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ABSTRACT 

This r e p o r t  summarizes t h e  r e s u l t s  of t h e  Coke Oven Charging Emission 

Control T e s t  Program conducted a t  t h e  P4 Bat te ry  of the  Jones and 

Laughlin P i t t s b u r g h  Works. 

1 9 7 1  through May 1974, wi th  a c t u a l  f i e l d  t e s t i n g  accomplished dur ing  t h e  

period May 1973 through August 1973.  The o v e r a l l  o b j e c t i v e s  of t h e  test 

program were; (1) t o  quant i fy  t h e  atmospheric p o l l u t a n t s  r e s u l t i n g  from 

the charging opera t ion  in t h e  coking process ,  (2) t o  provide a compara- 

t i v e  eva lua t ion  of a p o l l u t i o n  abatement system (an improved des ign  

l a r r y  car versus  an e x i s t i n g  l a r r y  c a r ) ,  and (3) t o  determine t h e  

f e a s i b i l i t y  of a compliance monitoring system concept based upon o p t i c a l  

measurement. A l l  o b j e c t i v e s  of t h e  program were s u c c e s s f u l l y  accomplished, 

and emission c h a r a c t e r i s t i c s  of t h e  charging opera t ion  have been de- 

f ined  i n  terns of both gaseous emissions and p a r t i c u l a t e s  r e l e a s e d  t o  

t h e  atmosphere. 

pusher s i d e  doors of the oven. Severa l  p e r t i n e n t  conclusions were a l s o  

developed r e l a t i n g  t o  the technology of coke oven emissions measurement. 

This r e p o r t  i s  submitted i n  f u l f i l l m e n t  of Interagency Agreement. Number 

F192628-71-C-002 and Contract  Number 68-02-0650, under t h e  sponsorship 

of t h e  Control  Systems Laboratory of t h e  U. S. Environmental P r o t e c t i o n  

Agency. 

The d u r a t i o n  of t h e  program was from A p r i l  

Emissions were a l s o  def ined  from leaking  seals on t h e  

i i i  
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ac ted  as Task Leader. R. W. Bee conducted t h e  Opt ics  p o r t i o n  of t h e  

program, while  A. Wallo I11 w a s  r e s p o n s i b l e  f o r  sensors  and gas/  

p a r t i c u l a t e  samples w i t h  a s s i s t a n c e  from R. W. Spewak. W. L. Wheaton 

w a s  r e s p o n s i b l e  f o r  the continuous monitoring ins t rumenta t ion  w i t h  

a s s i s t a n c e  from J. Findley,  J. M i l l e r ,  R. Reale, and W. R. Robinson. 

R. C. Kuehnel assumed t h e  d a t a  processing r e s p o n s i b i l i t y ,  and support  

was provided i n  t h i s  a r e a  by J. Morris.  Addi t iona l  assistance and ad- 

v i c e  w a s  provided by A. F. Epstein,  E. Jamgochian, B. A. Stokes and 

J. B. T r u e t t .  

A guiding i n f l u e n c e  i n  s t e e r i n g  t h e  

_ _  - - - - -  - 
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SECTION I 
CONCLUSIONS 

Measurements were successfully made defining the emission characteristics 

of the coke oven charging operations for the P4 battery of The Jones and 
Laughlin Pittsburgh works. 
prototype AISI/EPA larry car charging operations at this battery were 
characterized in terms of gaseous emissions and particulates released to 
the atmosphere. 
were used in a specially designed test program to obtain the required 
information. Additionally, optical measurements were made to determine 
the technical feasibility of a compliance monitoring system based on 
optical measurements. 

IDENTIFICATION OF COKE OVEN CHARGING EMISSIONS 

Particulate mass emissions from the Wilputte Larry Car were defined from 
10 charging operations. These mass emissions are reported in terms of 
particulates released from combinations of six major emission points. 
From the data on these emission points, a composite total mass emission 

of 815 grams per charge was derived for the Wilputte car. 
were also defined for the production prototype AISI/EPA larry car from 

three major emission points from four separate charging operations. A 

composite total mass emission figure of 120 grams per charge was derived 

from the data from the four charging operations. 

The major gaseous pollutants emitted during charging that were measured 
are: total hydrocarbons, carbon dioxide, carbon monoxide, nitrogen oxides, 
sulfur dioxide, hydrogen sulfide, methane, ammonia, phenol, cyanide. 

Both the old Wilputte and the production 

Both continuous monitoring and manual sampling techniques 

Mass emissions 

Based on analysis of particulate samples collected from the charging 
emissions, there is a possibility that carcinogenic materials may be 
generally present in emissions released during coke oven charging. 
conclusion is based on the detectable presence of benzpyrene in the tar 
portion of a large number of particulate samples. 
chemical forms of benzpyrene have been identified as carcinogens, 

This 

Although not all 
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benz(w)pyrene has  been s o  labe led .  

of c o l l e c t e d  p a r t i c u l a t e  material, a n a l y t i c a l  techniques have e s t a b l i s h e d  

t h e  presence of benz(oc)pyrene and/or  benz(e)pyrene and o t h e r  known o r  

p o t e n t i a l  carcinogens.  

involved, i t  is reasonable  t o  assume t h a t  t h e  same c o n s t i t u e n t s  w i l l  b e  

genera l ly  found i n  t h e  t a r  f r a c t i o n s  0: other  coke oven emissions.  

f u r t h e r  c h a r a c t e r i z e  t h e  q u a n t i t i e s  of m a t e r i a l s  involved, t a r  concentra- 

t i o n s  i n  p a r t i c u l a t e  samples were found t o  range from approximately 30% 

t o  90%, with an average of 57%. 

t a r  f r a c t i o n s  showed concent ra t ions  ranging from 260 ppm t o  18,000 ppm 

( 1  ppm is equiva len t  t o  1 p gram benzpyrene/gram of t a r ) .  

I n  a t  l e a s t  one l a r g e  composite sample 

Based on t h e  r e p r e s e n t a t i v e  n a t u r e  of t h e  sample  

To 

Addi t iona l ly ,  benzpyrene a n a l y s i s  of the  

- An-elemental analysis-was-undertaken-to ident i€y the-trace constituents--- - 

of t h e  c o a l  charged and t h e  r e s u l t i n g  emissions.  

was t h e  i d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  of hazardous elements, p a r t i c -  

u l a r l y  heavy metals. 

s i z i n g  equipment c a t c h e s ,  and was l i m i t e d  by t h e  sample s i z e ,  as w e l l  a s  

a v a i l a b l e  a n a l y t i c  techniques.  

number of i n s t a n c e s  where c o n s t i t u e n t  concent ra t ions ,  i f  they d id  e x i s t ,  

were below d e t e c t a b l e  l i m i t s .  The emission c o n s t i t u e n t  concent ra t ions  

which were s u c c e s s f u l l y  measured and reported are c o n s i s t e n t  with t h e  

c o n s t i t u e n t s  i d e n t i f i e d  i n  t h e  elemental  a n a l y s i s  of t h e  charging coa l .  

Some of t h e  more important elements i d e n t i f i e d  i n  d e t e c t a b l e  concen- 

t r a t i o n s  i n  t h e  emit ted p a r t i c u l a t e  material were Cu, Fe,  Pb, and Zn. 

Due t o  t h e  var iances  i n  p a r t i c u l a t e  sample s i z e s ,  i t  is not  p o s s i b l e  

t o  make a genera l ized  s ta tement  concerning c o n s t i t u e n t  concent ra t ions  

i n  t h e  emissions.  It should be pointed o u t ,  however, t h a t  no c o n s t i t u e n t  

concent ra t ions  i n  excess  of what can b e  reasonably explained by coa l  

c o n s t i t u e n t s  w a s  i d e n t i f i e d  i n  t h e  p a r t i c u l a t e  m a t e r i a l .  I n  order  t o  

o b t a i n  more d e f i n i t i v e  information on p a r t i c u l a t e  c o n s t i t u e n t s ,  much 

l a r g e r  samples d i s t r i b u t e d  as a f u n c t i o n  of p a r t i c l e  s i z e  must be obtained 

and analyzed. The p a r t i c l e  s i z e  information is important i n  a s s e s s i n g  

t h e  r e s u l t s ,  s i n c e  t h i s  property w i l l  determine whether t h e  p a r t i c l e s  

f a l l  o r  se t t le  out  quickly (i.e.,  p a r t i c l e s  

a gas i n  t h e  atmosphere ( i . e . ,  < 3  p ) .  

The intended emphasis 

The emissions a n a l y s i s  w a s  performed on p a r t i c u l a t e  

These l i m i t a t i o n s  r e s u l t e d  i n  a l a r g e  

>ZOO p), o r  behave s i m i l a r  t o  
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A p a r t i c l e  s i z e  d i s t r i b u t i o n  was der ived based upon a composite of 

samples taken from emissions re leased  by both t h e  Wilput te  and the  

AISI/EPA c a r s .  The s i z e  d i s t r i b u t i o n  found was charac te r ized  a s  a bi-  

populate lognormal d i s t r i b u t i o n ;  with a d i s t i n c t  grouping of  t h e  f i n e r  

p a r t i c l e s  conta in ing  47% of t h e  sample weight and a d i s t i n c t  grouping of 

the  l a r g e r  p a r t i c l e s  containing 53% of t h e  sample weight. 

p a r t i c l e  s i z e  grouping was found t o  have a mass mean diameter of 8.5 u 
and a s tandard  d e v i a t i o n  of 2.5 u ;  whereas the  larger p a r t i c l e  s i z e  

grouping w a s  found t o  have a mass mean diameter of 235 u and a s tandard 

d e v i a t i o n  of 3.9 u .  
p a r t i c u l a t e  sampling was der ived pr imar i ly  from the small diameter por- 

t i o n  of the p a r t i c l e  s i z e  d i s t r i b u t i o n .  

A s  an a d d i t i o n a l  b a s e l i n e  measurement, gaseous concent ra t ions  were deter- 

mined f o r  t h e  longer t e r m  emissions from leaking  s e a l s  on t h e  pusher s i d e  

doors of t h e  oven. 

of leak ing  door emissions.  

t hese  emissions w a s  t o t a l  hydrocarbons, f o r  which an average emission 

value of .35 ACFM was found. This  measured emission va lue  f o r  hydro- 

carbons t r a n s l a t e d  t o  an average value of 1 .2  pounds of hydrocarbon 

released over a 19 hour coking cyc le  p e r  ton of c o a l  charged t o  t h e  oven. 

This f i g u r e  of 1 . 2  pounds of hydrocarbon per  ton of coa l  coked is obviously 

f o r  an oven w i t h  doors  leak ing  a t  a cons tan t  maximum rate. 

majori ty  of t h e  doors  do not  leak  a t  t h i s  r a t e ,  t h i s  emission rate 

should not  be construed as a normal l e v e l  of emissions from a l l  oven doors.  

The f i n e r  

It w a s  a l s o  concluded t h a t  t h e  tar p o r t i o n  of t h e  

Data was c o l l e c t e d  from four  s e p a r a t e  measurements 

T h e  primary gaseous c o n s t i t u e n t  found i n  

Since the  

COMPARISON OF EMISSIONS FROM WILPUTTE AND AISI/EPA CHARGING SYSTEMS 

It was determined t h a t  t h e  average t o t a l  p a r t i c u l a t e  mass emission from 

t h e  Wilput te  ca r  was 815 grams per  charge.  

120 grams per  charge,  a reduct ion  of approximately 85% from the  average 

p a r t i c u l a t e  emission l e v e l  measured from t h e  Wilput te  Larry ca r .  

The  major gases emit ted during charging with t h e  Wilput te  L a r r y  ca r  con- 

s i s t e d  o f ;  t o t a l  hydrocarbons (33.77 s c f / c h a r g e ) ,  CO2 (29.4 s c f / c h a r g e ) ,  

CO (17.49 scf /charge)  and NO, ( .11 scf /charge) .  

The  AISI/EPA ca r  averaged 

Other gaseous c o n s t i t u e n t s  
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t h a t  were found i n  t h e  emissions included;  SO2 (maximum concent ra t ion  

of 232 ppm), H2S (maximum concent ra t ion  of 42 ppm), methane (maximum 

concent ra t ion  of 4 ppm), a m o n i a  (maximum concent ra t ion  of 130 pprn), 

phenol (maximum concent ra t ion  of 31 ppm) and cyanide (maximum concen- 

t r a t i o n  of 1 6  pprn). 

The gaseous emissions from the AISIIEPA l a r r y  car  were measured f o r  10 

s e p a r a t e  charging opera t ions  and a r e  compared t o  s i m i l a r  Wilput te  

measurements below. The major gases emit ted during charging with t h e  

AISI/EPA l a r r y  c a r  cons is ted  o f ;  t o t a l  hydrocarbons (20 .43  s c f / c h a r g e ) ,  

an improvement of 40% over t h e  Wilput te  emissions,  CO (6 .28  scf /charge) ,  

an improvement of 642 ,  CO2 (3.82 s c f l c h a r g e ) ,  an improvement of 87%, 

and NOx ( . O X  s c f / c h a r g e ) ,  a n  improvement of 82% over W i l p u t t e  emissions.  

Other gases found i n  t h e s e  emissions included;  SO2 (maximum concent ra t ion  

of 25 ppm), and methane (maximum concent re t ion  of 1.8 pprn). 

The percentage reduct ions  of t h e  v a r i o u s  p a r t i c u l a t e  and gaseous emission 

c o n s t i t u e n t s  are not  uniform pr imar i ly  because of t h e  v a r i a t i o n s  i n  
emission r e a c t i o n s  which occur dur ing  charging opera t ions .  

might b e  t h e  presence o r  absence of flame, v a r i a t i o n s  i n  d i l u t i o n  p r i o r  

t o  sampling, and changes involume flow causing similar changes i n  

r e a c t i o n  r a t e s .  It  is f e l t ,  however, t h a t  a comparison based on t o t a l  

mass emit ted i s  reasonable  and j u s t i f i e d .  

The elemental  a n a l y s i s  of var ious  p a r t i c u l a t e  samples showed some degree 

of uniformity i n  c o n s t i t u e n t  concent ra t ions .  This  would i n d i c a t e  t h a t  

t h e  volume of t r a c e  elements e m i t t e d  dur ing  a p a r t i c u l a r  charge would be 

d i r e c t l y  r e l a t e d  t o  t o t a l  p a r t i c u l a t e s  emit ted.  

i t  i s  reasonable  t o  assume t h a t  reduct ions  i n  p a r t i c u l a t e  emissions from 

t h e  Wilput te  t o  t h e  AISIIEPA car  connote l i k e  reduct ions  i n  t o t a l  volume 

of t r a c e  elements ( p a r t i c u l a r l y  heavy metals)  emit ted.  

The primary carcinogenic  materials, v a r i o u s  types of benzpyrene, d i s p l a y  

reasonably uniform concent ra t ions  i n  t h e  t a r  f r a c t i o n  of p a r t i c u l a t e  

samples. 

t o  t h e  above would be v a l i d  f o r  t h e  a p p r a i s a l  of reduct ions  i n  t o t a l  

_ -  - 

Examples 

Based on t h i s  premise, 

Therefore ,  i t  is reasonable  t o  assume t h a t  an argument s i d l a r  
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. 

volume of carcinogens emitted (i.e.,  reduct ions  i n  carcinogens could 

be considered equivalent  t o  reduct ions  in t o t a l  t a r s ) .  

TECHNOLOGY OF COKE OVEN EMISSIONS MEASUREMENT 

Although a number of t e c h n i c a l  problems were encountered dur ing  coke 

oven t e s t i n g ,  an ex tens ive  e f f o r t  was made t o  minimize t h e s e  problems 

and o b t a i n  v a l i d  da ta .  

Sixteen s e p a r a t e  gaseous c o n s t i t u e n t s  were measured by e i t h e r  manual 

sampling methods or  t h e  continuous measurement instrumentat ion system 

or both. Of t h e s e  s i x t e e n  gases,  e i g h t  gases  were analyzed by both 

manual methods and t h e  continuous measurement system, and good agreement 

was found between t h e  methods f o r  f o u r  of t h e  major gases  (CO, CO2,  

t o t a l  hydrocarbon, and 0 2 ) .  Comparisons between t h e  measurement methods 

f o r  two of t h e  gases (SO2 and H2S) showed s i g n i f i c a n t  d i screpancies  

which were i d e n t i f i e d  as being due t o  chemical i n t e r f e r e n t s  g iv ing  a 

" f a l s e  high" reading from t h e  continuous measurement systems. These 

i n t e r f e r e n t s  (polycycl ic  organic  m a t e r i a l s  were suspected) preclude 

accura te  measurement of S O 2  and H2S w i t h  t h e  b e s t  cur ren t  method f o r  

continuous monitoring of t h e s e  c o n s t i t u e n t s  - u l t r a v i o l e t  absorpt ion.  

Addit ional  t e s t i n g  must be performed t o  i d e n t i f y  the  na ture  of t h e  

chemical s p e c i e s  which i n t e r f e r e  with t h i s  ins t rumenta t ion  technique 

before  t h e  technique can be appl ied t o  t h e  t a s k  of monitoring coke oven 

emissions. 

Manual sampling was used f o r  c e r t a i n  components ( p a r t i c u l a t e s ,  CH4,  "3. 

HCN, pyr id ine ,  and phenols) because t h e  manual sampling method was t h e  

b e s t  and/or only technique which could be appl ied.  

CO2,  SO2, H2S. t o t a l  hydrocarbon, H 2  and 0 2 ) .  manual sampling was used 

as a supplementary method f o r  comparison with t h e  r e s u l t s  of t h e  con- 

t inuous measurement instrumentat ion.  For t h i s  l a t t e r  group, good agree- 

ment w a s  found between r e s u l t s  from manual sampling and t h e  continuous 

da ta ,  except f o r  SO2 and H2S a s  noted above. The manual sampling d a t a  

f o r  these  two c o n s t i t u e n t s  w a s  judged t o  b e  t h e  most v a l i d  obtained 

during t h e  tests and is used in the  comparison of emissions.  

I n  o t h e r  cases  (CO, 

TWO 
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conclusions were developed concerning the s u i t a b i l i t y  of manual sampling 

techniques appl ied t o  t h e  measurement of coke oven emissions. 

t h e  manpower requi red  t o  perform t h e  sampling was s u b s t a n t i a l  when com- 

pared wi th  that requi red  f o r  opera t ion  of t h e  continuous measurement 

ins t rumenta t ion  system. Second, t h e  t i m e  requi red  t o  o b t a i n  a n a l y t i c a l  

r e s u l t s  on t h e  samples was cons iderable ,  and t h e r e f o r e ,  t h e  r e s u l t s  

could not  b e  u t i l i z e d  f o r  tes t -by-test  modi f ica t ion  of procedures (as  

continuous measurement r e s u l t s  were used) .  

F i r s t ,  

Severa l  problems were encountered in t h e  implementation of an emission 

measurement system. The f i r s t  problem relates t o  t h e  concept of i so -  

k i n e t i c  sampling and t h e  d i f f i c u l t y  of applying t h i s  concept t o  a highly 

v a r i a b l e  emiss ioh  source  such as a l a r r y  car. 

was t o  sample a t  a cons tan t  c o n t r o l l e d  ra te  c l o s e  t o  t h e  pred ic ted  

average s t a c k  v e l o c i t y  and t o  c o r r e c t  t h e  c o l l e c t e d  mass based on t h e  

a c t u a l  measured v e l o c i t i e s  t o  a v a l u e  t h a t  would have been obtained i f  

i s o k i n e t i c  sampling had been followed. 

t o  ga ther  continuous d a t a  on t h e  v e l o c i t y  and/or volume flow a t  t h e  

sampling poin t .  

considered a g a i n s t  t h e  a l t e r n a t i v e s  of cont inuously and manually 

adjusted sampling rates ( t o  match s t a c k  v e l o c i t i e s ) ,  and systems which 

au tomat ica l ly  a d j u s t  sampling rates. Based on a review of t h e  r e s u l t s  

obtained t h i s  appears t o  be a v a l i d  and s u c c e s s f u l  approach. 

. 
- _ -  - - - ...- _ _  

The a p p r o a c h f o l l o i e d -  

To do t h i s ,  i t  was necessary 

It was concluded t h a t  t h i s  was t h e  b e s t  approach when 

I n  t h e  measurement of t h e  emissions r e l e a s e d  in coke oven charging, a l l  

emission p o i n t s  could not  be measured dur ing  one charging sequence. 

approach followed was t o  sample a t  s e v e r a l  of t h e  emission p o i n t s  on 

separate charges,  and t o  combine these  r e s u l t s  i n t o  a composite mass 

r e p r e s e n t a t i v e  of t h e  t o t a l  mass emissions of t h e  charging opera t ion .  

This  approach t o  t h e  measurement of mass emission was t h e  b e s t  method 

w i t h i n  t h e  time and economic c o n s t r a i n t s  of t h e  test program. 

review of t h e  d a t a ,  i t  was concluded t h a t  t h e r e  was s u f f i c i e n t  v a r i a b i l i t y  

i n  emissions from point-to-point and charge-to-charge, so a s  t o  preclude 

s i n g l e  point  t e s t i n g  a s  a means of determining the  t o t a l  mass re leased  

during a s i n g l e  charge with any degree of accuracy. 

The 

A f t e r  
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The i n i t i a l  test o b j e c t i v e s  c a l l e d  f o r  t h e  performance of t h r e e  tests 

per  day. Houever, a number of f a c t o r s  encountered a f t e r  t h e  s tar t  of 

scheduled t e s t i n g  made the accomplishment of t h i s  g o a l  impossible.  

These f a c t o r s  included unscheduled equipment maintenance and r e p a i r ,  

problems i n  production %on-interference" schedul ing of ovens w i t h i n  

instrumentat ion a c c e s s i b i l i t y  l i m i t s ,  p o s t - t e s t  instrumentat ion and 

d a t a  a c q u i s i t i o n  system turn  around de lays ,  and unexpected severe  

worker f a t igue .  

The high temperatures and open flame preva len t  i n  t h e  coke oven environ- 

ment o f t e n  caused ex tens ive  damage t o  a a r i o u s  system components necessi-  

t a t i n g  unscheduled r e p a i r  o r  replacement. The unpredic tab le  n a t u r e  of 

t h e s e  occurrences a l s o  caused problems i n  replacement component a v a i l -  

a b i l i t y .  

The instrument  l i n e s  t o  t h e  b a t t e r y  top were capable of reaching a block 

of 20 consecut ive ovens. However, d u r i n g  an e i g h t  hour s h i f t ,  only one 

pass  would normally be made through t h e  block, exc lus ive ly  charging 

e i t h e r  t h e  odd o r  t h e  even numbered ovens. This  reduced by a f a c t o r  of 

1 / 2  t h e  number of a v a i l a b l e  ovens i n  t h e  a c c e s s i b l e  block and spaced 

t h e  charges of i n t e r e s t  approximately 45 minutes a p a r t .  It was o f t e n  

found necessary t o  delay t h e  scheduled charging of an oven w i t h i n  t h e  

a c c e s s i b l e  block t o  a l low t h e  completion of test  prepara t ion .  

scheduled d is rupgions  could only be t o l e r a t e d  on a l imi ted  b a s i s  with- 

out a f f e c t i n g  normal production. 

Assuming no obvious damage t o  oven top ins t rumenta t ion ,  t h e  n e c e s s i t y  

remained t o  check t h e  continuous monitoring ins t rumenta t ion  and d a t a  

a c q u i s i t i o n  system components f o r  proper operat ion.  I n  a d d i t i o n ,  con- 

s i d e r a b l e  t i m e  was requi red  when manual sampling was scheduled t o  turn  

around manual sampling equipment between consecut ive tests. 

L a s t l y ,  workers experienced an unusual ly  high l e v e l  of f a t i g u e  a f t e r  a 

test per iod ,  pr imar i ly  a t t r i b u t e d  t o  t h e  rap id  work pace necessary t o  

l i m i t  production i n t e r f e r e n c e  ( t e s t s  were g e n e r a l l y  completed i n  less 

than 20 minutes) ,  high ambient temperatures (loo"+),  and poor a i r  q u a l i t y .  

.. 

\ 

Such 
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The da ta  which forms the  b a s i s  f o r  conclusions contained i n  t h i s  r e p o r t  

a r e  judged t o  be c o n s i s t e n t  and r e p e a t a b l e  I n  t h e  context of t e s t  

requirements and the o p e r a t i o n a l  environment. This assessment is 

founded on a c a r e f u l  examination of b a s i c  da ta  element test averages 

f o r  volume flow, temperature,  and measured c o n s t i t u e n t  concent ra t ions  

inc luding  p a r t i c l e  s i z e  d i s t r i b u t i o n .  For example, t h e  average volume 

flow values  f o r  a Wilputte s t a c k  emissions point  show an average flow 

r a t e  of approximately 200 cubic  f e e t  p e r  m i n u t e  over 15  i n d i v i d u a l  tests, 

while  t h e  maximum and minimum average v a l u e s  f o r  t h i s  same group of 

tests are approximately 290 and 130 scfm, r e s p e c t i v e l y .  The temperatures 

i n  t h e  gas s t reams during t h e s e  tests showed s i m i l a r  consis tency with 

an approximate average of.600' Rankine. -The-corr-espond-ing-maximum-and- 

minimum temperature averages were approximately 550' and 2000" Rankine 

( i n  t h e  presence of flame). 

observed in volume flow, t h e  d a t a  obtained appears  c o n s i s t e n t  wi th  a l l  

observa t ions  of t h e  charging process .  

Good agreement between t h e  continuous monitoring s y s t e m  and d a t a  obtained 

through manual sampling is evident  w i t h  t h e  except ion of H2S/S02 da ta .  

The d iscrepancies  noted here were s e v e r a l  o rders  of magnitude and were 

t raced  t o  chemical i n t e r f e r e n t s .  I n  a d d i t i o n ,  t h e  concent ra t ions  

measured were c o n s i s t e n t  w i t h  s i m i l a r  d a t a  reported by o t h e r  i n v e s t i g a t o r s .  

A number of var ious  techniques and equipments were used t o  o b t a i n  p a r t i c -  

u l a t e  s i z e  information. When t h e  v a r i o u s  sources  of d a t a  are compared 

using p a r t i c l e  s t a t i s t i c s  c r i t e r i a ,  good agreement is shown i n  support  

of t h e  composite p a r t i c l e  s i z e  d i s t r i b u t i o n  reported here .  It i s  f e l t ,  

however, t h a t  va luable  information might b e  obtained through t h e  addi- 

t i o n a l  refinement of p a r t i c u l a t e  sampling techniques and devices ,  and 

thorough a n a l y s i s  of t h e  r e s u l t i n g  da ta .  

Although almost cons tan t  f l u c t u a t i o n s  were 

FEASIBILITY OF A COKE OVEN COMPLIANCE MONITORING SYSTEM 

During t h e  conduct of t h i s  test program, cons idera t ion  was given t o  t h e  

a p p l i c a b i l i t y  of t h i s  measurement approach t o  compliance monitoring. 

One f a c t o r  which appears t o  transcend most o t h e r  cons idera t ions  is the 
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unique design e f f o r t s  required t o  implement t h i s  measurement approach. 

Much of t h e  t i m e  spent  i n  preparing f o r  t h e  test opera t ion  w a s  devoted 

to  t a sks  of f i t t i n g  t h e  measurement system t o  t h e  p a r t i c u l a r  b a t t e r y  

and l a r r y  ca r  being t e s t e d  ( i . e . ,  i n s t a l l a t i o n  of sampling l i n e s ,  s i g n a l  

cable ,  f a c i l i t y  modif icat ions,  f i e l d  f i t t i n g  of emission guides,  e t c . ) .  

From t h i s  i t  was concluded t h a t  t h e  measurement system and t h e  concept 

of using t h i s  system could not  e a s i l y  b e  appl ied t o  t h e  t a s k  of emission 

measurement of a l a r g e r  populat ion of coke ovens. Rather,  t h e  concept 

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

car  being t e s t e d .  

The t e c h n i c a l  f e a s i b i l i t y  of a compliance monitoring system based upon 

o p t i c a l  measurements w a s  e s t a b l i s h e d ,  wi th  q u a l i f i c a t i o n s .  The o p t i c a l  

measurement s y s t e m  cons is ted  of a f l u o r e s c e n t  l i g h t  bar  source  and a 

35 mm sequence camera. 

of t h e  l i g h t  b a r  were then used t o  g i v e  a measure of t h e  emissions of 

the  charging opera t ion  based on t h e  l i g h t  t ransmission c h a r a c t e r i s t i c s  

of t h e  emission volume. 

Light t ransmission o r  i t s  inverse ,  opac i ty ,  can be mathematically r e l a t e d  

t o  p a r t i c u l a t e  material contained i n  the emission plume based on t h e  

por t ion  of source l i g h t  an i n d i v i d u a l  p a r t i c l e  removes from t h e  l i g h t  

reaching t h e  d e t e c t o r  o r  camera. Determination of t o t a l  mass emit ted 

using t h i s  approach depends on s e v e r a l  assumptions. 

assume t h a t  t h e  major i ty  of t h e  p a r t i c l e s  a r e  l a r g e r  than 3 p i n  diameter 

so a s  t o  avoid problems caused by Mie s c a t t e r i n g .  It must be assumed 

t h a t  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  i s  cons tan t  over time and t h a t  t h e  

d i s t r i b u t i o n  can be descr ibed a c c u r a t e l y  by i t s  geometric mass mean 

rad ius  value.  I n  order  t o  make t h e  f i n a l  t o t a l  mass c a l c u l a t i o n ,  t h e  

emission plume remains cons tan t  over s h o r t  per iods  (S seconds i n  t h i s  

c a l c u l a t i o n )  such t h a t  t o t a l  mass e m i t t e d  can b e  r e l a t e d  t o  v e r t i c a l  

plume rise. 

Technical and economic c o n s t r a i n t s  precluded a charge-by-charge com- 

par i son  of t h e  p a r t i c u l a t e s  measured by d i r e c t  means, with estimates 

of mass emission a s  determined by t h e  o p t i c a l  measurement system. 

Micro-densitometer readings of t h e  f i l m  images 

It is necessary t o  
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Ins tead ,  a comparison was made f o r  six s e p a r a t e  charging opera t ions  

( four  W l p u t t e  and two AISI/EPA), between t h e  measured flow of gaseous 

emissions (scf/second a t  one second i n t e r v a l s )  and t h e  p a r t i c u l a t e  

mass rate a c r o s s  t h e  length of t h e  l i g h t  b a r  as c a l c u l a t e d  from micro- 

densitometer readings using t h e  a p p r o p r i a t e  a lgori thms (measured as 

grams p a r t i c u l a t e / m e t e r  v e r t i c a l  d i s t a n c e  a t  f i v e  second i n t e r v a l s ) .  

In such a comparison, evidence of a c o r r e l a t i o n  between o p t i c a l  

measurements and t h e  mass loading in t h e  emission plume would appear 

as similarities in t h e  t rends  of each measurement ( i .e . ,  comparison of 

peaks, and increas ing  and decreas ing  t r e n d s  of t h e  curves) .  In genera l ,  

these  t r e n d s  

in t h e  body of t h e  repor t ;  

Although reasonable  c o r r e l a t i o n  was found, problems encountered i n  

a c c u r a t e l y  c h a r a c t e r i z i n g  t h e  p a r t i c u l a t e  c h a r a c t e r i s t i c s  and t h e  

v a r i a b i l i t y  of t h e  s i z e  d i s t r i b u t i o n  caused s e r i o u s  doubt concerning 

t h e  a b i l i t y  of t h e  system t o  a c c u r a t e l y  and c o n s i s t e n t l y  measure t o t a l  

mass emit ted f o r  compliance purposes. An a l t e r n a t i v e  approach w a s  

developed and discussed in t h e  body of t h i s  r epor t .  This  approach 

involves  t h e  use  of t h e  b a s i c  system elements t o  implement a refinement 

of Ringelmann technique accounting f o r  d u r a t i o n  and volume of an 

emissions plume. 

and r e l a t i o n s h i p s  were found, and a r e  reviewed in d e t a i l  
- . - - - - - -- - __ - - .- - - 
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SECTION I1 

INTRODUCTION 

The  atmospheric environmental problems a s s o c i a t e d  with coke manufactur- 

i ng  a r e  a s e r i o u s  concern t o  t h e  i n d u s t r y  and t o  anyone i n  t h e  near  

v i c i n i t y  of a coke p l an t .  

has made s t u d i e s  over a number of y e a r s  address ing  t h e  environmental  

h e a l t h  problems assoc ia ted  with coke oven emissions.  The r e s u l t s  of 

these  e a r l y  s t u d i e s  l e d  most s t e e l  companies t o  i n i t i a t e  programs re -  

l a t e d  t o  c o n t r o l  of coke oven emissions.  One p a r t i c u l a r  a s p e c t  of t h e  

emissions c o n t r o l  program w a s  improved charging techniques - a s u b j e c t  

r e c e i v i n g  increas ing  a t t e n t i o n  from AISI and t h e  indus t ry .  

of t h i s  c&on i n t e r e s t ,  AISI and Jones & Laughlin S t e e l  Corporation 

signed an agreement i n  March 1969 whereby J & L would manage t h e  A I S I  

coke oven charging program. In June 1970. AISI signed a n  agreement wi th  

the  A i r  P o l l u t i o n  Control Off ice  ( l a t e r  designated Off ice  of Research 

and Development) of t h e  Environmental P r o t e c t i o n  Agency under which ha l f  

the  c o s t  of t h e  program would b e  born by EPA. 

The American I r o n  and S t e e l  I n s t i t u t e  (AISI) 

A s  a r e s u l t  

The A I S I  coke oven charging program w a s  t o  culminate  i n  a prototype of 

a new l a r r y  ca r  t h a t  would r e s u l t  i n  smokeless charges and have a n  en- 

vironmental ly  c o n t r o l l e d  cab f o r  the  s a f e t y  and comfort of t h e  opera tor .  

In order t o  determine t h e  improvement i n  atmospheric emissions due t o  

t h e  new pro to type  l a r r y ,  EPA engaged t h e  s e r v i c e s  of The MITRE Corpora- 

t i o n  i n  A p r i l  1971 t o  conduct a test and e v a l u a t i o n  program. The over- 

a l l  o b j e c t i v e s  of t h e  test program as agreed t o  by EPA and The MITRE 

Corporation . 

. 

were as follows: 

quant i fy  t h e  atmospheric p o l l u t a n t s  r e s u l t i n g  from t h e  

charging opera t ion  i n  t h e  coking process ,  

provide a comparative e v a l u a t i o n  of the p o l l u t i o n  

abatement system (AISI/EPA l a r r y  ca r  versus  e x i s t i n g  

Wilput te  Larry Car) ,  

determine t h e  f e a s i b i l i t y  of a compliance monitoring 

system concept based upon o p t i c a l  measurements. 
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BY July 1971, c o n s t r u c t i o n  of t h e  new c a r  was s t a r t e d  on t h e  south end 

of t h e  P4 b a t t e r y  a t  t h e  J & L P i t t s b u r g h  Works. I n  December 1971, t h e  

new ca r  f i r s t  operated under power. 

During t h i s  per iod ,  e f f o r t  under t h e  MITRE c o n t r a c t  cons is ted  of t h e  

des ign  and f a b r i c a t i o n  of emission guides  t o  f i t  around t h e  drop sleeves 

of each l a r r y  ca r  so  as t o  channel emissions t h a t  would be normally 

vented t o  t h e  atmosphere; the  des ign  and i n s t a l l a t i o n  of a van mounted 

continuous monitoring ins t rumenta t ion  system f o r  monitoring t h e s e  

emissions; t h e  prepara t ion  of manual sampling and a n a l y t i c a l  s p e c i f i c a -  

t i o n s ;  and t h e  des ign  and f a b r i c a t i o n  of equipment f o r  t h e  o p t i c a l  

measurement program. 

In September 1972, MITRE performed two days of preliminar-y-testing-at  - -- 

J & L t o  determine t h e  f e a s i b i l i t y  of us ing  c e r t a i n  sensors  and t o  

determine gross  flow parameters. Addi t iona l  prel iminary t e s t s  were 

performed i n  May 1973, and f u l l  tests on t h e  oven began i n  June 1973 

and concluded a t  t h e  end of August. Data reduct ion  and r e p o r t  produc- 

t i o n  e f f o r t s  were then i n i t i a t e d  i n  September of 1973 and were completed 

wi th  t h e  submission of t h i s  f i n a l  p r o j e c t  r e p o r t  i n  March 1974. 

A s  a n  ad junc t  t o  t h e  test a c t i v i t i e s  c a r r i e d  on a t  t h e  J 6 L f a c i l i t y ,  

observa t ions  of two new charging c a r s  with f e a t u r e s  s i m i l a r  t o  t h e  J & L 

ca r  were scheduled a t  two o t h e r  coking opera t ions  i n  March and A p r i l  

of 1974. The purpose of these  observa t ions  was t o  c o l l e c t  d a t a  on t h e  

opera t ion  of t h e s e  c a r s  inc luding  product ion d a t a ,  r e l i a b i l i t y  d a t a ,  and 

a q u a l i t a t i v e  assessment of emissions from t h e  charge through v i s u a l  

observat ions.  

and G r a n i t e  C i ty ,  I l l i n o i s  p l a n t s  of The National  S t e e l  Corporation. 

However, due t o  o p e r a t i o n a l  problems and program schedules ,  observat ions 

a t  Grani te  C i t y  were i n d e f i n i t e l y  postponed. 

Observations c a r r i e d  out  a t  t h e  Weirton S t e e l  Divis ion of The Nat iona l  

S t e e l  Corporat ion provided much a d d i t i o n a l  information u s e f u l  i n  any 

assessment of improvements and new technology c u r r e n t l y  i n  use a t  

o p e r a t i n g  coke p l a n t s .  

been compiled and is published under s e p a r a t e  cover.  

Observations were scheduled a t  t h e  Weirton, West V i r g i n i a  

The d a t a  obtained dur ing  these  observa t ions  has 
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SECTION I11 

APPROACH 

GENERAL 

In order  t o  compare t h e  improvement i n  atmospheric emissions r e s u l t i n g  

from t h e  use of t h e  new A I S 1  l a r r y  c a r ,  t h e  MITRE approach was t o  

channel a l l  emissions from around t h e  drop s l e e v e s  and Wilput te  s t a c k s  

through ductwork of def ined cross -sec t ions  f o r  flow and p a r t i c u l a t e  

measurement and gas q u a n t i f i c a t i o n .  These d a t a  were then i n t e g r a t e d  t o  

obta in  a t y p i c a l  g r a i n  loading and gas  mass flow during a charge by each 

t y p e  l a r ry  c a r  and, i n  tu rn ,  a measurable change due t o  t h e  new design. 

This  s e c t i o n  d e s c r i b e s  t h e  Emissions Guides used fo r  channeling emissions 

from around t h e  drop s l eeves ,  the  sensors  and probes used on t h e  oven, 

and t h e  instrument  van where continuous gas ana lyses  were performed and 

where d a t a  were recorded. 

ta ined ,  and t h i s  sub-program i s  a l s o  descr ibed  i n  t h i s  s ec t ion .  

A s tudy was conducted t o  e s t a b l i s h  t h e  f e a s i b i l i t y  of determining or  

i n f e r r i n g  t h e  mass loading of p a r t i c u l a t e  mat ter  during a charge by 

means of an o p t i c a l  (camera) system. This experiment is a l s o  descr ibed 

i n  t h i s  s e c t i o n .  

F i n a l l y ,  the  t e s t  program, schedule,  and opera t ing  procedures used i n  

the f i e l d  measurement program a r e  descr ibed.  

CONTINUOUS MEASUREMENT SYSTEM 

T h i s  system w a s  designed t o  a l low a continuous (one reading per second) 

measurement of flow and s e l e c t e d  gases.  The var ious  components requi red  

t o  s a t i s f y  t h i s  requirement a r e  descr ibed i n  t h i s  s ec t ion .  

Emissions Guides 

These are s t r u c t u r e s  t h a t  were designed and f a b r i c a t e d  t o  f i t  around t h e  

drop s l e e v e s  of t h e  l a r r y  c a r s  and channel t h e  emissions t h a t  are usua l ly  

vented to t h e  atmosphere. The guides f o r  each l a r r y  car a r e  d i f f e r e n t  

because the  c o n f i g u r a t i o n  of t h e  drop s l e e v e s  i s  d i f f e r e n t .  I n  both  

cases, heavy emissions escape fol lowing normal charging when t h e  drop 

Manual gas and p a r t i c u l a t e  samples  were ob- 
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s l e e v e  is r a i s e d  up from the  charging p o r t  on t h e  oven f l o o r .  Conse- 

quent ly ,  t h e  guides were designed s o  t h a t  moving p a r t s  would not  l e a k  

emissions and s t i l l  resist t h e  h e a t  of t h e  gases and any l o c a l  flames. 

Wilput te  Larry Car Emissions Guides - The duct  which contained t h e  emis- 

s i o n s  from t h e  Wilput te  car  and provided a c o n t r o l l e d  measurement loca- 

t i o n  was configured i n  the form of an annulus extending from t h e  oven 

top upward around t h e  drop s l e e v e  assembly. The inner  w a l l  of t h e  

annulus was s e a l e d  t o  t h e  bottom of t h e  drop s l e e v e  by means of a f l e x i -  

b l e  f i r e  r e t a r d a n t  s k i r t i n g .  The o u t e r  w a l l  of the  annulus w a s  loca ted  

7" outs ide  t h e  inner  w a l l  and extended from the  top of t h e  oven around 

t h e  drop sleeve assembly. The o u t e r  s l e e v e  w a s  sea led  t o  t h e  top of t h e  

oven by t h e  weight of the-guide rest- ing on i ts-lower edge. -As can be- - 

seen  i n  Figure 1 and 2 ,  the  annulus i s  e l l i p t i c a l  i n  shape and smaller 

a t  t h e  bottom than a t  t h e  top. This conf igura t ion  provided an expanding 

volume i n  the  v e r t i c a l  d i r e c t i o n  which allowed t h e  h o t  emissions t o  r ise 

and expand wi th  minimal i n t e r f e r e n c e .  Por t ions  of t h e  guide were blocked 

o f f  by d e f l e c t o r s ,  al lowing measurements to  be made i n  one well-defined 

measurement duct.  In order  t o  provide a smooth emissions flow w i t h i n  

t h e  measurement a rea ,  vor tex  breakers  were placed i n s i d e  t h e  duc t  a t  an 

a p p r o p r i a t e  d i s t a n c e  from t h e  sampling a rea .  The breakers ,  i n  t h e  form 

of wide mesh screens ,  appeared t o  improve t h e  flow c h a r a c t e r i s t i c s  i n  

t h e  measurement duc ts .  

suppression o r  inducement was minimized. 

In a d d i t i o n  t o  emissions from t h e  v i c i n i t y  of t h e  drop sleeves, emissions 

escaping from the t h r e e  s t a c k s  on t h e  Wilput te  ca r  were monitored. 

Guides f o r  these  emissions were merely c y l i n d r i c a l  "stovepipe" extensions 

on t h e  stacks. 

AISI/EPA L a r r y  Car Emissions Guide - This  system cons is ted  of two hoods 

connected by a f l e x i b l e  flameproof s e c t i o n  f o r  each of the  t h r e e  drop 

s l e e v e  assemblies (Figures 3 and 4 ) .  

surround t h e  drop s l e e v e  and conta in  the emissions when t h e  sleeve is 

i n  the  lowered p o s i t i o n .  

