (0.001 <0.001 

mg (0.03 (0.001 (0.001 <0.001 
mg (0.03 <0.001 (0.001 <0.001 
m¶ < O .  03 (0.001 (0.001 <0.001 

mg (0.03 <0.001 <0.001 <0.001 
mg 1.3 <0.001 <0.001 <0.001 
mg (0.03 <0.001 <0.001 <0.001 

m¶ 0.16 (0.001 <0.001 <0.001 
mg 1.23 <0.001 <0.001 <0.001 
m¶ < 0 . 0 3  . <0.001 <0.001 <0.001 
mg <0.03 <0.001 <0.001 <0.001 
m¶ 0.51 (0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 
<0.001 <0.001 <0.001 

mg <O. 03 
mg (0.03 
m¶ < O B  03 

OFFICES IN PRINCIPAL CITIES 



Priority Pollutant Analysis 
Base Neutrals - EPA 625 

(continued) 

Date Received 10/4/85 
Date Reported 11/20/85 

For Engineering-Science, Fairfax 
Address 

Lab No: 
Source of Sample: Kaiser 

Date Collected: 
Time Collected: 

P.O. No. -- 
Job No. 46921.00 
Page 2 OF 3 

Attn: Jon Bolstad 

853013 853014 853016 853018 
Run 12 Blank R u n 2  Blank 
t XAD-2 1 st Wash -- -- Impinqer -- -- -- -- -- -- -- -- -- 

Campound 

Phenanthrene 
Anthracene 
Dibutyl phthalate 
Fluoranthene 

Pyrene 
Butyl benzyl phthalate 
Bis(2-ethylhexyl) phthalate 
Chrysene 

Benzo(a)anthracene 
Di-n-octylphthalate 
Benzo(b)fluoranthene 
Benzo( k) fluoranthene 

Benzo(a)pyrene 
Indeno(l,2,3-c,d)pyrene 
Dibenzo(a,h)anthracene 
Benzo(9hi)perylene 

3.0 
0.43 
(0.034 
3.1 

2.2 
<0.03 
(0.03 
1.2 

0.55 
( 0 . 0 3  
0.46 
(0.03 

0. 2.1 
<O .068 
(0.068 
<O .068 

ANALYTICAL RESULTS 

(0.001 
(0.001 
(0.001 
(0.001 

(0.001 
(0.001 
(0.001 
(0.001 

(0.001 
(0.001 
(0.001 
(0.001 

(0.001 
( 0  .002 
( 0 .  002 
<0.002 

(0.001 
<0.001 
0.008 
(0.001 

(0.001 
<0.001 
<0.001 
(0.001 

(0.001 
(0.001 
(0.001 
<0.001 

<0.001 
<o .002 
(0.002 
(0 .002 

(0.001 
(0.001 
0.023 
(0.001 

(0.001 
(0.001 
<0.001 
<0.001 

(0.001 
(0.001 
(0.001 
(0.001 

(0.001 
<o .002 
<0.002 
( 0  .002 



Priority Pollutant Analysis 
Acid Extractables and PCBs - EPA 625 

Date Received 10/4/85 
Date Reported 11/20/85 

For: Engineering-Science, Pairfax 
Address 

Lab No: 
Source of Sample: Kaiser 

Date Collected: 
Time Collected: 

P.O. No. -- 
Job No. 46921.00 
Page 3 OF 3 

Attn: Jon Bolstad 

8530 1'3 853014 853016 8530 18 
Run 12 Blank Run 2 Blank 

XAD-2 1 St Blank -- - Impinger -- -- -- -- -- -- -- -- -- 
Canpound 

Units ANALYTICAL RESULTS 

2-Chlorophenol 
2-Nitrophenol 
Phenol 
2,4-Dimethylphenol 
2,4-Dichlorophenol 

2,4,6-Trichlorophenol 
4-Chloro-3-methylphenol 
2,4-Dinitrophenol 
2-Methyl-4,6-Dinitrophenol 
pentachlorophenol 

4-Nitrophenol 

NAD-2 Plus Probe Wash 

(0.03 
(0.03 
0.83 

<O .03 
(0.03 

<0 .03  
<0.03 
( 0 . 0 3  
<0.03 
(0.068 

<0.068 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

<0.001 
(0.001 

<0.001 
<o .002 

<o. 002 

<O.OOl 

(0.001 a1 
<0.001 

<0.001 
<0.001 
<0.001 
(0.001 
<o. 002 

<0.002 

(0.001 
<0.001 
<0.001 
<0.001 
<0.001 

<0.001 
(0.001 
<0.001 
<0.001 
<o .002 

<0.002 
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-I TABLE 65. PARTICULATE COMPOSITION OF ALUMINUM FOUNDRY 

Cr 
Mn 
Fe 
co 
Ni 
c u  
Zn 
As 
Se 
Br 
Rb 
S r  
sc 
Li 
Sn 
Sb 
cs 
Ba 
Be 
Pb 
Cd 

d d 
0.6 0.6 
6 .0  6.0 

d d 
0.6 0.6 

d d 
d d 

d d 

d d 

105 
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Attachment  2 

Anode Bake Plant 

Uncontrolled SO2 Emissions(l) 

Prebake Reduction Cell 

Uncontrolled SO2 Emissions 

\ 

Breakdown of Total  Sulfur 
Dioxide Emissions from Prebake 

Aluminum Reduction Plant 

- - 40(C)(S)( 1-.01K) Ib/ton 
- - cf ZO(C)(S)(l-.OIK) kg/Mg 

Where, 
Y C = Anode consumption during electrolysis, 

Ib anode consumend/lb A1 produced 

S = Percent  sulfur in anode before baking 

K = Percent  of total  @ant sulfur dioxide 
emissions released from prebake reduction 
cel ls  ** 

0.4(C)(S)(K) Ib/ton 

7).2(C)(S)(K) kg/Mg 

- - 

- - 

Where, 
* 

C = Anode consumption during electroylsis, 

S = Percent  sulfur in anode before baking 
K = Percent of total-pkrt  sulfur dioxide 

Ib anode consumed/lb AI produced 

emissions released from prebake reduction 
cells ** 
;Z Cdmbined wcigkk O F  coke  o r a  pikcL 

'7 
ifla*edc p 6 k . s  b8&% b a k '  ' Y 

6,s i o  % o+l*arwi6e,  R r ~ s f l d c u L G  1 0 )  
xr o be 6dd;~+a6A& $4@ BaCb PIG&. 

(1)Does not account for  fuel burning emissions. 