The des ign  of t h e  guide w a s  such t h a t  emission 

The i n n e r  hood was designed t o  

The hood w a s  s e a l e d  a t  t h e  top t o  the  c e n t e r  
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FIGURE 1 
WILPUTTE LARRY CAR 

EMISSIONS GUIDE 
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FIGURE 2 
WILPUTTE LARRY CAR EMISSIONS GUIDE 
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FIGURE 3 
AISIIEPA LARRY CAR 

EMISSIONS GUIDE 
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FIGURE 4 
AISI/EPA LARRY CAR EMISSIONS GUIDE 
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f l a n g e  on t h e  drop sleeve assembly and extended downward and completely 

around t h e  drop sleeve assembly t o  a poin t  s l i g h t l y  above t h e  oven 

sur face .  

A f l e x i b l e  woven f a b r i c  w a s  a t t a c h e d  t o  t h e  lower edge of the  inner  hood 

and extended downward t o  c o n t a c t  t h e  oven top along a l i n e  completely 

surrounding t h e  lowered drop s leeve .  The f l e x i b l e  w a l l  w a s  he ld  i n  con- 

t a c t  with t h e  oven top by t h e  weight of t h e  angle  i r o n  f a b r i c  frame t h a t  

r e s t e d  on t h e  oven f l o o r .  

n a l  empty volume while  s t i l l  al lowing t h e  movement of contained emissions 

t o  a s i n g l e  measurement duc t  l o c a t e d  a t  t h e  top and forward s i d e  (away 

from t h e  l i d  l i f t i n g  mechanism) of t h e  inner  hood. The measurement duc t  

extended some d i s t a n c e  t o  o b t a i n  a smooth flow of emissions, thus pro- 

v id ing  a reg ion  i n  which a c c u r a t e  measurements could be made. The s m a l l  

hood volume optimized the entrapment of emissions experienced during t h e  

p o r t i o n  of t h e  charging cyc le  when t h e  drop s l e e v e  is lowered. Vortex 

breakers  were placed a t  t h e  beginning of t h e  measurement duct .  

A t  the  completion of t h e  charging c y c l e ,  t h e  drop s l e e v e s  were r a i s e d  

and t h e  l i d  mechanisms replaced the  charging p o r t  covers.  During t h i s  

per iod,  the  o u t e r  hood, s i t t i n g  on the oven s u r f a c e  and connected t o  t h e  

inner  hood by t h e  lower end of t h e  f a b r i c  w a l l ,  confined the  emissions 

and guided them upward t o  the measurement duct  on t h e  inner  hood. In 
order  t o  a l low normal opera t ion  of the l i d  l i f t e r  mechanism, the r e a r  

por t ion  of t h e  o u t e r  hood w a s  l e f t  open from t h e  lower edge of t h e  inner  

s l e e v e  t o  t h e  Oven sur face .  

t h i s  opening and replaced t h e  charging po r t  cover in t h e  normal manner. 

A p a r t i a l  seal of t h i s  opening w a s  achieved by a f l e x i b l e  f a b r i c  s k i r t  

a t tached  t o  t h e  back of the  inner  hood above t h e  l i d  l i f t i n g  mechanism 

and d i r e c t l y  behind t h e  l i d  l i f t e r  magnet assembly. The inner  p o r t i o n  

of the  hood w a s  balanced so  a s  t o  a l low t h e  drop s l e e v e  t o  b e  r a i s e d  or  

lowered whi le  t h e  hood was i n  place.  

The hood w a s  designed t o  minimize t h e  inter-  

The l i d  l i f t e r  mechanism then passed through 
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SENSORS AND PROBES 

Flow measurements and sampling r e q u i r e  sensors  and equipment loca ted  a t  

t h e  emissions guides  and s tacks .  

oven t o  o b t a i n  t h e  needed da ta .  The mechanical, e l e c t r i c a l ,  and elec- 

t r o n i c  equipment l o c a t e d  on t h e  oven is described. below. 

Metal p l a t e s  were f a b r i c a t e d  and permanently a t tached  t o  t h e  s i d e s  df 

t h e  duc ts  of t h e  emissions guides ,  and t h e  sensor  heads were mounted on 

t h e s e  p l a t e s  i n  such a fash ion  t h a t  t h e y  extended i n t o  t h e  flow of 

emissions from t h e  duc ts .  This  des ign  allowed f o r  a l l  d e l i c a t e  sensors  

and c i r c u i t r y  t o  b e  handled s e p a r a t e l y  from t h e  emissions guides f o r  

e a s e  of c leaning  and maintaining,  as w e l l  as f o r  p r o t e c t i o n  a g a i n s t  

rough handling. 

p i t o t  tubes f o r  gas v e l o c i t y  de te rmina t ion ,  thermocouples f o r  tempera- 

t u r e  determinat ion,  probes f o r  c o l l e c t i n g  gaseous emissions,  f i l t e r  

bases  f o r  c o l l e c t i n g  p a r t i c u l a t e s ,  and h e a t e r s  f o r  maintaining t h e  

temperature of t h e  gas and p a r t i c u l a t e  probes. 

sor ducts  are shown i n  Figures  5 and 6 .  

Sensors and sampling probes were connected t o  a d d i t i o n a l  equipment 

l o c a t e d  o f f  t h e  oven f l o o r  i n  o r  near t h e  s m a l l  shed on t h e  p ipe  br idge  

oppos i te  Oven 3-5 ( see  Figure 7). 
wires and heated tubing t h a t  e i t h e r  t r a n s m i t t e d  e l e c t r i c a l  s i g n a l s ,  

d i f f e r e n t i a l  p ressure ,  or  gas samples. 

up i n t o  bundles,  termed cables ,  and run  from t h e  emissions guides  and 

stacks v i a  overhead booms and towers t o  the  pipe br idge  a rea .  

Two booms were used i n  t h e  t e s t i n g  area and were a t t a c h e d  t o  t h e  p i p e  

b r i d g e  shed: one c l o s e s t  t o  t h e  c o a l  b i n  supported cables  f o r  t e s t i n g  

t h e  emissions guides of t h e  Wilput te  car and t h e  one f a r t h e s t  from t h e  

c o a l  ' o h  supported cables f o r  t e s t i n g  e i t h e r  the  Wilput te  s t a c k s  or the 

AISI/EPA emissions guides.  

The s m a l l  shed a t  t h e  end of the  p ipe  b r i d g e  cross-over main oppos i te  

Oven 3-5 housed equipment requi red  t o  conver t  temperature and pressure  

probe outputs  i n t o  e l e c t r o n i c  s i g n a l s ,  and a l s o  served as t h e  l o c a t i o n  

Other hardware w a s  requi red  on t h e  

. -  - - - -  - .  

Equipment t h a t  w a s  mounted on t h e  p l a t e s  cons is ted  o f :  

Photographs of t h e  sen- 

These connections were made through 

These wires and tubing were made 
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A LIFTING 

FIGURE 5 
WILPUTTE EMISSION GUIDE 

SENSOR DUCT 

2 1  



FIGURE 6 
WILPUTTE STACK AND AISI/EPA EMISSION GUIDE SENSOR @UCT 
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FIGURE 7 
CROSS-OVER BRIDGE SHED AREA 
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f o r  combining gas samples  from a l l  measuring p o i n t s  i n t o  a "common duct" 

f o r  manual sampling and f u r t h e r  t ransmiss ion  t o  t h e  instrument  van. The 

shed a l s o  served as a c e n t r a l  l o c a t i o n  f o r  communications v i a  c i t i z e n  

band r a d i o  between t h e  t e s t  d i r e c t o r ,  instrument  van, and t h e  o p t i c s  

balcony, and was a l s o  t h e  power d i s t r i b u t i o n  poin t  fo r  t h e  heated probes 

and gas l i n e s .  The porch-like platform i n  f r o n t  of t h e  shed was t h e  

l o c a t i o n  from which t h e  booms were manipulated.  

P r e s s u r e  t r a n s m i t t e r s  were housed i n  a 24" w x 30" h x 18" metal  box, 

loca ted  ad jacent  t o  t h e  shed. Cont ro l  switches f o r  a c t i v a t i n g  t h e  gas 

and p a r t i c u l a t e  c o n t r o l  valves  were a l s o  i n  t h i s  box. Temperature 

t r a n s m i t t e r s  were secured t o  a 19" wide instrument  rack  i n s i d e  t h e  shed .  

The "common duct" manifold t h a t  combined gZs-floGswas houFed- i n  a - - -  - 

12" x 12" x 36" heated box, l o c a t e d  i n  t h e  shed. 

A meteorology s t a t i o n  l o c a t e d  on t h e  top of t h e  shed had a s s o c i a t e d  

e l e c t r o n i c  boxes i n  t h e  ins t rumenta t ion  van. 

Cables,  wires, and heated tubing were placed i n  a c a b l e  trough loca ted  

a c r o s s  the  top of t h e  p ipe  br idge  where they dropped down t o  ground 

l e v e l  t o  the  ins t rumenta t ion  van a t  t h e  b a s e  of t h e  br idge  tower. 

Instrument Van 

Gas c o l l e c t e d  a t  t h e  sensor  duc ts  and t h e  output  of t h e  temperature and 

p r e s s u r e  sensors  w a s  processed by electro-chemical-mechanical i n s t r u -  

mentation and t h e  r e su l t s  recorded f o r  subsequent a n a l y s i s .  The pro- 

c e s s i n g  c e n t e r  was a 36' van f i l l e d  wi th  seven racks  of e l e c t r o n i c  

equipment t o  perform t h e s e  func t ions  and w a s  l o c a t e d  a t  t h e  base of t h e  

p ipe  br idge  tower as shown i n  Figure 7 .  

performed i n  the  van: gas a n a l y s i s ,  determining phys ica l  p r o p e r t i e s  i n  

t h e  v i c i n i t y  of t h e  measurement p o i n t s ,  and d a t a  recording. Instrumen- 

t a t i o n  used i s  b r i e f l y  descr ibed h e r e ,  and a more d e t a i l e d  d e s c r i p t i o n  

can  be found i n  t h e  T e s t  Plan,  MITRE WP-10434 and i n  MTR 6566, "A Con- 

t inuous Monitoring System f o r  Coke Oven Emissions Due to Charging." 

Three s p e c i f i c  func t ions  were 

24 



. 

Gas Analysis  Sys tem 

The continuous gas  measurement system c o n s i s t s  of a number of S p e c i f i c  

gas ana lyzers  of two b a s i c  types:  

sample a s  i t  comes from’the emissions guides ,  and condi t ioned gas  

ana lyzers  which r e q u i r e  precondi t ioning i n  t h e  form of gas dry ing  and 

cool ing.  

The gas sampling system draws a r e p r e s e n t a t i v e  sample  of emitted gas 

from t h e  emissions guide and t h e  Wilput te  s t a c k  (when t e s t i n g  t h e  

Wilput te  Larry C a r ) .  The gases from t h e  emissions guide probes and the  

Wilput te  s t a c k  probes a r e  combined a t  the  comon duct  i n  t h e  p ipe  br idge  

shed. 

vated temperature t o  prevent condensation. 

The common duct  c o n s i s t s  of a plenum conta in ing  a mixed r e p r e s e n t a t i v e  

sample of emission from t h e  s e l e c t e d  sources.  The gas sample f o r  t h e  

w e t  chemical a n a l y s i s  (manual sampling) equipment is e x t r a c t e d  from t h i s  

plenum. The remaining gas flowing through t h e  common duct  is fed through 

heated sample l i n e s  t o  t h e  ana lyzers  loca ted  in t h e  ins t rumenta t ion  van. 

Upon e n t e r i n g  t h e  ins t rumenta t ion  van, t h e  gas flows through a heated 

manifold,  from which a sample  is e x t r a c t e d  f o r  t h e  r a w  gas ana lyzers .  

The remaining gas flows through a r e f r i g e r a t e d  condenser where i t  is 

cooled and condensables are removed. The d r i e d ,  cooled gas i s  then 

pumped under s l i g h t l y  p o s i t i v e  p r e s s u r e  t o  the  conditioned gas analyzers .  

A pressure  r e g u l a t o r  and bypass was provided t o  minimize t h e  gas t r a n s i t  

t i m e .  

raw gas ana lyzers  which accept  a gas 

A l l  components i n  c o n t a c t  with the  sample gas are he ld  a t  ele- 

A schematic diagram of t h i s  system i s  shown i n  Figure 8.  

Raw Gas Analyzers 

A number of t h e  gas  ana lyzers  opera te  on t h e  gas sample under s t a c k  

condi t ions.  The gaseous c o n s t i t u e n t s  monitored i n  t h i s  manner include:  

SO2, H S ,  THC, NO, NO 

independently heated sample handl ing system f o r  c o n t r o l l i n g  t h e  flow 

through each analyzer .  

The H S ana lyzer  i s  a d u a l  gas  instrument ,  manufactured by Peerless In- 

strument Company and operated on t h e  p r i n c i p a l  of u l t r a v i o l e t  absorpt ion.  

and €1 0 vapor.  Each instrument  incorporated an 2 X 2 

2 
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The band s e l e c t e d  f o r  H2S has  an SO2 i n t e r f e r e n c e  f a c t o r ,  bu t  s i n c e  

the analyzer  was a l s o  measuring SO2 on a continuous b a s i s ,  a c o r r e c t i o n  

c i r c u i t  w a s  employed which s u b t r a c t e d  out  t h e  SO2 i n t e r f e r e n c e ,  provid- 

ing  a t r u e  output  of H2S. 

v id ing  3,000, 300, and 100 ppm by volume f u l l - s c a l e .  

The THC (Tota l  Hydrocarbons) ana lyzer  o p e r a t e s  on t h e  flame ionizat:on 

p r i n c i p l e  whereby t h e  gas sample i s  burned i n  an i o n i z a t i o n  chamber 

using a mixture  of zero a i r  and pure H as f u e l .  The combustion pro- 

cess  produces f r e e  ions ,  which a r e  d e t e c t e d  by an ion  d e t e c t o r .  The 

d e t e c t o r  produces a c u r r e n t  whose magnitude is a func t ion  of t h e  number 

of ions reaching t h e  c o l l e c t o r ;  t h e r e f o r e ,  t h e  d e t e c t o r  c u r r e n t  is a 

func t ion  of t h e  t o t a l  hydrocarbon conten t  of the  gas sample. The 

analyzer  u t i l i z e s  an input  gas d i l u t i o n  system t o  e l i m i n a t e  i n t e r f e r e n c e  

caused by the  H present  i n  the  sample gas. 

The analyzer  f o r  Nitrous Oxide is a chemiluminescent device.  

r e a c t i o n  

The ana lyzer  incorpora tes  t h r e e  ranges pro- 

2 

2 

In the  

NO + 0 + NO2 + hw , (1) 3 

l i g h t  ( A  = .6-3p) i s  emitted when e l e c t r o n i c a l l y  exc i ted  NO molecules 

r e v e r t  t o  t h e i r  ground s t a t e ,  and t h e  i n t e n s i t y  i s  propor t iona l  t o  t h e  

NO concentrat ion.  

The analyzer  f o r  Nitr ic  Oxide is s i m i l a r  t o  t h a t  f o r  NO, bu t  inc ludes  a 

h o t  c a t a l y s t  f o r  t h e  reduct ion  of NO2 t o  NO. The r e s u l t i n g  measurement 

is NOx (NO + NO2). 

from t h e  NOx va lue ,  producing an output  i n  terms of NO concentrat ion.  

The Water Vapor analyzer  is a MSA L i r a  200 HR Non-Dispersive I n f r a  Red 

(NDIR) instrument .  It  has a dua l  range conf igura t ion  with 10% and 50% 

moisture  f u l l - s c a l e  ranges.  

Conditioned Gas Analyzers 

These gas ana lyzers  a r e  suppl ied w i t h  a cooled, d r i e d  sample gas stream. 

A r e f r i g e r a t e d  condenser wi th  a s t a i n l e s s  s t e e l  condensation chamber is 

employed t o  pump t h e  d r i e d  gas through the  analyzers .  A dry gas sample 

2 

The q u a n t i t y  of NO i s  subt rac ted  e l e c t r o n i c a l l y ,  

2 
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handling system w a s  employed f o r  each ana lyzer ,  providing flow monitor- 

ing, t h r o t t l i n g  c o n t r o l ,  and c a l i b r a t i o n  gas  i n s e r t i o n .  Those gases 

monitored are: 

The analyzer  f o r  Hydrogen is a Beckman 7 C  Thermal Conductivity Analyzer. 

The analyzer  f o r  Oxygen is a Beckman Mqdel 742. u t i l i z i n g  a polaro- 

graphic  oxygen sensor .  

The ana lyzer  f o r  Carbon Monoxide is a MSA dl lA 202, non-dispersive in- 

frared.instrument.  The ins-trument i_s_a three-range device,  opera t ing  

a t  3%, .3%,  and .03% by volume f u l l  s c a l e .  

The analyzer  f o r  Carbon Dioxide is a MSA LIRA 202 non-dispersive i n f r a -  

r e d  instrument.  The instrument is a f o u r  range device,  opera t ing  a t  10%. 

3%. 1%. and . 3% by volume f u l l  s ca l e .  

Phys ica l  P r o p e r t i e s  Measurement System 

The p h y s i c a l  p r o p e r t i e s  of t h e  gas e f f l u e n t  e m i t t e d  a t  each source  were 

monitored. These p r o p e r t i e s  inc lude  temperature,  s t a t i c  pressure ,  and 

d i f f e r e n t i a l  p ressure ,  and are used t o  compute t h e  volume flow of t h e  

emission and in processing t h e  d a t a  t o  convert  t h e  gas measurements t o  

STP. 

Temperature measurements were monitored by using Type K (Chromel-Alumel) 

thermocouples i n  conjunct ion wi th  Leeds and Northrup Model 1992 tempera- 

t u r e  t r a n s m i t t e r s  in a temperature range of 0-2,200°F. 

t r a n s m i t t e r  has a response of 1 mil l ivol t /Z 'F.  

The d i f f e r e n t i a l  p ressure  measurements were made us ing  a s e r i e s  of "S" 
Type p i t o t  tubes,  connected t o  CGS Datametrics Model 536 Barocel pres- 

s u r e  t ransducers .  The range of d i f f e r e n t i a l  p r e s s u r e  is 0-10.0" W. C. 

w i t h  r e s o l u t i o n  of .0005" W. C. 

Meterological  parameters were monitored on a continuous b a s i s .  

parameters lnc iude  amblent temperarure,  numiaicy, baromerric p r r t I b U K r ,  

wind speed, and wind d i r e c t i o n .  

H2, 02, CO, and C02. 

The temperature 

These 
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Data Recording 

The d a t a  produced by the gas ana lyzers  and t h e  phys ica l  property mea- 

surement instruments  were recorded, i n  IBM-360 compatible format,  on 

magnetic tape.  

series of s t r i p  c h a r t  recorders .  

monitored, independently,  by a d i g i t a l  v o l t  meter. 

The d a t a  a c q u i s i t i o n  system w a s  manufactured by Data Graphics Corpora- 

t i on ,  t o  MITRE s p e c i f i c a t i o n s .  The system provides 70 analog input  

channel  c a p a b i l i t y ,  time of day c lock ,  and manual d a t a  input .  The 

analog-to-digi ta l  converter  provides  an accuracy and r e s o l u t i o n  of .005% 

of f u l l  s c a l e  and is capable  of o p e r a t i n g  a t  a d a t a  rate of 200 con- 

versions/second. 

Se lec ted  d a t a  parameters were g r a p h i c a l l y  recorded on s t r i p  cha r t s .  

recorders ,  manufactured by t h e  MFE Corporation, a r e  multi-channel 

devices  using r e c t i l i n e a r  h e a t  w r i t i n g  and providing 29 channels of 

recording c a p a b i l i t y .  

MANUAL SAMPLING 

The sampling of gas and p a r t i c u l a t e  by manual methods w a s  done t o  com- 

plement t h e  continuous monitoring and o p t i c a l  por t ions  of t h e  program. 

Samples were obtained a t  t h e  same measurement poin ts  on t h e  emissions 

guides and Wilput te  s t a c k s  a s  t h e  emissions were channeled dur ing  nor- 

mal charging and s imultaneously wi th  the  continuous measurement t e s t s .  

A b r i e f '  summary of t h i s  p a r t  of the  tes t  program follows below, wi th  a 

more d e t a i l e d  d e s c r i p t i o n  found i n  MITRE W-10179, "Manual Sampling and 

A n a l y t i c a l  Requirements f o r  t h e  Coke Oven Charging Emissions T e s t  

Program," 16  February 1973, and MTR-6288, "Manual Sampling System f o r  

t h e  Coke Oven Charging Emissions T e s t  Program," December 1972. 

G a s  Sampling Sys tem 

Gases drawn through t h e  probes of t h e  sensor  duc t  and i n t o  t h e  overhead 

boom cables  t o  the  pipe br idge  were mixed i n  the  "Common Duct" manifold. 

The probes,  cab les ,  and common duct were maintained a t  e leva ted  temper- 

a t u r e s  to  prevent  condensation of hydrocarbons and o t h e r  t a r s .  The 

Selec ted  parameters were recorded i n  analog form on a 
In a d d i t i o n ,  each parameter could b e  

The 

29 



heated common duct  manifold was used as t h e  source f o r  t h e  manual gas 

samples, and a heated tube extended from t h i s  common duct  t o  a heated 

box conta in ing  f o u r  Teflon bags. During t h e  test of a normal charge,  

t he  fou r  bags were s e q u e n t i a l l y  f i l l e d  w i t h  t h e  gases from the  common 

duct .  

t h e  p o r t a b l e  l ab  where each sample w a s  preprocessed and p a r t i a l l y  

analyzed on s i te  t o  minimize the  p o s s i b i l i t y  of degradat ion of any con- 

s t i t u e n t s .  The preprocessing was a s  fol lows:  

The heated box conta in ing  t h e  f o u r  bagged samples was removed t o  

- 
2, H2,  02, CO, C 0 2 ,  and CH Samples conta in ing  N 

f e r r e d  t o  g l a s s  conta iners  f o r  later a n a l y s i s .  

were t rans-  4 

~ SO w a s  absorbed-using an impinger a n d - h e l d - f o r - l a t e r  .- ~- _. _ _  2 - 

a n a l y s i s .  

NO w a s  analyzed on s i te .  

THC w a s  analyzed on site.  

NH w a s  absorbed by an impinger f o r  l a t e r  a n a l y s i s .  

HCN was absorbed by an impinger t ra in  f o r  later a n a l y s i s .  

H S was absorbed by an impinger t r a i n  f o r  later a n a l y s i s .  

S p e c i f i c  hydrocarbons ( p y r i d i n e  and phenols) were placed i n  

X 

3 

2 

t r a i n s  f o r  later a n a l y s i s .  

Later a n a l y s i s  of t h e  samples w a s  performed i n  t h e  Kansas Ci ty  Labora- 

t o r i e s  of Midwest Research I n s t i t u t e  by prescr ibed  techniques.  

A n a l y t i c a l  Methods 

I n  t h i s  s e c t i o n ,  t h e  a n a l y t i c a l  methods are descr ibed f o r  the  determina- 

t i o n  of gaseous concent ra t ions  i n  t h e  manual sampling program. 

CO. THC. Methane - A Varian Aerograph Gas Chromatograph, Model 1420-10, 

equipped with a 5 m l .  gas sample  loop and a high s e n s i t i v e  thermal con- 

d u c t i v i t y  d e t e c t o r ,  was used throughout f o r  t h i s  work. 

minations were made i n  t h e  f i e l d  l a b  due t o  t h e  uns tab le  n a t u r e  of  t h e  

gases.  

with a Welch Duo-Seal vacuum pump. 

pressure  drop was considered t o  ne atmospheric pressure.  

These gas d e t e r -  

The sample  loop system w a s  evacuated t o  a s  low a pressure  p o s s i b l e  

For c a l c u l a t i o n  purposes, t h i s  

i n e  sampie w a s  
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passed i n t o  the  sample  loop and t h e  s a m p l e  pressure  measured. 

molecular s i e v e  5A column, t h e  gases  were separa ted  under t h e  instrument 

condi t ions l i s t e d  i n  Table 1. 

02, N2,  C 0 2  and H 2 
i d e n t i c a l  method as j u s t  descr ibed,  except t h a t  t h e  ana lyses  were per- 

formed a t  the  MRI labora tory  i n  Kansas C i t y  a t  the  completion of the 

f i e l d  work. 

H2S - ASTM D 2725-70, "Methylene Blue Method;" exceptions t o  method - 
Neutral  CdS04 s o l u t i o n  (140 g / l i t e r )  used i n  p lace  of z inc a c e t a t e  ab- 

sorbing s o l u t i o n .  

Using a 

- These gas  concent ra t ions  were determined i n  the  

- 

- Federal  Regis te r  Method 7 (Volume 37, Number 247). "Determination - NOX 
of Nitrogen Oxide Emissions from S t a t i o n a r y  Sources." 

NH3 - Analy t ica l  Chemistry 39, 971 (1967). "Catalyzed Ber the lo t  Reaction." 

- CN - ASTM 1) 2036-72, Method C. 

B a r b i t u r i c  A c i d ) .  

Phenol - ASTM D 1783-70. 

SO2 - Federal  Regis te r  Method 6 (Volume 36, Number 247), "Determination 

of Sul fur  Dioxide Emissions from S t a t i o n a r y  Sources." 

Pyridine - Gas Chromatographic Analysis.  

Chromatograph, Model 220, equipped wi th  a flame i o n i z a t i o n  d e t e c t o r .  

Column - 5% Theed on Chromasorb G,  80/100 Mesh, 9 '  x 1/4" Cu. 

Temperature - Isothermal a t  85'C. C a r r i e r  Gas - N 
Rate - 20 mljmin. 

P a r t i c u l a t e  Sampling System 

p a r t i c u l a t e  sampling was done a t  each emissions guide and Wilput te  s t ack .  

The sampling nozzles  were l o c a t e d  i n  the  measurement duc ts  p a r a l l e l  t o  

t h e  expected flow d i r e c t i o n s .  Each nozzle  was connected d i r e c t l y  t o  a 

heated cyclone and f i l t e r  o r  an Andersen Sampler. This  sampling system 

f u r t h e r  cons is ted  of a modified EPA p a r t i c u l a t e  sampling t r a i n  employing 

quas i - i sokine t ic  sampling. 

- 
Colorimetr ic  (chloramine-T/Pyridine- 

Aminoantipyrine-Ferricyanide Method. 

- 
Instrument - MicroTek Gas 

Column 

C a r r i e r  Gas Flow 2' 
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TABLE 1 

GAS CHROMATOGRAPH PARAMETERS FOR MITRE GAS ANALYSES 

Gas 

Column 

Column Temperature, OC 

Detector Temperature, C 

Carrier Gas 

Carrier Gas Flow Rate, 

0 

ml/min 

Bridge Current, ma 

O2 

(a) 

60 

195 

He 

10 0 

.-  

200 

N2 

(a) 

60 

195 

He 

100 

. 

200 

co2 

(a) 

250 

195 

He 

100 

- 

200 

(a) Molecular Sieve 5A, 5 ft x 1/8 in., 6.s.  

(b) Molecular Sieve 5A, 15  ft x 1/8 in. S.S. 

60 

150 
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The samples were analyzed f o r  mass loading,  s i z e  d i s t r i b u t i o n ,  and 

elemental  a n a l y s i s .  The weight of each sample w a s  c o r r e l a t e d  w i t h  t h e  

volume of t h e  gas sampled from t h e  stream t o  determine t h e  a n i s o k i n e t i c  

p a r t i c u l a t e  concent ra t ion  t o  which t h e o r e t i c a l  c o r r e c t i o n s  were appl ied 

t o  produce a c a l c u l a t e d  i s o k i n e t i c  concentrat ion.  Samples ,  obtained 

from t h e  Andersen impactor and captured on t h e  MITRE designed c a r r o u s e l  

sampler ( see  MITRE WP-10480), a s  w e l l  as those c o l l e c t e d  by t h e  B r i d k  

impactor, were used f o r  s i z e  a n a l y s i s .  Methods used were aerodynamic 

c l a s s i f i c a t i o n  and o p t i c a l  microscopy. The p a r t i c u l a t e  samples obtained 

were analyzed f o r  the  fol lowing elements: 

A 1  
As 
Ba 
Be 
Ca 
Cd 
c o  
C r  

cu 
Fe 
Ga 
Ge 

Mo 
Na 
N i  
P 
Pb 
S 
s i  
Sb 

Se 
Sn 
Sr 
T i  
T 1  
V 
Zn 
U 

Coal Samplinp System 

Coal Samples were obtained whi le  t e s t i n g  both l a r r y  ca r s .  

formed on these  samples were s i z e  d i s t r i b u t i o n ,  e lemental ,  proximate, 

and u l t imate .  

OPTICAL PROGRAM 

One o b j e c t i v e  of t h e  MITRE test program w a s  t o  i n v e s t i g a t e  t h e  f e a s i -  

b i l i t y  of developing s imple monitoring systems and techniques and t o  

d e f i n e  an inexpensive compliance monitoring system f o r  e v a l u a t i n g  emis- 

s i o n  sources  wi th  s i m i l a r  c h a r a c t e r i s t i c s .  

The proposed system of monitoring w a s  t o  cause minimal i n t e r f e r e n c e  with 

the  normal opera t ion  of t h i s  coke p l a n t  and was t o  be adaptab le  t o  var ious  

p l a n t  conf igura t ions  and condi t ions.  

s u c c e s s f u l l y  appl ied  i n  numerous s i t u a t i o n s  involving a requirement t o  

monitor emissions t o  determine p o l l u t i o n  and air  q u a l i t y .  

t h i s  previous use,  because i t  d id  not  i n t e r f e r e  wi th  coke product ion and 

Analyses per- 

O p t i c a l  techniques have been 

Because of 
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would b e  adaptab le ,  and because i t  could b e  operated i n  p a r a l l e l  with 

t h e  continuous monitoring system, an o p t i c a l  monitoring system was de- 

s igned t o  s a t i s f y  t h i s  requirement,  

The . three  essential elements i n  any o p t i c a l  measuring system are :  

0 a source  of r a d i a n t  energy ( t h e  sun, l i g h t  bulbs ,  lasers, 

etc.) or a t a r g e t  which r e f l e c t s  r a d i a n t  energy, 

0 energy c o l l e c t i o n  and focusing devices  ( l enses ,  m i r r o r s ) ,  

0 energy d e t e c t o r s  ( t h e  eye, p h o t o e l e c t r i c  cells, photo- 

graphic  f i lm.  e t c . )  plus  a m p l i f i c a t i o n ,  d i s p l a y ,  and re- 

cording devices .  
-~ _ _  

The b a s i c  type  of l i g h t  source which b e s t  s a t i s f i e d  t h e  system require-  

ments is t h e  f l o u r e s c e n t  tube. I n  order  t o  achieve t h e  d e s i r e d  v e r t i c a l  

width f o r  t h e  l i g h t  source,  a parabol ic  r e f l e c t o r  was placed behind two 

s tandard  1500 MA 96" p a r a l l e l  f l o u t e s c e n t  tubes which achieved des i red  

i n t e n s i t y  as w e l l .  

which had a d i f f u s e r  l e n s  mounted i n  f r o n t  of t h e  u n i t  t o  provide a 

more uniform l i g h t  output.  

f l o o r  on t h e  south  end of the b a t t e r y  ( s e e  F igure  9 ) .  

extended a c r o s s  t h e  e n t i r e  width of t h e  oven, and "wing sec t ions"  ex- 

tended outward and downward. 

The c o l l e c t i n g ,  focus ing ,  and d e t e c t i n g  device s e l e c t e d  is a modified 

35 mm sequence camera capable  of providing a frame rate of one frame per  

second. 

the  oven and was equipped wi th  a 200 mm lens  such t h a t  the  l i g h t  bin 

completely f i l l e d  t h e  f i e l d  of view. 

a time-of-day c lock  which recorded t i m e  on each frame. 

a near - f ie ld  l i g h t  (18" f l o u r e s c e n t  lamp) was pos i t ioned  i n  f r o n t  of t h e  

camera balcony f o r  o r i e n t i n g  the  camera a f t e r  each setup.  

During opera t ion  of t h e  o p t i c a l  system, s e q u e n t i a l  photographs were taken 

of t h e  l i g h t  bar  as t h e  emissions plume from t h e  l a r r y  c a r  crossed the  

path between t h e  camera and t h e  bar.  Each frame of t h e  f i l m  conta ins  

an image of t h e  l a r g e  l i n e a r  l i g h t  source  ( l i g h t  ba r ) .  

The tubes and r e f l e c t o r  were housed i n  a " l i g h t  bar" 

The b a r  was mounted 25 f e e t  above t h e  oven 

The main s e c t i o n  

The camera w a s  mounted on t h e  f i r s t  balcony of t h e  c o a l  i n  on 

The camera was a l s o  equipped with 

Addi t iona l ly ,  

I n  recording t h e  
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FIGURE 9 
SIMPLIFIED SYSTEM COMPONENT CONFIGURATION 
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image of the l i g h t  bar ,  t h e  f i l m  d e t e c t e d  any diminishment of l i g h t  bar  

b r i g h t n e s s  caused by p a r t i c u l a t e  o r  a e r o s o l  m a t e r i a l  i n  the  l i g h t  path.  

This diminishment was recorded as a decrease  in d e n s i t y  of t h e  l i g h t  bar  

image on t h e  f i l m .  By properly choosing t h e  exposure va lues  f o r  t h e  

f i l m  and a c c u r a t e l y  processing t h e  exposed f i lm ,  t h e  amount of l i g h t  

diminishment w a s  determined us ing  a micro-densitometer t o  analyze 

i a a g e  d e n s i t y  changes of the  i n d i v i d u a l  frames. 

Each frame c o n t a i n s  t h r e e  l i g h t  b a r  segments a s  shown i n  Figure l o .  
Each segment has  two d i s t i n c t  a reas .  The bottom or black  ( t h i s  drawing 

r e p r e s e n t s  a negat ive  f i l m  frame) a r e a  r e p r e s e n t s  t h e  s u r f a c e  of t h e  

l i g h t  source.  The top o r  white  a r e a  is a f l a t  s u r f a c e  of t h e  l i g h t  b a r  

t h a t  w a s  pa in ted  f l a t  black t o  reduce any r e f l e c t e d  l i g h t  coming from 

t h i s  a rea .  A l l  t h r e e  segments are i d e n t i c a l  in cons t ruc t ion .  The 

l i g h t  source  image appears %350p high  on t h e  f i l m  frame. 

a r e a  appears %400p high and a d j o i n s  t h e  l i g h t e d  area d i r e c t l y  above or 

t o  t h e  o u t s i d e  of i t .  

dark  a r e a s  of each of t h e  t h r e e  segments of the  l i g h t  source image can 

b e  accomplished in t h e  fol lowing manner. 

The micro-densitometer w a s  ad jus ted  so  as to have a SO x 1 9 5 ~  a p e r t u r e .  

A s i n g l e  scan w a s  made across  each area ( l i g h t e d  and b lack  i n d i v i d u a l l y )  

of each of t h e  t h r e e  l i g h t  b a r  segments. During t h e  scan, a s p e c i f i e d  

number of d a t a  p o i n t s  were recorded. 

spaced were taken a c r o s s  the  l i g h t e d  and t h e  b lack  a r e a s  of the  longer  

or h o r i z o n t a l  bar  s e c t i o n .  

magnetic tape  i n  t h e  form of a binary d e n s i t y  s c a l e  reading f o r  each 

d a t a  poin t .  

t ape  wi th  header information inc luding  sequence number, test number, 

type of frame and frame number information.  

This b r i e f  summary of the o p t i c a l  program h a s  been condensed from MITRE 

WP-10149, "Design of an O p t i c a l  Emissions Measurement System f o r  Coke 

Oven Monitoring," by R. W. Bee, December 1 4 ,  1972, and MTR 6596, "Optical  

Emissions Measurement Program Development." 

-. - _ - - _  ~ . _  

The f l a t  b lack  

Micro-densitometer a n a l y s i s  of both l i g h t  and 

A t o t a l  of 539 d a t a  p o i n t s  evenly 

The d a t a  obtained on each scan was placed on 

Each scan  sequence was f u r t h e r  annotated on t h e  magnetic 
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FIELD TEST PROGRAM 

Scheduling the t e s t s  on the  b a t t e r y  i n  a reasonable  sequence requi red  

coord ina t ion  of many a c t i v i t i e s .  F i r s t ,  t h e  i n s t a l l a t i o n  and s i te  
modi f ica t ions  t o  t h e  new AISI/EPA l a r r y  ca r  had t o  be completed; second, 

the procurement of c r i t i c a l  equipment b y  EPA was requi red ;  t h i r d ,  t h e  

development and v e r i f i c a t i o n  of t h e  ins t rumenta t ion  by MITRE was a 

necessary;  and., f i n a l l y ,  the  EPA/AISI commitment t o  be completed a t  an 

e a r l y  d a t e  was t o  b e  honored. A f u r t h e r  requirement,  t o  avoid i n t e r -  

f e r i n g  w i t h  J 6 L coke production, was a l s o  incorporated i n t o  t h e  

s c h e d u l e .  

t h e  number of  requi red  measurement points.,  xer-ify-the measurement, con-.  - 

v e r t  t h e  d a t a  t o  e l e c t r i c a l  s i g n a l  and record these  d a t a  f o r  l a t e r  pro- 

cess ing  requi red  a l a r g e  amount of equipment and an ex tens ive  amount of 

time f o r  i n s t a l l a t i o n  and checkout. Pre l iminary  t e s t i n g  and d a t a  v e r i -  

f i c a t i o n  were a l s o  required and f i e l d  tests, prel iminary a n a l y s i s ,  and 

dismantl ing had t o  be considered. These a c t i v i t i e s  covered a five-to- 

s i x  month per iod ,  during which f i v e  t o  s i x  weeks  of f i e l d  system tests 

were conducted. 

Figure 11, and t h e  f i n a l  summary of t h e  t e s t s  a c t u a l l y  performed i s  
provided i n  T a b l e 2 .  

Only those  ovens i n  the  immediate v i c i n i t y  of the  pipe br idge  and 

w i t h i n  reach of t h e  overhead c a b l e  booms were monitored dur ing  t h e  tests. 

Since a n  average time of approximately 1 5  minutes per oven was requi red  

between chargings,  11 ovens i n  t h e  v i c i n i t y  of t h e  pipe b r i d g e  were 

normally charged dur ing  a four-hour per iod  i n  any one d a y l i g h t  s h i f t .  

MITRE avoided i n t e r f e r i n g  with the charging schedule ,  and advantage was 

taken of the  s tandard  charging sequence and t h e  normal shutdown a t  
shift dang:au and noun t o  e s t a b l i s h  a t e n t a t i v e  test  r o u t i n g .  

t h i s  information,  and experience on t h e  b a t t e r y ,  a T e s t  Plan Out l ine  f o r  

one day 's  a c t i v i t i e s  was followed as shown i n  Figure 12. 

The sys t em t o  measure t h e  number of requi red  parameters a t  

The o v e r a l l  program schedule  is shown g r a p h i c a l l y  i n  

Based on 

T e s t  Procedure 

Various sampling techniques were employed dur ing  t h e  time per iod when t h e  

l a r r y  c a r  charged coa l  i n t o  the  oven. These techniques and systems, 
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TABLE 2 
SUMMARY OF COKE OVEN TESTS 

. .  
: 
j 

, 1 "A 

9 08 

I" I 

JO l h  

31 1s 

1c 111 

19 2 

20 
21 3 

22 1 

25 5 

26 6 

21 
28 7 

29 8 - 

Ly 2 SA 
3 9  

4 10 

5 11 
I1 12 
12 13 

12 14 

1. 6 15 

7 16 
8 11 
8 DL-1 

9 DL-2 
9 18 

13 19 

13 DI-3 

I4 20 

15 21 
15 22 

16 DL-4 
16 DL-4A 

16 23 
17 24 
17 24A 

22 25 
22 26 

22 2 M  

23 21 
23 28 
23 28A 

U I  

W2 

u3 
Y 4  

Y5 

W6 

Yl 

Y8 

Y9 

VI0 
Y11 

K1 

KZ 
K3 

D L - 1  
DK-2 
VI2 
KO 

3-12 

3-13 
3-1 1 : 3 0  

3-5 4:45 
3-7 10:30 

3-6 4:OO 

3-3 5:lO 

3-8 1:uu 
3-3 11:15 
3-6 5 : O O  

3-10 12:OO 

3-11 2:oo 

3-8 4:oo 
3-8 - 12:oo 

3-6 5:20 
3-10 12:OO 

3-11 4:OO 
3-8 4:oo 

3-9 3:OO 
3-15 1O:OO 
3-6 4:20 

3-6 1:30 

3-4 12:oo 

3-4 12:oo 
2-21 2:30 

2-21 11:oo 
3-3 4:oo 
3-5 11:30 
2-26 1:OO 

3-4 11:30 

3-3 12:oo 
3-11 4:OO 
2-23 2:OO 
2-23 3:30  
3-12 1 : O O  

3-3 2:oo 
3-11 5 : O O  

3-1 12:oo 
3-9 3:OO 
3-13 5:OO 

2-23 12:30 

3-4 3:OO 
3-10 5:OO 

I2 Yllpurrr Culdr 

Y2 Ullpurrc Culdu 

$2 Wllpulf. G"ldC 

$2 W l l p u ~ c o  Stack 

I2 Yiln~ffc Guide 6 Stack 

3 Ul lpuLLe  Culdee 

$2 Uilpurfe Culdr 6 Stack 

11 Wllpufre Culde 6 Stack 

$2 Uilputre Guide 6 Sfack 

13 Ylloufre Curdo 6 Stack 

3 Vilputfe S r a e h  

3 UilpuLLe Stacks 

3 Uilpurre Guides 

3 Vilpurce Guides 

3 Uilpurre Guides 

I2 Ullpuffe Stack 6 

41 Wllpulfe Stack 6 
Guide 

Guide 

#1 6 #2 AISIIEPA Guldc 

3 AISIIEPA Guides 

3 AISIIEPA Guides 
Leaking Uoor 

Leaking Door 

3 AISIIEPA Guides 

3 AISIIEPA Cuidea 

h a k i n g  Door 

3 AISIIEPA Guides 

3 AISIIKPA Guides 

I2 Vi lpufre  Stack 

Leaking mor 
Leaking Door 

#2 Wilputfe  Stack 

3 AISIIEPA Guide* 

I2 Wilpulfe Stack 

3 NSlIEPA Guides 

I2 Vilpuffe Stack 

I2 Vilputfe Stack 
#2 N S I I E P A  Guide 

Y2 Uilpurre Stack 
C o b  Side Door 

No r e s t  - boom cab les  shorted 

MKI ;acLluaTcd menui l l ly  - bent 
boom 

Larry car breakdam - no resf 

Diff. press .  p i l o t  plugged 

" i f f .  

J 6 L cance l l ed  rcsr 

Guide gas probe plugged 

I2 probe 6 thermocouple data N.G. 

Early part of test  nor recorded 

Bad seal  on t 3  drop aleeve 

! I 
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t h e  continuous gas sampling system, t h e  manual gas sampling system, t h e  

p a r t i c u l a t e  sampling system, and t h e  o p t i c a l  system a r e  descr ibed i n  

t h i s  s ec t ion .  

Continuous Sampling 

The M I T R E  Test D i r e c t o r  obtained from J 6 L a l i s t  of ovens t o  be 

charged dur ing  t h e  test day. 

pared which showed t e n t a t i v e  t i m e s  t h a t  t h e  "MITRE dedicated" ovens 

were t o  b e  charged. Based on t h i s  schedule ,  the  step-by-step a c t i o n s  

f o r  t h e  tests were scheduled. 

Two hours p r i o r  t o  t h e  test, a l l  h e a t e r s  and gas samplers were turned 

on. 

Gas sample  a n a l y z e r s  were c a l i b r a t e d  per  manufacturer 's  i n s t r u c t i o n s  and 

placed i n  a "standby" mode, 

t e s t ed  f o r  response,  and a l l  flow l i n e s  were checked f o r  pressure  leaks.  

Emissions guides f o r  t h e  Wilput te  c a r  were temporar i ly  s t o r e d  b e s i d e  

t h e  r a i l i n g  along t h e  coke s i d e  of t h e  b a t t e r y  near  the  oven t o  b e  

tested.  

boom. An aluminimum ladder  w a s  s t o r e d  i n  a convenient l o c a t i o n .  

During i n s t a l l a t i o n  of test equipment on t h e  b a t t e r y ,  t h e  Wilput te  l a r r y  

ca r  was modified by i n s t a l l i n g  t h e  fol lowing equipment: 

Based on this  da ta ,  a schedule  w a s  prd- 

_ _  - .. - - .  .. - 
One hour p r i o r  t o  t h e - t e s t ,  a l l  o t h e r  equipment w a s  turned on. 

Temperature and pressure  sensors  were 

The sensor  d u c t s  were made ready f o r  t h e  test and hung on t h e  

Stack sensor  modi f ica t ion  r i n g s  

Drop s l e e v e  modi f ica t ion  r i n g s .  

The AISI/EPA ca r  requi red  no modif ica t ion .  

I n i t i a l  p lans  t o  test a l l  s t a c k s  and emissions guides of the  Wilput te  

l a r r y  car  a t  one t i m e  were reduced i n  scope due t o  t h e  t i m e  requi red  t o  

i n s t a l l  equipment p r i o r  t o  charging,  t h e  t i m e  allowed by J & L f o r  

t e s t i n g  t h e  car, and t h e  excess exposure of personnel  t o  h e a t  and smoke 

during a prolonged per iod.  

t h r e e  emissions guides ,  t h e  t h r e e  s t a c k s ,  or  one emissions guide and 

This p l a n  reduced t o  t e s t i n g  e i t h e r  t h e  
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i t s  corresponding s t ack .  

i ng  a l l  t h r e e  emissions guides a t  one time. 

f o r  each of these  t h r e e  test s i t u a t i o n  i s  given below. 

I n  t e s t i n g  with t h e  Wilput te  Emissions Guides, t h e  l a r r y  c a r  proceeded 

t o  t h e  c o a l  b in  i n  t h e  usua l  fash ion ,  was loaded with coa l ,  and w a s  

then disengaged, moved t o  t h e  charging p o r t  and t h e  drop s l e e v e  was 

lowered t o  t h e  t o p  of t h e  oven. A t  th is  p o i n t ,  the  charging c y c l e  w a s  

h a l t e d ,  and two men i n s t a l l e d  t h e  emissions guide on t h e  pusher s i d e  

drop sleeve and then proceeded t o  i n s t a l l  t h e  center  emissions guide and 

the  coke s i d e  emissions guide. A t h i r d  man then detached t h e  sensor 

ducts  from the  boom and a t tached  them t o  the emissions guides. After 

coordinat ing t h e  quenching sequence of t h e  coke ca r ,  t o  a s s u r e  t h a t  ex- 

cess steam w a s  no t  emit ted dur ing  t h e  charging, t h e  Test  Di rec tor  com- 

municated v ia  c i t i z e n  band r a d i o  wi th  t h e  camera opera tor ,  t h e  manual 

sampling c r e w  c h i e f ,  t h e  boom o p e r a t o r ,  and t h e  ins t rumenta t ion  van 
opera tor ;  and when a l l  p a r t i e s  were i n  a state of readiness ,  h e  or t h e  

lead man on the oven f l o o r  commenced a t en  p o i n t  countdown t o  i n s t r u c t  

the l a r r y  man t o  start  the  charge.  This countdown w a s  broadcast  t o  a l l  

p a r t i e s  a s s o c i a t e d  with t h e  test s o  t h a t  t h e  exac t  s t a r t i n g  t i m e  f o r  

the  charge w a s  known. The charging c y c l e  w a s  resumed a t  t h i s  p o i n t ,  and 

the  oven was charged i n  t h e  usua l  fash ion .  The l a r r y  man reported t o  

t h e  lead  MITRG man on the  oven f l o o r  when this  charge was complete. This 

completion time was re layed  v i a  rad io  t o  a l l  t e s t  personnel. Af te r  a l l  

coa l  had been deposi ted i n  t h e  oven, t h e  drop s l e e v e  w a s  r a i s e d  f o r  ap- 

proximately one minute, a f t e r  which time personnel  removed a l l  i n s t r u -  

ment housings from t h e  emissions guides ,  and t h e  guide handlers  removed 

t h e  guides  s o  t h a t  t h e  l a r r y  could move f a r  enough f o r  t h e  l i d  man t o  

r e p l a c e  the  oven l i d s .  The l a r r y  c a r  w a s  then r e l e a s e d  t o  cont inue i t s  

normal charging d u t i e s .  Emissions guides ,  sensor  duc t s ,  booms, and 

cables  were removed from the oven f l o o r  near  t h e  test area, so t h a t  

they would n o t  i n t e r f e r e  w i t h  the  normal opera t ion  of t h e  J & L personnel.  

Instrument probes,  wires, and tubes were v i s u a l l y  inspec ted ,  and 

emissions guides were examined. Any clogging,  burning, or warping w a s  

r e p a i r e d  by the  boom man and guide h a n d l e r s  p r i o r  t o  t h e  next  t e s t .  

Tes t ing  t h e  AISI/EPA c a r  w a s  done by monitor- 

The step-by-step procedure 
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Wilput te  Stack T e s t s  

For t h e s e  tests, the l a r r y  c a r  was a g a i n  pos i t ioned  over the  charging 

p o r t s ,  and the drop sleeve w a s  lowered t o  the oven top. The charging 

cyc le  w a s  h a l t e d ,  and a ladder  was r a i s e d  a g a i n s t  t h e  pusher s i d e  hopper. 

The sensor  duc t  w a s  then removed from the boom, c a r r i e d  up the ladder ,  

and i n s t a l l e d  i n  t h e  s t a c k  cap. 

hopper and t h e  sensor  duct  i n s t a l l e d  i n  the  s t a c k  cap. In a s i m i l a r  

fash ion ,  t h e  sensor  duct  was i n s t a l l e d  on t h e  coke s i d e  s t a c k  cap. After 

a l l  t h e  s e n s o r s  were i n  p lace ,  t h e  countdown w a s  i n i t i a t e d  and charging 

proceeded as f o r  the emissions guide tests. A t  the conclusion of the  

charge,  t h e  l a r r y  car w a s  backed off t h e  oven enough t o  allow r e p l a c i n g  

the  l i d s .  After t h e  l i d s  were rep laced ,  t h e  ladder  w a s  used t o  climb 

up on t h e  l a r r y  t o  remove t h e  sensor  housings.  

r e l e a s e d ,  a l l  equipment was inspec ted  and repa i red  i n  prepara t ion  f o r  

the  next  test. 

The emissions guides f o r  t h e  AISI/EPA l a r r y  c a r  c o n s i s t s  of two 

p a r t s :  

hood was i n s t a l l e d  while t h e  car was s t o r e d  a t  t h e  south end of t h e  

b a t t e r y  and the drop sleeve lowered t o  t h e  f l o o r .  

placed around t h e  charging p o r t s  of t h e  oven t o  b e  t e s t e d  w h i l e  the 

l a r r y  w a s  o f f  the  f l o o r .  

c o a l  a f t e r  t h e  inner  hood had been a t t a c h e d  and t h e  drop s l e e v e  ra i sed .  

The ca r  then proceeded t o  the oven t o  b e  t e s t e d ,  was posi t ioned over t h e  

p o r t s ,  and w a s  then placed i n  a standby mode while t e s t i n g  equipment 

was a t tached .  

r i g i d  hood. 

t h e  inner  hood and f i rmly  a t tached  so that  r a i s i n g  and lowering the drop 

s l e e v e s  would not  cause them t o  disengage. 

then proceeded a s  f o r  t h e  prev ious ly  descr ibed  tests. 

t i o n  of t h e  charge,  the  l a r r y  ca r  o p e r a t o r  s i g n a l e d  t h e  T e s t  Di rec tor ,  

who broadcasted t h i s  information t o  a l l  p a r t i e s  involved. 
guides  were cons t ruc ted  so as  t o  remain i n  p lace  while  t h e  l!ds were 

autamat ica l ly  rep laced .  Af te r  replacement of t h e  l i d s ,  t h e  o u t e r  s k i r t  

The l a d d e r  was then moved t o  t h e  cqnter  

- . - ~ -  _ .  _ _  

After t h e  l a r r y  had been 

t h e  r i g i d  inner hood and f l e x i b l e  outer  s k i r t i n g .  The inner  

The o u t e r  hood w a s  

The l a r r y  c a r  proceeded t o  the c o a l  b i n  for 

The o u t e r  f l e x i b l e  s k i r t i n g  w a s  then a t tached  t o  t h e  i n n e r  

The sensor  duc ts  were then i n s e r t e d  i n t o  t h e  openings i n  

The countdown and charging 

A t  t h e  comple- 

The emissions 
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was then removed, t h e  l a r r y  ca r  w a s  re turned  t o  s t o r a g e  a t  the  south  

end of t h e  b a t t e r y ,  and t h e  i n n e r  hoods were removed. 

Af te r  t h e  l as t  test of t h e  day, the  emissions guides were s t o r e d  a t  t h e  

south end of t h e  b a t t e r y ,  w e l l  out  of the way of normal a c t i v i t i e s ,  and 

the  booms w e r e  s e c u r e l y  t i e d  back. 

Opt ica l  Measurements 

A t  the  beginning of each test day, i n i t i a l  s e t u p  of o p t i c a l  equipment 

was necessary.  This involved t h e  t r a n s p o r t  of t h e  camera and camera 

c o n t r o l  u n i t  from i ts  s t o r a g e  p lace  in t h e  o f f i c e  van t o  t h e  balcony of 

t h e  c o a l  b in .  During inclement weather, i n s t a l l a t i o n  of a p r o t e c t i v e  

hood or  s h e l t e r  on t h e  balcony w a s  accomplished p r i o r  t o  movement of the  

equipment. Also, p r i o r  t o  t r a n s p o r t  of t h e  camera, f i l m  w a s  placed i n  

t h e  camera and camera mechanical opera t ion  w a s  checked. 

i n  i n i t i a l  assembly of t h e  system w a s  t o  a t t a c h  t h e  camera body t o  t h e  

camera mount on t h e  balcony ra i l .  Next, the lens w a s  mounted on the 

camera and prel iminary alignment of t h e  camera w a s  accomplished. 

t h e  camera c o n t r o l  u n i t  w a s  set up and connect ing cables  were i n s t a l l e d .  

The A.C. power supply f o r  t h e  camera and c o n t r o l  was connected and power 

appl ied t o  t h e  system. The camera w a s  then  checked on manual p u l s e  

opera t ion  and t h e  presence of automatic  exposure pulses  was confirmed. 

Next, t h e  c o r r e l a t i o n  d a t a  d i s p l a y  was synchronized with t h e  d a t a  acqui- 

s i t i o n  system by us ing  t h e  manual set b u t t o n  of t h e  d i s p l a y  and t h e  

intercommunications c i r c u i t  t o  t h e  van. A f t e r  synchronizat ion,  t h e  d i s -  

p lay  was allowed t o  run  cont inuously dur ing  t h e  test day. 

alignment and focusing of t h e  camera w a s  accomplished. 

quired t h e  i l l u m i n a t i o n  of t h e  l i g h t  bar  which normally remained on 

n i g h t  and day during a t e s t  week. The l e n s  opening was set  and the  

camera frame r a t e  switch and s h u t t e r  speed adjustment checked f o r  proper 

s e t t i n g s  . 
The camera w a s  then ready f o r  t h e  f i r s t  test. The procedure descr ibed 

above requi red  30 minutes and w a s  s t a r t e d  a t  least 45 minutes p r i o r  t o  

t h e  expected test t i m e  t o  a l low proper coord ina t ion  and temperature 

s t a b i l i z a t i o n  of a l l  equipments involved. A t  t h i s  po in t ,  a w r i t t e n  

- 

The f i r s t  s t e p  

N e x t ,  

N e x t ,  f i n e  

This s t e p  re- 
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record  of equipment conf igura t ions  and s e t t i n g s  was made f o r  t h e  t e s t  

record.  When a l l  equipment had been checked and conf igura t ion  d a t a  re- 

corded, a c l o t h  cover w a s  placed over the camera and l ens  t o  p r o t e c t  i t  

from p a r t i c u l a t e s  and moisture  i n  t h e  a i r .  

While t h e  l a r r y  c a r  w a s  moving i n t o  p o s i t i o n  f o r  t h e  charge,  t h e  camera 

cover w a s  removed, and a f i n a l  v i s u a l  check of t h e  equipment w a s  made. 

Ten t o  twelve exposures would b e  taken dur ing  t h i s  t i m e  t o  o b t a i n  a 

c l e a r  background b a s e  re ference  f o r  t h e  t e s t .  

Camera opera t ion  was i n i t i a t e d  a t  t h e  conclusion of t h e  countdown by 

t h e  T e s t  Di rec tor .  

f o u r  f e e t  of f i l m  remained on t h e  supply r o l l .  

camera was s topped t o  provide a s e c t i o n  of unexposed f i l m  on which ex- 

posure c a l i b r a t i o n  could b e  performed. 

A f t e r  t h e  test, t h e  connecting wires t o  t h e  camera were disconnected, 

and t h e  lens  was removed and s t o r e d  i n  i t s  car ry ing  case.  The camera 

w a s  next removed from its mount and placed i n  i t s  c a r r y i n g  case and 

t ranspor ted  t o  the van dark room where t h e  f i l m  was removed and placed 

i n  a s t o r a g e  conta iner  along wi th  one copy of the test  conf igura t ion  

d a t a  sheet. The conta iner  w a s  then placed under r e f r i g e r a t i o n  t o  a w a i t  

shipment t o  t h e  processor .  

Next, the  camera w a s  inspected and cleaned,  i f  necessary, i n  prepara t ion  

f o r  t h e  n e x t  test. When another  test  w a s  contemplated f o r  t h e  day, a 

f r e s h  r o l l  of f i l m  w a s  threaded i n t o  t h e  camera and t h e  proper  mechanical 

o p e r a t i o n  checked. 

placed in  its s t o r a g e  conta iner  and l e f t  i n  t h e  van u n t i l  t h e  next  test  

day. Af te r  t h e  camera had been checked, cleaned. and s t o r e d  i n  t h e  van 

af ter  t h e  last test, t h e  camera c o n t r o l  u n i t  and a s s o c i a t e d  components 

were removed from t h e  balcony and s t o r e d  i n  t h e  van. 

Manual Gas Sampling 

P r i o r  t o  t h e  tes t -charg ing  opera t ion ,  manual sampling personnel  set  up 

t h e  gaseous sampling system on t h e  p i p e  br idge.  The heated l ines from 
t h e  sampling t r a i n s  and common duct  t o  t h e  heated manifold were connected 

Exposure continued f o r  f i ve  minutes or u n t i l  only 

A t  t h i s  p o i n t ,  t h e  

- - - - . - - - - _  - 

I f  i t  was t h e  l a s t  tes t  of t h e  day, t h e  camera w a s  
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and preheated t o  opera t ing  temperature.  

(pumps, lines, connectors ,  so lenoid  v a l v e s ,  and h e a t e r s )  were tested t o  

s e e  t h a t  they were in o p e r a t i n g  condi t ion .  

Once pre- tes t  a c t i v i t y  w a s  completed, t h e  manifold l i ne  w a s  connected t o  

t h e  common duct .  The s e q u e n t i a l  sampling system was then manually 

turned on a t  t h e  conclusion of the  start countdown f o r  charging. 

Once turned on, the s e q u e n t i a l  sampling system was manually c o n t r o l l e d  

by predetermined time i n t e r v a l s .  

c o l l e c t e d  grab samples a t  s e l e c t e d  intervals. 

p l e t e ,  t h e  manual sampling personnel  stopped the  s e q u e n t i a l  c y c l e  as 

t h e  l a s t  grab sample bag w a s  f i l l e d .  

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

P r i o r  t o  t h e  test, sampling nozz les  and f i l t e r  assemblies were mounted 

on t h e  sensor  ducts .  

mounted on t h e  instrument  c a r t s  and prepared f o r  operat ion,and were set  

up along t h e  coke s i d e  of t h e  b a t t e r y  near  t h e  oven t o  b e  charged. The 

l i n e s  from t h e  f i l t e r  t o  the  impingers were connected. 

connect connectors were checked t o  see i f  they were i n  opera t ing  order .  

The l ines were checked f o r  l e a k s  and/or breaks ,  a s  w e l l  a s  preheat ing 

t o  proper temperature. 

A s  each emissions guide w a s  brought i n t o  p lace  and t h e  sensor  duct  con- 

nected, t h e  manual sampling team brought t h e  assigned instrument  c a r t  

up t o  the  guide and connected t h e  i n p u t  heated l i n e s  of  t h e  impingers t o  

t h e  f i l t e r  assembly. This procedure w a s  followed f o r  each emissions 

guide and was performed consecut ive ly  as t h e  guides were s e t  up. 

After t h e  test w a s  completed, t h e  l i nes  between t h e  impingers and t h e  

va lves  were disconnected. A t  t h e  same time t h e  l i n e  between t h e  f i l t e r  

and impinger was disconnected from t h e  sensor  duc ts .  

c a r t s  were then moved t o  t h e  coke s i d e  of the oven. Once t h e  emissions 

guides or  s t a c k  sensors  were removed, t h e  f i l t e r ,  l i n e s ,  and nozz les  

were cleaned. 

All components of t h e  system 

, 

The s e q u e n t i a l  sampling t r a i n s  then 

When t h e  charge was com- 

The impinger mains ,  pumps, and r e g u l a t o r s  were 

A l l  quick d is -  

The instrument  
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SECTION I V  

DATA IiANDLING PROCEDURES 

Data obtained dur ing  the f i e l d  p o r t i o n  of the program were consol idated 

a t  MITRE headquarters ,  where i t  was subjec ted  t o  c r i t i c a l  q u a l i t y  con- 

t r o l ,  cor rec ted  f o r  t r a v e l  time de lays ,  and analyzed by computer methods. 

The r e s u l t s  of t h e  ana lyses  were then  presented i n  terms of p o l l u t a n t s  

e m i t t e d  from t h e  two l a r r y  cars being t e s t e d .  This  s e c t i o n  d e s c r i b e s  

the  s t e p s  taken t o  develop t h e s e  l a r r y  c a r  emissions c h a r a c t e r i s t i c s .  

INPUT DATA 

T e s t  d a t a  were obtained from t h e  Contin<ous M<nit%rrng. -Manual Sampling 

and Optics  Programs. With minor except ions,  a l l  d a t a  requi red  ex tens ive  

a n a l y s i s  a t  a l o c a t i o n  other  than t h e  t e s t  s i t e  before  meaningful i n f o r -  

mation could be der ived .  The o r i g i n a l  d a t a ,  i n  i t s  var ious  forms, is 

discussed here .  

- _ -  

Continuous Monitorinp. Data 

The continuous monitoring d a t a  were obta ined  every second from t h e  sen- 

s o r s  dur ing  t h e  tests and were recorded on magnetic tape  and s t r i p  

c h a r t s .  

o l o g i c a l  parameters and c e r t a i n  c o n t r o l  and s t a t u s  information. To 

u t i l i z e  t h e  magnetic taped d a t a ,  a program w a s  prepared f o r  reading t h e  

tape  and p r i n t i n g  t h e  d a t a  i n  a form t h a t  could b e  read and evaluated.  

I n  t h e  output  of t h i s  program, t h e  u n i t s  d e f i n i n g  t h e  d a t a  are i n  

v o l t a g e  form. 

t h a t  t h e  b a s i c  d a t a ,  as produced by t h e  s e n s o r s ,  was recorded on the 

tape accura te ly .  The second-by-second v a r i a t i o n s  i n  output  v o l t a g e s  can 

b e  observed on t h e  pr int-out ,  and t h e  absence of d a t a  becomes r e a d i l y  

apparent .  

An example of one of these  pr int-out  s h e e t s  is shown i n  F igure  13 ,  which 

shows d a t a  from Test 13, f o r  t h e  c e n t e r  Wilput te  s t a c k  and guide.  

f i rs t  l i n e  on t h e  pr int-out  is a data-time group [year ,  month, day, hour 

(EST) and minute]. 

The d a t a  cons is ted  of gas a n a l y s i s ,  flow sensor  output ,  meteor- 

The print-out  from t h i s  program w a s  inspected t o  prove 

The 

The second l i n e  c o n s i s t s  of headings f o r  t h e  d a t a  
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columns f u r t h e r  down t h e  page. The time is  i n  seconds t o  the  second 

decimal p l ace ,  t h e r e f o r e ,  the f i r s t  two d i g i t s  a r e  t h e  only s i g n i f i c a n t  

ones f o r  t h i s  a n a l y s i s .  

columns, i n d i c a t i n g  channel number and v o l t a g e  levels .  The remaining 

l i n e s  a r e  d a t a  channel numbers and t h e i r  r e s p e c t i v e  v o l t a g e  l e v e l s ,  

ranging from 0-1.638/volts,  wi th  t h e  channel assignments a s  given in \  

Table 3. 

The channel assignments given i n  Table 3 were made b e f o r e  experience 

was gained on t h e  oven and s e v e r a l  s i g n i f i c a n t  f i e l d  modif icat ions were 

performed. Of most s ignf icance  i s  t h e  f a c t  t h a t  a maximum of only t h r e e  

measurement p o i n t s  were monitored a t  one t ime-as  opposed t o - t h e  n i n e  a s  - 

o r i g i n a l l y  planned. Many temperature and pressure  channels were, there-  

f o r e ,  no t  used. A threshold s y s t e m  t o  start and s t o p  gas flow w a s  

found t o  be i m p r a c t i c a l  and, t h e r e f o r e ,  those  channels were a l s o  not  

used. These channels continued t o  record on t h e  d a t a  a c q u i s i t i o n  sys tem,  

b u t  t h e  v a l u e s  shown on t h e  pr in t -outs  a r e  noise  recorded on t h e  unused 

channels ,  and were ignored i n  later work wi th  the  da t a .  

Another source  of continuous monitoring d a t a  was t h e  s t r i p  cha r t s .  A l l  

gas ana lyzer  d a t a  and a l l  flow r e l a t e d  d a t a  ( p i t o t  p ressure  and tempera- 

t u r e )  were recorded on s t r i p  c h a r t s  a s  w e l l  as on magnetic tape.  

p l e s  of t h i s  d a t a  are given i n  Figures  1 4  and 15,  which show outputs  

from four  gas ana lyzers  and f o u r  channels  of output  d a t a  f o r  AP and T 

f o r  T e s t  13. The pr int-outs  descr ibed above were compared on a channel- 

by-channel b a s i s  wi th  t h e  s t r i p  c h a r t s  and c o r r e c t i o n s  made t o  r e c o n c i l e  

any d i f f e r e n c e s .  I n  those  cases  where the d a t a  a c q u i s i t i o n  channel was 

determined t o  be f a u l t y ,  the d a t a  were then taken from t h e  s t r i p  c h a r t s  

and punched on I B M  c a r d s  f o r  i n s e r t i o n  i n  t h e  analyses  program. 

A s  a next  s t e p ,  the  output  of gas a n a l y z e r s  ( l o c a t e d  i n  t h e  instrument 

van) was c o r r e l a t e d  w i t h  the thermocouple and p i t o t  tube output  ( loca ted  

on t h e  oven f l o o r ) .  The time d i f f e r e n c e  between these  two readings is 

due t o  t h e  t ravel  tine of t h e  gas t o  pass  through t h e  tubing t o  t h e  

ana lyzers  and the  process  time i n  t h e  ana lyzers .  (During the F ie ld  T e s t  

Program, sample gases  were i n s e r t e d  i n  the l i n e s  on t h e  oven and t h e  time 

The t h i r d  l i n e  is a l s o  a heading l i n e  f o r  t h e  

Exam- 

- 
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TABLE 3 

DATA ACQUISITION SYSTEM - CHANNEL ASSIGNMENT 

Channel No. 

00 

01 
02 

03 
04 
05 
06 

07 
08 
09 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

,. 

.. 

23 
24 

Constituent Channel No. Constituent 

H2° 

HZ 
NO 

NoX 

HZ 
O2 

c02 

THC 

co 

Wind Speed 
Wind Direction 

Relative Humidity 
Ambient Air Temp. 
Barometric Pressure 
Volume Flow 
Threshold Sum 

/1 1 
a 2 
u 3 
# 4 
H 5 
116 

I ,  

I, 

#, 
1, 

I t  

, I  

26 

27 
28 
29 
30 
31 

32 

33 
34 
35 
36 

37 
38 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

49 
53 

St.P 
LP 
T 
St.P 
AP2 

T.2 

St.P 

AP3 
T3 
St.P 
AP 
T 
AP 
T 
AP 
AP 

T6 
T 

AP 
AP9 
T 
T 

Manual Sampling 

Threshold Status 
Gas Temp. Input 

Control 

in Van 
25 i1 9 
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FIGURE 15 
GAS TEMPERATURE AND PRESSURE STRIP CHART DATA 
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a t  which the ana lyzer  responded was noted. 

analyzed, and the de lay  v a r i e d  from 16  t o  30 seconds.) 

This was done f o r  a l l  gases 

After the s p e c i f i c  "gas channels" had been t ime-shif ted,  the d a t a  were 

then ready t o  b e  converted from v o l t a g e s  t o  engineer ing u n i t s .  

done by applying t h e  manufacturers c a l i b r a t i o n  d a t a  (which w a s  period- 

i c a l l y  checked a t  t h e  s i t e )  and observed e f f e c t s ,  adding the  p r o p e r ,  

u n i t s  and r e f o r m a t t i n g  t h e  pr in t -out  page i n t o  groups of  rows and p r i n t -  

i n g  incrwents of 15 seconds on a page. 

c a l i b r a t i o n  f a c t o r s  appl ied are n o t  included i n  t h i s  r e p o r t ,  bu t  have 

been published s e p a r a t e l y  a s  MITRE Working Paper W p  -10445, "Conversion 

and Correct ion Fac tors  f o r  Coke Oven Emissions Data.-"-- -- - - 

This w a s  

The a c t u a l  c o r r e c t i o n s  and 

-. . - . -  

The r e s u l t i n g  pr in t -out  f o r  p a r t  of T e s t  13 is shown i n  Figure 1 6 .  

the  columns a r e  b e t t e r  separa ted  and i d e n t i f i e d  f o r  t h e  15 seconds of 

da t a .  The f i r s t  two columns along the  l e f t  hand s i d e  a r e  channel 

i d e n t i f y i n g  number and i d e n t i f y i n g  c o n s t i t u e n t .  

e i t h e r  percent  o r  p a r t s  per  m i l l i o n  of the indica ted  gas.  

twelve rows ( four  used i n  Figure 16)  are a l l o c a t e d  f o r  p i t o t  tube  pres- 

s u r e  and a s s o c i a t e d  measurement duc t  temperatures i n  inches of water and 

degrees Fahrenhei t ;  a c t u a l  channel assignment f o r  each measurement point  

is a l s o  given i n  MITRE WP-10445, "Conversion and Correct ion F a c t o r s  f o r  

Coke Oven Emissions Data." The next  f o u r  l i n e s  (Ch. 10 through 14) a r e  

metero logica l  da ta :  wind speed i n  m i l e s  per  hour, wind d i r e c t i o n  i n  de- 

grees  from t r u e  nor th ,  ambient temperature i n  Fahrenhei t  and barometr ic  

pressure  i n  inches of  mercury. Thresholds 1 and 2 (Ch. 1 7  and 18) were 

not  used. Channels 19 through 24 i n d i c a t e  poin ts  on t h e  l a r r y  car t h a t  

were being monitored; Emissions Guide (EG) on t h e  Pusher S ide  (P) ,  Middle 

(M) and Coke Side  (C), and Stacks (ST) on t h e  Pusher, Middle and Coke Sides  

(P, ?I, 0. 

The magnetic t a p e  t h a t  produced t h i s  f i n a l  pr int-out  was then used as t h e  

s t a r t i n g  p o i n t  f o r  t h e  f i n a l  d a t a  a n a l y s i s .  

was s e n t  t o  t h e  Environmental P r o t e c t i o n  Agency, O f f i c e  of Research and 

Development, Nat iona l  Environmental Research Center, Control  Systems 

Laboratory. 

Here 

The f i r s t  t e n  rows are 

The next  

CliailIirl 48 i n d i c a t e s  when manual gas samples were being drawn. 

A complete l i s t i n g  of the  d a t a  
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Manual Sampling Data 

The manual samples of gas and p a r t i c u l a t e  were obtained by Midwest Re- 

search  I n s t i t u t e  (MRI) under s e p a r a t e  c o n t r a c t  t o  t h e  Environmental 

P r o t e c t i o n  Agency. The samples  were t r a n s p o r t e d  t o  MRI's l a b o r a t o r y  i n  

Kansas C i t y  f o r  f i n a l  a n a l y s i s ,  and t h e  r e s u l t s  were t ransmi t ted  t o  

MITRE f o r  i n c o r p o r a t i o n  i n  t h e  o v e r a l l  d a t a  s tudy  of t h e  coke oven -is- 

s ions .  P a r t i c u l a t e  samples were a l s o  c o l l e c t e d  as p a r t  of t h e  manual 

sampling e f f o r t ,  and t h e  analyses  of t h e s e  samples a r e  a l s o  incorpora ted  

i n  t h e  o v e r a l l  study. 

Gas Samples 

Resul ts-of  t h e  gas a n a l y s i s w e l e  i n  t h e  form 6f f ab le s .  -Analyti?al-re- - 

s u l t s  f o r  pyr id ine ,  SO2, cyanide,  phenol, NH3, NOx, and H2S are l i s t e d  

on computer pr in t -out  c h a r t s .  The r e s u l t s  of t h e  a n a l y s i s  f o r  0 

CO, C 0 2 ,  CH4, H 
t ab le .  These p r i n t - o u t s  and t a b l e s  a r e  provided i n  Appendix C of t h i s  

r e p o r t .  

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

Samples obtained a t  t h e  Emissions Guides and t h e  Stacks by MRI were 

analyzed a t  t h e i r  l abora tory .  

computer pr in t -outs ,  copies  of l a b o r a t o r y  notebook s h e e t s  and hand 

w r i t t e n  mass loading t a b l e s .  This d a t a  i s  included i n  Appendix B .  

P a r t i c u l a t e  samples obtained by t h e  MITRE c a r r o u s e l  sampler were analyzed 

a t  t h e  MITRE Washington opera t ions  f a c i l i t y .  This sampler, a n a l y t i c a l  

procedures and a complete p r e s e n t a t i o n  of da ta  has  been published as 

MITRE Working Paper WP-10480, "Direct  Impaction P a r t i c u l a t e  C o l l e c t i n g  

Carrousel.' '  The form of t h e s e  r e s u l t s  is a series of t a b l e s  and s i z e  

d i s t r i b u t i o n  curves,  which a r e  provided i n  Appendix E .  

2'  N 2 s  
and t o t a l  hydrocarbons a r e  l i s t e d  on a hand-printed 2 

The d a t a  were repor ted  i n  t h e  form of 

Coal Samples 

Proximate ana lyses  were performed on t h e  four  coa l  samples obtained.  

This work was done by I n d u s t r i a l  Tes t ing  Laboratory of Kanses C i t y  under 

subcont rac t  t o  MRI. Thei r  f i n d i n g s  are repor ted  a s  " C e r t i f i c a t e  of Coal 
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Analysis", t a b l e s  l i s t i n g  t h e  c o n s t i t u e n t s  measured, and are enclosed 

i n  Appendix B. 

The u l t i m a t e  a n a l y s i s ,  e lemental  a n a l y s i s  and s i z e  determinat ion were 

presented as t a b l e s  and are a l s o  enclosed i n  this  appendix. 

,I Opt ica l  Data 

The record of l i g h t  t ransmission from t h e  l i g h t  b a r  passing through t h e  

emission plume t o  the d e t e c t o r  (camera) w a s  recorded on t h e  photographic 

f i l m  i n  t h e  form of varying l i g h t  b a r  image d e n s i t i e s .  The exposed f i l m  

w a s  s e n t  t o  a photographic processing l a b o r a t o r y  where a s e n s i t o m e t r i c  

exposure w a s  placed on an unexposed p o r t i o n  of t h e  f i lm,  and t h e  f i l m  

was developed. The s e n s i t o m e t r i c  exposure provides a b a s i s  f o r  a s s o c i a t -  

i ng  an observed l i g h t  bar  image o p t i c a l  d e n s i t y  with a v a l u e  of l i g h t  

i n t e n s i t y  producing t h e  image exposure. Using t h e  values  thus obta ined ,  

i t  is p o s s i b l e  t o  determine t h e  va lue  of l i g h t  obscurat ion.  This in for -  

mation was then used t o  estimate t h e  mass loading  va lues  of t h e  observed 

emission plume. 

The d a t a  on o p t i c a l  d e n s i t i e s  of the  l i g h t  bar  images w a s  provided i n  two 

forms by t h e  f i l m  processing f a c i l i t y .  The microdensitometer e lec t ron-  

i c a l l y  d i g i t i z e d  t h e  measured o p t i c a l  d e n s i t y  v a l u e  fo r  a s p e c i f i c  po in t  

(a rea  of 50 by 200 microns) and placed t h i s  v a l u e  i n  a b inary  number 

format on a magnetic tape.  The microdensitometer a l s o  s imultaneously 

produced a continuous s t r i p  c h a r t  record of measured o p t i c a l  d e n s i t y .  

A s  s t a t e d  previous ly ,  the  d a t a  on t h e  tape  was contained i n  t h e  form of 

e i g h t  p lace  b inary  numbers ranging from 0 t o  255. 

across  t h e  l i g h t  bar  image produced 539 i n d i v i d u a l  binary d e n s i t y  

records corresponding t o  539 p o i n t s  on t h e  scanned image. A second pass  

across  t h e  b lack  s u r f a c e  a r e a  produced 539 more d e n s i t y  records which 

correspond d i r e c t l y  wi th  t h e  l i g h t  b a r  r e c o r d s  f o r  purposes of comparison 

and mass loading  c a l c u l a t i o n s .  

made f o r  some frames a s  a p a r t  of an experiment t o  i n v e s t i g a t e  t h e  Mie 

s c a t t e r i n g  e f f e c t .  This scan w a s  across  a s h o r t  s e c t i o n  of l i g h t  source  

having c o l o r  f i l t e r s  placed on t h e  d i f f u s i o n  l ens  t o  approximate 

One h o r i z o n t a l  scan  

A t h i r d  scan  containing 539 records  was 
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monochromatic l i g h t .  

t h e  primary l i g h t  bar  s t r u c t u r e .  

The d a t a  t ape ,  generated on a manually c o n t r o l l e d  d a t a  logger ,  w a s  read 

as a b inary  number by a s tandard nine- t rack computer tape  d r i v e ,  b u t  

was not  d i r e c t l y  compatible with computational or  d i s p l a y  p o r t i o n s  of 

t h e  d a t a  processing program. 

t o  be processed were combined with header information obtained from t h e  

hand-writ ten t a p e  log  suppl ied with each r a w  d a t a  tape.  The header in- 

formation f o r  each i n d i v i d u a l  scan of 539 p o i n t s  cons is ted  of a sequence 

number, test  number, c lock  time f o r  frame, and type  of frame. This  in- 
formation was combined on a s e p a r a t e  program d a t a  input  tape  f o r  f u r t h e r  

processing.  

This u n i t  was l o c a t e d  on t op  of and a t  one end of 

. 

Because o f - t h e  format of t h e  t ape ,  records  

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

A second d a t a  i n p u t  cons is ted  of two p l a c e  t a b l e s  i n  punch-card form. 

These t a b l e s  provided necessary c o r r e l a t i o n  f o r  conversion from d e n s i t y  

v a l u e s  t o  r e l a t i v e  exposure va lues  ( l i g h t  i n t e n s i t y  va lues ,  assuming a 

cons tan t  exposure time) f o r  a p a r t i c u l a t e  processing run. 

generated by t h e  processing l a b o r a t o r y  us ing  21 d e n s i t y  va lues  obtained 

from t h e  s e n s i t o m e t r i c  exposure wedge. A computer program f i t t e d  a 

curve t o  t h e s e  21 p o i n t s  and produced t h e  300 evenly spaced (in l i g h t  

i n t e n s i t y )  v a l u e s  of o p t i c a l  d e n s i t y  i n  t h e  range of the  s e n s i t o m e t r i c  

exposure. A second t a b l e  of 300 corresponding exposure va lues  w a s  c a l -  

c u l a t e d  by t h e  program from t h e  d e n s i t y  information.  The program used t o  

genera te  t h e  exposure va lues  i s  descr ibed  i n  d e t a i l  i n  MITRE Working Pa- 

per  1045, "Correction and Conversion F a c t o r s  from Coke Oven Emissions Data." 

UmEMATICAL TREATMENT OF DATA 

The processes  of convert ing the  d a t a  t h a t  was descr ibed  above i n t o  

meaningful terms such a s  pounds of p o l l u t a n t  emit ted,  mass loading ,  e t c . ,  

a r e  g e n e r a l l y  s t ra ight forward .  An e f f o r t  w a s  made t o  perform these  

f u n c t i o n s  wi th  automatic  d a t a  process ing  hardware, a l though t h i s  p r o j e c t  

w a s  a one-time e f f o r t  and programing requirements are o u t  of propor t ion  

t o  t h e  amount of d a t a  processed. This w a s  i n t e n t i o n a l  so  t h a t  t h e  

a n a l y t i c a l  r o u t i n e s  developed f o r  t h i s  p r o j e c t  could be made a v a i l a b l e  

t o  anyone wi th  a f u t u r e  s i m i l a r  requirement.  

The t a b l e  was 
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Concentration and Volume Flow V a r i a b i l i t y  

The p a t t e r n  of emissions produced by a coke oven charging opera t ion  

d i f f e r s  r a d i c a l l y  from a source which could b e  monitored by s tandard  

manual sampling techniques.  

quired f o r  d a t a  r e d u c t i o n  procedures.  For the b r i e f  per iod of t i m e  

during which t h e  charging opera t ion  lasts,  d i f f e r e n t i a l  p r e s s u r e  (A€'), 
temperature (T), and c o n s t i t u e n t  concent ra t ion  vary  e r r a t i c a l l y .  Values 

can change from 0 t o  .1" H20 AP, looo t o  1000°F temperature,  o r  zero t o  

f u l l  scale concent ra t ion  i n  a mat te r  of seconds.  Figures 1 4  and 15 are 

s t r i p  c h a r t s  showing some t y p i c a l  f l u c t u a t i o n s  i n  AP and concentrat ions.  

Figure 17  shows flow wi th  r e s p e c t  t o  t i m e  and charging procedures f o r  a 

t y p i c a l  test  . 
These f i g u r e s  demonstrate t h e  importance of a continuous monitoring sys- 

t e m  f o r  measuring t h e  type of emission f l u c t u a t i o n  t h a t  r e s u l t s  from a 

charging opera t ion .  

ment would be too i n s e n s i t i v e  f o r  t h e  emission guide flows and too  slow 

f o r  t h e  r a p i d  v a r i a t i o n s  i n  t h e  s t a c k  emissions t o  produce an a c c u r a t e  

volume of emissions.  An example of t h e  ef . fects  of using r e a l  t i m e  con- 

c e n t r a t i o n  va lues  as opposed t o  an average concent ra t ion  va lue  f o r  cal-  

c u l a t i n g  emission volume can b e  shown i n  T e s t  2 1  ( see  Appendix C f o r  

da t a ) .  A volume of THC from T e s t  2 1  w a s  33 sc f  a s  c a l c u l a t e d  us ing  r e a l  

time va lues  whi le  t h e  use of average concent ra t ions  and flow produced 

19.2 scf  (1.40% e r r o r ) .  

Volume Flow Parameters 

A program t o  determine volume flow and v e l o c i t y  of coke oven emissions 

w a s  t h e  f i r s t  of t h e  d a t a  reduct ion  programs implemented. Both t h e  

gaseous and p a r t i c u l a t e  systems depend on v e l o c i t y  and volume flow f o r  

f i n a l  c a l c u l a t i o n s  of mass and/or volume. 

The volume flow program uses  t h e  equat ion:  

As a r e s u l t ,  real t i m e  information is re- 

It i s  obvious from Figure 1 7  t h a t  a manual measure- 
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t o  determine t h e  volume flow, F ( t ) ,  a t  l o c a t i o n  i f o r  a given t e s t .  

Constants and v a r i a b l e s  r e q u i r e d  i n  t h i s  equat ion a r e  l i s t e d  i n  Table 4. 

Equation 2 w a s  used t o  determine the in-s tack r e a l  t i m e  volume flow 

(CFM) a t  each emission p o i n t  and these  va lues  were then s t o r e d  for u s e  

with the  p a r t i c u l a t e  sampling program. 

A second real t i m e  volume flow a d j u s t e d  t o  s tandard condi t ions (SCFM). 

F ' ( t ) ,  (7OOF @ 1 atm) was requi red  for use with  t h e  continuous gas and 

manual gas c a l c u l a t i o n s  where: 

i 

<- 

i 

Fi(t)  P i ( t )  530'R 
[Ti(t)  + 460l'R * 29.92" Hg F . ' ( t )  = 

1 (3) 

Then the  t o t a l  volume (CF) e m i t t e d  ac l o c a t i o n  i, E under s t a c k  con- 

d i t i o n s  is given by: 
T i '  

T 

At[Fi( t ) l  
t'tl 

E T i  

and under s tandard  condi t ions  (SCF) : 

T 
' A t [ F i ' ( t ) ]  . 

1 t=t 
E T i  

(4) 

The r e a l  t i m e  volume flow i n  s tandard  and s t a c k  condi t ions F ' ( t )  and 

Fi ( t )  w a s  s t o r e d  on magnetic tape ,  b u t  t h e  output  format w a s  i n  graphic  

form only. The t o t a l  volume va lues  E .  and E I ,  however, were both s t o r e d  

and output  numerically.  The average temperature (Fa): 

i 

1 i 

T 

was a l s o  computed and p r i n t e d  during this opera t ion ,  as w e l l  as the  high 

and low temperatures.  
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TABLE 4 

VARIABLES USED I N  VOLUME FLOW 

- 
= 

AP ( t )  E i 

Ti(t)  

A t  E 

P i t o t  tube f a c t o r ,  a v a l u e  from .95 t o  .7 

n 

.69 f t '  f o r  Wi lput te  Emissions Guide 

.85 f t 2  f o r  Stacks and AISI/EPA Guides 

S t a t i c  pressure  - .Chai ind 1-4 (ifiich%s-Hg)- -- ~ - 

S p e c i f i c  g r a v i t y  of  t h e  gas r e l a t i v e  t o  air 

T o t a l  t i m e  of test ,  i n  most cases ,  w i l l  b e  
descr ibed by Channel 48 ( i n  seconds) 

S t a r t  of test, Channel 48 w i l l  read on ( 1  v o l t )  

D i f f e r e n t i a l  p r e s s u r e  a t  time t and l o c a t i o n  i 
(inches H 0) 2 

Temperature a t  time t l o c a t i o n  i (FO) 

Time i n t e r v a l  (seconds) 
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Continuous Gas Monitoring System Parameters 

The gaseous concent ra t ions  are given for standard condi t ions  and t h e  

concent ra t ions ,  C ( t ) ,  of the g a s  c o n s t i t u e n t s  are assumed t o  inc lude  

% H20 i n  t o t a l  volume. 

channels 06 t o  09, r e s p e c t i v e l y )  were cor rec ted  t o  w e t  gas concentra- 

t i o n s  by: 

02, co, co2: 
j 

2' Gases measured a f t e r  drying (H 

where, C ( t )  = volume % i n  d r y  gas as measured by r e s p e c t i v e  i n s t r u -  

ments. 

To determine the  volume flow (SCFM) of each gas c o n s t i t u e n t ,  j ,  t h a t  i s  

measured i n  t h e  s t a c k  under s tandard  condi t ions  (70°F, 1 atm) t h e  

equation: 

j d r y  

(8) 

was used f o r  a prel iminary c a l c u l a t i o n .  

volume E ' ( t )  was c a l c u l a t e d  by: 

A cor rec ted  c o n s t i t u e n t  

j 

C ' ( t )  'is a cor rec ted  concent ra t ion  (% volume) of j t o  account f o r  t h e  

sampling of ambient a i r  a t  p o i n t s  where F ' ( t )  < FT and 
j 

i 
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where 

C 2 Concentration of j a t  ambient 
A j  

~ Number of Locations: Fi(t)  < FT . 
Y -  

Number of Locat ions 

F is a cons tan t  which w a s  determined a f t e r  the  f irst  run  of t h e  volume 

flow d a t a  was  analyzed. 

Equation 9 ( c o r r e c t i o n  f o r  ambient d i l u t i o n )  w a s  only used f o r  channels: 

T 

so2 - 01 THC - 05 

H2S - 02 CO - 08 

NO - 03 co2 - 09 
- - - - - -  - - -~ NOx : 04 

Then t h e  t o t a l  volume (SCF) of c o n s t i t u e n t  j measured d i r e c t l y  was: 

and t h e  t o t a l  volume cor rec ted  f o r  continuous sampling is 

E ' = A t [ i . ' ( t ) l  . 
I 

1 j t= t 

The r e a l  time volume per  u n i t  t i m e  [ i . ( t )  and 

j w a s  d i sp layed  i n  graphic  form. The t o t a l  volumes i n  c o r r e c t  and un- 

cor rec ted  form (E ' and E ) was l i s t e d  numerically.  The average concen- 

t r a t i o n s  C . ( t )  and C ' ( t )  were computed by 

' ( t ) ]  f o r  each c o n s t i t u e n t  
J j 

j 1 
1 j 
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and 

c 
and output numerically. Table 5 ind ica tes  the channel-to-variable 

r e l a t ion ,  and lists other var iab les  necessary to  complete the algorithm. 

Data reduction of the manual gas data  was s imi la r  to  the continuous data. 

Equations 8 through 12 were used, although the gas data  were input on 
IBM cards. 

integrated over 30 t o  60 seconds of test time. 

Solutions to  Equations 2 and 2 were output i n  a graphic form, and a re  

displayed i n  Appendix B. 

(Equation 4 ) ,  and the high, low, and average temperature for  each loca- 

t ion  i of each t e s t  a r e  displayed i n  the same appendices, along with the 

t o t a l  volume emitted r e l a t i v e  to  standard conditions,  EITi (Equation 5).  

Data produced by Equations 8 through 1 9  were used i n  the continuous gas 

analysis  program. 

Appendix C . 
Concentration Calculation - The calculat ions f o r  quant i f icat ion of the 

gas concentration a r e  shown below. Brief ly ,  the  volume percent of each 

gas was calculated,  as  follows: the volume of the unknown gas was cal-  

culated from the  instrument response i n  peak area or  height and the re- 
sponse r a t i o  of the instrument per volume of each standard gas. 

volume of unknown gas was divided by the t o t a l  volume of sample intro-  

duced in to  the chromatograph a f t e r  both were corrected t o  atmospheric 

pressure. 

fe ren t  l eve l s  of each standard gas. 

The var iable  C ( t )  is a concentration measured fo r  a sample 
j 

E T i  The t o t a l  volume under s tack  conditions,  

The r e su l t an t  output of t h i s  program i s  provided i n  

The 

The response r a t i o s  were calculated from a t ' l e a s t  four d i f -  

(1) Volume of standard gas calculated to  atmospheric pressure = 

I I 'sa - ( 5 )  (P,/P,) (s ) ,  where 

"sa 

5 = Gas sample loop volume; 

= Volume of standard gas  a t  a t m .  pressure; 
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TABLE 5 

VARIABLES FOR GAS ANALYSIS 

Fi*( t )  - from volume f low program (SCFM) 

Cl(t)  - % H20 - 00 

C2(t) - ppm SO2 - 01 

C 3 ( t )  - ppm H2S - 02  

C4(t)  - ppm NO - 03 

C (t) C5(t) - ppm NOx - 04 
j 

C6(t) - % THC - 05 

C,(t)  - % H2 - 06 

C8(t) - % o2 - 07 

Cg(t)  - % co - 08 

Clo(t) - % CO - 09 2 

Number of Fi*(t )  < FT - - - 
Number of Locations Monitored Y 

5 A constant t o  b e  determined a f t e r  
volume f low data  has been reduced 

FT 
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. 

P = Standard pressure ,  mmHg; 

Pa = Atmospheric pressure ,  mm€lg; 

S = Volume % of gas in  s tandard .  

6 

(2) Rat io  of s tandard gas a t  a m o s p h e r i c  pressure  per i n s t r u -  

ment response u n i t  5 

R = Vsa/IRUs, where 

R = Rat io ,  volume of s tandard  gas per instrument  
reponse u n i t ;  

IRU = Instrument response u n i t s  ( e i t h e r  peak a r e a  or  
he ight )  f o r  s tandard  gas.  S 

(3)  Volume of unknown gas a t  atmospheric pressure  = 

= (R) ( IRUu) ,  where 

= Volume of unknown g a s  a t  atmospheric pressure;  

'ua 

"ua 

IRUu= Instrument response u n i t s  f o r  unknown gas. 

( 4 )  T o t a l  sample volume a t  atmospheric pressure  = 

vts = (5) (Pv/Pa), where 

Vts = T o t a l  sample VolWUe; 

= P r e s s u r e  of sample, d g .  
pU 

(5) Concentration of unknown gas,  volume percent  = 

) 100. Volume percent  of unknown = (Vua/V 
t S  

S i z e  Analyses - The primary methods used t o  determine a p a r t i c l e  s i z e  

d i s t r i b u t i o n  cons is ted  of a combination of Andersen s i z e  d i s t r i b u t i o n  

and o p t i c a l  s i z i n g  performed i n  samples taken from the  MITRE Carrousel.  

The Andersen samples were taken i n  t h e  measurement ducts .  A t  the  comple- 

t i o n  of a test, the Andersen sampler w a s  hand c a r r i e d  t o  t h e  f i e l d  labor- 

a t o r y  and allowed t o  cool  down t o  a s t a b l e  temperature. The sampler was 
then disassembled. The 

sampler was cleaned and readied f o r  t h e  next  t e s t  and t h e  washings were 

s t o r e d  and labe led  f o r  l a t e r  re ference .  

The p l a t e s  and r i n g s  were then weighed on s i te .  
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I j  
The d a t a  from t h e  f i e l d  weighings were later analyzed a t  the MRI Kansas 

Ci ty  f a c i l i t i e s .  Standard computer programs were used by MRI t o  produce 

.5 I.I and in- 

\ 
i '  

: f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  and number dens i ty .  

; r e t i c l e  was c a l i b r a t e d  w i t h  39vm and 28m pol len .  

~ grouped in one of seven s i z e  ranges  us ing- the  c a l i b r a t e d  r e t i c l e  wi.th- 

j the "Ferets  diameter" method. The ranges a re :  

The microscope 

P a r t i c l e s  were 
~ - 

\ 

I 

The p a r t i c l e s  were s i z e d  o p t i c a l l y  with a B 6 L microscope a t  300, and 

150 powers. The magnified samples were displayed and counted on a 

closed c i r c u i t  t e l e v i s i o n  system coupled o p t i c a l l y  t o  t h e  microscope. 

Through t h e  u s e  of a Polaroid camera attachment, p i c t u r e s  w e r e  period- 

i c a l l y  taken. 

A p a r t i c l e  count  of about 500 (termed a "batch")* w a s  r e q u i t e d  a t  each of 

t h e  powers. Areas scanned (fields-of-view) were s e l e c t e d  a t  random t o  

produce a r e p r e s e n t a t i v e  sample, u n t i l  t h e  ba tch  w a s  complete. Each 

* Lodge, J. P. Production of Control led T e s t  AtmospheresIn: A i r  Pro- 
duct ion,  Volume 11, Stern ,  A. C. (ed.) New York and London, Academic 
Press, 1968. p. 465-481 
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s l i d e  t o  b e  analyzed w a s  chosen such t h a t  a field-of-view had less than 

200 p a r t i c l e s * *  i n  t h e  countable  ranges f o r  any given power. The a r e a s  

of field-of-view a t  150 power and'300 power a r e  965 pm2 and 2 4 1  pm , 
r e s p e c t i v e l y .  

A batch counted i n  t h e  300 power range inc ludes  p a r t i c l e s  between 4.6 pm 

and 147.2 pm (excluding ranges 6 and 7 ) .  The 150 power batches inc lude  

p a r t i c l e s  g r e a t e r  than 9.2 pm (excludes range 1 ) .  

f o r  300 power and 150 power batches s i z e d  f o r  t h e  same t e s t ,  the  number 

of p a r t i c l e s  i n  t h e  omitted ranges were c a l c u l a t e d  from the  r a t i o s  of the  

o ther  ba tches .  

batch 2 would b e  c a l c u l a t e d  as t h e  r a t i o :  

2 

To combine t h e  r e s u l t s  

For example, t h e  number of p a r t i c l e s  i n  range 1 of 

N 1 i Z 2  N i 2  
N12 = 5 = Nil 

i= 2 

N12 5 t h e  number of p a r t i c l e s  i n  (unmeasured) range 1 of batch 2, 

Nll 5 t h e  number of p a r t i c l e s  i n  range 1 of batch 1, 

N .  = t h e  number of p a r t i c l e s  i n  range i of batch 2 ,  12 - 
Nil 5 t h e  number of  p a r t i c l e s  i n  range i of batch 1. 

The number of fields-of-view completing a batch w e r e  counted and recorded 

and the  a r e a  c a l c u l a t e d .  The d e n s i t y  of the  s l i d e  was then c a l c u l a t e d  

a s  a r a t i o  between the  number of p a r t i c l e s  counted t o  a r e a  scanned. The 

l o c a t i o n  of each field-of-view w a s  recorded t o  the  n e a r e s t  t e n t h  of a mm 

using t h e  movable s t a g e  p o s i t i o n  s c a l e .  

s t o r e d  f o r  l a t e r  access .  

All s l i d e s  were labe led  and 

** Silverman, L., B i l l i n g s ,  C. E . ,  F i r s t ,  M. W. P a r t i c l e  S i z e  Analysis 
i n  I n d u s t r i a l  Hygiene. New York and London, Academic P r e s s ,  1971. 
p. 106-107 
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The theo re t i ca l  co l l ec t ion  e f f ic iency  of the  microscope s l i d e s  was in- 

vest igated t o  determine system biases  r e l a t i v e  t o  p a r t i c l e  s i z e  and 

emission ve loc i ty .  

The co l lec t ion  e f f ic iency  correct ions were applied t o  the  respect ive 

s i z e  ranges. 

cluded ranges from 4.6 pm and l a rge r ,  the  d a t a  analyzed w i l l  include 

t h e  s i z e  ranges where the p a r t i c l e s  were l a rge r  than 18.4 urn. 
and 2 were excluded from f i n a l  computations because: 

i t  w a s  found t h a t  the co l l ec t ion  e f f ic iency  drops off 

rap id ly  below 20 pm; 

the  Andersen sampler adequately s i zed  p a r t i c l e s  up t o  20 pm; and 

i t  w a s  d i f f i c u l t  t o  confident ly  iden t i fy  the  smaller 

p a r t i c l e s  due t o  foreign mater ia l s  and grease anomalies 

on the  s l i des .  

Though the  op t i ca l  s i z ing  of the coke oven pa r t i c l e s  in- 

Ranges 1 

a )  

b) 

c )  

Each s l i d e  w a s  a l so  analyzed fo r  p a r t i c l e s  l a rge r  than 1000 u with a ten 

power magnifier. The number of p a r t i c l e s  l a r g e r  than 1000 u w a s  counted 

on each s l i d e  and the dens i ty  f o r  p a r t i c l e s  >lo00 u w a s  calculated and 

recorded. 

A l l  data  obtained from op t i ca l  s i z ing  are presented i n  Appendix E which 

includes: 

a) 

b) 

c) 

d) 

e) 

P a r t i c u l a t e  counts for  each test, 

P a r t i c l e  densi ty  f o r  each s l i d e  f o r  pa r t i c l e s  l a rge r  than 18 u ,  
P a r t i c l e  densi ty  of pa r t i c l e s  l a rge r  than 1000 u ,  
Calculated percentage of pa r t i c l e s  versus s i z e  range, 

Cumulative number and weight percents  versus  s i z e  range. 

Secondary methods of s i z e  analyses are described i n  Appendices B and E .  

The methods included: 

Brink 

Sieve and Sedegraph 

Coulter counter 

Opt ica l  of Andersen and cyclone cateles. 
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Mass Loadin% - h e  t o  oven c o n s t r a i n t s  and t h e  unique f e a t u r e s  of emis- 

s ions  produced during a charging opera t ion ,  p a r t i c u l a t e  sampling w a s  

done a n i s o k i n e t i c a l l y ,  where t h e  sampling v e l o c i t y  was he ld  cons tan t ,  

independent of s t a c k  v e l o c i t y .  To b r a c k e t  t h e  e r r o r  c rea ted  by aniso- 

k i n e t i c  sampling and determine t h e o r e t i c a l  i s o k i n e t i c  va lues ,  modified 

procedures explained i n  d e t a i l  i n  MTR-6288, "Manual Sampling System, 

Coke Oven Emissions T e s t  Program," w e r e  used and a r e  summarized here .  

The t h e o r e t i c a l  i s o k i n e t i c  mass. EMi, can b e  c a l c u l a t e d  by t h e  algorithm: 

- 

1=1 

where 

M1 = mass of sample c o l l e c t e d  a t  l o c a t i o n  i, 

%W = t h e  weight percent  of t o t a l  mass a t  a given range, 

Ai = a r e a  of s t a c k  a t  duct  i, 

a = a r e a  of sampling nozzle  a t  duc t  i, 

Qil = 

1 

i 

a n i s o k i n e t i c  c o r r e c t i o n  f a c t o r  f o r  p a r t i c l e  s i z e  range 1 
a t  l o c a t i o n  i from a g iven  test .  

The c o r r e c t i o n  f a c t o r  is found as a f u n c t i o n  of p a r t i c l e  s i z e ,  sampling 

v e l o c i t y  and s t a c k  v e l o c i t y  and i s  c a l c u l a t e d  from: 

and 

t=l 
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- ~ ~~~~ ~ 

The i n e r t i a l  parameter a i l ( t )  can b e  determined from: 

( il( t )) 1 - exP[-4.5/Ail(t)l 

ai1w = 4.5 

where 

and ~ L .69 f t  
.85 f t  f o r  s t a c k s  and AISI/EPA Guide 

f o r  Wilput te  Emissions Guide 2 = Area of l o c a t i o n  i Ai 

= A r e a  of sampling nozzle  

= Weight-percent of mass i n  s i z e  range i a t - l o c a t i o n - i ;  
The v a l u e s  and ranges  were c a l c u l a t e d  beforehand 
from Andersen and O p t i c a l  s i z i n g s  and assumed con- 
s t a n t s  f o r  a l l  tests. Volume flow d a t a  a r e  needed t o  
determine %W 

i a 

%Wil 

il' 

T = T o t a l  t i m e  of test measured by Channel 48 

= Sampling v e l o c i t y  t o  be computed f o r  each sampling 
l o c a t i o n  f o r  each test 

i 

F ( t )  = Volume flow a t  s t a c k  c o n d i t i o n s  computed and s t o r e d  
dur ing  volume flow c a l c u l a t i o n s .  f t3/minute  

2 

i 

g = Accelera t ion  due t o  g r a v i t y .  980 cm/second 

Y1 = Average f r e e  f a l l  v e l o c i t y  of p a r t i c l e s  i n  s i z e  
range 1 ( i n  cm/second) 

I d e a l l y ,  when employing t h i s  sampling method i n  t h e  s t a c k  v e l o c i t y  o r  

volume flow, Fi(A) 

Fi(t)  = 0 a r e  inadequate.  

of tests and was handled by s e t t i n g  Q 

where Fi( t )  = 0 and Qil = 1 f o r  the  l a r g e r  p a r t i c l e  ranges.  

r a t i o n a l e  b e h i n d  t h i s  concept is simply s m a l l  p a r t i c l e s  ( those  which a c t  

a s  gases)  remain i n  t h e  s t a c k  a f t e r  t h e  flow h a s  gone t o  zero and a r e  

should never go t o  zero.  Correc t ion  f a c t o r s  f o r  

However, t h e  condi t ion  d id  e x i s t  on a number 

= 0 f o r  small p a r t i c l e  ranges il 
The 
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sampled. 

The l a r g e r  p a r t i c l e s  f e l l  out r a p i d l y  and s i m i l a r l y  are not  sampled. 

amount of mass produced by t h e  l a r g e  p a r t i c l e s  is c o r r e c t l y  zero f o r  

F i ( t )  = 0 implying Q 

The p a r t i c l e  mass d i s t r i b u t i o n  is  descr ibed  by %W where 1 = 1, 2, ... 13 

(number of s i z e  ranges) .  

weight percents  found f o r  each test duc t  i and i s  found by: 

Hence, they mistakenly add some amount of weight t o  t h e  sample. 

The 

( t )  = 1. il 

1 
It is c a l c u l a t e d  a s  a f u n c t i o n  of a n i s o k i n e t i c  

i=I 

and the average weight percent  is  ranged over a l l  tests, n, f o r  range 1 

is: 

n 
/ 

= mil/" . 
i=l 

ml 

Xiese v a l u e s  f o r  weight percent  were c a l c u l a t e d  and used f o r  aniso- 

k i n e t i c  c o r r e c t i o n s ,  as w e l l  a s  t o  determine a r e p r e s e n t a t i v e  mathe- 

m a t i c a l  frequency d i s t r i b u t i o n  model. 

Opt ica l  Monitoring System Parameters 

Data a n a l y s i s  f o r  t h e  o p t i c a l  monitoring system was divided i n t o  t h r e e  

phases. The f i r s t  phase cons is ted  of the necessary opera t ions  t o  con- 

v e r t  d a t a  i n  the form of a photographic image t o  information about t h e  

source l i g h t  t ransmission c h a r a c t e r i s t i c s  of d i s c r e t e  a r e a s  of t h e  emis- 

s i o n  plume. The second phase included t h e  c a l c u l a t i o n  of mass loading  

es t imat ions  from the  t ransmission v a l u e s  f o r  d i s c r e t e  a r e a s  and t h e  com- 

b i n a t i o n  of these 'es t imat ions  t o  provide mass loading d a t a  across  t h e  

e n t i r e  l i g h t  source image at  some i n s t a n t  i n  t i m e .  The t h i r d  phase in- 

volved t h e  es t imat ion  of t o t a l  mass emit ted over t i m e  by mul t ip ly ing  

t h e  ins tan taneous  mass loading  es t imat ions  by t h e  v e l o c i t y  a t  which t h e  

emission plume is passing upward a c r o s s  t h e  l i g h t  source.  The calcula-  

t i o n s  and q u a n t i t i e s  involved i n  each phase w i l l  be discussed below. 
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Q u a n t i t a t i v e  d a t a  was obtained from the photographic record through t h e  

use of a microdensitometer having a ' d i g i t i z e d  output .  The machine mea- 

sured t h e  o p t i c a l  d e n s i t y  of d i s c r e t e  areas on the source  f i l m  image and 

produced a record on magnetic tape  i n  t h e  form of an eight-place b inary  

number. The 256 i n t e g r a l  values  p o s s i b l e  i n  an eight-place binary num- 

ber  are uniformly d i s t r i b u t e d  between two bounding o p t i c a l  d e n s i t y  

v a l u e s  as p a r t  of t h e  i n i t i a l  adjustment of t h e  microdensitometer.  The 

bounding va lues  f o r  t h e  o p t i c a l  d e n s i t y  range were s e l e c t e d  so  t h a t  t h e  

lower v a l u e  f e l l  below the observed o p t i c a l  d e n s i t y  f o r  t h e  photographic 

image of t h e  b lack  p o r t i o n  of the l i g h t  source  i n  t h e  absence of emis- 

s ions .  

the maximum observed photographic image d e n s i t y  of t h e  l i g h t e d  p o r t i o n  of 

t h e  l i g h t  source  i n  t h e  absence of emissions.  

f i l m  was processed so that a c l o s e  t o  l i n e a r  r e l a t i o n s h i p  e x i s t e d  be- - .. - 

tween l i g h t  source  image o p t i c a l  d e n s i t y  va lues  and t h e  l o g  exposure 

va lues  which produced them. 

The r e l a t i o n s h i p  between the exposure values w a s  e s t a b l i s h e d  f o r  each 

f i l m  r o l l  through a 21-step d e n s i t y  v e r s u s  exposure t a b l e t  placed on 

each r o l l  p r i o r  t o  processing.  

va lue  with a r e s u l t i n g  o p t i c a l  d e n s i t y .  

q u e n t i a l l y  spaced a t  .15 log  exposure u n i t s  a p a r t ,  a vendor-supplied 

computer program f i t t e d  a cubic curve of d e n s i t y  versus  exposure va lues .  

The program then continued t o  a s s i g n  i n d i v i d u a l  r e l a t i v e  exposure va lues  

t o  each of t h e  binary d e n s i t y  v a l u e s  between 0 and 255 a s  represented  on 

the  magnetic tape.  

The output  v a l u e s  of t h i s  program were provided i n  t h e  form of a punch 

card deck and the magnetic tape.  The exposure values were pos i t ioned  i n  

t h e  t a b l e  mat r ix  so  t h a t  t h e i r  s e q u e n t i a l  p o s i t i o n  number (address)  cor- 

responded t o  t h e  b inary  number v a l u e  a s s o c i a t e d  wi th  t h a t  p a r t i c u l a r  

dens i ty .  Thus, using t h e  b i n a r y  v a l u e  as an address  i n  t h e  matr ix ,  t h e  

r e l a t i v e  e x p o w r e  v a l u e  was found as t h e  numerical  conten ts  of t h a t  

address .  

The upper bound of o p t i c a l  d e n s i t y  was chosen so  t h a t  i t  was above 

F u r t h e r ,  the photographic 

Each s t e p  a s s o c i a t e d  a r e l a t i v e  exposure 

From t h e  2 1  t a b l e t  s t e p s  se- 
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Transmittance "T" i s  def ined as f / f o ,  where f and f o  a r e  t h e  va lues  f o r  

l i g h t  i n t e n s i t y  i n c i d e n t  upon the s y s t e m  d e t e c t o r  i n  the  presence and 

absence of a plume, r e s p e c t i v e l y .  The re la t ive  exposure va lues  a r e  a 

product of l i g h t  i n t e n s i t y  and time: 

EV = Meter Candle Seconds. 

In t h i s  system, d i s t a n c e  i n  meters, which determine apparent i n t e n s i t y  

and exposure time i n  seconds, w a s  h e l d  cons tan t .  Thus, a change i n  EV 

can be considered t o  b e  a change i n  luminance (candles) caused by a 

change i n  plume t ransmiss ion  c h a r a c t e r i s t i c s .  

In order  t o  f a c i l i t a t e  the  c a l c u l a t i o n  of "T" from exposure values .  a 

lower exposure v a l u e  a s s o c i a t e d  with zero source  l i g h t  was e s t a b l i s h e d .  

The d e n s i t y  readings  of t h e  b lack  area i n  the absence of emissions was 

taken t o  r e p r e s e n t  th i s  va lue .  This c o n d i t i o n  e x i s t e d  on the designated 

base frame" of each test. There were, however, s l i g h t  d i f f e r e n c e s  i n  

i n d i v i d u a l  d e n s i t y  va lues  i n  the scan record  of t h i s  a rea .  These could 

b e  caused by machine i n c o n s i s t e n c i e s ,  anomalies i n  t h e  photographic 

f i lms ,  or  smal l  q u a n t i t i e s  of emission somewhere along the  l i n e  of s i g h t  

causing a plume-air l i g h t  r e t u r n .  In order  t o  obta in  a r e p r e s e n t a t i v e  

zero va lue ,  a l l  measured d e n s i t i e s  a c r o s s  the unobscured black p o r t i o n  

of the  bar  were averaged as follows: 

P 

I ,  

Do = 
P 

0 
where D w a s  t h e  binary d e n s i t y  number f o r  a po in t ;  and P w a s  t h e  

t o t a l  number of p o i n t s  scanned a c r o s s  the  b lack  a r e a  on t h e  base  frame. 

This va lue  w a s  e s t a b l i s h e d  f o r  each r o l l  of f i l m  or  t e s t  run. This den- 

s i t y  v a l u e  is assumed t o  be t h e  image d e n s i t y  va lue  of t h e  l i g h t  source  

i f  t ransmission were t o  go t o  zero and t h e r e  were no other  s c a t t e r e d  

l i g h t ,  which appeared to 'come from t h e  l i g h t  source  p o s i t i o n  on t h e  frame. 

li 
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This d e n s i t y  v a l u e  w a s  then loca ted  i n  t h e  d e n s i t y  versus  exposure t a b l e  

and a corresponding exposure v a l u e  w a s  determined. This exposure va lue  

was then s u b s t i t u t e d  i n  the  equat ion f o r  de te rmina t ion  of the  r e c i p r o c a l  

of t ransmi t tance :  

1 f o a  - fob 
T 
- =  

f a  - f b  

where f is always the exposure v a l u e  corresponding t o  E f is t h e  ob 0’  oa 
exposure v a l u e  corresponding t o  t h e  unencumbered p o i n t  d e n s i t y  of the 

l i g h t  source  and f a  and f are equal  t o  the exposure va lues  correspond- 

ing  t o  the p o i n t  image d e n s i t y  of a d j a c e n t  l i g h t  source and b lack  areas 

r e s p e c t i v e l y ,  i n  the presence of t h e  emission plume. 

The exposure va lues  f 

o p t i c a l  d e n s i t y  v a l u e  of each record on the.magne_tic_ tape-as a n  address  

i n  t h e  exposure v a l u e  matr ix  t a b l e .  The c o n t e n t s  of t h a t  address  is t h e  

corresponding r e l a t i v e  exposure v a l u e  f o r  d i r e c t  s u b s t i t u t i o n  i n  t h e  

formula above. 

b 

f , and f were obtained by using t h e  b inary  
02’ a b 

A s  the r e c i p r o c a l  of t ransmi t tance  w a s  found f o r  each poin t  i n  t h e  scan,  

the  n a t u r a l  l og  of t h a t  va lue  was determined and added t o  an accumula- 

t i on .  When t ransmission c a l c u l a t i o n s  on a l l  the 539 poin ts  i n  a frame 

scan were completed, t h e  conten ts  of t h e  l o g  1/T accumulator was mult i -  

p l i e d  by t h e  cons tan ts  represent ing  p a r t i c u l a t e  c h a r a c t e r i s t i c s .  

The equat ion f o r  the  c a l c u l a t i o n  of t h e  mass emission rate f o r  each f i l m  

d a t a  frame is: 

where + r e p r e s e n t s  t h e  mass d e n s i t y  of t h e  p a r t i c i e s ,  K i s  def ined a s  t h e  

s p e c i f i c  p a r t i c u l a t e  volume d iv ided  by the l i g h t  e x t i n c t i o n  c o e f f i c i e n t  

r a t i o  and AL is t h e  l a t e r a l  dimension of a small a r e a  of t h e  l i g h t  

source (termed a po in t )  which is represented  by each of t h e  measured 
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d e n s i t y  v a l u e s  ( 5 3 9 )  a c r o s s  t h e  l i g h t  source.  

c a l c u l a t e d  f o r  each of t h e  measured d e n s i t y  p o i n t s  across  t h e  l i g h t  

source and summed a s  ln ( l /T )  a s  descr ibed above. 

The va lues  of (I d i r e c t l y  determines t h e  c a l c u l a t e d  mass volume from par- 

t i c u l a t e  volume determined by the opacity,measurement. I f  t h e  p a r t i c l e s  

c o l l e c t e d  were made up of a s i n g l e  material or compound, t h e  v a l u e  of 0 
would be simply t h e  mass d e n s i t y  of that  s i n g l e  m a t e r i a l .  The p a r t i c l e  

populat ion c o l l e c t e d  on t h e  coke oven was n o t ,  however, composed of a 

s i n g l e  material. An a n a l y s i s  of p a r t i c u l a t e  samples c o l l e c t e d  i n  p a r t i c l e  

s i z i n g  equipment shows t h a t  s e v e r a l  d i f f e r e n t  m a t e r i a l s  were present  i n  

t h e  population. There is, however, a predominance of two m a t e r i a l s .  

They are carbon ( a s  i t  occurs  i n  coa l )  and heavy hydrocarbons o r  coa l  

t a r s ,  A f u r t h e r  a n a l y s i s  shows t h a t  t h e , l a r g e r  p a r t i c l e s  a r e  composed 

mostly of carbon w i t h  some t a r  causing cons iderable  p a r t i c l e  agglomera- 

t ion .  The smaller p a r t i c l e  s i z e  ranges,  on the o t h e r  hand, a r e  composed 

pr imar i ly  of t a r  globules  which a r e  probably condensed from t h e  e x i s t i n g  

gas as i t  reaches t h e  ambient air .  The p a r t i c u l a t e  s i z e  d i s t r i b u t i o n  

from t h e  p a r t i c l e  s i z i n g  equipment f u r t h e r  expla ins  t h e  apportionment 

of t h e  m a t e r i a l  between the two ranges.  The combined weight of t h e  

s t a g e s  shows t h a t  53 .4% of the t o t a l  average sample mass i s  contained 

between 9 . 4  u and %lo00 u ,  whi le  4 6 . 6 %  is contained i n  the  ranges 6 . 4  u 
and below. Using t h i s  information,  a r e p r e s e n t a t i v e  p a r t i c l e  mass den- 

s i t y  v a l u e  was est imated.  The v a l u e  used i n  mass r a t e  c a l c u l a t i o n s  f o r  

t h e  o p t i c a l  system is 1.2 gm/cm . It is q u i t e  s imple,  however, t o  de- 

termine mass r a t e s  f o r  o t h e r  assumed v a l u e s  of d e n s i t y  s i n c e  t h i s  f a c t o r  

i s  purely m u l t i p l i c a t i v e  i n  t h e  mass rate equation. 

The determinat ion of an a p p r o p r i a t e  v a l u e  f o r  t h e  cons tan t  K i s  compli- 

ca ted  by t h e  complex p a r t i c l e  m a t e r i a l  makeup and t h e  d i s t r i b u t i o n  of 

p a r t i c l e  s ize .  

equation: 

The values  of 1 / T  were 

3 

The v a l u e  of K is mathematically evaluated us ing  t h e  

7 7  



i n  which r is t h e  r a d i u s  of a p a r t i c l e ,  r i s  the  simple geometric mass 

mean r a d i u s  and 0 

d i s t r i b u t i o n ,  and Q, i s  the  e x t i n c t i o n  c o e f f i c i e n t  assigned o r  calcu- 

l a t e d  f o r  s i z e  d i s t r i b u t i o n .  

P i l a t  and Ensor** t h a t  Q, can reasonably b e  s e t  equal  t o  2 f o r  l a r g e  

p a r t i c l e s  ( l a r g e r  than 2-4 p) without  s e r i o u s  e r r o r  i n  c a l c u l a t i o n s .  

T h i s  approach cannot,  however, b e  used f o r  small  p a r t i c l e s  s i n c e  t h e i r  

Q, v a l u e  is much more s t r o n g l y  inf luenced by t h e i r  m a t e r i a l  makeup, 

t h e i r  complex index of r e f r a c t i o n ,  and t h e  wavelength of  t h e  l i g h t  source  

which they a t t e n u a t e .  

Measurements and a n a l y s i s  of the p a r t i c l e  s i z e  d i s t r i b u t i o n  have shown 

t h a t  t h e  s i z e  frequency curve i s  bi-populate  i n  na ture .  

demonstrated through graphic  and chi-square tests t h a t  each h a l f  of t h e  

combined curve g e n e r a l l y  f i ts  a lognormal d i s t r i b u t i o n .  

The upper p o r t i o n  of t h e  combined curve r e p r e s e n t i n g  t h e  l a r g e r  p a r t i c l e s  

has a geometric mass mean r a d i u s  of  1.100 u .  
c l e  popula t ion  can be expected t o  have a va lue  of Q, approximately equal  

t o  two. The lower p o r t i o n  of the  combined curve,  however, has a geo- 

m e t r i c  mass mean r a d i u s  of .85 u .  With t h i s  mean r a d i u s ,  i t  is  improper 

t o  a s s i g n  a v a l u e  of z f o r  Q 

* Conner, W. D., Hodkinson, J. R. O p t i c a l  P r o p e r t i e s  and Visual E f f e c t s  
of Smoke Stack Plumes. U ,  S .  Department of Heal th ,  Education, and 
Welfare, Cinc inna t i ,  Ohio. P u b l i c a t i o n  UPB 174-705. 1967.  

gn 
t h e  s t a n d a r d  d e v i a t i o n  of a lognormal par t ic le  s i z e  

g 

It was shown by Conner and Hodkinson* and 

- - -  - - 

It has  a l s o  been 

' 

This p o r t i o n  of t h e  p a r t i -  

of these  p a r t i c l e s .  E - 

** Ensor, D. S.,  P i l a t ,  M. J .  C a l c u l a t i o n  of Smoke Plumeopacity from 
P a r t i c u l a t e  A i r  P o l l u t a n t  P r o p e r t i e s .  
t r o l  Associat ion.  

Journa l  of A i r  P o l l u t a n t  Con- 
Volume 21, Number 8, August 1971. 
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In order  t o  develop 8 K va lue  f o r  the  t o t a l  p a r t i c l e  populat ion,  K was 

determined f o r  each of t h e  two p a r t i c u l a t e  mean va lues  and t h e  observed 

var iance  about t h a t  mean. 
be made up p r i m a r i l y  of carbon wi th  an index of r e f r a c t i o n  of 1.96-0.66 i. 

The lower p o r t i o n  of the  populat ion w a s  assumed t o  be pr imar i ly  coa l  tar 

with an est imated v a l u e  f o r  t h e  complex h d e x  of r e f r a c t i o n  of 

1.54 - 1 .91~10-~  i. The va lues  of K found f o r  each h a l f  w e r e  combined 

using t h e  p a r t i c l e  number d i s t r i b u t i o n  as a weighing f a c t o r .  

P a r t i c l e  number d i s t x i b u t i o n  showed 4% of the  t o t a l  p a r t i c l e s  t o  be i n  

t h e  upper d i s t r i b u t i o n .  while  46% w a s  contained i n  t h e  lower por t ion .  

The K va lue  f o r  t h e  upper por t ion  w a s  found t o  b e  28, while  t h e  lower K 

v a l u e  was est imated to b e  .22 .  The combining of t h e s e  two va lues  us ing  

the  a s s o c i a t e d  populat ion percent  as a weighing f a c t o r  y i e l d s  a combined 

va lue  of 1.33 f o r  K. This value  was used i n  t h e  mass rate c a l c u l a t i o n s .  . 

Since this f a c t o r  i s  purely m u l t i p l i c a t i v e ,  mass r a t e  f o r  o t h e r  K values  

can b e  e a s i l y  es t imated.  

The las t  cons tan t ,  AL, is t h e  l a t e r a l  wid th  of a s i n g l e  s a m p l e  po in t .  

The microdensitometer was set  up t o  t a k e  539 equal  width samples across  

t h e  48' l i g h t  source.  

The upper p o r t i o n  around 100 p was assumed t o  

The equat ion f o r  AL is  therefore :  

48' x .3048 M l f t  = .027 M. 
539 AL = 

This i s  t h e  va lue  f o r  AL used in the mass r a t e  c a l c u l a t i o n s  across  t h e  

h o r i z o n t a l  bar .  

the  v e r t i c a l  "wing" l i g h t  sources .  

In order  t o  c a l c u l a t e  a t o t a l  mass e m i t t e d  over any per iod of t i m e  dur- 

ing  a charge,  t h e  instantaneous v a l u e  of mass emission r a t e  is m u l t i p l i e d  

by t h e  plume v e r t i c a l  v e l o c i t y  o r  plume rise v e l o c i t y .  In t h e  o r i g i n a l  

system concept, t h e  va lue  o r  va lues  f o r  plume v e l o c i t y  w a s  t o  be de te r -  

mined using motion p i c t u r e s  of t h e  a c t u a l  plumes. This approach was 

modified s l i g h t l y  t o  u t i l i z e  t h e  system sequence camera i n s t e a d  of a 

motion p i c t u r e  camera. 

The same AL can be used €or rate c a l c u l a t i o n s  involving 



.. 

In order  t o  measure t h e  v e r t i c a l  progress  of the  plume, an i l l u s t r a t e d  

scale w a s  cons t ruc ted  and placed on one of t h e  equipment towers approxi- 

mately 30 f e e t  above t h e  top of t h e  oven. The b a r  cons is ted  of ten 

s m a l l  l i g h t  bulbs spaced one f o o t  apart. As viewed from t h e  coa l  b in  

balcony, t h e  s c a l e  s t a r t e d  about one f o o t  below t h e  l i g h t  bar  and ex- 

tended upward about n ine  f e e t  above i t .  

t h e  v i s i b l e  vertical  a r e a  included i n  each frame which extended about 

30 f e e t  above the image of the ba r .  

In order  t o  prevent  s p e c i a l  d i s t o r t i o n .  emission plumes were'chosen 

which were r i s i n g  near  v e r t i c a l l y  (not be ing  blown by wind) i n  t h e  

v i c i n i t y  of t h e  i l lumina ted  scale (about t h e  same d i s t a n c e  from t h e  

camera). An a d d i t i o n a l  cons idera t ion  i n  the s e l e c t i o n  of emission 

per iods  was t h e  v i s i b i l i t y  of t h e  i l l u m i n a t e d  scale during a t  least some 

p o r t i o n  of the period recorded on f i h .  

bar  b e  v i s i b l e  the e n t i r e  period s i n c e  only two o r  three frames per  

per iod were requi red  t o  c a l i b r a t e  t h e  viewing screen.  

The technique used i n  photographing the plume involved observing t h e  

emissions u n t i l  a v e r t i c a l l y  r i s i n g  p lume developed wi th  a number of 

d i s t i n g u i s h a b l e  fea turessuch  as puffs .  The sequence camera was then 

operated a t  ei ther one or f i v e  frames per second f o r  some per iod of time - 
u s u a l l y  from 30 seconds t o  one minute. The record of t h e  v e r t i c a l  motion 

w a s  thus  made a t  known time i n t e r v a l s .  

The r e s u l t i n g  f i l m  w a s  processed and viewed us ing  a s tandard 35mm pro- 

j e c t o r  and a square  g r i d  as a viewing screen .  

w i t h  r e s p e c t  t o  t h e  screen  u n t i l  t h e  d i s t a n c e  between two a d j a c e n t  bulbs 

on t h e  s c a l e  image correspond t o  some convenient number of viewing screen  

g r i d  dimensions. This allowed a d i r e c t  e s t i m a t i o n  of the  v e r t i c a l  r ise  

d i s t a n c e  of some observed f e a t u r e  on t h e  plume. 

A t o t a i  of 60 observa t ions  were made on f ive  d i f f e r e n t  charges. 

met ic  mean v a l u e  was c a l c u l a t e d  f o r  t h o s e  observat ions.  This v a l u e  w a s  

6.63 fee t j second f r e e  r i s e . v e l o c i t y  f o r  t h e  plume i n  t h e  v i c i n i t y  of t h e  

l i g h t  source.  

va lues  were used f o r  mass emission c a l c u l a t i o n s  i n  t h e  o p t i c a l  program. 
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This s c a l e  was used t o  c a l i b r a t e  

. .  
It w a s  no t  necessary'  that t h e  

-. . . .  .~ - - 

The p r o j e c t o r  was ad jus ted  

The a r i t h -  

A one u value  for the populat ion was a l s o  c a l c u l a t e d .  These 

. 



SECTION V 
RESULTS 

This p o r t i o n  of the document summarizes t h e  f i n a l  r e s u l t s  of t h e  d a t a  

analyses.  

AISI/EPA car and Wilput te  ca r  along wi th  ,? comparison of gaseous emissions 

t h a t  were measured by both t h e  continuous and manual sampling systems.  

The r e s u l t s  of t h e  p a r t i c u l a t e  ana lyses  are provided i n  two p a r t s .  

p a r t i c l e  s i z e  information is given f o r  a number of s i z i n g  methods used 

during t h e  program. 

mined. 

late mass emit ted during a charging opera t ion  of t h e  AISI/EPA c a r  t o  t h a t  

emitted by t h e  Wilputte car. 

The o p t i c a l  monitoring r e s u l t s  a r e  a l s o  presented. The r e s u l t s  are 

evaluated and compared t o  the  in-s tack measurement system r e s u l t s .  The 

f e a s i b i l i t y  of t h i s  system f o r  genera l  use  i n  source  monitoring is a l s o  

discussed. 

A comparison is provided of gaseous emissions re leased  by t h e  

F i r s t ,  

An o v e r a l l  frequency s i z e  d i s t r i b u t i o n  is a l s o  de te r -  

Following th i s .  a comparison is given between t h e  t o t a l  par t icu-  

COKPARISON OF CONTIWOUS MEASUREMENT AND MANUAL GAS SAMPLING METHODS 

The continuous monitoring system w a s  used t o  o b t a i n  gas measurements on 

27 charging opera t ions ,  25 of which produced u s e f u l  da ta .  

sampling system was i n  opera t ion  on 16  of the  27 tests, and d a t a  from 10 

of t h e  tests were analyzed. 

Table 6 lists t h e  c o n s t i t u e n t s  measured by t h e  continuous and manual 

sampling systems. 

The manual 

The d a t a  from manual and continuous gas analyses  i s  
* presented i n  Appendices B and C,  r e s p e c t i v e l y .  Of t h e  1 6  gases ,  e i g h t  

gases were analyred by both t h e  continuous and manual systems. 

p r e s e n t a t i o n  of resu l t s ,  e i t h e r  the  continuous or manual va lues  were used, 

based on the comparison of t h e  sys t ems  as descr ibed below. 

f o r  both manual and continuous analyses  are shown i n  Tables 7 through 14 .  
In  these  t a b l e s ,  the  columns labe led  " I n t e r v a l  Average" r e f e r  t o  average 

va lues  c a l c u l a t e d  over t h e  per iod during which manual gas sampling was 

taking place.  Under the  "MITRE Values" heading, t h e  " I n t e r v a l  Average" 

I n  t h e  

The r e s u l t s  
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TABLE 6 

CONSTITUENTS MEASURED BY THE CONTINUOUS AND 
MANUAL SAMPLING SYSTEMS 

Constituent Continuous Manual 

co X X 

c02 X X 

s02 

H2S 

CH4 

Nox 

N2 

"3 

H20 

HZ 

O2 

THC 

NO 

HCN 

pyridine 

phenols 

X 

X 

X 

X 

. 
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values  are an average of f i v e  second averages ( s e e  Appendix C, page C-123) 

during t h e  manual sampling per iod.  

f i v e  second averages over t h e  t o t a l  test per iod.  Under t h e  "MRI Values" 

heading, t h e  " I n t e r v a l  Average" i s  a s imple average of the measured con- 

c e n t r a t i o n s  i n  t h e  sample bags. 

comparable, whereas t h e  " t e s t "  value r e p r e s e n t s  an average over a longer 

period of t i m e .  

Also included i n  these  t a b l e s  a r e  values  of d e t e c t a b l e  l i m i t s  f o r  individ-  

u a l  samples. 

i n d i c a t e  t h a t  concentrat ions of t h e  p a r t i c u l a r  c o n s t i t u e n t  below t h i s  

l e v e l  may have been present ,  bu t  would not  have been de tec t ed  by t h e  

a n a l y t i c a l  techniques u t i l i z e d .  Thus, t h i s  va lue  does not i n d i c a t e  t h e  

abso lu te  absence or v e r i f i e d  presence of t h e  c o n s t i t u e n t .  

In  gene ra l ,  good agreement was observed between manual and continuous 

da t a  fo r  CO, C02,  THC. and 02. 

systems were producing r e s u l t s  t h a t  agreed w i t h i n  t h e  c o n s t r a i n t s  of t h e  

system. Generally,  l a r g e  disagreement for t hese  gases on s p e c i f i c  tests 

could be  t raced t o  some s p e c i f i c  problem occur r ing  during t h e  test. 

comparisons were a l s o  found between t h e  r e s u l t s  of each t e s t  and t h e  

general  q u a l i t a t i v e  d e s c r i p t i o n s  of t h e  emissions recorded on t h e  vo ice  

tapes .  The emission volumes determined for  each of t hese  gases were ca l -  

cu la t ed  using t h e  continuous r e s u l t s .  This w a s  done because more con- 

t inuous measurements were performed than manual, and hence, o f f e red  a 
l a r g e  s t a t i s t i c a l  sample. 

The continuous SO and H S d a t a  when compared wi th  t h e  manual da t a  were 2 2 
found t o  b e  o rde r s  of magnitude higher .  As a r e s u l t ,  a number of labora- 

tory tests were performed. These t e s t s  e s t a b l i s h e d  the f a c t  t h a t  c e r t a i n  

aromatic hydrocarbons, probably p re sen t  i n  coke oven emissions ( e spec ia l ly  

phenol),  i n t e r f e r e  with the W bands used t o  measure H S and SO2; (215 m 

and 280 mu,  r e spec t ive ly ) .  Therefore,  even with t h e  c o n s t r a i n t  of a 

smaller s t a t i s t i c a l  sample, i t  was necessary t o  use the manual r e s u l t s  t o  

determine t h e  t y p i c a l  SO 

"Tes t  Average" values  are averages of 

Thus, o n l j  t h e  " in t e rva l "  values  a r e  

This va lue  is  a func t ion  of sample s i z e  and is included t o  

For t hese  fou r  gases ,  i t  w a s  f e l t  both 

Good 

2 

and H2S emission volumes per charge. 2 
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S i m i l a r l y ,  i n t e r f e r e n c e  problems, as w e l l  a s  c a l i b r a t i o n  problems, f o r  

t h e  H 

continuous da t a ,  and i t  was concluded t h a t  manual d a t a  should be used f o r  

any computation r e q u i r i n g  hydrogen. 

Comparison of NO 

o t h e r s  d i f f e r  by as much as an order  of magnitude. The d a t a  from both 

systems were compared t o  q u a l i t a t i v e  d e s c r i p t i o n s  of each test, and i t  

w a s  determined t h a t  there were i n c o n s i s t e n c i e s  in the manual sampling re- 

s u l t s .  A s  a r e s u l t ,  i t  w a s  concluded t h a t  t h e  continuous measurements 

would b e  used f o r  NOx. 

In summary, of t h e  e i g h t  gases measured by both  systems, t h e  continuous 

resu l t s  were used i n  t h e  da ta  reduct ion  procedures f o r  CO, C 0 2 ,  THC, 02, 
and NOx; and t h e  manual d a t a  were used f o r  H S, SO2 and H 

analyzer  r e s u l t e d  i n  cons iderable  disagreement between manual and 2 

d a t a  shows va lues  f o r  c e r t a i n  tests i n  agreement, while  
X 

_ _  - 

2' 2 

COMPARISON OF GASEOUS EMISSIONS FOR WILPUTTE AND AISI/EPA CAR 

During the  f i e l d  measurement program, i t  was not p o s s i b l e  t o  monitor a l l  

emission p o i n t s  simultaneously.  Therefore ,  the  es t imate  of t o t a l  gaseous 

emissions r e l e a s e d  by t h e  car  was prepared using aggregate  d a t a  on mea- 

sured gaseous concent ra t ions  from t h e  s e r i e s  of i n d i v i d u a l  tes ts .  The 

average volume flow f o r  each emission p o i n t  was c a l c u l a t e d  f o r  each test 

and summed t o  determine t h e  average t o t a l  volume flow of gases emitted 

during a charge. 

t i o n  of t h e  i n d i v i d u a l  gases and by t h e  test t i m e s  t o  c a l c u l a t e  t h e  

volume of gaseous c o n s t i t u e n t s  emit ted p e r  charge. A l l  volume calcula-  

t i o n s  a r e  based on average t e s t  times of 2.61 minutes and 3.48 minutes 

f o r  t h e  AISI/EPA and Wilput te  c a r ,  r e s p e c t i v e l y .  

def ined  as t h e  period of t i m e  beginning when the  l a r r y  c a r  s t a r t s  t o  un- 

load i t s  coa l  and ending when t h e  l i d s  are replaced by t h e  automatic  l i d  

l i f t c r s  ( f o r  t h e  AISI:EPA cai) o r  15 seconds a f t e r  a l l  the  coa l  i s  dumped 

( f o r  t h e  Wilput te  car). Since t h e  Wilput te  car had t o  move away from t h e  

p o r t s  before  t h e  l i d s  were replaced,  and s i n c e  monitoring could b e  per- 

formed only when the  ca r  was i n  p lace ,  the Wilputte test t i m e  w a s  extended 

t o  a l low f o r  t h e  emissions t h a t  would normally occur b e f o r e  the lidman 

replaced the  l i d s .  

These va lues  were m u l t i p l i e d  by t h e  average concentra- 

A charge o r  test is 

F i f t e e n  seconds was considered t h e  very  minimum time 

9 2  



i n  which a man could r e p l a c e  the l i d s  and only under t h e  very b e s t  con- 

d i t i o n s .  Table  15 l ists  the average volumes f o r  gases monitored by t h e  

continuous measurement system f o r  the Wilput te  car and Table 16 lists 

them f o r  t h e  AISI/EPA car. The measured and cor rec ted  v a l u e s  r e p r e s e n t  

flows and volumes c a l c u l a t e d  us ing  measured and cor rec ted  (Equation 10)  - concent ra t ions ,  respec t ive ly .  The measured v a l u e  can be i n t e r p r e t e d  i n  

most cases as a lower l i m i t  v a l u e ,  while the cor rec ted  would i n d i c a t e  

t h e  upper l i m i t  o f  the.emission l e v e l s .  It can b e  assumed t h a t  t h e  

volume of emission escaping through t h e  measurement p o i n t s  would l i e  i n  

a range somewhere between t h e  measured and cor rec ted  values .  Hence, 

t h e  c l o s e r  t h e  measured v a l u e  is t o  t h e  c o r r e c t e d  va lue ,  the more confi-  

dence can be placed i n  t h e  resu l t s .  

c l o s e  t o  t h e  cor rec ted  va lue ,  t h i s  is an i n d i c a t i o n  t h a t  t h e  e r r o r  

caused by d i l u t i o n  of t h e  sample wi th  ambient air  was minimized. 

During t e s t i n g  of t h e  AISI/EPA c a r ,  a combination of condi t ions  caused 

number 3 drop sleeve during T e s t  21 f a i l  t o  s e a l .  

surrounding t h e  drop s l e e v e  presented d e t e c t i o n  of the  f a u l t y  seal 

u n t i l  the  charge had begun. Hence, no a l t e r n a t i v e  measures could be 

taken t o  c o r r e c t  th i s  condi t ion.  

a fair r e p r e s e n t a t i o n  of normal AISI/EPA emissions,  and Table 17 l ists  

A I S I / E P A  volumes excluding T e s t  21  v a l u e s  from t h e  averages. 

s u l t s  are presented with and without T e s t  2 1  included,  so as t o  g ive  a 

r e p r e s e n t a t i o n  of average emissions under poor condi t ions  and under a 

more t y p i c a l  set of condi t ions  which might r e q u i r e  a reasonable amount 

of ca re  t o  obta in .  

Table 18  i s  based on cor rec ted  va lues  and compares t h e  Wilput te  car t o  

t h e  AISI/EPA car  f o r  NOx, NO, C 0 2 ,  CO and THC. 

t h e  volume of NO 

cantly w i t h  t h e  new car.  Emission reduct ion  ranged from 14 t o  99%. wi th  

t h e  g r e a t e s t  reduct ion  being i n  NO emissions. The smal les t  reduct ion  of 

these  f ive c o n s t i t u e n t s  w a s  s t i l l  very  s i g n i f i c a n t ,  THC average emission 

volume f o r  t h e  new car averaged between 14% and 40% less than the  o t h e r  

ca r .  

When t h e  measured va lue  i s  very  

The emission guide 

Therefore,  t h i s  t e s t  was not  considered 

The re- 

A s  noted on Table 18, 

NO, C 0 2 ,  CO and THC w a s  shown t o  decrease s i g n i f i -  X’ 
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TABLE 15 

MISSION VOLUMES FOR WILPUTTE CHARGING 

Constituent 

Nox 

c02 

NO 

co 

THC 

Measured 

.1107 

.0783 

29.00 

16.94 

33.28 

TABLE 16 

Corrected 

.1144 

.OB02 

29.36 

17.49 

33.77 

- 

EMISSION VOLUMES FOR AISI/EPA CHARGING INCLUDING TEST 21 
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TABLE 17 

EMISSION VOLUMES FOR AISI/EPA CHARGING EXCLUDING TEST 21 

Measured Corrected 

X 
NO 

co2 

co 
THC 

I .0169 I .0211 

3 .08  3 . 8 3  

5 .  30 6 .  28 

1 7 . 0 9  2 0 . 4 3  

.0008 I .0011 I NO 

Constituent 

X 
NO 

NO 

co2 
co 
THC 

co2 

co 
THC 

3 .08  

5 .  30 

1 7 . 0 9  

3 . 8 3  

6 .  28 

2 0 . 4 3  

TABLE 18 

PERCENT REDUCTION OF GASEOUS EMISSIONS 

Wilputte Volume-AISI/EPA Volume)/Wilputte Volume x 100 

% Reduction 

5 6 .  8 

9 2 . 4  

8 3 . 9  

4 8 . 3  

1 3 . 7  

9 5  

% Reduction w/o Test 21 
~~~ ~~ ~ 

81.6 

9 8 . 6  

8 6 . 9  

6 4 . 1  

3 9 . 5  



Table 19 lists the average, maximum and minimum concent ra t ion  f o r  a l l  

t h e  gaseous p o l l u t a n t s  measured. 

measured by t h e  continuous monitoring system. The remaining seven con- 

s t i t u e n t s  were measured by t h e  manual sampling system. 

noted that the averages of gases  measured by t h e  manual sampling s y s t e m  

was based on 10  tests f o r  the  Wilput te  c a r  and three tests f o r  the  

AISIJEPA, while the continuous system was o p e r a t i o n a l  on 18 Wilput te  

tests and 10  AISI/EPA tests. 

Data f o r  SO2, H S, CH4, NH3, phenol, CN and p y r i d i n e  a r e  presented i n  

Appendix C. For a s u b s t a n t i a l  number of t e s t s ,  measurement of these  

seven c o n s t i t u e n t s  produced concent ra t ions  below t h e  d e t e c t a b l e  l i m i t .  

It was f e l t ,  due t o  t h e  small-number of t e s t s  o n w h i c h  these  cons t i -  

t u e n t s  were measured and the  l a r g e  number of t i m e s  they were below de- 

t e c t a b l e  l i m i t s ,  t h a t  no c a l c u l a t i o n  of volume would b e  t r u l y  repre-  

s e n t a t i v e  of t h e i r  emissions.  I n s t e a d ,  the comparison of cars w a s  made 

on a measured concent ra t ion  b a s i s .  Table  19 shows t h a t  t h e  maximum 

concent ra t ion  measured. excluding T e s t  21, w a s  l a r g e r  f o r  the Wilput te  

c a r  i n  every case. 

concent ra t ions  were reduced f o r  t h e  AISI/EPA ca r  i n  every c a s e  except  

f o r  t h e  c o n s t i t u e n t s  of H S and CH4. 

I n  genera l ,  gaseous emissions from the AISI/EPA car .were  s i g n i f i c a n t l y  

reduced between 14% and 99% f o r  NOx, NO, C02, CO and THC, while  f o r  t h e  

o t h e r  seven p o l l u t a n t s  measured, a q u a l i t a t i v e  eva lua t ion  i n d i c a t e s  

reduct ions  of b e t t e r  than 15% i n  a l l  cases. 

The first f i v e  c o n s t i t u e n t s  were 

It should be 

2 

When Test 2 1  i s  involved i n  t h e  comparison, t h e  

2 

RESULTS OF PARTICLE S I Z E  ANALYSES 

Along with the obvious h e a l t h  reasons f o r  i n t e r e s t  i n  t h e  s i z e  d i s t r i -  

hu t ion  of coke oven p a r t i c u l a t e  m a t t e r ,  i t s  c h a r a c t e r i z a t i o n  is re- 
quired t o  p r e d i c t  t h e  phys ica l  behavior  of p a r t i c l e s  r e l a t i v e  t o  aero- 

dynamics and o p t i c a l  c h a r a c t e r i s t i c s .  
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The p a r t i c l e  s i ze  d i s t r i b u t i o n  determined is a l s o  requi red  f o r  u s e  with 

a n i s o k i n e t i c  mass loading and volume flow d a t a  t o  produce a s e t  of 

c a l c u l a t e d  i s o k i n e t i c  mass values, and wi th  o p t i c a l  d a t a  (opac i ty  mea- 

surements) t o  c a l c u l a t e  t h e o r e t i c a l  mass emissions.  

In t h e  c a l c u l a t i o n  of t h e o r e t i c a l  i s o k i n e t i c  mass d a t a  from a n i s o k i n e t i c  

mass v a l u e s ,  t h e  s i z e  d i s t r i b u t i o n  of t h e  sample i s  a c r i t i c a l  f a c t o r .  

Anisokine t ic  sampling w i l l  r e s u l t  i n  c o r r e c t  p a r t i c u l a t e  concent ra t ions  

i f  t h e  p a r t i c l e s  a r e  aerodynamically small. For most condi t ions ,  

p a r t i c l e s  <5 p may b e  considered a s  small p a r t i c l e s .  

p a r t i c l e s  ( t h o s e  which move independently t o  gas stream) w i l l  produce 

t h e  c o r r e c t  concent ra t ion  va lues  i f  sample volume c a l c u l a t i o n s  a r e  made 

The mass of l a r g e  

us ing  s t a c k  v e l o c i t y  i n s t e a d  of sampling v e l o c i t y .  For-the ‘average - - - 

p a r t i c l e  d e n s i t y  of coke oven emissions,  p a r t i c l e s  <200 p can be con- 

s i d e r e d  l a r g e  p a r t i c l e s  which move independent of the  gas stream. How- 

ever ,  f o r  p a r t i c l e s  between 5 and 200 p ,  a n i s o k i n e t i c  sampling can pro- 

duce r e s u l t s  f a r  d i f f e r e n t  from i s o k i n e t i c  sampling. Hence, t o  approxi- 

mate i s o k i n e t i c  r e su l t s ,  c o r r e c t i o n s  a r e  requi red  and a r e  p a r t l y  depen- 

dent  on t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n .  The r e l a t i o n s  and c a l c u l a t i o n s  

a r e  discussed i n  t h e  A n a l y t i c a l  Methods s e c t i o n  of t h i s  r e p o r t .  

A p a r t i c l e  number d i s t r i b u t i o n  i s  a l s o  requi red  t o  relate absorp t ion  and 

s c a t t e r i n g  e f f e c t s  measured by t h e  o p t i c a l  measurement s y s t e m  t o  t h e  

mass of p a r t i c u l a t e  m a t t e r  i n  the  plume. 

Five methods of p a r t i c l e  a n a l y s i s  were used dur ing  t h i s  t e s t  program: 

Method RanRe Measured Number of Tests* 

Anderson 1.20u ,-u . 5 p  

Brink ,-u 3p 1. .3p 

Sieve & Sedegraph 325 mesh t o  . 6 p  

Coul te r  1.1oop t o  1 p  

O p t i c a l  50011 t o  4p 
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Though d a t a  from a l l  t h e  methods were compared and considered, t h e  

Andersen d a t a  and o p t i c a l  a n a l y s i s  d a t a  of samples taken by t h e  MITRE 
Carrousel  were t h e  primary methods used for development of t h e  p a r t i c l e  

d i s t r i b u t i o n .  

dec is ion ,  as w e l l  a s  d i s c u s s  the methods and sample  handling techniques.  

Both t h e  Andersen and t h e  Brink samplers use  aerodynamic s i z i n g  methods. 

The sample is s imultaneously c o l l e c t e d  and s ized .  Weighing of t h e  col-  

l e c t i o n  s r a g e s  is performed wi th in  a few hours of the tests, and no 

r e d i s p e r s i o n  of t h e  sample i s  needed. The Andersen sampler was used on 

a t o t a l  of ten tests ( a l l  were perfonned i n  t h e  s t a c k s  o r  guides) .  Due 

t o  underloading o r  overloading o r  anomalies i n  s t a c k  v e l o c i t i e s ,  f i v e  

of t h e  tests produced suspected d a t a  and were not  used i n  t h e  f i n a l  

compilation of t h e  da t a .  The Brink sampler w a s  used a number of  times, 

producing d a t a  from s i x  tests. Three of the  s i x  tests concerned sam- 

p l e s  taken from emission plumes 20 f e e t  above the c a r ;  two were of leak- 

i ng  door tests and only one test concerned sampling from t h e  emission 

guides. 

s i n c e  t h e  mass loading samples were taken from these  a reas .  

Sieve,  sedegraph, Coul ter  and some o p t i c a l  analyses  were performed on 

samples red ispersed  a f t e r  v a r i o u s  forms of c o l l e c t i o n .  

f e l t  that  d i s s o l v i n g  the p a r t i c u l a t e  matter could s e r i o u s l y  a l t e r  t h e  

p a r t i c l e  s i z e  d i s t r i b u t i o n  by reducing aggregat ion and f l o c c i n g ,  and 

hence produce biased r e s u l t s .  

The fol lowing paragraphs expla in  t h e  r a t i o n a l e  f o r  t h i s  

The emission guides  and s t a c k  areas are of most importance, 

It is i n t u i t i v e l y  

f 
This number i n d i c a t e s  t h e  t o t a l  number of bo th  "good" and suspec t  

. samples taken a t  emission guides  and s t acks .  T e s t  of l e a k i n g  doors  

of f r e e  plumes, e t c . .  are not  l i s t e d  here .  
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A number of the o p t i c a l  s i z i n g s  were performed on samples c o l l e c t e d  on 

f i e l d  cons t ruc ted  equipment (MITRE Carrousel)  s p e c i a l l y  designed t o  col-  

l e c t  t h e  p a r t i c l e s  and r e t a i n  them i n  a form t h a t  could b e  d i r e c t l y  used 

f o r  o p t i c a l  s i z e  analyses .  The r e s u l t i n g  o p t i c a l  s i z e  d i s t r i b u t i o n  was 

used t o  develop a weight d i s t r i b u t i o n  and combined wi th  t h e  Andersen 

r e s u l t s  t o  produce a t y p i c a l  p a r t i c l e  s i z e  d i s t r i b u t i o n .  

Data from t n e  Andersen and MITRE Carrouse l  o p t i c a l  ana lyses  a r e  l i s t e d  

r e s p e c t i v e l y  i n  Appendices B and E. 

t e n  tests. 

t r i b u t i o n  func t ion .  

and reasons why c e r t a i n  tests - were s u s p e c t  - and_, hence, not-included i n  - . 

t h e  average. The va lues  of t h e  remaining "good" t e s t s  were combined 

wi th  the  o p t i c a l  r e s u l t s  and c o r r e c t i o n s  appl ied  t o  t h e  a n i s o k i n e t i c  

d i s t r i b u t i o n  t o  determine an average c a l c u l a t e d  i s o k i n e t i c  d i s t r i b u t i o n  

shown i n  Table 21.. The cumulative d i s t r i b u t i o n  of Table 21 i s  p l o t t e d  

i n  Figure 18. Inspec t ion  of the  f i g u r e  implies  t h a t  t h e  d i s t r i b u t i o n  
could f i t  a bi-populate  lognormal d i s t r i b u t i o n .  

b u t i o n  w a s  broken i n t o  two s e p a r a t e  d i s t r i b u t i o n s  - one between Range 1 

and Range 7 (conta in ing  1.46.6% of sample by wt.) and t h e  o t h e r  Range 8 

t o  Range 12 (conta in ing  -53.4% of sample by wt . ) .  

malized (Table 2 1 )  and p l o t t e d  on l og  p r o b i t  paper (Figures  19 and 20).  

As expected, a s t r a i g h t  l i n e  can b e  drawn through t h e  d a t a  p o i n t s  i m -  

p l y i n g  t h a t  bo th  curves can b e  approximated by log-normal d i s t r i b u t i o n s .  

The lower range curve has  a mass mean d i a m e t e r  of  about 8.5 pm and a 

sigma of about  2.5, whereas the l a r g e r  range curve has a mass mean 

diameter around 235 vm and a sigma of about 3.9. 

quency d i s t r i b u t i o n  can be descr ibed by: 

The Andersen sampler was used on 

Only f i v e  of the  t en  were acceptab le  f o r  determining a d i s -  

Table 20 lists a l l  t e n  tests, l o c a t i o n  of samplers 

To check t h i s ,  the  d i s t r i -  

These were then nor- 

The o v e r a l l  mass f r e -  
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TABLE 20 

ANDERSEN ANALYSIS 

T e s t  Number 
and Location 

7 - 1  

e - 2  

a - 3  

9 - 1  

10 - 6 

11 - 5 

23 - 2 

20 - K2 
21 - K 3  

24  - K1 

S t a t u s  and Reason 

T e s t  was acceptab le .  

T e s t  was acceptab le .  

T e s t  w a s  suspec t  due t o  s t a g e  over- 
loading  ( t h e  2/3 s t a g e  had more 
than 120 mg on i t ) .  

T e s t  w a s  s u s p e c t ,  load on s t a g e  
was very l i g h t  ( < . 2  mg) and e m i s -  
sion v e l o c i t y  was zero during much 
of t h e  test making c a l c u l a t i o n  of 
t h e o r e t i c a l  c o r r e c t i o n  f a c t o r s  
d i f f i c u l t .  

Test was acceptab le ,  loading w a s  
l i g h t .  

Test was acceptab le ,  loading was 
l i g h t e r  than  i d e a l .  

Test was acceptab le ,  one s t a g e  
s u f f e r e d  minor overloading. 

T e s t  was acceptab le .  

T e s t  was suspec t ,  s t a g e s  were 
over-loaded (as  much a s  590 mg). 

T e s t  was s u s p e c t ,  s t a g e s  under- 
loaded (some as l i g h t  a s  .02 mg). 
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FIGURE i n  
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FIGURE 19 
LOG NORMAL PLOT OF RANGES 1 THRU 7 
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where i t  is assumed fL(D) is  independent of f (D) 
- -u -  _ .  - - - - . . - - 

f ( D )  = m a s s  frequency d i s t r i b u t i o n  of bi-populate lognormal e 

f (D)= mass frequency d i s t r i b u t i o n  l o w e r  lognormal curve 1 

f (D)= m a s s  frequency d i s t r i b u t i o n  of upper lognormal curves  

D = diameter  of range 

W1 

U 

= weight % of lognormal p o r t i o n  of bi-populate centered 
about  .85 p (46.6%) 

W2 = weight % of lognormal p o r t i o n  of bi-populate centered 
about .235 u (53.4%) 

= mean of lower curve (.a5 u)  

= mean of upper curve (235 u)  

= sigma of lower mode, 2.5 

= sigma of upper mode, 3.9 

V1 

p2 

1 

2 

U 

U 

This  d i s t r i b u t i o n  f u n c t i o n  would seem t o  g i v e  t h e  b e s t  p o s s i b l e  genera l  

d e s c r i p t i o n  of t h e  coke oven charging p a r t i c u l a t e  emissions based on t h e  

c o l l e c t e d  da ta .  

based on an average d e n s i t y  o f  1.2 g m / m l .  Though t h e  measured d i s t r i b u -  

t i o n  f i t s  the bi-populate  lognormal form reasonably w e l l ,  i t  is based on 

only f i v e  tests which cannot be considered t h e  most i d e a l  s t a t i s t i c a l  

example. 

However, i t  should b e  noted t h a t  t h i s  d i s t r i b u t i o n  is 

Therefore,  t h e  bi-populate lognormal frequency d i s t r i b u t i o n  is not 
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presented as the a b s o l u t e  p a r t i c l e  d i s t r i b u t i o n ,  bu t  r a the r  a s  a s i m p l i -  

f i e d  mathematical  model t o  be used as a r e p r e s e n t a t i o n  of coke oven 

charging p a r t i c u l a t e  d i s t r i b u t i o n .  

Appendix E g ives  t h e  p a r t i c l e  d i s t r i b u t i o n s  from B r i n k  samplers f o r  

emission guide,  boom, and leaking  door tE:zts. 

of the  Brink sampler,  t h e  d a t a  concerns only t h e  lower lognormal 'por t ion  

1. of the bi-populate  d i s t r i b u t i o n  and, hence, can only be,compared a g a i n s t  

Due t o  t h e  l i m i t e d  range 

t h i s  p o r t i o n  of t h e  curve. Furthermore, only Brink T e s t  # 4  can be used 

a s  a comparison because i t  was the  only t e s t  performed a t  t h e  emission 

p o i n t s  of t h e  charging operat ion.  Figure 2 1 i s  a p l o t  of t h e  cumulative 

weighted percent  of T e s t  4.  Assuming a lognormal d i s t r i b u t i o n ,  a s t r a i g h t  

l i n e  drawn through t h e  p o i n t s  produce a mean of about  1 . 2  p and a sigma 

of 2.2.  This  i s  i n  good agreement with t h e  c a l c u l a t e d  lower d i s t r i b u -  

t i o n  of a mean %.85 p and sigma 2.2.5. I n  a d d i t i o n ,  t h e  Brink d a t a  are 

a l l  based on an assumed d e n s i t y  of .8 g m / m l  and t h e  Andersen d a t a  a r e  

based on 1 .2  g m / m l .  

t o  b r i n g  them i n t o  c l o s e r  agreement. 

The Coulter  counter  produced a volume mean of -27 p .  The sample was 

taken i y  s c r a p i n g  p a r t i c u l a t e  matter o f f  a 1/4" w i r e  sc reen  which had 

been exposed t o  t h e  emission plume of t h e  Wilput te  s tack .  

O p t i c a l  a n a l y s e s  were performed on p o r t i o n s  of t h e  samples  removed from 

the  cyclone and Andersen sample r .  These samples were suspended i n  ben- 

zene when removed from t h e  sampler and w e r e  l a t e r  suspended i n  i sopropyl  

a lcohol  j u s t  p r i o r  t o  s i z i n g .  The number mean diameter was found t o  be 

between 5.5 and 3 pm o r  around 30 pm mass mean diameter.  

The s i e v e  and sedegraph ana lyses  were performed on p a r t i c u l a t e  mat te r  

trapped i n  t h e  case  of t h e  MITRE Carrousel  Sampler (not  on t h e  c o l l e c t i o n  

s l i d e s  of t h e  sampler).  The s i z e  d i s t r i b u t i o n  of these  samples  was found 

t o  b e  bi-populate.  Seventy percent  of t h e  sample mass w a s  g r e a t e r  than 43 Vrn 

(325 mesh by s i eve )  and 30 percent  less than 3 p with  a mean of about 1.3 u 
f o r  t h e  p o r t i o n  of the sample less than 3 ,,. The sedegraph a n a l y s i s  was 

performed u s i n g  water as t h e  medium. This is i n  f a i r  agreement wi th  t h e  

I 

Equating t h e  d e n s i t i e s  of both methods would tend 
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Andersen, Brink, and MITRE Carrousel  a n a l y s i s .  

STATISTICAL EVALUATION OF SIZE DISTRIBUTION DATA 

The a r i t h m e t i c  averages f o r  t h e  acceptab le  tests inc luding  a n i s o k i n e t i c  
2 and c a l c u l a t e d  i s o k i n e t i c  va lues  are shown i n  Table 22. Chi-square (x ) 

tests were performed on both a n i s o k i n e t i c  and t h e o r e t i c a l  i s o k i n e t i c  

averages a g a i n s t  t h e  r e s p e c t i v e  va lues  f o r  i n d i v i d u a l  tests. A s  shown 

i n  the t a b l e ,  t h e  t h e o r e t i c a l  i s o k i n e t i c  va lues  produced equal  or lower 

x va lues ,  hence, higher  confidence levels. 

rec ted  d a t a  pass t h e  goodness of f i t  test whi le  only two of t h e  aniso-  

k i n e t i c  tests pass  t h e  test. 

t h e r e  is no reason t o  doubt t h e  d i s t r i b u t i o n  f i t s  by t h e  h y p o t h e t i c a l  

d i s t r i b u t i o n .  

The bi-populate lognormal d i s t r i b u t i o n  w a s  determined from t h e  va lues  of t h e  

a r i t h m e t i c  average of a l l  the  cor rec ted  i s o k i n e t i c  va lues  and passes 

the  x goodness of f i t  test.* However, t h e  d a t a  do suggest  €he d i s t r i -  

bu t ion  v a r i e s  between guide and s t ack .  The d i s t r i b u t i o n s  from t h e  

emission guide tend t o  s h i f t  the  mean of t h e  lower mode toward a lower 

mean and higher  s tandard d e v i a t i o n ,  w h i l e  the s t a c k s  tend t o  t h e  o t h e r  

extreme. Though these  d i f f e r e n c e s  were noted,  t he re  was s t a t i s t i c a l l y  

i n s u f f i c i e n t  d a t a  t o  produce s e p a r a t e  d i s t r i b u t i o n  f o r  t h e  guides and 

s t acks .  Therefore.  the  bi-populate d i s t r i b u t i o n  previously descr ibed was 

used t o  approximate p a r t i c u l a t e  emissions i n  a l l  cases .  

" 

(h 

2 A l l  x2 t e s t s  on t h e  cor- 

To p a s s  t h e  x2 t e s t  implies only t h a t  

2 

COMPARISON OF PARTICULATE EMISSIONS FROM WILPUTTE AND AISI /EPA CAR 

A number of analyses  were performed on the p a r t i c u l a t e  mass samples. The 

primary ana lyses  ( f o r  mass emit ted)  was performed on a l l  samples and cor- 

r e c t i o n s  (Equation 16) f o r  e r r o r s  due t o  a n i s o k i n e t i c  sampling were ap- 

p l i ed .  Secondary i n v e s t i g a t i o n s  inc lude  analyses  f o r :  

* 
Herdan, G. H.. Smith, M. L . ,  Hardwick, W. H . ,  Conner, P. Small Par- 
t i c l e  S t a t i s t i c s .  London, B u t t e m o r t h s ,  1960. p.  122-125 
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% t a r  content  

benzpyrene content  

dens i ty  

e lemental  

The major o b j e c t i v e s  of t h e  secondary a n a l y s i s  were t o  develop b a s e l i n e  

da ta  on coke oven emissions wi th  emphasis on t h e  d e t e c t i o n  of p o t e n t i a l l y  

hazardous substances such a s  carcinogens and heavy metals ,  and an assess- 

ment of t h e  s t a t e  of t h e  a r t  i n  techniques f o r  making such measurements 

and determinat ions.  T h i s  a n a l y s i s  is necessary i n  any assessment of t h e  

importance and p o t e n t i a l  e f f e c t s  of coke oven emissions.  These analyses  

were performed on only a p o r t i o n  of t h e  t o t a l  number of samples. 

MASS EMISSIONS 

The average c a l c u l a t e d  i s o k i n e t i c  mass emit ted by the Wilput te  ca r  was 

814.7 gm p e r  charge,  while  t h e  l i k e  v a l u e  f o r  t h e  AISI /EPA ca r  was 120 

gm per charge. T h i s  is a reduct ion  of about 85.2% from Wilput te  t o  

AISI/EPA emissions. These c a l c u l a t e d  i s o k i n e t i c  mass values  were obtained 

by applying a t h e o r e t i c a l  c o r r e c t i o n  process  t o  t h e  a n i s o k i n e t i c  da t a .  

A l l  p a r t i c u l a t e  samples were c o l l e c t e d  under a n i s o k i n e t i c  condi t ions .  

Tables 23 and 24 present  t h i s  p a r t i c u l a t e  emissions d a t a  f o r  the  Wilput te  

and AISI /EPA c a r ,  r e s p e c t i v e l y .  

l a t e d  by t h e  fol lowing equat ion which assumes i s o k i n e t i c  condi t ions:  

The va lues  i n  these t a b l e s  were calcu- 

Ai 
U. Mi 

E M i  = - 
I 

where E M i  = t o t a l  mass emit ted a t  l o c a t i o n  I during t h e  charge,  

A i  = a r e a  of measurement duc t ,  

Ui = a r e a  of sampling nozzle ,  

Mi = mass of sample c o l l e c t e d  a t  l o c a t i o n  I. 

The t a b l e s  show t h e  average mass emission assuming i s o k i n e t i c  condi t ions  

t o  be 808.9 gm/charge f o r  t h e  Wi lput te  c a r  and 245.5 gm/charge f o r  the  

AISI /EPA ca r .  Theseresu l t s  are i n c o r r e c t ,  however, s i n c e  i s o k i n e t i c  con- 

d i t i o n s  d id  not  e x i s t .  
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A t h e o r e t i c a l  approximation of i s o k i n e t i c  mass va lues  may, however, b e  
obtained by applying Equation 16 t o  t h e  a n i s o k i n e t i c  d a t a .  

and 26 p r e s e n t  t h e  ca l cu la t ed  i s o k i n e t i c  va lues  of mass emit ted f o r  t h e  

AISI/EPA and Wilput te  cars, r e spec t ive ly ,  and from the b a s i s  f o r  the 

85.2% reduct ion  f i g u r e .  

A f a i l u r e  of t h e  number 3 drop s l eeve  t o  s e a l  dur ing  T e s t  21 may have 

been caused by a cocked emission guide.  

reseal . ing of t h e  drop s l eeve  was prevented by t h e  emission guide.  

f o r e ,  Location 3 on T e s t  21 f o r  t h e  AISI/EPA ca r  w a s  omitted from a l l  

t h e  average mass emission ca l cu la t ion .  The magnitude of t h e  mass, mea- 

sured a t  21-3, is another  i n d i c a t i o n  t h a t  i t  is not  r e p r e s e n t a t i v e  of a 

normal charge.  

next  l a r g e s t  mass v a l u e  f o r  the AISI~EPA c a r .  

Out of t h e  10 tes t s  performed on t h e  AISI/EPA car,  no charge o the r  than 

T e s t  21 demonstrated emissions of  t h i s  magnitude. 

The accuracy of t h e  ca l cu la t ed  i s o k i n e t i c  va lues  i n  Tables  2 5  and 26 

is d i f f i c u l t  t o  assess. However, a comparison of t h e  a n i s o k i n e t i c  mass 

va lue  t o  t h e  ca l cu la t ed  i s o k i n e t i c  va lues  can be used t o  g i v e  an  evalua- 

t i o n  of t h e  re la t ive  e r r o r s  induced by a n i s o k i n e t i c  sampling. I t  can be  

assumed t h a t  i f  t h e  ca l cu la t ed  va lue  is c l o s e  t o  t h e  measured v a l u e ,  t h e  

e r r o r  is minimized and t h e  mass is r e p r e s e n t a t i v e  of t h e  emissions.  A s  

t h e  d i f f e r e n c e  between t h e  ca l cu ia t ed  mass and measured mass inc reases ,  

t h e  va lues  become less r e l i a b l e .  

t h e  d i f f e r e n c e  between t h e  va lues  i s  a measure of t h e  d i r e c t i o n  and mag- 

n i tude  of  t h e  e r r o r  due t o  a n i s o k i n e t i c  sampling. 

T e s t  10 ,  Guide 1, t h e  a n i s o k i n e t i c  va lue  was 41.7 gm; t h e  i s o k i n e t i c  

Value was 42.9 gm; t h e  masses are very  c lose .  One might, t h e r e f o r e ,  

assume sampling was near  i s o k i n e t i c  and i f  t h e  sampling v e l o c i t y  

(193.4/min) and t h e  average s t a c k  v e l o c i t y  (204.3 f t /min)  are considered,  

i t  is obvious cond i t ions  a r e  near  i s o k i n e t i c .  

Tables  25 

However, de t ec t ion  and hence, 

T h e r e -  

- 

I t  is almost two o rde r s  of  magnitude h igher  than t h e  

But they are s t i l l  q u i t e  u s e f u l ,  f o r  

For example, i n  

.. 
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Conversely, t h e r e  is a l a r g e  d i f f e r e n c e  between sampling v e l o c i t y  

(470.5 f t /min)  and s t a c k  v e l o c i t y  (209.9 f t /min)  f o r  T e s t  7 ,  Stack 1. A s  

expected, t h e r e  i s  a l a r g e  d i f f e r e n c e  between t h e  mass va lues  (-41.6%). 

I f  t h i s  r a t i o n a l e  is extended by comparing t h e  a n i s o k i n e t i c  and i s o k i n e t i c  

values  f o r  average mass/charge, t h e  Wilput te  a n i s o k i n e t i c  and i s o k i n e t i c  

averages d i f f e r  by less than  1%. whi le  t h e  A I S I / E P A  va lues  d i f f e r  by 

about 50%. 

confidence l e v e l  than t h e  AISI /EPA.  

However, t h e  50% d i f f e r e n c e  found with t h e  A I S I / E P A  d a t a  is s t i l l  rela- 

t i v e l y  good, cons ider ing  t h e  sampling problems encountered with coke 

oven charging emission monitoring. 

sampling v e l o c i t y  method employed a t  t h e  coke oven is  more p r e c i s e  than 

o r i g i n a l l y  expected. 

SUPPLEMENTARY ANALYSES 

Supplemental a n a l y s i s  was performed on p a r t i c u l a t e  m a t e r i a l  c o l l e c t e d  

from coke oven emission streams a s  w e l l  as prepared coa l  p r i o r  t o  oven 

chaxging. The i n t e n t  was t o  e s t a b l i s h  t h e  q u a l i t y  and q u a n t i t y  of 

t r a c e  c o n s t i t u e n t s  i n  t h e  m a t e r i a l  and access  t h e  technique f o r  t h e s e  

determinat ions.  The body of d a t a  presented  below r e p r e s e n t s  t h e  r e s u l t s  

of t h i s  a n a l y s i s .  

a rea  a r e  discussed.  

Tar roughly def ined as t h e  p a r t i c l e  f r a c t i o n  so luable  i n  benzene was 

found t o  be a major c o n s t i t u e n t  of t h e  c o l l e c t e d  m a t e r i a l .  The average 

tar concent ra t ion  f o r  a p a r t i c u l a t e  sample was 57.1%. No s e p a r a t i o n  

was made between t h e  Wilput te  and AISI/EPA emissions due t o  t h e  small  

number of samples analyzed f o r  t a r .  

Tar a n a l y s i s  was performed on 20 samples which were pr imar i ly  Andersen 

catches.  

c o l l e c t e d  excluding impinger ca tches .  However, a few samples were 

separa ted  i n t o  p a r t s  ( i . e . ,  i n  Test  21-3). The Andersen p l a t e s  were 

done s e p a r a t e l y  from probe t i p  and t h e  Andersen f r o n t .  Table 27 lists 

t h e  test  number and X Tar as measured i n  t h e  e n t i r e  sample. 

This  would imply t h e  Wilput te  d a t a  o f f e r s  a somewhat higher  

The d a t a  i n d i c a t e s  t h e  cons tan t  

The d i f f i c u l t i e s  o r  l i m i t a t i o n s  a p p l i c a b l e  t o  each 

In most cases, t h e  a n a l y s i s  w a s  done on t h e  e n t i r e  sample 

1 1 7  



Test Number 

7 

8 

8A 

9 

10 

11 

19 

21 

Average 

TABLE 27 

TAR CONCENTRATIONS 

Location 

1 

2 

3 

1 

Tar Percentage 

29.2 

56.1 

25.9 

75.0 

86.2 

42.1 

64.8 

54.5 

57.1 

- 

-. 

c 
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Polycycl ic  organic  matter present  i n  coke oven emissions w i l l  be found 

c h i e f l y  i n  t h e  p a r t i c u l a t e  f r a c t i o n  which has been defined a s  tar. 

Several  of t h e  more widely accepted carcinogens are spec ies  of benz- 

pyrene. I n  order  t o  e s t a b l i s h  and c h a r a c t e r i z e  t h e  presence of t h i s  

general  group, Benzpyrene Analysis w a s  performed on the  t a r  p o r t i o n  of 

a group of samples.  These t e s t s  i n d i c a t e  t h a t  benzpyrene is present  i n  

amounts ranging from 18,000 pprn t o  less than 260 ppm. (lppm equivalent  

t o  1 p gram benzpyrenelgram of t a r ) .  

Sample s i z e s  and l a c k  of a v a i l a b l e  a n a l y t i c a l  techniques precluded a 

more d e t a i l e d  examination of t h e s e  samples. The d a t a  obtained is presented 

i n  Table 28 and g ives  t h e  benzpyrene conten t  f o r  samples analyzed p r i o r  

t o  and inc luding  t h e  f i l t e r .  A f e w  a n a l y s e s  were performed on t h e  impinger 

catches and a r e  presented i n  Appendix B ,  but a l l  measurements of impinger , 

t e s t s  were below t h e  d e t e c t a b l e  l i m i t s .  The maximum concent ra t ion  was 

18,000 ppm found on t h e  Andersen p l a t e s  of T e s t  21-3. 

and probe t i p  a l s o  produced measurable va lues .  The r e s u l t s  i n d i c a t e  t h e  

general  presence i n  t h e  emissions of a s p e c i e s  containing widely accepted 

carcinogenic substances i n  r e l a t i v e l y  heavy concent ra t ions .  Further  con- 

c lus ions  are impossible  because of t h e  l i m i t e d  da ta .  

An elemental  a n a l y s i s  w a s  undertaken t o  i d e n t i f y  the t r a c e  c o n s t i t u e n t s  

of t h e  c o a l  charged and t h e  r e s u l t i n g  emissions.  The intended emphasis 

was the  i d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  of hazardous elements,  p a r t i c -  

u l a r l y  heavy metals.  

s i z i n g  equ ipmen t  ca tches ,  and was thus  l i m i t e d  by the  sample s i z e ,  a s  

wel l  as a v a i l a b l e  a n a l y t i c  techniques.  These l i m i t a t i o n s  r e s u l t e d  i n  a 

l a r g e  number of i n s t a n c e s  where c o n s t i t u e n t  concent ra t ions ,  if they d id  

e x i s t ,  were below d e t e c t a b l e  l i m i t s .  The emission c o n s t i t u e n t  concentra- 

t i o n s  which were s u c c e s s f u l l y  measured and a r e  reported i n  Table  29 are 

c o n s i s t e n t  w i t h  t h e  c o n s t i t u e n t s  i d e n t i f i e d  i n  t h e  elemental  a n a l y s i s  

of t h e  charging coal .  The sample numbers can be cross-referenced with 

Table 30 t o  determine t h e  p o r t i o n  of t h e  sample t h a t  was analyzed. 

The Andersen f r o n t  

The emissions a n a l y s i s  w a s  performed on p a r t i c u l a t e  
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Some of t h e  more important e lements  i d e n t i f i e d  i n  d e t e c t a b l e  concen- 

t r a t i o n s  i n  the  emit ted p a r t i c u l a t e  m a t e r i a l  were Cu, Fe,  Pb, and Zn. 
Due t o  the  var iances  i n  p a r t i c u l a t e  sample s i z e s ,  it i s  not  p o s s i b l e  

t o  make a genera l ized  s ta tement  concerning c o n s t i t u e n t  concent ra t ions  

i n  the  emissions.  It should b e  pointed ou t ,  however, t h a t  no c o n s t i t u e n t  

concent ra t ions  i n  excess of what can b e  reasonably explained by coa l  

c o n s t i t u e n t s  a l s o  reported i n  T a b l e  29, w a s  i d e n t i f i e d  in t h e  p a r t i c u l a t e  

mater ia l .  I n  order  t o  o b t a i n  more d e f i n i t i v e  information on p a r t i c u l a t e  

c o n s t i t u e n t s ,  much l a r g e r  samples d i s t r i b u t e d  a s  a func t ion  of p a r t i c l e  

s i z e  m u s t  be obtained and analyzed. 

important i n  a s s e s s i n g  t h e  r e s u l t s ,  s i n c e  t h i s  property w i l l  determine 

whether t h e  p a r t i c l e s  f a l l  o r  se t t le  out  quickly ( i . e . ,  p a r t i c l e s  >ZOO p), 

o r  behave similar t o  a gas i n  t h e  atmosphere ( i . e . ,  ~ 3 1 . 1 ) .  

Further  coa l  a n a l y s i s  w a s  performed a s  support  f o r  t h e  p a r t i c u l a t e  

ana lys i s .  Table  30 r e p o r t s  t h e  u l t i m a t e  and proximate ana lyses  of t h e  

coa l  a s  received and dry.  The s i z e  a n a l y s i s  is l i s t e d  i n  Appendix B. 

One hundred percent  of a l l  four  samples passed t h e  1" round s i e v e  s i z e  

and always less than 6% of t h e  sample passed t h e  number 200 square 

s i e v e  s i z e .  

s i z e .  

The d e n s i t y  of t h e  p a r t i c u l a t e  mat te r  w a s  i n v e s t i g a t e d  a t  t h e  MITRE l a b  

where f l o a t  tests indica ted  t h e  s p e c i f i c  g r a v i t y  of  t h e  s o l i d  p o r t i o n  

of the  sample ranged between 1.6 and .9 r e l a t i v e  t o  water. General ly ,  

b e t t e r  than 50% of t h e  s o l i d  p a r t i c l e s  were g r e a t e r  than 1.3. The t a r  

por t ion  of t h e  sample was assumed t o  have a s p e c i f i c  g r a v i t y  similar t o  

t h a t  of coa l  t a r  between 1 and .85. To s impl i fy  c a l c u l a t i o n s  us ing  

d e n s i t y  throughout t h i s  document, 1 . 2  g/ml was used a s  t h e  approximate 

densi ty .  

t he re  was not enough da ta  concerning t h e  d e n s i t y  of t h e  t a r  p o r t i o n  of 

t h e  sample t o  j u s t i f y  any o t h e r  value.  

A s  a p a r t  of t h e  support ing ana lyses ,  a sample of t h e  c o l l e c t e d  p a r t i c u -  

l a t e  was provided by EPA t o  the  Columbus Labora tor ies  of B a t t e l l e .  The 

sample cons is ted  of a number of black granules ,  and a loaded 5 cm 

The p a r t i c l e  s i z e  information i s  

The  average s i z e  w a s  between square 88 and square #30 s i e v e  

This  i s  probably on t h e  high s i d e  of the  average. However, 
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diameter  f i l t e r .  

and inser ted i n t o  t h e  MS9 mass spectrometer .  Eight  high-resolut ion mass 

s p e c t r a  were obtained s t a r t i n g  a t  60 C and terminat ing a t  350 C.  The  

s p e c t r a  were dominated by hydrocarbon fragments and a s t r o n g  p h t h a l a t e  

ester peak a t  mass 149.024. This  lat ter peak was thought t o  be a t t r i -  

b u t a b l e  t o  a contaminant from t h e  p l a s t i c  b o t t l e  top of t h e  container .  

No evidence of carcinogens w a s  found in t h i s  a n a l y s i s .  However, ions 

with  mass 228.094 (C18H12) and 252.094 (CZ0Hl2) were de tec ted .  These 

peaks correspond t o  t h e  molecular ions f o r  benzphenanthrenes and benz- 

(cr)pyrene, o r  t h e i r  s t r u c t u r a l  isomers. _ I t _ i s , _ o f  co_ur_se, impossible . - 

t o  determine from high r e s o l u t i o n  s p e c t r a  whether t h e  carcinogens a r e  

a c t u a l l y  p r e s e n t  o r  whether t h e  peaks are due t o  t h e i r  noncarcinogenic 

isomers.  

t h e  presence o r  absence of t h e  carc inogenic  PNA's. Unfortunately,  ex- 

t r a c t i o n  of t h e  f e v  remaining black granules  wi th  methylene c h l o r i d e  

y ie lded  i n s u f f i c i e n t  so luble  m a t e r i a l  t o  permit gas chromatographic-mass 

s p e c t r o m e t r i c  a n a l y s i s .  

The sample f i l t e r  vas Soxhlet  e x t r a c t e d  with methylene c h l o r i d e  f o r  30 

hours,  and t h e  e x t r a c t  concentrated t o  approximately 0.25 m l .  

of t h i s  e x t r a c t  was i n j e c t e d  i n t o  a MS9 probe sample tube,  and t h e  sam- 

p l e  w a s  thermally v o l a t i l i z e d .  

ob ta ined ,  s t a r t i n g  a t  a probe temperature of 6OoC and terminat ing a t  
30OoC. 

complex mixture  and high number of compounds p r e s e n t  precluded d e t e c t i o n  

of t h e  most important re ference  c a l i b r a t i o n  peaks. 

u s e f u l  h igh  r e s o l u t i o n  data  was obtained from t h i s  sample. 

The f i l t e r  e x t r a c t  was subsequently s u b j e c t e d  t o  gas chromatographic- 

mass spec t romet r ic  a n a l y s i s ,  using both OV-17 and Dexi l  300 columns, in 

an at tempt  t o  d e t e c t  OSHA carcinogens and carc inogenic  polynuclear 

aromatic  hydrocarbons, r e s p e c t i v e l y .  The t o t a l  mass chromatogram, ob- 

ta ined  us ing  OV-17 (150 t o  280°, programmed a t  6 

l a r g e  number of q u i t e  w e l l  resolved peaks. 

t h e r e  a p o s s i b i l i t y  of t h e  presence of a carcinogen, benzidine.  

Several  of t h e  granules  were placed in a probe tube 

0 0 

Deta i led  chromatographic s t u d i e s  would b e  requi red  t o  confirm 

A p o r t i o n  

Six high  r e s o l u t i o n  mass s p e c t r a  were 

Despi te  r e p e t i t i o n  of these h i g h  r e s o l u t i o n  runs,  t h e  exceedingly 

Consequently, no 

0 min-l), e x h i b i t s  a 

In only one i n s t a n c e  was 

Three 
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lower polynuclear hydrocarbon, anthracene, pyrene, and fluoranthene, 
were readily identified from their mass spectra and chromatographic data. 

In order to examine the possibility of the loaded filter extract containing 
known polynuclear aromatic hydrocarbon carcinogens, gas chromatographic- 
chemical ionization mass spectrometry was carried out using a lo-foot 
2-1/2 percent Dexil 300 at 260°C, programmed at 1 C min to 30OoC. The 
combination of mass spectra and chromatographic data clearly indicated 
the presence of benz(c) phenanthrene (potent carcinogen), benz(a) 

anthracene (carcinogen), a benzfluoranthene isomer (possible carcinogen), 
a benzfluoranthrene isomer (possible carcinogen), benz(a)pyrene (potent 
carcinogen) and/or benz(e) pyrene, and cholanthrene (carcinogen). 

0 -1 
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OPTICAL SYSTEM PROGRAM RESULTS 

The primary o b j e c t i v e  of t h e  o p t i c a l  measurement program is t o  determine 

t h e  f e a s i b i l i t y  of a compliance monitoring system f o r  charging emissions 

based on t h e  technique of plume o p t i c a l  t ransmi t tance  measurements. 

assessment of f e a s i b i l i t y  is l o g i c a l l y  d iv ided  i n t o  t h r e e  a reas ;  tech- 

n i c a l  f e a s i b i l i t y ,  implementation f e a s i b i l i t y ,  and o p e r a t i o n a l  f e a s i b i l i t y .  

The t e c h n i c a l  f e a s i b i l i t y  of the o p t i c a l  system concerns the demonstrated 

a b i l i t y  t o  measure plume t ransmi t tance  wi th  convent ional  l i g h t  sources  

and photographic record ing  techniques.  The b a s i c  measurement concept 

h a s  been e s t a b l i s h e d  under l a b o r a t o r y  condi t ions  by s e v e r a l  o t h e r  in -  

v e s t i g a t o r s .  

This 

MITRE'S o p t i c a l  measurement program-extended-this work t o  
= a w z u I A a u u c u L  - - * - L , , - I . - - - L  jf feasibility under f i e l d  i ~ i r d i i i o i i a  IUC puiidiaprrsr 

emission plumes with h igh  dynamic c h a r a c t e r i s t i c s .  

implementation f e a s i b i l i t y ,  concerns t h e  a v a i l a b i l i t y  and p r a c t i c a l i t y  

of equipment and m a t e r i a l s  needed t o  implement and opera te  t h e  s y s t e m  i n  
t h e  environment of an o p e r a t i o n a l  coke oven. 

approach f o r  o t h e r  extended emission sources  should be i n v e s t i g a t e d  

independently,  however, t h e  coke oven environment i s  s u f f i c i e n t l y  s e v e r e  

and demanding s o  as t o  provide a b a s i s  f o r  a v a l i d  implementation f e a s i -  

b i l i t y  test. The l a s t  a r ea ,  o p e r a t i o n a l  f e a s i b i l i t y ,  concerns t h e  c o s t  

of f a b r i c a t i n g ,  i n s t a l l i n g  and o p e r a t i n g  a number of such systems on 

t y p i c a l  coke ovens, where opera t ing  c o s t s  cover t h e  upkeep and maintenance 

of t h e  equipment, as w e l l  as t h e  c o s t  of f i l m  densitometry and d a t a  

a n a l y s i s .  Other f a c t o r s  t o  b e  included i n  a f e a s i b i l i t y  assessment a r e  

t h e  accuracy and dependabi l i ty  of the system, how information from t h i s  

s y s t e m  might be used i n  a compliance system, and what equipment config- 

u r a t i o n s  might be a p p l i c a b l e  f o r  such a system. 

The second a r e a ,  

The f e a s i b i l i t y  of t h i s  

Technical F e a s i b i l i t y  

I n  order  t o  provide a t h e o r e t i c a l  background fo r  t h e  proposed measurement, 

the  b a s i c  theory of p a r t i c l e  and l i g h t  i n t e r a c t i o n  had t o  b e  shown t o  b e  

compatible w i t h  t h e  expected polydisperse  c h a r a c t e r i s t i c s  of t h e  coke 

oven emissions.  Such a compat ib i l i ty  can  b e  shown mathematically and 

was developed i n  t h e  prel iminary o p t i c a l  system r e p o r t ,  MTR-6546. I n  
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a d d i t i o n  t o  t h e  b a s i c  t ransmission measurement theory,  a t h e o r e t i c a l  

technique f o r  t h e  d e t e c t i o n  of non-source l i g h t  i n t e r f e r e n c e  (plume a i r -  

l i g h t )  was developed and explained. The theory showed how t h e  system 

could be self-compensating f o r  long term v a r i a t i o n s  i n  l i g h t  source 

condi t ions  and ambient l i g h t i n g  condi t ions .  

The o b j e c t i v e  of most o p t i c a l l y  o r i e n t e d  sys t ems  has been t o  estimate 

mass loading va lue  by d e a l i n g  w i t h  a known volume of in te rvening  space 

between l i g h t  source and d e t e c t o r .  

t imate  t o t a l  mass emitted.  With such an  i n t e n t ,  the  geometry of t h e  

system i s  relaxed and v a r i a b i l i t y  i n  s i z e  of t h e  emission plume i s  

diminished i n  importance. The theory of t h i s  system has been t o  es t imate  

the  mass i n  a c ross -sec t iona l  a r e a  i n  t h e  pa th  of t h e  l i g h t  source.  In 

order  t o  produce an es t imat ion  of t o t a l  m a s s  emi t ted ,  a measurement of 

the  v e r t i c a l  r ise  speed of the  plume must b e  made. The mass rate indi -  

ca ted  on a s i n g l e  photographic frame m u l t i p l i e d  by t h e  rise v e l o c i t y  was 

shown t h e o r e t i c a l l y  t o  be a reasonable  es t imat ion  of t o t a l  mass emit ted 

over time. 

were s tud ied  and reasonableness of plume cons is tency  over a period of a 

few seconds e s t a b l i s h e d .  In a d d i t i o n ,  i t  w a s  found t h a t  a c h a r a c t e r i s t i c  

v e l o c i t y  f o r  plume r i s e  r a t h e r  than a cont inuously measured va lue  d i d  

not s e r i o u s l y  a f f e c t  the  v a l i d i t y  of the measurement sys t em.  

A study of photographic m a t e r i a l  c h a r a c t e r i s t i c s  was conducted t o  

e s t a b l i s h  t h e  a v a i l a b i l i t y  of a s u i t a b l e  f i l m  f o r  the  proposed measure- 

ments. The s tudy showed t h a t  t h e  m a t e r i a l  having the  widest  exposure 

range and longes t  l i n e a r  por t ion  of t h e  exposure curve w a s  one of t h e  

most common photographic f i lms .  This f a c t  s i m p l i f i e d  t h e  s e l e c t i o n  of 

f i l m  f o r  use i n  t h i s  system. The choice of f i l m  was then considered i n  

.a 

The i n t e n t  of t h i s  system i s  to  es- 

The c h a r a c t e r i s t i c s  of plume dynamics f o r  t h e  charging c y c l e  

- the  determinat ion of t h e  requi red  i n t e n s i t y  f o r  t h e  system l i g h t  source. 

T h i s  i n v e s t i g a t i o n  showed that t h e r e  were s e v e r a l  common l i g h t  sources  

a v a i l a b l e  which could produce t h e  requi red  i n t e n s i t y .  

A l i m i t a t i o n  b a s i c  t o  t h e  proposed sys tem conf igura t ion  was t h e  probable 

undependabi l i ty  of mass c a l c u l a t i o n s  i n  s i t u a t i o n s  where t h e  t ransmission 

f e l l  below 10%. This is because i n  such a s i t u a t i o n ,  m u l t i p l e  s c a t t e r i n g  
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has  an increased l i k e l i h o o d  of occurrence.  A lower l i m i t i n g  v a l u e  f o r  

t ransmi t tance  w a s  s e l e c t e d  after c o n s i d e r a t i o n  of t h e  d i s t a n c e  between 

t h e  l i g h t  source  and d e t e c t i o n ,  t h e  acceptance angle  of t h e  d e t e c t o r ,  

and t h e  expected n a t u r e  of t h e  emissions.  

t h e  system w i l l  c a l c u l a t e  a m a x i m u m  m a s s  v a l u e  f o r  t h e  poin t  correspond- 

ing  t o  t h e  lower l i m i t  and i n d i c a t e  t h a t '  t h e  c a l c u l a t e d  v a l u e  is 

a c t u a l  mass r a t e .  

It  is now f e l t  a t  t h e  conclusion of our  test period t h a t  a l l  t h e o r e t i c a l  

a s p e c t s  of t h e  system have proved t o  b e  f e a s i b l e  w i t h i n  the c o n s t r a i n t s  

expressed a t  t h e  o u t s e t  of t h e  p r o j e c t .  

stemming from the h i g h l y  v a r i a b l e  na ture-both  i n  s i z e  and composition of 

t h e  p a r t i c u l a t e  as t o  t h e  a b i l i t y  of developing average c h a r a c t e r i s t i c s .  

However, such a l i m i t a t i o n  would have e q u a l  impact on o t h e r  m a s s  measure- 

ment approaches and is not considered a detr iment  unique t o  t h i s  o p t i c a l  

system concept.  

Based on t h i s  l i m i t a t i o n ,  

t h e  

Some ques t ions  have a r i s e n  

Implementation F e a s i b i l i t y  

During t h e  s e l e c t i o n ,  f a b r i c a t i o n ,  and assembly of system components, 

one c r i t e r i a  which w a s  s t r e s s e d  w a s  off-the-shelf  a v a i l a b i l i t y .  

major components of t h i s  system meet th is  c r i t e r i a .  The s e l e c t i o n  of 

components a l s o  considered t h e  a d a p t a b i l i t y  of components t o  o ther  loca- 

t i ons  o r  environments. This o b j e c t i v e  was accomplished t o  a l e s s e r  

degree.  

The test system u t i l i z e d  a s tandard  sequence camera which was modified 

t o  provide a secondary exposure of a d i g i t a l  clock. 

t o  be a v i r t u a l l y  t r o u b l e  f r e e  record ing  device.  

was not  r u n  i n  an unattended mode, i t s  performance w a s  such that  t h e  

f e a s i b i l i t y  of unattended opera t ion  was e s t a b l i s h e d  t o  a g r e a t  e x t e n t .  

All tests performed on the camera t o  e s t a b l i s h  its r e l i a b i l i t y  y i e l d e d  

p o s i t i v e  r e s u l t s .  S p e c i f i c a l l y ,  the test for accuracy and r e p e a t a b i l i t y  

of s h u t t e r  t iming shows a r e p e a t a b i l i t y  of b e t t e r  than i4X of the marked 

va lues  a t  1/1000 and 1/50 second speeds.  

24 hours a t  one frame per  second exposure rate, no malfunct ions occurred 

i n  t h e  camera system. Modif icat ion which might be d e s i r a b l e  t o  i n c r e a s e  

The 

This system proved 

Although t h e  camera 

On continuous r u c s  of 12 and 



the  film capac i ty  of t h e  camera should n o t  a f f e c t  t h e  b a s i c  r e l i a b i l i t y  

and o p e r a b i l i t y  of the  u n i t .  

For extended per iods  of o p e r a t i o n  (one month) camera equipment would 

r e q u i r e  a minimum of a "dust proof" housing with a s u i t a b l e  t r a n s p a r e n t  

window which can be cleaned r e g u l a r l y  without  o p t i c a l  damage. 

enclosure could b e  cons t ruc ted  us ing  a NEMA water t i g h t  box with a hard 

p l a t e  g l a s s  window i n s t a l l e d .  

s i m i l a r  t o  those used f o r  pen-type p r e s s u r e  and temperature record ing  

instruments  i n  use  i n  the Oven environment should be s u f f i c i e n t  f o r  

r e l i a b l e  opera t ion .  

The camera w a s  operated us ing  an AC power supply during t h e  f i e l d  test 

period. 

1 2  v o l t  DC power source ,  such as a b a t t e r y .  The camera was t e s t e d  i n  

the l a b o r a t o r y  us ing  a 12 v o l t  b a t t e r y  and found t o  opera te  i n  essen- 

t i a l l y  the  same manner wi th  no d e t e c t a b l e  degradat ion i n  performance. 

Such a c a p a b i l i t y  provides  o p e r a t i o n a l  f l e x i b i l i t y  needed i n  s i t u a t i o n s  

where temporary opera t ion  i n  a remote o r  d i f f i c u l t t o  reach l o c a t i o n  i s  

required.  

Addit ional  d e t a i l s  of tests performed on t h e  camera system can be found 

i n  Appendix C of t h i s  r epor t .  

The camera c o n t r o l  used i n  t h e  test c o n f i g u r a t i o n  w a s  somewhat more com- 

plex than would be requi red  f o r  an o p e r a t i o n a l  sys tem.  

w a s  t h e  r e s u l t  of c o n t r o l  f l e x i b i l i t y  needed i n  performing t h e  tests. 

The t e s t ,  however. demonstrated t h e  f e a s i b i l i t y  of t h e  c o n t r o l  concept. 

S p e c i f i c a l l y ,  a c o n t r o l  c i r c u i t  based on a c lock locked t o  t h e  AC l i n e  

provides a s a t i s f a c t o r y  t i m e  base  f o r  the system. This clock c o n s i s t s  

of i n t e g r a t e d  c i r c u i t  counting modules which d r i v e  both t h e  d i g i t a l  d i s -  

play recorded on each f i l m  frame and exposure c o n t r o l .  A f i x e d  exposure 

rate (one frame per  one or f i v e  seconds) would be w i r e d  i n t o  the system. 

During t h e  test per iod,  occas iona l  e l e c t r i c a l  n o i s e  would cause t h e  clock 

counter t o  advance, The environment of t h e  coke oven conta lns  much high 

power e l e c t r i c a l  equipment which can genera te  e l e c t r i c a l  s p i k e s  on t h e  

Such an 

A c leaning  and maintenance r o u t i n e  

The b a s i c  camera, however, was designed t o  operate  from a 

This complexity 
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AC power l i n e .  For t h i s  reason, a d d i t i o n a l  a t t e n t i o n  should b e  given t o  

t h e  power supply of t h e  c o n t r o l  u n i t  t o  e l i m i n a t e  this i n t e r f e r e n c e .  

This  problem is n o t ,  however. considered s e r i o u s  and should b e . r e l a t i v e l y  

easy t o  so lve .  

The camera c o n t r o l  u n i t  is designed t o  o p e r a t e  from e i t h e r  110 v o l t  AC 

commercial power o r  12 v o l t  DC power. In  t h e  DC o p e r a t i o n a l  mode, t h e  

camera exposure r a t e  is cont inuously a d j u s t a b l e  us ing  an RC c i r c u i t .  

The d i g i t a l  d i s p l a y  then becomes a counter  o p e r a t i n g  on t h e  frequency of 

t h e  exposure pulse .  

opera t ion ,  a time s tandard  o s c i l l a t o r  opera t ing  a t  r a d i o  frequency must 

b e  added. Such an o s c i l l a t o r  would p r o v i d c a ~  stahd'ard wi th  accuracy of 

ki- i -ex  iiraii 5 seconds i n  24 hours. Ail oiher func t ions  of. t h e  c o n t r o l  

remain the same. 

The system l i g h t  source  i s  t h e  one component which must b e  considered 

The u n i t  f a b r i c a t e d  

Should a r e a l t i m e  c lock  d i s p l a y  b e  d e s i r e d  on DC 

custom made" f o r  t h e  s p e c i f i c  observa t ion  s i t e .  ,I 

f o r  t h i s  test u t i l i z e d  a l l  off-the-shelf  e l e c t r i c a l  l i g h t i n g  components 

wi th  the  except ion of t h e  r e f l e c t o r  s u r f a c e .  The i n t e n t  of t h e  s p e c i a l  

r e f l e c t o r  w a s  t o  o b t a i n  maximum apparent  source width wi th  uniform l i g h t  

output  a c r o s s  t h i s  width.  The p a r a b o l i c  r e f l e c t o r  proved t o  b e  very 

e f f i c i e n t  i n  t h e  achievement of t h i s  o b j e c t i v e .  Densitometry t r a c e s  

across  t h e  width of test frames showed e x c e l l e n t  uniformity.  It was 

o r i g i n a l l y  expected t h a t  a 10 inch width might b e  requi red  t o  provide 

f o r  densitometry alignment e r r o r .  Experience h a s  shown, however, t h a t  

the  densitometry t r a c e  can a c c u r a t e l y  fo l low an image of a source  having 

a width of less than 200 p .  For this  reason ,  i t  i s  f e l t  t h a t  the s p e c i a l  

r e f l e c t o r  could b e  replaced by 4 o r  5 p a r a l l e l  f l u o r e s c e n t  tubes ,  each 

having a diameter  of 1-112 inches.  

The s t roboscopic  e f f e c t  of f l u o r e s c e n t  tubes was d iscussed  i n  the docu- 

ment conta in ing  i n i ' t i a l  des ign  cons idera t ions .  It w a s  decided t h a t  t h e  

s imples t  method to e l imina te  t h i s  problem was t o  use  a s h u t t e r  speed t h a t  

would capture  one complete cyc le  of l i g h t  source supply current.  
exposures us ing  t h i s  method showed minimal v a r i a t i o n  i n  image d e n s i t y  

less than +5% exposure change f o r  t h e  o v e r a l l  system. 

T e s t  

It i s  f e l t ,  however, 
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t h a t  t h i s  might be improved by us ing  a DC supply vol tage  f o r  t h e  f l u o r -  

escent  tubes.  Discussions with tube manufacturers i n d i c a t e  t h a t  such 

opera t ion  is p o s s i b l e  and can b e  implemented wi th  few changes. These 

c o n s i s t  p r imar i ly  of i s o l a t i n g  a f i lament  supply source and provis ion  

f o r  p e r i o d i c  p o l a r i t y  r e v e r s a l  t o  prevent  breakdown of t h e  tube through 

t h e  p l a t i n g  e f f e c t s  present  i n  DC opera t ion .  

t h a t  t h e  l i g h t  output  of the  u n i t  would be increased f o r  a given supply 

v o l t a g e  and any s h u t t e r  speed could then be used without  s t roboscopic  

r e l a t e d  problems. 

The s y s t e m  l i g h t  source is phys ica l ly  t h e  l a r g e s t  s y s t e m  component. In 

a d d i t i o n  t o  t h i s  f a c t ,  i t s  conf igura t ion  is a f f e c t e d  more by t h e  physical  

d e t a i l s  of the  observat ion s i t e  than any o t h e r  u n i t .  The l i g h t  source 

f o r  t h e  test system was designed and f a b r i c a t e d  t o  provide maximum 

f l e x i b i l i t y  both a t  t h e  t e s t  l o c a t i o n  and f o r  p o s s i b l e  reuse  a t  some 

o t h e r  s i t e .  Even with t h i s  i n  mind, major s t r u c t u r a l  components would 

probably r e q u i r e  considerable  modi f ica t ion  f o r  reuse.  It is  d i f f i c u l t  

t o  imagine a s u i t a b l e  

assembly and disassembly. I t  i s  expected, t h e r e f o r e ,  t h a t  each s i t e  t o  

be observed would r e q u i r e  a u n i t  designed fo r  t h a t  l o c a t i o n  and per- 

manently i n s t a l l e d  on s u i t a b l e  support  s t r u c t u r e s .  

A l l  o ther  d e t a i l s  of t h e  l i g h t  source conf igura t ion  a r e  considered 

f e a s i b l e  and d e s i r a b l e  and would be recommended f o r  i n c l u s i o n  i n  speci-  

f i c a t i o n s  f o r  new u n i t s .  

Tile environment of a coke oven is q u i t e  severe  on a l l  types  of equipment. 

The pervasive h e a t ,  c o r r o s i v e  gases ,  and d u s t / g r i t ,  a c t  upon a l l  equip- 

ment i n  t h e  a rea .  It w a s  necessary t o  s e l e c t  or  develop system com- 

ponents which could f u n c t i o n  cont inuously i n  t h i s  environment. 

the  course of t h e  tests, no s i g n i f i c a n t  problems were encountered i n  

maintaining t h e  var ious  sys t em components s e l e c t e d  f o r  system implemen- 

It should a l s o  be noted 

"portable" u n i t  which would be designed f o r  quick 

During - 

t a t i o n .  

as a l i g h t i n g  f a c i l i t y  f o r  t h e  P4 b a t t e r y .  

The s y s t e m  l i g h t  source  was l e f t  i n  p lace  and is  s t i l l  opera t ing  
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The densitometry a n a l y s i s  of f i l m  from this system was t h e  a r e a  where 

the most d i f f i c u l t y  i n  performance was encountered. It is w e l l  w i t h i n  

t h e  c a p a b i l i t y  of s tandard  densi tometers  t o  measure d e n s i t y  wi th  t h e  

requi red  accuracy f o r  small image areas. 

which produce a computer compatible magnetic tape  output .  

d i f f i c u l t y  wi th  such machines is t h a t  they a r e  not  normally used t o  

s e l e c t i v e l y  scan a s m a l l  p o r t i o n  of the image a r e a ,  b u t  r a t h e r  t o  scan 

t h e  complete area and al low computer processing t o  l o c a t e  and recon- 

s t r u c t  t h e  area of i n t e r e s t .  

c a b l e  t o  our system d a t a ,  i t  was decided t h a t  t h e  necessary computer 

programming f o r  image recogni t ion  was excess ive  i n  -terms of ;he d e s i r e d  

test r e s u l t s .  A rather s p e c i a l i z e d  machine w i t h  t h e  a b i l i t y  t o  provide 

usual  image alignment,  s e l e c t a b i l i t y  of s m a l l  scanning a r e a s  and computer 

compatible magnetic tape output  was s e l e c t e d  f o r  f i l m  a n a l y s i s .  The 

r e s o l u t i o n ,  accuracy, and s t a b i l i t y  of the machine were somewhat g r e a t e r  

than would b e  requi red  f o r  our a n a l y s i s .  A s  a r e s u l t  of i t s  unique 

f e a t u r e s  and v e r s a t i l i t y ,  the  machine a v a i l a b i l i t y  was less than  d e s i r a b l e  

and t h e  o p e r a t i o n a l  c o s t  h igher  than expected. 

machine and a s s o c i a t e d  o p e r a t i o n a l  practices i s  not considered t o  be 

f e a s i b l e  f o r  any l a r g e  s c a l e  opera t ion  of t h e  system. 

Film processing and c a l i b r a t i o n  is an important phase of system opera t ions .  

Although t h e  a c t u a l  processing of t h e  f i l m  is n o t  complex, very few 

s e r v i c e  f a c i l i t i e s  were found which would guarantee t h e  c o n t r o l  necessary 

i n  t h e  processing opera t ion .  This i s  explained by the  f a c t  t h a t  such 

c o n t r o l  is not  normally necessary i n  processing f o r  s tandard  image 

photography and t h e  amount of processing which w e  pro jec ted  f o r  t h e  con- 

duc t  of t h e  test was not  s u f f i c i e n t  t o  persuade a s u p p l i e r  t o  change h i s  

opera t ions  to accommodate our needs. It w a s  determined, however, t h a t  

t h e  f a c i l i t y  providing densitometry a n a l y s i s  could provide t h e  requi red  

processing on a custom bas i s .  

s e n s i t o m e t r i c  exposure c a l i b r a t i o n .  It w a s  decided t h a t  t o t a l  f i l m  

a n a l y s i s  s e r v i c e  a t  one l o c a t i o n  w a s  more d e s i r a b l e  than a p o s s i b l e  re- 

duct ion  i n  f i l m  processing cos t s .  

There are a l s o  many machines 

The primary 

Although such an approach might b e  appl i -  

Film a n a l y s i s  us ing  t h i s  

They were a l s o  equipped t o  provide t h e  

c 
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Although not  f e a s i b l e  f o r  l a r g e  s c a l e  implementation under the c o s t  

s t r u c t u r e  appl ied  dur ing  th i s  test per iod ,  the b a s i c  process ing  tech- 

niques are considered f e a s i b l e .  I t  i s  reasonable  t o  assume t h a t  given 

some amount of assured business ,  a s e r v i c e  organiza t ion  would be w i l l i n g  

t o  e s t a b l i s h  a f a c i l i t y  where the requi red  processing could b e  done on 

a r o u t i n e  b a s i s .  

9 Operat ional  F e a s i b i l i t y  

The o p e r a t i o n a l  f e a s i b i l i t y  of th is  system f o r  coke oven monitoring i s  

d i f f i c u l t  t o  a s s e s s  f o r  two reasons.  

compliance a r e  not  a c c u r a t e l y  def ined o r  g e n e r a l l y  expressed i n  d i r e c t  

q u a n t i t a t i v e  terms. Second, t h e r e  are f e w ,  i f  any, a l t e r n a t i v e  systems 

a g a i n s t  which t o  compare t h e  technique on a c o s t  and o p e r a b i l i t y  b a s i s .  

The camera equipment requi red  f o r  such a system i s  a v a i l a b l e  as an 

off-the-shelf  item. The c o s t  of t h i s  type  of equipment ranges from 

$1500 t o  $8000 per un i t .  The primary d i f f e r e n c e  i n  t h e  var ious  u n i t s  is 

t h e  l e v e l  of v e r s a t i l i t y  and ruggedness. The less expensive u n i t s  pro- 

v ide  acceptab le  performance and are suggested f o r  system implementation. 

Since i t  is f e a s i b l e  t o  u s e  one type of camera f o r  a wide v a r i e t y  of 

s i t e  conf igura t ions ,  the  modi f ica t ion  r e q u i r e d  t o  p lace  the  secondary 

exposure of t h e  d i g i t a l  c lock d i s p l a y  on t h e  frame might be o f f e r e d  as 

a s tandard opt ion on t h a t  type. The c o s t  and a v a i l a b i l i t y  of t h e  equip- 

ment discussed above is considered reasonable  and f e a s i b l e  f o r  such a 

system. 

The camera c o n t r o l  system was a custom designed u n i t  bu t  could be g r e a t l y  

s i m p l i f i e d  when a r o u t i n e  i s  e s t a b l i s h e d  f o r  s y s t e m  opera t ion .  

of the  system i s  such t h a t  no change i n  t h e  b a s i c  components is necessary.  

F i r s t ,  t h e  s tandards  f o r  emission 

R e l i a b i l i t y  

. An improvement i n  l i n e  n o i s e  i n t e r f e r e n c e  i s  needed but  t h i s  should not  

a f f e c t  t h e  complexity, r e l i a b i l i t y  o r  c o s t  of t h e  u n i t .  I t  i s  est imated 

t h a t  a c o n t r o l  s u i t a b l e  f o r  system opera t ion  could b e  cons t ruc ted  i n  

q u a n t i t i e s  of 10 o r  more f o r  under $300. 

they would be produced by a custom o r  s m a l l  run f a b r i c a t i o n  f a c i l i t y .  

The b a s i c  concept and design i s  considered p r a c t i c a l  and f e a s i b l e  f o r  

Because of the  l i m i t e d  q u a n t i t y ,  
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system a p p l i c a t i o n  w i t h  a per-unit c o s t  of up t o  $500. 

should exceed t h i s  f i g u r e ,  i t  might b e  a d v i s a b l e  t o  u t i l i z e  a commer- 

c i a l l y  a v a i l a b l e  d i g i t a l  c lock and d i s p l a y  and an electromechanical  ex- 

posure c o n t r o l .  

The phys ica l  arrangement of the l i g h t  source  f o r  t h e  system is highly 

dependent on t h e  c h a r a c t e r i s t i c s  of t h e  monitoring si te.  The support  

s t r u c t u r e  f o r  t h e  source m u s t  be designed t o  allow normal opera t ion  of 

the  coking p l a n t .  

oven top s o  as t o  provide t h e  access  necessary i n  the maintenance and 

opera t ion  of t h e  b a t t e r y .  

tend over each end by several f e e t .  

ward a s  c l o s e  a s  p o s s i b l e  t o  t h e  oven s u r f a c e .  

b e  expected t o  r e p r e s e n t  a t  least h a l f  of t h e  t o t a l  l i g h t  source cos t .  

The test a c t i v i t y  showed t h a t  f l u o r e s c e n t  lamps of t h e  "very high output" 

type provide s u i t a b l e  l i g h t  sources  f o r  t h i s  sys tem.  

bulbs  s i d e  by s i d e  should provide s u i t a b l e  source  width and e l imina te  

t h e  need f o r  t h e  r e a r  r e f l e c t i n g  s u r f a c e .  If these  l i g h t s  are operated 

from an A.C. source,  t h e  requi red  case ,  l e n s ,  e l e c t r i c a l  components and 

f a b r i c a t i o n  are est imated t o  c o s t  $250 p e r  8 f o o t  s e c t i o n .  To opera te  

these  lamps on D.C. c u r r e n t  would add approximately $50 per  8 f o o t  sec- 

t i o n  t o  t h e  c o s t .  

s e c t i o n s  of t h e  source.  

In genera l ,  coke ovens runs 45 t o  55 f e e t  wide. 

b e  placed above t h e  l a r r y  car  h e i g h t  which runs  between 15  and 20 f e e t .  

With t h e s e  assumptions,  t h e  t y p i c a l  i n s t a l l a t i o n  would c o n s i s t  of 10  t o  

12 e i g h t  f o o t  l i g h t  s ec t ions .  

s t r u c t u r e ,  is est imated a t  between $3500 and $6000. 

The l i g h t  source should require a minimum of maintenance which can be 

performed by r e g u l a r  p l a n t  e l e c t r i c a l  maintenance personnel.  Assuming a 

cont inuing requirement f o r  emission s u r v e i l l a n c e  and compliance monitor- 

i ng  and t h e  c o s t s  of continuous equipment or t r a i n e d  personnel f o r  

v i s u a l  observat ion,  t h e  c o s t  of t h e  l i g h t  source and support ing s t r u c t u r e  

is considered economically f e a s i b l e .  

I f  t h e  cos t  

This involves  minimizat ion of i n t e r f e r e n c e  t o  t h e  

The s t r u c t u r e  must-span t h e  bat ter-y and ex- 

The s i d e  s e c t i o n s  m u s t  extend down- 

The support  s t r u c t u r e  can 

P lac ing  four  such 

The c o s t s  would be t h e  same f o r  t h e  s i d e  or  "wing" 

The l i g h t  source should 

The t o t a l  c o s t  inc luding  a support ing 

This  assessment a l s o  t a k e s  i n t o  
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account t h e  d i r e c t  opera t ing  c o s t  of e l e c t r i c i t y  suppl ied t o  t h e  u n i t .  

Processing of t h e  f i l m  from this system must now b e  accomplished on a 

"custom" b a s i s .  The processing c o s t  c u r r e n t l y  runs  29 c e n t s  per  foo t  

of f i lm  processed. 

film, the  processing c o s t  would b e  apprcrrimately 3.9 c e n t s  per  d a t a  

frame. A t  an exposure rate of one frame per  second f o r  approximately 

2.5 minutes needed t o  charge a coke oven, 150 frames of d a t a  would b e  

taken. The processing c o s t  per average charge observed would then be 

approximately $5.85. 

I f  some volume of bus iness  could be guaranteed t o  a s e r v i c e  organiza t ion ,  

t h e  c o s t  could probably be reduced from 20% t o  40%. However, t h e  c u r r e n t  

cos t  of 3.9 c e n t s  per  frame i s  not  considered p r o h i b i t i v e  f o r  a system 

which would opera te  only during charges or  during per iods of high emission 

detected by some secondary system. 

Densitometry a n a l y s i s  of t h e  f i l m  output  from t h e  measurement system pre- 

s e n t s  t h e  g r e a t e s t  problem i n  c u r r e n t  system o p e r a t i o n a l  f e a s i b i l i t y .  

Because of t h e  unique n a t u r e  of t h e  scanning requirement,  t h e  u s e  of a 

highly f l e x i b l e  and s o p h i s t i c a t e d  microdensitometer is requi red .  As  a 

r e s u l t ,  t h e  c o s t  of a n a l y s i s  i s  h igh  and t h e  response time fo r  t h i s  

s e r v i c e  i s  r e l a t i v e l y  slow because of t h e  l a r g e  demand f o r  t h e  instrument  

i n  quest ion t o  perform other  work. 

t i c u l a t e  s u p p l i e r  used i n  the  test program is $30 per  hour f o r  t h e  in- 

strument and $16 per  hour f o r  t h e  instrument operator .  The machine must 

b e  s e t  up f o r  t h e  p a r t i c u l a r  scanning job  which r e q u i r e s  15  t o  30 

minutes .  This  t i m e  i s  charged a s  opera t ing  time a t  the  r e g u l a r  r a t e .  

A t  these  r a t e s ,  the  d a t a  frames scanned during t h e  course of t h e  tests 

c o s t  between $10 per  frame inc luding  a l l  test frames, c a l i b r a t i o n ,  

s p e c i a l  uniformity checks and set  up, o r  $15 per  frame counting only 

t e s t  d a t a  frames scanned as production runs, 

The use of a microdensitometer can only b e  considered f e a s i b l e  i f  t h e  

machine can b e  dedicated t o  t h i s  p a r t i c u l a r  type  of f i lm  a n a l y s i s .  This  

would allow t h e  machine t o  b e  modified t o  f a c i l i t a t e  quick and a c c u r a t e  

A t  approximately 750 frames of d a t a  per  100 f o o t  of 

The s tandard r a t e  set by t h e  par- 
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mounting of the system f i l m  s i z e .  It would a l s o  e l imina te  the "set up" 

opera t ion  s i n c e  i t  is reasonable  t o  assume that f i l m  from d i f f e r e n t  ob- 

s e r v a t i o n  si tes would b e  very s i m i l a r  i n  terms of l i g h t  source image 

s i z e  and d e n s i t y  range. 

lower the requi red  s k i l l s  of the opera tor .  

made automatic  once a scan is i n i t i a t e d ,  the opera tor  would only b e  re- 

quired t o  i n i t i a l l y  p o s i t i o n  t h e  f i l m  i n  t h e  machine and monitor t h e  

opera t ion  f o r  obvious malfunctions.  

placed i n  computer compatible form on magnetic tape.  

A machine capable  of performing t h e  i e q u i r e d  a n a l y s i s  i s  est imated t o  

c o s t  between $5,000 and $8,000. 

c~ i i ip l r i e  irame of d a t a  i n  three t o  f i v e  minutes.  I f  f i l m  w a s  taken or 

analyzed a t  one frame every f i v e  seconds, the  t y p i c a l  coke oven charging 

opera t ion  extending over t h ree  minutes would involve 36 frames. The 

opt imal  a n a l y s i s  t i m e  of t h e  d a t a  frames would then be about two hours.  

To completely cover a l l  oven charges on one b a t t e r y  dur ing  a t y p i c a l  

e i g h t  hour s h i f t  (40 charges) ,  t h e  scanning time would be about 80 hours 

of machine t i m e .  

a l l y  f e a s i b l e .  

such coverage. 

comparison would have t o  b e  made between t h i s  system and o t h e r  systems 

wi th  similar c a p a b i l i t i e s  w i t h  p a r t i c u l a r  emphasis placed on t h e  d a t a  re- 

t r ieval  a s p e c t s  of system opera t ion .  

I f  one hypothesizes  t h e  u s e  of a n a l y s i s  by exception, t h e  s y s t e m  a n a l y s i s  

f e a s i b i l i t y  is g r e a t l y  enhanced. A s  an example, i f  t h e  camera i s  only 

a c t i v a t e d  dur ing  per iods of excessive v i s a b l e  emissions,  t h e  amount of 

a n a l y s i s  requi red  could be g r e a t l y  reduced. The a n a l y s i s  load could b e  

s t i l l  f u r t h e r  reduced if some s p e c i f i c  number of f i l m  frames were t o  b e  

e s t a b l i s h e d  as a b a s i s  f o r  non-compliance [ i .e. ,  v i s i b l e  emissions i n  

t h r e e  consecut ive  frames (15 second per iod)  exceeding some set l e v e l ] .  

Then a n a l y s i s  could b e  reduced t o  20 t o  30 minutes machine time f o r  any 

charge during which v i o l a t i o n  is suspected. 

The u t i l i z a t i o n  of such a machine would a l s o  

Since t h e  machine could b e  

Output from the  machine would be 

. -  _ .  - _  - 
The machine could probably scan one 

Such coverage and a n a l y s i s  is not  considered operation- 

Both time and money a r e  considered t o  b e  excess ive  f o r  

Should complete surveillance b e  considered necessary,  a 

~ 

I 

t 
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The job of i n i t i a l  emission d e t e c t i o n  could b e  accomplished by s e v e r a l  

long pa th  transmissometers c r i s s c r o s s i n g  t h e  oven s u r f a c e  above t h e  

l e v e l  of t h e  l a r r y  c a r  top. when one o r  more of these  u n i t s  d e t e c t e d  

some lower l e v e l  of opac i ty ,  they would cause a c t i v a t i o n  of t h e  camera 

u n i t  which i n  tu rn  would take  some predetermined number of d a t a  frames. 

This record could be c o r r e l a t e d  with over a c t i v i t i e s  through t h e  opera- 

t i o n  time logs .  

Under the  above assumptions, t h e  u s e  of a microdensitometer i s  considered 

f e a s i b l e  f o r  u se  i n  d a t a  a c q u i s i t i o n  i n  t h e  o p t i c a l  monitoring system. 

Data processing of t h e  densi tometer  ou tput  is a f a i r l y  s t ra ight forward  

task.  The a lgor i thm involves  s imple a r i t h m e t i c  and a r e l a t i v e l y  small 

amount of core  memory is requi red  t o  execute  t h e  program. The i n p u t  t o  

t h e  program can be t o t a l l y  on tape  and t h e  output  can be a s i n g l e  l i n e  

giving the m a s s  rate f o r  a p a r t i c u l a r  frame or a more d e t a i l e d  r e p o r t  

d i sp lay ing  t h e  q u a n t i t i e s  involved f o r  each scanned poin t  across  t h e  

bar .  During the  course of t h e  test d a t a  a n a l y s i s ,  t h e  l a t t e r  opt ion was 

chosen t o  a l low a more d e t a i l e d  examination of t h e  d a t a  and t h e  r e s u l t s  

of t h e  computations. Although h e l p f u l  i n  gaining an understanding and 

confidence i n  system o p e r a t i o n ,  t h e  a d d i t i o n a l  p r i n t e d  information is  

not  necessary t o  t h e  o p e r a t i o n a l  output  of t h e  system. 

Computer compatible d a t a  ( i n  a form which can be d i r e c t l y  i n p u t  t o  t h e  

computer) is f e a s i b l e  and indeed necessary t o  t h e  e f f i c i e n t  opera t ion  of 

any such system. The amount of raw d a t a  obtained from t h i s  system would 

b e  unmanageable i n  p r i n t e d  o r  s t r i p  c h a r t  form f o r  any o p e r a t i o n a l  ex- 

tens ion  of t h e  concept. 

Svs t e m  Accuracy 

9 

,, Because of t h e  m u l t i p l e  s t e p s  involved i n  system o p e r a t i o n ,  opportuni ty  

f o r  e r r o r  is increased s u b s t a n t i a l l y  over any s i n g l e  s t e p  measurement, 

In a d d i t i o n ,  some assumptions must be made t o  a l low the a p p l i c a t i o n  of 

this technique t o  a p r a c t i c a l  s i t u a t i o n .  The most important assumption 

is t h a t  t h e  s i z e  of t h e  emission p a r t i c l e s  can be accura te ly  represented  

by some s i z e  d i s t r i b u t i o n  and t h a t  t h a t  d i s t r i b u t i o n  remains r e l a t i v e l y  
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cons tan t  over t h e  test period and t o  a lesser e x t e n t  cons tan t  from one 

test t o  another .  

Based on t h e  information o r i g i n a l l y  avai lable  on p a r t i c u l a t e  s i z i n g  f o r  

coke oven emissions,  a much l a r g e r  p a r t i c l e  s i z e  was a n t i c i p a t e d .  

vary ing  s i z e  d i s t r i b u t i o n s  f o r  l a r g e r  p a r t i c l e s ,  t h e  e f f e c t i v e  l i g h t  

removal c a p a b i l i t i e s  of a p a r t i c l e  remain e s s e n t i a l l y  cons tan t  a t  a 

v a l u e  equal  t o  about  two times its cross-sec t iona l  a r ea .  For smal l  

p a r t i c l e s ,  however, the  e f f e c t i v e  l i g h t  removal c a p a b i l i t y  of a given 

p a r t i c l e  

wavelength of source  l i g h t ,  and s i z e  of particle. - 

Coke oven emissions were found t o  b e  very dynamic i n  n a t u r e .  

q u a n t i t y  of emissions varied widely over t h e  t o t a l  charging per iod,  be- 

tween source p o i n t s  i n  t h e  charging system, and between t h e  o ld  and new 

charging c a r s .  I n  a d d i t i o n ,  t h e  v i s u a l  c h a r a c t e r i s t i c s  of t h e  emission 

v a r i e d  widely from a puffy black smoke genera l ly  a s s o c i a t e d  w i t h  v i s i b l e  

flames around t h e  c a r ,  t o  t h i c k  brown or  mustard colored plumes which 

appeared t o  b e  t h e  raw gases d r i v e n  off  the c o a l  wi th  l i t t l e  or no com- 

b u s t i o n  t a k i n g  p lace .  

behaved i n  terms of o p t i c a l  system c o n s i d e r a t i o n s  was beyond t h e  scope 

of t h i s  i n v e s t i g a t i o n .  A f u r t h e r  complicat ion i n  t h e  measurement process 

w a s  t h e  bi-populate n a t u r e  of the p a r t i c l e  s i z e  d i s t r i b u t i o n .  
negated t h e  s i m p l e  a n a l y s i s  of a s i n g l e  d i s t r i b u t i o n  and t h e  e s t a b l i s h -  

ment of a s i n g l e  mean diameter v a l u e  t o  u s e  i n  volume c a l c u l a t i o n s .  

I n  order  t o  f a c i l i t a t e  measurement c a l c u l a t i o n s ,  t h e  two d i s t r i b u t i o n s  

were considered s e p a r a t e l y .  Through a n a l y s i s  of t h e  p a r t i c u l a t e  m a t e r i a l ,  

i t  was determined t h a t  t h e  l a r g e r  p a r t i c l e s  were made up p r i m a r i l y  of 

carbon or  c o a l  p a r t i c l e s ,  while  t h e  smal le r  p a r t i c l e s  were composed 

pr imar i ly  of t a r .  Using t h i s  information,  curves of K v a l u e s  v e r s u s  

p a r t i c l e  s i z e  were s e l e c t e d  f o r  t h e s e  m a t e r i a l s ,  and t h e  geometric mass 

mean r a d i u s  of each s e p a r a t e  d i s t r i b u t i o n  e s t a b l i s h e d .  

v a l u e  f o r  K was determined from t h e  curves  us ing  t h e  mean rbdius .  

two v a l u e s  were combined t o  produce a s i n g l e  v a l u e  f o r  computat.ion by 

weighing each v a l u e  a s  a f u n c t i o n  of t h e  p a r t i c l e  sample mass d i s t r i b u t i o n .  

Under 

v a r i e s  between one and four  as a f u n c t i o n  of p a r t i c l e  m a t e r i a l ,  

The 

Any i n v e s t i g a t i o n  as t o  how each type of emission 

This f a c t  

The r e p r e s e n t a t i v e  

The 
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The above d iscuss ion  is included a s  an example of how d i f f i c u l t  t h e  

accura te  determinat ion of p a r t i c l e  s i z e  d i s t r i h u t i o n s  can b e ,  and what 

assumptions must b e  made i f  the d i s t r i b u t i o n  is found not  t o  f i t  some 

s tandard form such a s  a s i n g l e  normal o r  lognormal curve. 

i f  t h e  p a r t i c l e  s i z e  tends toward v a l u e s  below 10 p i n  diameter ,  t h e  mass 

values ca lcu la ted  f o r  assuming one mean diameter can vary by a f a c t o r  of 

four  with very  small  changes i n  t h e  p a r t i c l e  d i s t r i b u t i o n  and thus 

i n  t h e  a c t u a l  e f f e c t i v e  mean diameter.  

Actual experience with some p a r t i c u l a r  source or  type of source can 

g r e a t l y  improve t h e  accuracy of t h e  system through increased knowledge of 

the  t y p i c a l  o p t i c a l  p r o p e r t i e s  of t h e  emission. 

approach 100% accuracy i f  t h e  emissions w e r e  a l l  of t h e  same m a t e r i a l  

with similar o p t i c a l  p r o p e r t i e s  ( s u r f a c e  condi t ions)  and a l l  p a r t i c l e s  

were of t h e  same s i z e .  

c h a r a c t e r i s t i c s ,  only order-of-magnitude accuracy can b e  expected f o r  

t o t a l  mass measurements. However, r e l a t i v e  measurements performed on 

some small  source which e x h i b i t s  reasonably cons tan t  p a r t i c l e  charac te r -  

ist ics ( e i t h e r  observed or  measured) can b e  expected t o  have an accuracy 

f a c t o r  on the  order  of 2-5. It is  t h i s  range of accuracy which appears 

reasonable  f o r  measurements made w i t h  t h e  experimental  system. 

To make t h e  opera t ion  of t h i s  system f e a s i b l e ,  two other  assumptions must 

be made which a r e  m u l t i p l i c a t i v e  i n  terms of mass measurement e r r o r s .  

The b a s i c  assumptions are t h a t  a r e p r e s e n t a t i v e  v a l u e  can b e  determined 

f o r  p a r t i c l e  d e n s i t y  and emission r i s e  v e l o c i t y ,  and t h a t  t h e s e  va lues  

once determined, remain re la t ive ly  cons tan t .  In both s i t u a t i o n s ,  i t  is 

d i f f i c u l t  t o  conceive of a c a s e  where t h e  s e l e c t e d  va lue  f o r  e i t h e r  

q u a n t i t y  would in t roduce  an e r r o r  g r e a t e r  than 25% and indeed, t h e  e r r o r  

a c t u a l l y  experienced would probably be <lo%. 
Analysis of p a r t i c l e  samples snow that t h e  primary c o n s t i t u e n t s  a r e  t a r s  

and carbon or  coa l .  
3 1 .4  h / c m  . The apportionment between the two m a t e r i a l s  has  shown reason- 

a b l e  consis tency.  Based on t h e s e  observa t ions ,  a r e p r e s e n t a t i v e  d e n s i t y  

of 1.2 Gm/cm was e s t a b l i s h e d .  In  t h e  presence of very  low emissions,  we 

In a d d i t i o n ,  

The system could only 

With minimal knowledge of t h e  p a r t i c u l a t e  

The d e n s i t i e s  have ranged between %.9 Qn/cm3 and 

3 

139 



would expect  t h e  material make-up t o  tend towards a predominance of tax 

and the s e l e c t e d  v a l u e  would tend t o  b e  high.  If emissions were par- 

t i c u l a r l y  heavy i n d i c a t i n g  cons iderable  combustion and turbulence in 

t h e  oven, the emissions would probably tend toward carbon and the  

s e l e c t e d  v a l u e  would tend t o  be low. 

The s e l e c t e d  v a l u e  f o r  emission rise v e l o c i t y  was based on a l a r g e  num- 

b e r  of photographic observat ions of plume behavior.  Few i n c o n s i s t e n c i e s  

in behavior were r a t e d .  This is probably because t h e  p o s i t i o n  of t h e  

plume, when observed by the  system, is removed from t h e  l a r r y  ca r  s t a c k s  

and hopper s t r u c t u r e ,  and its behavior is p_rim_argly_determined by ambient 

a i r  condi t ions  which remain r e l a t i v e l y  cons tan t .  

The except ion t o  th i s  is when a r e l a t i v e l y  s t r o n g  crosswind i s  blowing. 

The plume i n  t h i s  s i t u a t i o n  can have a h o r i z o n t a l  v e l o c i t y  t h e  v e r t i c a l  

v e l o c i t y .  

of t h e  l i g h t  source v e r t i c a l  wing us ing  u n i t s  r a t h e r  than  t h e  h o r i z o n t a l  

l i g h t  source.  I n  such s i t u a t i o n s ,  i t  might b e  necessary t o  make some 

wind measurements t o  obta in  a r e l i a b l e  va lue  f o r  emission v e l o c i t y  pass  

t h e  v e r t i c a l  bar  u n i t s .  

when appl ied  t o  t h e  h o r i z o n t a l  bar  under minimal wind condi t ions ,  should 

cause minimal e r r o r  in system measurements. 

A second a r e a  of system e r r o r  a p a r t  from t h e  necessary q u a n t i t a t i v e  assump- 

t i o n s ,  i s  the  i n a b i l i t y  of t h e  system t o  s e e  or d e t e c t  a l l  emissions 

occurr ing  on t h e  oven b a t t e r y  during charging. This def ic iency  is a 

r e s u l t  of the  geometry of a f e a s i b l e  system i n s t a l l a t i o n  on a t y p i c a l  

coke oven. In Figure 22 the  f i e l d  of view of the camera with r e s p e c t  t o  

the  l i g h t  bar  and t h e  oven s u r f a c e  is shown. 

rows toward the camera, a d d i t i o n a l  p o r t i o n s  of t h e  oven s u r f a c e  and space 

above that s u r f a c e  are excluded from d e t e c t i o n  by the system. 

shows what are considered i d e a l  l o c a t i o n s  in terms of image s i z e  and de- 

t e c t i o n  l o c a t i o n s .  

source  t o  provide an enlarged f i e l d  of view, b u t  t h i s  would have t h e  

e f f e c t  of i n c r e a s i n g  t h e  d i f f e r e n c e s  in plume behavior  caused by t h e  var i -  

a t i o n s  in d i s t a n c e  from emission source  f o r  d i f f e r e n t  p o s i t i o n s  on the  

In such a s i t u a t i o n ,  t h e  plume w i l l  probably pass  a c r o s s  one 

I n  any case ,  t h e  r e p r e s e n t a t i v e  v e r t i c a l  v e l o c i t y ,  

A s  t h e  f i e l d  of  view nar- 

The drawing 

The camera could b e  moved f u r t h e r  away from t h e  

I 
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oven. 

i n  tu rn  makes densi tometry more d i f f i c u l t .  

increased i n  s i ze ,  bu t  t h i s  qu ick ly  approaches the p r a c t i c a l  l i m i t a t i o n s  

of a v a i l a b l e  support  f o r  t h e  s t r u c t u r e .  Addit ional  cameras could be 

added, b u t  the c o s t s  of implementation and opera t ion  would b e  increased 

propor t iona te ly .  

It a l s o  appears  p o s s i b l e ,  based on test experience,  t h a t  l i g h t  emissions 

occurr ing around t h e  b a s e  of t h e  c a r  could become s o  d i f f u s e d  before  

r i s i n g  t o  a d e t e c t a b l e  poin t  above t h e  car t h a t  t h e  s y s t e m  would have 

cons iderable  d i f f i c u l t y  d i s t i n g u i s h i n g  them from heavy background or  

ambient. 

I n  genera l ,  t h e  conclusion must be drawn t h a t  t h i s  monitoring concept i n  

conf igura t ions  s i m i l a r  t o  t h e  experimental  system cannot be expected t o  

provide 100% coverage o r  p o s i t i v e  d e t e c t i o n  of any l i g h t  emissions.  

Change t o  the  system conf igura t ion  can b e  made, b u t  t h i s  would r e s u l t  i n  

s u b s t a n t i a l  increases i n  both cos t  of experiment and opera t ion .  

System Configurat ion,  Operation, and Data Analysis 

The c o n f i g u r a t i o n  of system components i n  the  implementation of t h i s  

measurement concept does not provide a l a r g e  l a t i t u d e  of p o s s i b i l i t i e s .  

The d e t e c t o r  (camera) m u s t  be pos i t ioned  on one s i d e  of t h e  emission 

plume and a l i g h t  source  must  be pos i t ioned  on t h e  oppos i te  s i d e .  

use of a r e f l e c t o r  i n  p lace  of t h e  l i g h t  source considerably complicates 

the  s y s t e m  implementation, as w e l l  a s  d a t a  i n t e r p r e t a t i o n ,  and is not  

f e l t  t o  be a p r a c t i c a l  a l t e r n a t i v e .  

a ry  system f o r  i n i t i a l  emission d e t e c t i o n  should b e  considered. This 

would al low t h e  o p t i c a l  sys t em t o  o p e r a t e  on an except ion b a s i s  r a t h e r  

than cont inuously o r  on c v c r y  charging sequence. 

c l u d e  r e l a t i v e l y  s imple transmissometers opera t ing  over long paths  over  

the  oven top. 

order  t o  minimize t h e  number of u n i t s  requi red .  

a t i o n  i s  shown i n  Figure 23.  

It would a l s o  tend t o  decrease  the photographic image s i z e  which 

The l i g h t  source  might be 

- . .  

The 

As  we s t a t e d  previous ly ,  some second- 

Such a system might i n -  

These paths  might use a s i n g l e  r e f l e c t o r  a t  one end i n  

A simple pa th  configur- 
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The system o p e r a t i n g  i n  t h i s  mode could f u n c t i o n  unattended f o r  per iods 

of days o r  weeks, assuming an 80% o r  g r e a t e r  compliance record and l a r g e  

capac i ty  f i l m  magazines. The primary a t t e n t i o n  need by t h e  system would 

be t h e  occas iona l  c leaning  of t h e  l i g h t  source  and camera/associated 

o p t i c s ,  t h e  changing of film magazines, and checks of d a t a  c locks and 

secondary d e t e c t i o n  system operat ion.  

I n  comparison t o  a Ringelmann assessment of emissions,  t h e  experimental  

o p t i c a l  system can provide a d d i t i o n a l  d a t a  wi th  higher  q u a l i t y .  A s  ap- 

p l i e d  t o  coke oven observa t ions ,  t h e  Kingelmann technique cannot account 

f o r  t h e  q u a n t i t y  or  s i z e  of t h e  emission plume. This  is important i n  

determining the t o t a l  emission because of the  wide v a r i a t i o n  i n  p o i n t  

source  c h a r a c t e r i s t i c s  on and around t h e  l a r r y  ca r .  The coke s t a c k s  

f o r  i n s t a n c e ,  r e l e a s e  large q u a n t i t i e s  of  dense opaque emissions whi le  

small l e a k s  around t h e  drop s l e e v e  may r e l e a s e  equal ly  dense emissions,  

b u t  of a much lower volume. The s i t u a t i o n  where a l a r g e  number of smal l  

l e a k s  r e l e a s e  a l a r g e  q u a n t i t y  of d i f f u s e d  emissions as cont ras ted  t o  a 

smal l  dense emission from a s t a c k  is a l s o  not  adequately d i f f e r e n t i a t e d .  

A s  understood f o r  c u r r e n t  compliance monitor ing,  t h e  Ringelmann observer 

would time t h e  per iod over which h e  observed a c e r t a i n  opac i ty ,  not  no t ing  

t h e  q u a n t i t y  (plume s i z e )  of emission a t  t h a t  opaci ty .  This could 

obviously g ive  a d i s t o r t e d  p i c t u r e  of t h e  a c t u a l  emission volume i n  

comparison t o  observa t ions  made on o ther  charges.  The o p t i c a l  system 

should b e  a b l e  t o  provide information t h a t  more t r u l y  r e f l e c t s  the  

a c t u a l  q u a n t i t y  of emission and al lows a b e t t e r  b a s i s  f o r  comparison of 

t h i s  q u a n t i t y  between i n d i v i d u a l  charging a c t i v i t i e s .  The system h a s  

a l s o  been shown t o  a d j u s t  f o r  condi t ions  beyond the  c o n t r o l  of t h e  

Ringelmann observer ,  such a s  l i g h t  condi t ions  and c o l o r  of t h e  emission. 

A s  p rev ious ly  s t a t e d ,  t h e  o p t i c a l  system, although not  providing a h i g h l y  

a c c u r a t e  v a l u e  of a b s o l u t e  mass emit ted,  should provide a re l iab le  b a s i s  

f o r  re la t ive  mass measurements w i t h i n  t h e  system. I f ,  however, t h e  

q u a n t i t a t i v e  a s p e c t s  of mass measurement are not s u f f i c i e n t l y  a c c u r a t e  

or r e l i a b l e  f o r  use  i n  a compliance system, t h e  b a s i c  t ransmission ( t h e  

r e c i p r o c a l  of opac i ty)  measurement c a p a b i l i t y  of t h e  system provides  an 

. 
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improvement over Ringelmann i n  terms of accounting f o r  emission volume. 

By d iv id ing  up t h e  l i g h t  source i n t o  many poin t  sources ,  t h e  s y s t e m  makes 

the  equivalent  of many instantaneous Ringelmann assessments over a wide 

a r e a  with t h e  advantage t h a t  v a r i a b l e s ,  such as emission c o l o r  o r  

ambient l i g h t i n g ,  have been el iminated OK compensated for .  

An example can be given to demonstrate t h i s  c a p a b i l i t y .  Assume a l i g h t  

source whose photographic image can be d iv ided  i n t o  500 equal s e c t i o n s  

f o r  purposes of d e n s i t y  measurement. If t h e  bar  is  50 f e e t  long,  then 

each of the  500 s p o t s  would r e p r e s e n t  a .1 foo t  w i d e  a rea  of t h e  l i g h t  

source.  Suppose t h a t  t ransmission values were determined f o r  each of 

the  500 p o i n t s  a long t h e  bar .  and t h a t  corresponding Ringelmanri numbers 

were assigned t o  each of the poin ts .  These numbers could then b e  summed 

t o  provide a composite v a l u e  ( r e f e r r e d  t o  h e r e  a s  a Ringelmann "Quotient" 

- RQ) which would take i n t o  account the  s i z e  or e x t e n t  of t h e  emission 

plume OK condi t ion .  A p e r f e c t l y  c l e a r  b a r  would produce a sum of zero,  

corresponding t o  a Ringelmann of "zero." 

t i o n  across  t h e  e n t i r e  b a r ,  t h e  sum would b e  500. I f  a Ringelmann 2 con- 

d i t i o n  e x i t e d  a c r o s s  t h e  ba r ,  the  sum would be 1000. The o t h e r  Ringelmann 

sums would b e  p r o p o r t i o n a l  f o r  cons tan t  Ringelmann numbers. 

upper cut-off l i m i t  a t  90% o p a c i t y  would y i e l d  a Ringelmann sum of 2000, 

which would a l s o  b e  obtained f o r  an  80% o p a c i t y  condi t ion.  

Since condi t ions  can b e  expected t o  vary from poin t  t o  poin t  on t h e  b a r ,  

t h e  Ringelmann sum would be expected t o  vary as a func t ion  of emission 

q u a n t i t y  between 0 and 2000. 

presents  an ins tan taneous  rate,  t h e  sum va lues  f o r  s e v e r a l  frames might 

be t o t a l e d  and divided by t h e  number of frames t o  provide a r a t e  average 

over time. 

a c t u a l  d a t a ,  two o p t i c a l  s y s t e m  d a t a  frames of c o n t r a s t i n g  emission con- 

d i t i o n s  along with t h e i r  ass igned Ringelmann Quot ien t  (RQ) and c a l c u l a t e d  

mass emission r a t e s  are presented i n  F igure  24 .  Addi t iona l ly ,  t h e  v a l u e s  

used t o  compute the  RQ from t ransmiss ion  d a t a  a r e  presented i n  Table 

31. For t h e  test system, 539 s p o t  t ransmission measurements were made 

y i e l d i n g  a p o s s i b l e  maximum RQ value of 2156. This va lue  would 

Assuming a Ringelmann 1 condi- 

The system 

Since a v a l u e  fo r  one photographic frame re- 

A s  an example of how a Ringelmann Q u o t i e n t  would work f o r  
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TABLE 31 

., 

CONVERSION OF TRANSMISSION VALUES 

TO RINGELMA" VALUES 

Corresponding Ringelmann 
% Transmiss ion  % Opacity 1 /T Va lue  Assigned 

0 

1 

1 100 0 1 

90 10 1.11 

80 20 1.25 ] 
70 30 1.43 

60 40 1.66 2 

50 50 2.00 

40 60 2 . 5 0 1  3 

30 70 3.33 

20 80 4 

10 90 10.00 

1 4  7 



correspond t o  a Ringelmann condi t ion  4 measured a t  a l l  539 p o i n t s  a long 

t h e  l i g h t  source.  The test s y s t e m  cannot,  however, reach t h i s  a b s o l u t e  

v a l u e  s i n c e  about 30 p o i n t s  f a l l  on gaps i n  t h e  l i g h t  source and a r e  

ass igned 0 mass va lues .  It i s  easy,  however, t o  s ee  the  d i f f e r e n c e  be- 

tween t h e  two RQ v a l u e s  i n  comparison t o  t h e  emission condi t ions 

p ic tured .  

c a p a b i l i t y  i n  a s s e s s i n g  the  amount of emissions a c t u a l l y  r e l e a s e d  t o  t h e  

a i r  during a charging operat ion.  

Data Processing Output 

The b a s i c  output  of t h e  d a t a  a n a l y s i s  f o r  t h e  o p t i c a l  monitoring system 

is a t o t a l  mass r a t e  v a l u e - p e r  u n i t  v e r t i c a l  h e i g h t ' o f  t h e  emission 

p h u e .  This vaiue is in curn made up of 53Y i n d i v i d u a l  mass rate va lues  

c a l c u l a t e d  f o r  corresponding s p o t s  along t h e  length  of the  l i g h t  source.  

I n  an o p e r a t i o n a l  s i t u a t i o n ,  the  only number of i n t e r e s t  is t h e  mass r a t e  

a s s o c i a t e d  with a p a r t i c u l a r  frame. 

assessment,  however, a d d i t i o n a l  information was included on t h e  d a t a  

a n a l y s i s  pr in t -out  f o r  t h e  s e l e c t e d  tests. Figure 25 p r e s e n t s  one page 

of a t y p i c a l  a n a l y s i s  p r i n t  out.  

The header information contains  frame i d e n t i f i c a t i o n  c o n s i s t i n g  of test 

number and frame time i n  hours ,  minutes ,  and seconds. The base and scan 

numbers used i n  "housekeeping" r e f e r  t o  t h e  base  frame number on the  

d a t a  tape and t h e  scan number performed a g a i n s t  t h a t  p a r t i c u l a r  base. 

Each of t h e  seven l i n e  groups on a page present  d a t a  from f i f t e e n  con- 

s e c u t i v e  p o i n t s  i n  t h e  l e f t  t o  r i g h t  scan of the  l i g h t  source.  

of s i x  pages a r e  requi red  to  present  t h e  539 poin ts  from one complete 

Scan of the  l i g h t  b a r .  A seven space column assoc ia ted  with a s i n g l e  

poin t  conta ins  t h e  base  exposure va lue  (no emission) f o r  t h a t  p o i n t  on 

t h e  l i g h t  scurce  l a b e l e d  "BASE L". 

corresponding spo t  on t h e  black p o r t i o n  of t h e  b a r  i s  obtained by 

averaging black a r e a  readings over some s p e c i f i c  number of p o i n t s  a t  

t h e  end of t h e  l i g h t  source and d e s i g n a t i n g  t h i s  average a s  a c o n s t a n t  

t o  be used i n  a l l  c a l c u l a t i o n s  involv ing  t h a t  base  frame. 

i s  presented as p a r t  of t h e  header information and i s  labe led  "TERO PAL", 

It can be seen t h a t  such a technique might o f f e r  an improved 

For purposes of system performance 

A t o t a l  

The base  exposure va lue  f o r  t h e  

T i i s  va lue  
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meaning a v a l u e  f o r  zero plume a i r  l i g h t .  

Exposure v a l u e  information f o r  the p o i n t  obtained i n  t h e  scan of t h a t  

p a r t i c u l a r  d a t a  frame is labe led  "DATA D" f o r  the va lue  of the  black 

area and "DATA L" f o r  t h e  va lue  of t h e  l i g h t e d  area. The t h r e e  exposure 

va lues  p lus  t h e  v a l u e  f o r  "ZERO PAL" are used t o  c a l c u l a t e  a r e c i p r o c a l  

va lue  f o r  t ransmi t tance  which is p r i n t e d  and labe led  "l/T". The va lue  

labe led  (LN(l/T)" i s  t h e  n a t u r a l  l og  of t h e  l/T value and is presented 

as an i n t e r i m  q u a n t i t y  t o  b e  saved f o r  p o s s i b l e  re-run of t h e  da t a .  

quant i ty  labe led  "EL MASS" is t h e  c a l c u l a t e d  mass r a t e  i n  grams per  

meter v e r t i c a l  plume s i z e  f o r  t h a t  p a r t i c u l a r  po in t .  This v a l u e  i s  ob- 

ta ined  us ing  c o n s t a n t s  whose va lues  are a s i i g n e d a n d  l i s t e d a t  t h e  start  

v i  ea& &La reduccion run. i n  order  LO obta in  a t o t a i  mass rate f o r  a 

complete frame, "EL MASS" values  f o r  each of t h e  539 p o i n t s  are summed. 

This v a l u e  is presented on t h e  las t  page a s s o c i a t e d  wi th  t h e  p a r t i c u l a r  

scan as "TOTAL FRAME MASS RATE." The l a s t  l i n e  of each group summarizes 

s p e c i a l  s i t u a t i o n s  which may occur on a p a r t i c u l a r  frame. 

explanat ion of t h e  "FLAGS" i s  presented as p a r t  of t h e  header informa- 

t i o n  f o r  each page. 

The 

An abbreviated 

The "*" s i g n i f i e s  a p o i n t  a t  which the  va lue  f o r  

BASE L" f a l l s  below some pre-set  value.  This  s i t u a t i o n  occurs f o r  

p o i n t s  f a l l i n g  on t h e  gaps between bulbs of t h e  l i g h t  source and is 

g e n e r a l l y  5-8 p o i n t s  long. In  general, no mass r a t e  i s  c a l c u l a t e d  f o r  

t h e s e  p o i n t s  and t h e  v a l u e  of "EL MASS'' i s  set  t o  zero. 

The "+" denotes  a s i t u a t i d n  i n  which t h e  frame plume-air l i g h t  va lue ,  

"DATA D", is high when compared t o  a corresponding base  l i g h t  v a l u e  

(BASE L). 

d i t i o n s .  The f i r s t  occurs when a gap va lue  f o r  "BASE L" i s  compared t o  

a s l i g h t l y  high v a l u e  of "DATA D", caused by l i g h t  smoke over t h e  b lack  

a rea .  The second occurs when very heavy smoke of a b r i g h t  o r  highly 

r e f l e c t i v e  c o l o r  occurs  and t h e  smoke image d e n s i t y  appears b r i g h t e r  

than the  l i g h t  source i n  t h e  base frame. Few s i t u a t i o n s  of t h e  la t ter  

type were de tec ted  and i n  genera l ,  i n d i c a t e d  t h a t  t h e  l i g h t  source re- 

mained dominant f o r  most condi t ions  of plume a i r  l i g h t .  

t h a t  a v a l u e  f o r  "DATA L" was found t o  b e  l a r g e r  than a corresponding 

11 

This s i t u a t i o n  can l o g i c a l l y  occur  under two d i f f e r e n t  con- 

A "$" s i g n i f i e s  

c 

150 



value f o r  "BASE L." 

the  l i g h t  source is s t i l l  v i s i b l e ,  g i v i n g  rise t o  a n  a d d i t i o n  of plume 

a i r  l i g h t  t o  t h e  apparent  l i g h t  source br ightness .  

a lesser degree i n  a no emission s i t u a t i o n  due t o  system inaccurac ies .  

To d i f f e r e n t i a t e ,  t h e  d i f f e r e n c e  between t h e  two values  is compared t o  a 

threshold value.  I f  it is less than  that  va lue ,  a "C'' f l a g  i s  raised 

and t h e  computation cont inues.  I f  i t  occurred during a high emission con- 

d i t i o n ,  the  c a l c u l a t i o n  w i l l  f o r c e  t h e  v a l u e  of "EL MASS" t o  i ts  maximum 

value.  I f  i t  occurred during a l i g h t  or no emission s i t u a t i o n ,  t h e  ca l -  

c u l a t i o n s  w i l l  g e n e r a l l y  produce a zero  o r  very l o w  va lue  f o r  "EL MASS." 

I f  t h e  d i f f e r e n c e  is g r e a t e r  than  t h e  threshold  va lue ,  a "$" i s  p r i n t e d  

and the  c a l c u l a t i o n  cont inues.  T h i s  s i t u a t i o n ,  when v a l i d ,  u s u a l l y  

occurs i n  a high emission condi t ion  and t h e  c a l c u l a t i o n  w i l l  genera l ly  

e n t e r  a high v a l u e  f o r  "EL MASS." The s i t u a t i o n  "C" can a l s o  occur a t  gaps 

i n  t h e  l i g h t  source  and is handled i n  t h e  same way. 

n i f i e s  t h a t  a comparison between "DATA L" and "DATA D" values  showed t h e  

dark area t o  b e  b r i g h t e r  than t h e  l i g h t  a rea .  Again, t h i s  s i t u a t i o n  

occurs i n  condi t ions  of very heavy emissions and i f  t h e  d i f f e r e n c e  i s  

small, is probably caused by system inaccurac ies .  To check, the  d i f -  

fe rence  is compared t o  a threshold va lue .  I f  i t  is l e s s ,  t h e  maximum 

value  i s  set f o r  "EL MASS." 

o ld  va lue ,  a "?" f l a g  i s  entered and t h e  "EL MASS" value is set t o  zero 

s i n c e  no v a l i d  c a l c u l a t i o n  can b e  made under these  condi t ions .  The "%" 

f l a g  i n d i c a t e s  t h a t  t h e  c a l c u l a t e d  t ransmission has dropped below 10%. 

In t h i s  s i t u a t i o n ,  t h e  maximum v a l u e  of "EL MASS" is entered f o r  t h a t  

spot .  The exposure and t ransmission d a t a  is r e t a i n e d  f o r  examination. 

The l a s t  f l a g ,  "@", s i g n i f i e s  t h a t  a "BASE L" value is below t h e  "ZERO 

PAL" va lue  and can only occur i n  a l i g h t  source gap (already s i g n i f i e d  

by "*" f l a g )  o r  i n  an i n v a l i d  measurement. 

a zero va lue  f o r  "EL MASS" is entered.  

Using t h e  f l a g  summary a t  t h e  end of a frame scan ,  a quick assessment 

of p o s s i b l e  processing problems can b e  made and a judgement formed a s  

t o  t h e  q u a l i t y  and p o t e n t i a l  v a l i d i t y  of t h e  r e s u l t s .  

f l a g  summary are d a t a  s h i f t  values .  

This  occurs i n  t h e  presence of heavy emissions where 

It may a l s o  occur t o  

j. 

i 

The "U" f l a g  s ig-  

I f  i t  is g r e a t e r  than t h e  d i f f e r e n c e  thresh-  

./ 

.i 
I n  t h e  presence of t h i s  f l a g ,  

P r i n t e d  below t h e  

This s h i f t  is performed on t h e  d a t a  
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frame i f  i t s  start p o i n t  does not  co inc ide  w i t h  t h a t  of t h e  base  frame. 

The alignment i s  based on the  p o s i t i o n  of t h e  gaps i n  t h e  base  and d a t a  

frames and i n  genera l ,  r e q u i r e  l i t t l e  o r  no s h i f t s .  

ou t  provides  a convenient method f o r  scanning i n d i v i d u a l  d a t a  frames 

f o r  a r e a s  of i n t e r e s t  such as observed a r e a s  of high o r  low transmission 

o r  suspected i n t e r f e r e n c e s .  

the  understanding and assessment of o p t i c a l  system performance. 

T e s t  Data 

During t h e  course of t h e  o v e r a l l  test program, 21 t e s t s  were photographed 

by t h e  o p t i c a l  system which were a l s o  observed - .  us ing  t h e  continuous ~. 

monitoring system. In a d d i t i o n  t o  t h e  21  tests i n  common, a number of 

o t h e r  charges were photographed us ing  t h e  o p t i c a l  s y s t e m  t o  provide test 

d a t a  f o r  t h a t  system. The o r i g i n a l  i n t e n t  a t  t h e  o u t s e t  of t e s t i n g  was 

t o  process  and analyze a l l  o p t i c a l  system output  f o r  comparison with t h e  

continuous monitoring r e s u l t s .  

h igher  than expected processing and a n a l y s i s  c o s t s  and unexpected but  

necessary a l t e r a t i o n s  i n  t h e  o r i g i n a l  tes t  schedule.  

s e l e c t i o n  of a sub-set  of o p t i c a l  f i l m  w a s  made and a n a l y s i s  accomplished 

p r i o r  t o  t h e  processing and a n a l y s i s  of t h e  continuous monitoring s y s t e m  

da ta .  

The o r i g i n a l  test concept involved monitoring a l l  emission source p o i n t s  

s imultaneously ( s i x  p o i n t s  on t h e  Wilput te  c a r  and t h r e e  p o i n t s  on t h e  

AISI/EPA c a r ) .  The combination of volume flow from a l l  p o i n t s  on a t e s t  

would have provided a reasonably good second-by-second p i c t u r e  of v i s i b l e  

emission volume a g a i n s t  which t h e  o p t i c a l  system d a t a  could b e  compared. 

Problems encountered during t h e  course of t e s t i n g  precluded t h e  measure- 

ment of a11 poin ts  on t h e  Wilputte ca r  s imultaneously and made necessary 

t h e  use of a s p i r a t i n g  f a n s  on t h e  t h r e e  AISI/EPA c a r  t e s t  p o i n t s  wi th  t h e  

r e s u l t  t h a t  t h e  absolu te  volume flow was a f u n c t i o n  of t h e  f ans  r a t h e r  

than t h e  volume of emission. 

An a l t e r n a t i v e  s e l e c t i o n  of tests where a l l  t h r e e  s t a c k s  on t h e  Wilput te  

ca r  were monitored f o r  volume flow o r  a l l  th ree  guides of t h e  AISI/EPA 

car  were monitored f o r  gas concent ra t ions  was made. The r a t i o n a l e  w a s  

The t o t a l  p r i n t -  

In s h o r t ,  i t  provides a v a l u a b l e  t o o l  i n  

This became i m p r a c t i c a l  i n  t h e  l i g h t  of 

A s  a r e su l t ,  the  
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t h a t  during the  charging period f o r  the  Wilput te  c a r ,  a high percentage 

of the  t o t a l  emissions escaped through the s tack .  Also, t h a t  on t h e  

AISI /EPA c a r ,  t h e  concent ra t ions  of s e l e c t e d  emission c o n s t i t u e n t s  such 

a s  t o t a l  hydrocarbons could be used as a n  i n d i c a t o r  of v i s i b l e  emissions 

volume a t  t h a t  i n s t a n t  i n  time. A f u r t h e r  s e l e c t i o n  of s p e c i f i c  frames 

w a s  made by v i s u a l  observa t ion  of the  test f i l m  t o  include per iods  of 

highly c o n t r a s t i n g  emissions (high versus  low volume v i s i b l e )  and 

t r a n s i e n t s .  

ing  m a t e r i a l .  

Presented i n  Figures  26 through 30 are graphs of a c t u a l  volume flow, i n  

cubic f e e t  per  second, combined f o r  a l l  t h r e e  s t a c k s  on t h e  Wilput te  

l a r r y  ca r  or measured concent ra t ions  i n  % t o t a l  hydrocarbons f o r  t h e  

t h r e e  combined guides on the AISI/EPA car .  

p resents  c a l c u l a t e d  mass emission rates as measured by t h e  o p t i c a l  moni- 

t o r i n g  system. These va lues  expressed i n  grams per  meter v e r t i c a l  plume 

s i z e ,  a r e  p l o t t e d  on t h e  same t i m e  base t o  show event c o r r e l a t i o n .  

inspec t ion  of t h e  f i l m ,  and comparison of photographed events  wi th  t h e  

d a t a  a c q u i s i t i o n  system record ,  i t  w a s  obvious t h a t  some l o s s  i n  syn- 

chroniza t ion  between the  o p t i c a l  system c lock  and d a t a  a c q u i s i t i o n  sys- 

t e m  had occurred. This was probably caused by n o i s e  p u l s e s  causing the  

o p t i c a l  system clock t o  jump ahead i n  t i m e  a few seconds. 

displayed were graphed us ing  t h e  time displayed by t h e  c lock  r a t h e r  than 

a r b i t r a r i l y  c o r r e c t i n g  t h i s  time. I n  genera l ,  however, i t  appears from 

s e v e r a l  observat ions t h a t  i n  t h e  absence of wind, events  i n  the  Wilput te  

s t a c k s  a r e  seen by t h e  o p t i c a l  sys t em with about a f i v e  second delay 

and events  i n  t h e  A I S I / E P A  guides a r e  seen by t h e  o p t i c a l  system wi th  

a f i v e  t o  t en  second delay.  

Also, s i n c e ' t h e  continuous monitoring system volume flow measurements 

are taken i n  a confined s t a c k  on a one second b a s i s ,  abrupt  changes i n  

flow can be de tec ted  and represented i n  a very p r e c i s e  fashion.  The 

o p t i c a l  system, however, d e t e c t s  t h e  emission a f t e r  i t  has had an oppor- 

t u n i t y  t o  d i f f u s e  and, i n  genera l ,  become more spread out  over both 

time and space.  The a n a l y s i s  i n t e r v a l  f o r  t h e  o p t i c s  system w&s s e l e c t e d  

0 

P 
The results of t h i s  comparison a r e  presented i n  t h e  follow- 

The second t r a c e  on each graph 

A f t e r  

The events  

.I 

.) 
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a t  f ive  seconds as opposed t o  the  one second frame rate so  abrupt  changes 

cannot be d e t e c t e d  wi th  t h e  same r e s o l u t i o n  as t h e  volume flow measure- 

ment sys t em.  

long per iod i n  time according t o  t h e  two clock va lues ,  w i l l  be noted i n  

t h e  t e x t  d i s c u s s i n g  t h a t  t e s t .  

condi t ions  before ,  a f t e r ,  and between o p t i c a l  d a t a  p o i n t s  are included 

on t h e  graphs. 

of t h e  s u b j e c t  d a t a  frames and are not  intended t o  be q u a n t i t a t i v e ,  but  

i n s t e a d  t o  a i d  i n  t h e  c o r r e l a t i o n  of t h e  two s e t s  of r e s u l t s .  

Shown i n  F igure  26 is d a t a  obtained dur ing  T e s t  7 .  

flow r e p r e s e n t s  a t y p i c a l  example of condi t ions  d u r i n g a  Wilput te  ca r  

t e s t .  The o p t i c a l  system d a t a  i s  divided i n t o  two p a r t s ,  each of which 

cover an observed t r a n s i e n t  condi t ion  dur ing  t h e  charge.  The l a r g e  

volume flow peak occurr ing j u s t  a f t e r  t h e  s t a r t  of observat ions w a s  de- 

t e c t e d  as a less abrupt  peak i n  mass rate by t h e  o p t i c a l  system wi th  some 

t i m e  delay.  

condi t ion  corresponding t o  approximately the  next  t o  last  c a l c u l a t e d  

p o i n t  of t h e  f i r s t  t r a c e  p e r s i s t i n g  u n t i l  the  f i r s t  p a r t  of t h e  second 

o p t i c a l  system t r a c e .  I n  the second t r a c e ,  t h e  a c t u a l  shape of t h e  volume 

flow c u r v e  was more c l o s e l y  matched by t h e  o p t i c a l  system r e s u l t s .  This 

is probably because t h e  changes i n  t rend of volume flow were l e s s  abrupt  

and of a more c o n s i s t e n t  nature .  It is a l s o  i n t e r e s t i n g  t o  n o t e  t h e  

o p t i c a l  system s a t u r a t i o n  point  ("optical-system maximum value") wi th  re- 

s p e c t  t o  t h e  measurements displayed here .  Roughly speaking, a 10% trans- 

mission o r  90% opac i ty  condi t ion  covering the  complete length  of t h e  b a r  

Would correspond t o  a mass ra te  of 53 grams/meter, a l lowing f o r  t h e  gaps 

between bulbs i n  t h e  l i g h t  source  and n o t  including t h e  "wing" l i g h t  

Source u n i t s .  One can e a s i l y  see t h a t  t h e  smoke d e n s i t i e s  t y p i c a l l y  ex- 

perienced dur ing  a Wilputte car charge could approach or  exceed t h e  

measurement c a p a b i l i t y  of the  o p t i c a l  system. I n  such c a s e s ,  t h e  r a t e  

would have t o  be expressed a s  53 grams/meter or  g r e a t e r .  It would ap- 

pear ,  however, t h a t  t h i s  condi t ion would l i e  w e l l  o u t s i d e  any s tandard 

for  v i s i b l e  emissions which might be e s t a b l i s h e d ,  

Associat ion of event records  displaced by an abnormally 

Also, t rend  arrows showing t h e  smoke 

These were placed on t h e  b a s i s  of v i s u a l  observat ions 

The t r a c e  of volume 
.- - 

V i s u a l  i n s p e c t i o n  of t h e  o p t i c a l  system f i l m  showed a smoke 

The volume flow d a t a  
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a v a i l a b l e  from the continuous monitoring system ends with an increas ing  

flow r a t e .  This trend is a l s o  observed i n  t h e  o p t i c a l  s y s t e m  d a t a  as 

a n  almost t o t a l l y  obscured l i g h t  source a f t e r  t h e  last measured po in t .  

This condi t ion  corresponds t o  the maximum measureable v a l u e  f o r  the  

o p t i c a l  system. 

Presented i n  Figure 27 is  d a t a  obtained during T e s t  9. Again, t h e  

o p t i c a l  d a t a  i s  divided i n t o  two s e c t i o n s  covering obvious t r a n s i e n t  

f l o w  condi t ions .  During t h e  f i r s t  p a r t  of t h i s  test ,  a s t r o n g  c r o s s  

wind caused a l a r g e  p o r t i o n  of t h e  emission t o  pass  undetected below t h e  

l i g h t  source.  

and show t h e  e f f e c t s  of t h e  wind condi t ions .  The arrow shown on t h e  

second d a t a  p o i n t  i n d i c a t e s  t h a t  t h e  measured value was much lower than 

t h e  a c t u a l  emission because of t h e  c r o s s  wind condi t ion.  During the  

second p o r t i o n  of t h e  o p t i c a l  d a t a  t r a c e ,  t h e  wind subsided al lowing a 

t r u e r  measure of the  a c t u a l  emission condi t ion .  

recorded because of t h e  w i n d  c o n d i t i o n  and t h e  r e s u l t i n g  emission d i s -  

p e r s i o n ,  The flow c h a r a c t e r i s t i c s  a r e  s i m i l a r  t o  T e s t  7 showing an 

i n i t i a l  abrupt  high flow r a t e ,  decreas ing  toward t h e  middle of t h e  test 

and then b u i l d i n g  up aga in  toward t h e  end. 

F igure  28 shows d a t a  c o l l e c t e d  during Test  1 7 .  
on t h e  AISI/EPA ca r  and shows t o t a l  hydrocarbon concent ra t ions  r a t h e r  

than volume flow d a t a  p l o t t e d  a g a i n s t  o p t i c a l  system d a t a  poin ts .  

o p t i c a l  d a t a  is d iv ided  i n t o  t h r e e  p a r t s  on t h i s  t e s t .  The f i r s t  and 

t h e  last  p a r t s  have been i d e n t i f i e d  as quench steam i n t e r f e r e n c e  using 

t h e  photographic f i l m  record and v o i c e  t a p e  c o m e n t a r y .  

t i ca l  system t r a c e  shows the  d e t e c t i o n  of the heavy emission flow near 

t h e  c e n t e r  p o i n t  of t h e  test. The peak v a l u e s  a r e  much lower than those 

noted f o r  t h e  Wilput te  t e s t s  because of t h e  lower q u a n t i t y  of emission 

and t h e  f a c t  t h a t  t h e  smoke source  i s  a t  t h e  oven s u r f a c e  under the  car .  

As  a r e s u l t ,  t h e  emission has been d i f f u s e d  t o  a g r e a t e r  e x t e n t  by t h e  

time i t  rises t o  t h e  l i g h t  source d e t e c t i o n  a rea .  The t r e n d  of the  d a t a  

recorded by t h e  o p t i c a l  system c l o s e l y  fo l lows  t h e  d e n s i t y  of emission as 

indica ted  by t h e  concent ra t ion  of t o t a l  hydrocarbons. The va lues  

The d a t a  frames d isp layed  in Figure 24 are from Test  9 
_ .  . _ . _  

Lower peak va lues  were 

This test was performed 

The 

The c e n t e r  op- 
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detec ted  a r e  w e l l  below t h e  s a t u r a t i o n  poin t  f o r  t h e  o p t i c a l  sys t em.  

Figure 29 presents  d a t a  taken during Test  20. During t h e  f i r s t  p a r t  

of t h i s  test, a l a r g e  q u a n t i t y  of emissions escaped through an open 

“chuck door” and ascension pipe cap. 

source and i n  prel iminary s e l e c t i o n  of op+.ical d a t a  t o  be analyzed w a s  

mistaken as  emissions from t h e  drop s l e e v e  a rea .  The o p t i c a l  d a t a  frames 

s e l e c t e d  showed a rap id  r i s e  i n  d e n s i t y  dur ing  t h e  f i r s t  p a r t  of t h e  

t r a c e  followed by a rap id  decrease  i n  d e n s i t y  during the  second p a r t  of 

t h e  o p t i c a l  d a t a  t r ace .  

i n  recorded THC concent ra t ion ,  b u t  s i n c e  t h e  emission occurred through 

unmonitored po in t s ,  was not  recorded d i r e c t l y  by t h e  continuous monitor- 

ing  s y s t e m .  The primary emission around t h e  drop s l e e v e  occurred l a t e r  

i n  the test but  was of f a i r l y  low volume. 

the  source of emissions was determined by examination of the  o p t i c a l  sys -  

tem f i l m  da ta .  The d a t a  is  presented t o  show t h e  a b i l i t y  of the  o p t i c a l  

system t o  t r a c k  r a p i d l y  changing emission condi t ions  but  a l s o  p o i n t s  ou t  

a def ic iency  i n  the  s y s t e m  i n  t h a t  i t  h a s  no way of d i f f e r e n t i a t i n g  be- 

tween emission sources .  Emissions o r i g i n a t i n g  from an ascension pipe or 

oven door w i l l  appear a s  p a r t  of t h e  t o t a l  emission de tec ted  i f  they pass  

between tile l i g h t  source and t h e  camera. 

develop some r a t h e r  a r b i t r a r y  r u l e s  t o  cover t h i s  s i t u a t i o n  s i n c e  i t  may 

not  always be p o s s i b l e  t o  i d e n t i f y  t h e  exac t  source of the  de tec ted  

emission. 

Figure 30 presents  d a t a  obtained during T e s t  25 performed on the  A I S I /  

EPA car .  During t h e  f i r s t  p a r t  of t h i s  tes t ,  an unusually heavy emission 

r e l e a s e  occurred around t h e  drop s l e e v e  a rea .  This event was e a s i l y  

i d e n t i f i e d  on the  o p t i c a l  system f i l m  record ,  bu t  the  o p t i c a l  s y s t e m  

d i g i t a l  c lock  time a s s o c i a t e d  with t h e  event  was approximately one 

minute later than t h e  d a t a  a c q u i s i t i o n  time. 

a t i o n  was a m i s s e t t i n g  of the  o p t i c a l  system d a t a  clock i n  t h e  minute 

pos i t ion .  A r a t h e r  remote p o s s i b i l i t y  e x i s t s  t h a t  a l i n e  n o i s e  pulse  

caused t h e  o p t i c a l  system c lock  t o  jump ahead one minute as opposed t o  

one second. 

This smoke rose  p a s t  t h e  l i g h t  
4 

9, 

This condi t ion  c o r r e l a t e s  with a s l i g h t  i n c r e a s e  

The sequence of events and 

I t  might be necessary t o  

1) 

’ m i  

The only reasonable  explan- 

A check of the  two observed emission per iods on the  o p t i c a l  
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d a t a  films show good agreement i n  spac ing  when compared t o  t h e  continuous 

monitoring system record.  

t i c a l  system w a s  i d e n t i f i e d  as occurr ing  about one minute before  the  

test providing a f u r t h e r  b a s i s  f o r  a t i m e  adjustment.  

second p o r t i o n  of t h e  o p t i c a l  t r a c e  should b e  a s s o c i a t e d  with t h e  f i r s t  

peak i n  THC concent ra t ion  and t h a t  t h e  t h i r d  por t ion  of t h e  t r a c e  should 

be a s s o c i a t e d  wi th  t h e  high THC c o n c e n t r a t i o n  peak, good agreement i s  

observed i n  t h e  d a t a  comparison. The t h i r d  por t ion  of t h e  o p t i c a l  sys-  

tem t r a c e  does not  e x h i b i t  a s  high a v a l u e  a s  might be expected from t h e  

THC t r a c e ,  bu t  examination of the d a t a  f i l m  snowed only a h ighly  d i f f u s e d  

emission condi t ion  e x i s t i n g  i n  t h e  area of t h e  l i g h t  source a t  t h a t  time. 

It is p o s s i b l e ,  however, t h a t  a mild wind condi t ion a t  t h a t  time might 

have blown the  bulk of t h e  d i f fused  emission out of the  camera view. It 

is d i f f i c u l t  t o  i d e n t i f y  sharp emission peaks i n  a d i f f u s e d  smoke condi- 

t i o n ,  b u t  t h e  genera l  concent ra t ion  condi t ions  a r e  i n d i c a t e d  by a number 

of frames s e l e c t e d  over an extended per iod of t i m e .  

Severa l  conclusions can b e  drawn based on the  o p t i c a l  d a t a  completely 

analyzed and t h e  l a r g e  amount of o p t i c a l  d a t a  f i l m  manually examined. 

F i r s t ,  the  system is capable of d e t e c t i n g  t rends i n  t o t a l  emissions using 

opac i ty  measurements. Second, t h e  mass concent ra t ions  appear reasonable  
-2 

i n  l i g h t  of t h e  d a t a  a v a i l a b l e  for.comparison. 

obvious l i m i t a t i o n s  i n  measuring very heavy emission concentrat ions o r  

very high concent ra t ions  which a r e  h ighly  d ispersed  or  which may b e  blown 

l a t e ra l ly  beneath t h e  l i g h t  source and thus pass undetected.  

t r a s t ,  the  minimal i n t e r f e r e n c e  caused t o  p l a n t  opera t ions  and t h e  sys- 

tem p o t e n t i a l  f o r  unattended opera t ion  offer-zosi t ive reasons f o r  con- 

s i d e r a t i o n  of t h i s  concept for  a p p l i c a t i o n  t o  compliance monitoring. 

The steam condi t ion  a l s o  de tec ted  by t h e  op- 

Assuming t h a t  t h e  

- -  - 

. .  

Third ,  t h e  system has 

I n  con- 
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ABSTRACT 

The l a r r y  ca r ,  developed j o i n t l y  by t h e  American Iron and S t e e l  
L 

I n s t i t u t e  and t h e  Environmental P r o t e c t i o n  Agency, was t e s t e d  a t  t h e  I 

i Jones and Laughlin P i t t s b u r g h  Works by The MITRE Corporation during 

t h e  Spring and Summer of 1973. The purpose of these  t e s t s  was t o  E 
demonstrate t h e  improvement i n  atmospheric condi t ions  t h a t  can be ob- 

ta ined whi le  charging a s l o t  type coke oven. New l a r r y  c a r s  having 

both s i m i l a r  and c o n t r a s t i n g  f e a t u r e s  a r e  c u r r e n t l y  i n  opera t ion  on 

o ther  s l o t  t y p e  coke ovens, and t h e i r  e f f e c t i v e n e s s  should l o g i c a l l y  ! 
t 
i be assessed as  an ad junc t  t o  t h e  J & L c a r  eva lua t ion  process.  This 

r e p o r t  d e s c r i b e s  t h e  procedures used t o  g a t h e r  comparative o p e r a t i o n a l  

information a t  the  Weirton S t e e l  Corporat ion,  Divis ion of Nat ional  

S t e e l  Corporation, Brown's I s l a n d  Coking P l a n t ,  where two charging 

c a r s ,  s i m i l a r  i n  s e v e r a l  ways t o  t h e  J & L c a r ,  are i n  production 

opera t ion .  

. 
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i 
1.0 CONCLUSIONS 

(. 
k Information w a s  gathered on the d e s i g n  and opera t ion  of t h e  new 

charging c a r s  opera t ing  on t h e  Brown's I s l a n d  b a t t e r y  of t h e  Weirton 

S t e e l  Divis ion,  National S t e e l  Corporation. 

with the  A I S I / E P A  charging ca r  demonstration of the  a b i l i t y  t o  re-  
i A comparative a n a l y s i s  

I' 

i 
duce emissions due t o  charging was then performed. 

par ison was made i n  a r e a s  where t h e  s i m i l a r i t i e s  between t h e  Weirton 

c a r s  and A I S I / E P A  car  designs a r e  s t rong .  

A d i r e c t  com- 

I n  a r e a s  where c o n t r a s t i n g  

f e a t u r e s  o r  procedures were observed, assessment of t h e i r  success  t 
! 

r e l a t i v e  t o  des ign  i n t e n t  and EPA o b j e c t i v e s  i s  reported.  

The s t r o n g  s i m i l a r i t i e s  between t h e  two des igns  a r e :  b a s i c  

automation of t h e  coke oven top s i d e  a c t i v i t i e s ,  s p e c i f i c a l l y  c o n t r o l  

of the  damper, steam and ascension p ipe  caps ,  ascension pipe c leaning ,  

and l i d  removal-replacement; improved o p e r a t o r  environment; improved 

coa l  handling systems to  c o n t r o l  coa l  flow and c o n t a i n  emissions.  An 

i n t e g r a l  p a r t  of the  improvements i n  emissions containment is the  i m -  

b 

i 

proved drop sleeve-to-oven p o r t  seals and a s p i r a t i o n  of t h e  ovens t o  

t h e  c o l l e c t i o n  main during charging. These f e a t u r e s  ore  considcred 

p a r t  of t h e  charging system, I 
P 

Both systems appear t o  have had reasonably good success  in auto- 

mation of t h e  oven c o n t r o l s .  Although t h e  Weirton c a r  has a somewhat 

more complex set of func t ions  (dual  c o l l e c t i o n  mains),  both c a r s  per- 

formed required func t ions  with only an occas iona l  malfunct ion,  usual ly  

caused by misalignment of t h e  a c t u a t i n g  o r  c o n t r o l  arms. Both c a r s  

had l i d  l i f t i n g  mechanisms which adequately performed the  requi red  

1 



func t ions .  Both c a r s  ,experienced s i m i l a r  .problems w i t h  t h e  l i d  l i f t -  

ing  electromagnets and t h e i r  a s s o c i a t e d  wir ing .  The re - l idd ing  cyc le  

f o r  the  Weirton ca r  was a few seconds slower than the  AISIIEPA ca r ,  

bu t  t h i s  appears t o  b e  a f u n c t i o n  of t h e  c o n t r o l  system adjustment 

r a t h e r  than a b a s i c  d i f f e r e n c e  i n  t h e  design c a p a b i l i t y .  

s i o n  pipe c leaning  device on the Weirton car  appears to  work q u i t e  

w e l l .  

the  ascension pipe 'goosenecks. The o r i g i n a l  design of t h e  c leaner  

f o r  the  AISI/EPA car  was unsuccessfu l ,  repor ted ly  because of a l ign-  

ment problems. 

u n i t  so  w e  cannot comment on i'ts opera t ion .  

t h a t  i ts  design i s  similar t o  t h e  Weirton u n i t .  If s o ,  s i m i l a r  

r e s u l t s  should b e  expected. 

The ascen- 

There i s  s t i l l ,  however, an occas iona l  need t o  manually c l e a n  

We have not  observed t h e  opera t ion  of t h e  replacement 

We understand, however, 

Both c a r s  have had reasonable  success  i n  the  improvement of 

opera tor  environment. This comment is not  based on q u a n t i t a t i v e  da t a ,  

b u t  r a t h e r  on conversat ions wi th  s e v e r a l  opera tors  and " in  t h e  cab" 

observat ions.  There were, however, some comments a t  both l o c a t i o n s  

to  the  e f f e c t  t h a t  the  cab placement and conf igura t ion  makes d i r e c t  

observa t ion  of the ca r  opera t ion  and oven condi t ions  d i f f i c u l t ,  i f  

not  impossible .  Such r e s t r i c t i o n s  of view may represent  a s a f e t y  

as w e l l  as an o p e r a t i o n a l  problem. 

lbe two c a r s  employ c o n t r a s t i n g  approaches to c o a l  flow con t ro l .  

The Weirton ca r  uses a screw feed  t r a n s f e r  conveyor, while  t h e  

AISIjEPA ca r  depends 'on g r a v i t y  to  feed  t h e  c o d  d i r e c t l y  from the  

L 

i 



hopper down through t h e  drop  sleeve i n t o  t h e  oven. 

arrangement c o n t r o l s  c o a l  f low by s topp ing  or s t a r t i n g  the  screw 

t r a n s f e r  u n i t .  

The screw feed 

The g rav i ty  feed is c o n t r o l l e d  by a b u t t e r f l y  va lve  

i n  t h e  drop s l e e v e  assembly. We understand tha t  screw or t u r n t a b l e  

feed i s  gene ra l ly  recognized as p rov id ing  b e t t e r  c o a l  flow c o n t r o l ,  

but t h a t  c o a l  hopper c l ea rance  r e s t r i c t i o n  on some b a t t e r i e s  may pre- 

vent  t h e  cons ide ra t ion  of t hese  d e s i g n s . f o r  r e t r o f i t  or replacement 

cars.  

feed system f o r  t h e  AISIIEPA demonstrat ion car. 

of system performance i s  somewhat beyond t h e  scope of t h i s  paper ,  b u t  

observa t ions  t o  d a t e  would tend t o  s u b s t a n t i a t e  t h e  s u p e r i o r i t y  of 

t h e  screw and poss ib ly  t h e  t u r n t a b l e  f e e d s  over g r a v i t y  feed.  

appear t h a t  c o r r e c t i o n  of ce r t a in  proven des ign  problems, such as 

drop s l e e v e  packing and s i d e  w a l l  a n g l e  may s u b s t a n t i a l l y  iinprovc Llic 

This  was a major cons ide ra t ion  i n  t h e  cho ice  of t h e  g r a v i t y  

A d e t a i l e d  a n a l y s i s  

It  does 

performance of the  AISIIEPA g r a v i t y  f eed  ca r .  

Both t h e  AISIIEPA and Weirton cars r ep resen t  s u b s t a n t i a l  improve- 

ments i n  emission c o n t r o l  compared t o  o l d e r  c a r s  observed. While the. 

AISI/EPA car seems more capable  of s e a l i n g  t h e  emissions during t h e  

charge,  i t  is less c o n s i s t e n t  i n  o v e r a l l  emission c o n t r o l  than t h e  

Weirton car.  The r e l i e f  (coking) s t a c k s  on the Weirton car appear t o  

b e  the source  of 50% of more of i t s  emissions,  e s p e c i a l l y  near  t h e  

end of t h e  charge.  The AISI/EPA ca r ,*on  t h e  o t h e r  hand, seems more 

a b l e  to reduce  emissions du r ing  t h i s  pe r iod ,  assuming t h a t  t h e  drop  

s l e e v e s  have proper ly  s e a t e d  i n  the p o r t s .  The Weirton c a r  drop 
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s l e e v e  s e a l  u s u a l l y  e x h i b i t s  some leakage,  b u t  the  r a t e  ( i . e . ,  t h e  

s e a l )  i s  f a i r l y  c o n s i s t e n t .  The AISI/EPA ca r  s e a l  e x h i b i t s  a more  

very good" or "very bad" tendency, perhaps because of i t s  weight and 

r e s i s t a n c e  t o  movement sometimes necessary t o  s e a l  alignment. I t  was 

concluded, however, t h a t  both t h e  AISI/EPA and Weirton charging ca r  

drop sleeve-to-oven po r t  seals r e p r e s e n t  cons iderable  improvement 

over o l d e r  t y p e s  of drop sleeves i n  tlie a r e a s  of  both c o a l  s p i l l a g e  

reduct ions  and emission containment. 

,I 

Containment of t h e  emissions dur ing  t h e  charging process  a t  

both J & L and Weirton i s  h e a v i l y  dependent upon t h e  reduct ion  of 

oven pressure  through steam a s p i r a t i o n .  

improvement of a s p i r a t i o n  a t  J & L involved t h e  replacement of steam 

e j e c t o r s  and the  r a i s i n g  of steam p r e s s u r e  suppl ied t o  t h e  e j e c t o r s  

t o  1 7 5  pounds. 

The o r i g i n a l  concept f o r  

Marginal improvements were obtained us ing  t h e  higher  

pressure  and t h e  p o t e n t i a l  problem of increased c o a l  c a r r y  over was 

recognized. Experimentation showed t h a t  a reasonable  compromise could 

b e  achieved by running approximately 120 pounds pressure t o  tlie new 

e j e c t o r s .  It has  been repor ted  t h a t  f u r t h e r  improvements have been 

accomplished through t h e  i n s t a l l a t i o n  of jumper pipes  between e x i s t i n g  

"smoke holes ."  This  has the e f f e c t  of connecting two oven a s p i r a t i n g  

systems i n  p a r a l l e l  and supplying a n  off  take passage a t  both ends 

of the oven a s  i n  a dua l  c o l l e c t i o n  main system. S u b s t a n t i a l  improve- 

ments i n  oven a s p i r a t i o n  have been repor ted .  
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The double c o l l e c t i o n  main system a t  Weirton has perf0rme.d w e l l  

under most charging condi t ions .  

r a i s i n g  steam pressure  t o  t h e  e j e c t o r s ,  bu t  coa l  car ry  over problems 

were experienced causing some p r e s s u r e  reduct ion.  T h e  system i s  now 

opera t ing  a t  an acceptab le  l e v e l  and g e n e r a l l y  holds  t h e  oven c l o s e  

Improvement has been attempted by 

t o  n e u t r a l  during charging. A major p o r t i o n  of emissions f o r  both 

c a r s  occurs a f t e r  t h e  drop s l e e v e s  have been r a i s e d  f o r  re - l idd ing  

and a r e  thus beyond the  c o n t r o l  of t h e  c a r  i t s e l f .  The e l imina t ion  

of these  emissions w i l l  depend p r i m a r i l y  on oven a s p i r a t i o n ,  l e v e l i n g  

procedures,  and t o  a much l e s s e r  e x t e n t ,  t h e  de ta i l s  of how t h e  coa l  

w a s  placed i n  t h e  oven. 

We recognize the  i m p o s s i b i l i t y  of g e n e r a l i z a t i o n  a s  t o  production 

rates f o r  a l l  b a t t e r y  c o n d i t i o n s ,  much l e s s  production r a t e s  f o r  o t h e r  

b a t t e r i e s ,  bu t  i n v e s t i g a t i o n  and observa t ions  i n d i c a t e  t h a t  a r a t e  of 

40 t o  45 ovens per  0 hour s h i f t  from a s i n g l e  set of f u n c t i o n a l  ma- 

chines  would represent  a reasonable  product ion goal .  

where opera t ing  u n i t s  must be shared ,  t h i s  r a t e  may be s u b s t a n t i a l l y  

a l t e r e d .  Such shar ing  i s  p r a t i c e d  a t  J 6 L ,  bu t  i s  not  c u r r e n t l y  

prac t iced  a t  Weirton. Observations and assoc ia ted  d iscuss ions  of t h e  

Weirton and AISI/EPA ca r  i n d i c a t e  t h a t  t h e  Weirton ca r  has never been 

and i s  not  expected t o  be pacing u n i t  of  t h e  b a t t e r y  under present  

opera t ing  p r a c t i c e s .  This conclusion i s  c o n s i s t e n t  w i t h  t h e  average 

observed charging time of f i v e  minutes f o r  t h e  Weirton ca r .  The 

AISI/EPA c a r  has displayed a tendency t o  be t h e  pacing f a c t o r ,  

On b a t t e r i e s  

. 
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p a r t i c u l a r l y  when opera t ions  a r e  running behind t h e  normal production 

schedule.  

ranging from 7 t o  10 minutes.  

s t a n t i a l l y ,  however, by changes i n  opera t ing  p r a c t i c e ,  such a s  t h e  

adoption of s t a g e  charging ( i . e , ,  t h e  c a r s  migh t  be more c l o s e l y  

matched). 

This  s ta tement  is c o n s i s t e n t  with observed charging times 

The s i t u a t i o n  migh t  be a f i e c t c d  sub-  

Both c a r s  provide f l e x i b i l i t y  i n  t h e i r  opreat ion through t h e  use 

of independent /s tep c o n t r o l s  f o r  each func t ion .  This  f l e x i b i l i t y  

allows t h e  adopt ion of modified procedures ,  such a s  s t a g e  charging o r  

t h e  circumvention of problem areas  when mechanical o r  e l e c t r i c a l  prob- 

lems occur.  Judging from d i s c u s s i o n s  with maintenance and opera t ing  

personnel ,  t h e  Weirton c a r  has undergone more ex tens ive  a d d i t i o n s  

and modi f ica t ions  t o  t h e  c o n t r o l  system than the  A I S I / E P A  c a r .  The 

changes, most of which have been i n i t i a t e d  by the  l o c a l  supervisory 

and maintenance personnel ,  have f o r  t h e  most p a r t  proved t o  be u s e f u l  

i n  both maintenance and opera t ion  under condi t ions of malfunction. 

The t r a i n i n g  of o p e r a t o r s  t o  run  t h e  Weirton ca r  has not  pre- 

sen ted  a problem i n  terms of product ion r a t e s  o r  l o s t  product ion.  

The new o p e r a t o r s  go through a break-in per iod during which time they 

work i n  p a r a l l e l  w i t h  an experienced opera tor .  

t o  d id  n o t  express  any problems in l e a r n i n g  the  operat ion of the  new 

ca r s .  

The opera tors  w e  spoke 

. 
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Based on d iscuss ions  and o b s e r v a t i o n s ,  t h e  Weirton ca r  has  few 

With t h e  excep- problems i n  t h e  a r e a  of operability/dependability. 

t i o n  of t h e  two i n s t a n c e s  repor ted  h e r e ,  involv ing  some damage by 

f i r e ,  no l o s t  oven product ion was a t t r i b u t a b l e  t o  the  Weirton charg- 

ing  ca r s .  During the  observa t ions ,  one c a r  operated 24 hours a day 

f o r  f i v e  s t r a i g h t  days without any malfunct ions which caused produc- 

t i o n  delays o r  l o s s  of production. We f e e l  t h a t  much of t h i s  record 

can be a t t r i b u t e d  t o  the  mechanical arrangement of t h e  Weirton c a r .  

Elements of t h e  hydraul ic  and e l e c t r i c a l  system a r e  posi t ioned away 

from the  drop s l eeve ,  open charging p o r t  and p o t e n t i a l  flame and 

hea t .  W e  a l s o  f e e l  t h a t  t h e  r e l a t i v e l y  l i g h t  weight of t h e  drop 

s l e e v e  assembly c o n t r i b u t e s  t o  t h e  l a c k  of mechanical/hydraulic 

problems. 

pac t  i s  a thorough understanding of ca r  o p e r a t i o n  and c o n t r o l  by 

i n d i v i d u a l  opera tors .  This c e r t a i n l y  reduces t h e  incidence of equip- 

ment damage caused by improper o r  negl igent  opera t ion .  

An a d d i t i o n a l  f a c t o r  which we f e e l  has a s i g n i f i c a n t  i m -  

Equipment malfunctions w i l l  i n e v i t a b l y  occur ,  bu t  t h e i r  impact 

can be magnified by de lays  i n  remedial  a c t i o n s .  

which tends t o  reduce t h e  t i m e  requi red  f o r  r e s o l u t i o n  of maintenance 

problems i s  t h e  c e n t r a l i z a t i o n  of r e s p o n s i b i l i t y  f o r  i n i t i a t i o n  and 

c o n t r o l  of necessary work. A t  Weirton, t h e  e l e c t r i c a l  department is 

t o t a l l y  respons ib le  f o r  a l l  equipment mah tenance  work except f o r  the 

heavies t  mechanical work t h a t  may r e q u i r e  s p e c i a l  a s s i s t a n c e .  A l l  

An important f a c t o r  

necessary t r ades  a r e  included i n  t h e  make up of e l e c t r i c a l  department 
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personnel.. When o u t s i d e  h e l p  is requi red ,  they opera te  under the  

c e n t r a l i z e d  d i r e c t i o n  of t h e  electrical department. These f a c t o r s  

improve coordinat ion,  reduce worker a v a i l a b i l i t y  delays and genera l ly  

expedi te  requi red  r e p a i r s .  

One f i n a l  po in t  should be made t o  h e l p  p lace  t h e  comparison of 

Tllat is ,  t h a t  t h e  A I S I / E P A  ca r  repre- t h e  two c a r s  i n  perspec t ive .  

s e n t s  the  r e t r o f i t  of a new car t o  an o l d e r  oven (P4 b a t t e r y  i s  

near ing 20 y e a r s  of a g e ) ,  while  t h e  Weirton ca r  i s  a new ca r  designed 

f o r  and placed on an e n t i r e l y  new b a t t e r y .  

experienced by t h e  AISI/EPA ca r  can b e  t raced  t o  ba , t te ry  equipment 

wear and misalignment problems. The d i f f i c u l t y  experienced i n  p re -  

d i c t i n g  r e l a t i v e  p o s i t i o n  changes caused by oven expansion, wear, 

and modi f ica t ions ,  tend t o  i n d i c a t e  t h a t  equ ipmen t  intended f o r  

r e t r o f i t  should be designed t o  provide t h e  maximum t o l e r a n c e  t o  

Many of the  problems 

misalignment" p r a c t i c a l ,  and c o n s i s t e n t  w i t h  emission c o n t r o l ,  and I ,  

t h a t  new equipment should b e  given similar cons idera t ion  i n  order  t o  

minimize maintenance and opera t ing  problems as i t  ages.  

. 
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2.0 INTRODUCTION 

T h e  l a r r y  car,  developed j o i n t l y  by t h e  American I r o n  and S t e e l  

I n s t i t u t e  and t h e  Environmental P r o t e c t i o n  Agency, was t e s t e d  a t  t h e  

Jones and Laughlin P i t t s b u r g h  Works by The MITRE Corporat ion dur ing  

t h e  Spring and Summer of 1973. 

demonstrate the  improvement i n  a tmospheric  cond i t ions  t h a t  can b e  ob- 

ta ined  wh i l e  charging a s l o t  type  coke oven. 

The purpose of t h i s  t e s t i n g  was t o  

New l a r r y  cars having 

! 

f both similar and c o n t r a s t i n g  f e a t u r e s  are c u r r e n t l y  i n  o p e r a t i o n  on 

1 other  s l o t  type  coke ovens, and t h e i r  e f f e c t i v e n e s s  should l o g i c a l l y  

b e  assessed  as an ad junc t  t o  t h e  J 6 L (AISI/EPA) car eva lua t ion  pro- 

cess. 

o p e r a t i o n a l  information a t  t h e  Weirton S t e e l  Corporat ion,  D iv i s ion  of 

Nat iona l  S t e e l  Corporat ion,  Brown's I s l a n d  Coking P l a n t ,  where two 

charging cars,  similar t o  the AISI/EPA car,  a r e  i n  product ion opera t ion .  

MITRE observed these  two charging cars i n  product ion ope ra t ion  

This r e p o r t  desc r ibes  the procedures  used t o  ga the r  comparative 

i n  March and A p r i l  of 1974 us ing  obse rve r s  famil iar  wi th  t h e  coke 

oven environment and t h e  ope ra t ion  of t h e  AISI/EPA c a r  dur ing  t h e  

o r i g i n a l  t e s t  per iod.  This  r e p o r t  p r e s e n t s  three gene ra l  s u b j e c t  

a r e a s  f o r  which informat ion  w a s  ob ta ined .  The f i r s t  area concerns a 

k d e s c r i p t i o n  of  t h e  Weirton coking system, inc lud ing  oven configura-  

t i o n ,  l a r r y  car ope ra t ion ,  and t h e  coke oven charging procedures  i n  

genera l .  

Brown's I s l and  l a r r y  cars dur ing  t h e  c o a l  charging ope ra t ion ,  which 

The second area invo lves  the C c t u a l  observa t ion  of t h e  two 

involved record ing  of emission c h a r a c t e r i s t i c s  and electro-mechanical 
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performance. The l a s t  a r e a  d iscussed  is a b r i e f  work h i s t o r y ' o f  t h e  

two l a r r y  c a r s  obtained through in t e rv i ews  w i t h  coke p l a n t  personnel  

r e spons ib l e  f o r  t h e  ope ra t ion  of t h e  l a r r y  c a r s .  

. i  
? 

i . i  

I 
i 
I 
! 

i 

, 
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3.0 SYSTEM DESCRIPTION 

3.1 H i s t o r i c a l  Background 

, One of the newest s l o t  t ype  coking f a c i l i t i e s  i n  t h e  United 

S ta t e s  i s  l o c a t e d  a t  t h e  Weirton S t e e l  Div is ion  of Nat iona l  S t e e l  

, Corporation i n  Weirton, West V i r g i n i a .  The b a t t e r y ,  comprised. of 87  
, ,  

! I  ovens, i s  l o c a t e d  on Brown's I s l a n d - i n  t h e  Ohio River ad jacen t  t o  t h e  

main 1.llant f a c i l i t y .  A t  t h i s  t i m e ,  t h e  ovens and t h e i r  a s soc ia t ed  

by-product recovery f a c i l i t y  are the primary a c t i v i t i e s  on  t h e  i s l a n d .  

Work on the cons t ruc t ion  of t h e  Brown's I s l a n d  f a c i l i t y  was 

s t a r t e d  i n  August 1970. The oven was brought t o  a poin t  where con- 

s t r u c t i o n  of t h e  charging cars could commence i n  August of 1972. The 

oven f i r s t  produced coke on May 31 of  1973 having experienced some 

delay caused by a gas  explos ion  du r ing  i n i t i a l  f i r i n g  of t h e  f a c i l i t y .  

The ovens were considered t o  be  i n  r e g u l a r  product ion  ope ra t ion  a t  

t h a t  t i m e  and have been ope ra t ing  con t inua l ly  s i n c e  t h a t  t i m e .  

The break-in per iod  of t h e  f a c i l i t y  is def ined  as t h e  t i m e  from 

t h e  f i r s t  p roduct ion  of coke u n t i l  t h e  es tab l i shment  of r o u t i n e  

ope ra t iona l  and maintenance procedures  wi th  the a s soc ia t ed  s u b s t a n t i a l  

reduct ion  of product ion  de lays  caused by nonfami l i a r i t y  wi th  t h e  new 

equipment and procedures.  

opera t ing  personnel ,  reasonably smooth8operation of t h e  charging car 

w a s  achieved i n  December of 1973. 

which cannot b e  immediately reso lved ,  superv isory  maintenance 

Based on d i scuss ions  wi th  superv isory  

Although occas iona l  problems arise 



personnel  say they now f e e l  c o n f i d e n t  i n  the i r  a b i l i t y  t o  understand 

the  machine ope ra t ion ,  and t o  s o l v e  problems i n  a t imely  manner a s  

they occur .  

3.2 Oven Desc r ip t ion  

The Brown's Island f a c i l i t y  employs some of the must r ecen t  coke, 

oven technology, i nc lud ing  an  enclosed pushing and quenching capa- 

b i l i t y .  

hopper c a r  which is connected v i a  d u c t s  t o  a car mounted scrubber .  

The hopper car is unloaded through bottom g a t e s  i n t o  s t a t i o n a r y  re- 

f r a c t o r y  l i n e d  hoppers benea th  t h e  t r a c k .  These hoppers i n  t u r n  

feed t h e  ho t  coke t o  t h e  enc losed  quench u n i t s .  The r e s u l t i n g  gases  

are cleaned p r i o r  t o  release t o  the atmosphere. 

The pushed coke is rece ived  by a closcil r~Er:i~..Lury-lliicd 

The ovens a r e  of t h e  t a l l  (.20 f e e t )  conf igu ra t ion  and u t i l i z e  a 

double  c o l l e c t i o n  main by-product recovery system. Each oven charge  

c o n t a i n s  approximately 70,000 pounds of c o a l .  The oven is charged 

P .~ 
through fou r  p o r t s  spaced unequal ly  ac ross  t h e  width of  t h e  oven. 

The p o r t  des ign  f e a t u r e s  a tapered  oven top  scat contoured t o  \ 

accep t  and sea l  t h e  lower p o r t i o n  of t h e  l a r r y  car drop s l eeve  (boot) 

and a matching l i d  which u s e s  a "sharp edge" sea l  e s p e c i a l l y  s u i t e d  

f o r  " se t t i ng"  by r o t a t i o n  by t h e  car mounted automatic  l i d  l i f t e r  

mechanism. 

inches  and t h e  oven 'po r t  has  a minimum diameter  of -17-314 inches .  

Th i s  diameter  extends downward through the brickwork f o r  a d i s ta l ice  

of approximately 1 t o  1-1/2 f e e t  wherd. the  passage f ans ,bu t  l a t e r a l l y  

\,,'17 
The cast  i r o n  l i d  has  a s e a l i n g  edge diameter of -&9-3/4 

/ 
\ 

t o  a wid th  of 3 t o  5 f e e t  a t  t h e  oveti h n c r  roof .  / 



During t h e  oven charging cyc le ,  a s p i r a t i o n  of t h e  ovens i s  ac- 

complished us ing  steam e j e c t o r s .  

main s i d e  of t h e  ascens ion  p i p e  bend a r e  of s tandard  conf igura t ion .  

They a r e  c u r r e n t l y  operated a t  100 pounds p r e s s u r e  and approximately 

4OO0F+ steam. 

The e j e c t o r s  l oca t ed  i n  t h e  c o l l e c t i o n  

During r ecen t  pe r iods  of ope ra t ion  a t  h ighe r  p re s su res ,  problems 

were encountered i n  t h e  by-product primary coo le r  s p i r a l  heat ex- 

changers.  

s i d e  of t h e  s p i r a l  hea t  exchanger. I n  a d d i t i o n ,  t h i s  problem was 

aggravated by t h e  coo l ing  u n i t  water having a h igh  i r o n  con ten t  

which i n  t u r n  caused excess ive  scale t o  be depos i ted  on t h e  water s i d e  

of t h e  s p i r a l  hea t  exchangers.  The two problems combined t o  produce 

high by-product input  temperatures  t h a t  came very  c l o s e  t o  caus ing  

The excess ive  c o a l  c a r r y  over  caused fou l ing  of t h e  l i q u o r  

f a c i l i t y  shutdown. The improvement of coo l ing  water q u a l i t y  and t h e  

reduct ion  of a s p i r a t o r  steam p r e s s u r e  are c r e d i t e d  wi th  the cu r ren t  

s o l u t i o n  t o  t h i s  problem. 

During d i scuss ions  of t h e  ca r ry  over  problem w i t h  Weirton personnel ,  

they voted some con t inua t ion  of excessiv,e c o a l  c a r r y  over bui ld  ups 

i n  t h e  l i q u o r  t r a p s  and on damper va lves .  A s  a r e s u l t ,  they found i t  

necessary t o  i n i t i a t e  more f requent  t r a p  c l e a n  outs .  Although J & L 

ope ra t ing  personnel  repor ted  no problems w i t h  by product cool ing  u n i t s ,  

they a l s o  repor ted  a requirement t o  c l e a n  the t r a p s  a t  more f requent  

i n t e r v a l s  as compared t o  ope ra t ion  with lower e j e c t o r  steam pres su res .  

A poss ib l e  explana t ion  f o r  t h e  d i f f e r e n c e s  i n  ope ra t ing  exper iences  



between t h e  two sites i s  t h a t  t h e  Weirton c o a l  p repa ra t ion  process  

produces a h igher  propora t ion  of f i n e s  than t h e  J h L process .  This  

could a l low a h igher  p repa ra t ion  of c o o l  d u s t  t o  pass the t r ap . and  

p o t e n t i a l l y  f o u l  t h e  coo le r  u n i t s .  

ted and a p p r o p r i a t e  a c t i o n  w i l l  be  taken.  

This  ' s i t u a t i o n  i s  be ing ' inves t iga -  

T h e  s e a l  of t h e  ascens ion  p ipe  caps i s  an  a r e a  i n  which problems 

a r e  f r equen t ly  encountered. The des ign  of  t h e  cap i s  similar t o  the  

charging p o r t  des ign  i n  t h a t  a sha rp  edge seal is employed. The cap 

i s  allowed t o  " f loa t "  w i th  r e s p e c t  t o  t h e  h inge  mechanism t o  provide 

a s e l f - cen te r ing  s e a t i n g  a c t i o n .  

was observed immediately a f t e r  a charge ,  w i th  many cont inuing  t o  

l eak  f o r  s e v e r a l  hours  i n t o  t h e  coking cyc le .  

Considerable  leakage around caps 

I t  appears  t h a t  t h e  r e l a t i v e l y  s h o r t  " leak path" around t h e  

"sharp edge" seal  is no t  r e a d i l y  plugged by t h e  se l f - sea l ing  a c t i o n  

of condensing and hardening tars and carbon build-up. An inves t iga-  j 
1 
I 

t i o n  of t h e  problem i s  c u r r e n t l y  under way by Koppers and two new cap 

conf igu ra t ions  are undergoing tes ts  on ope ra t ing  ovens. A s o l u t l o n  

t o  t h e  problem i s  important ,  s i n c e  observa t ion  i n d i c a t e s  t h a t  t h e  cap 

l eaks  account f o r  a s u b s t a n t i a l  p o r t i o n  of t h e  ambient background 

emissions ( cond i t ions  between charg ing  ope ra t ions ) .  Also,  cap l e a k s  

occurr ing  du r ing  charging and a s p i r a t i o n  diminish t h e  vacuum capac i ty  

a v a i l a b l e  a t  t h e  charging p o r t s .  Although probably not  s u f f i c i e n t  t o  

make t h e  d i f f e r e n c e  between a nega t ive  and p o s i t i v e  po r t  condi t ion ,  

, I  
, I  

t h e  l o s t  capac i ty  would al low emissions t o  t h e  atmosphere which would !l 
r 

otherwise  be contained by t h e  recovery system. 

14 



3 . 3  Cliarginl: Car Descr ipt ion 

The two charging c a r s  opera t ing  on the  Brown's I s land  Bat te ry  

u t i l i z e  some of t h e  most s i g n i f i c a n t  improvements i n  modern coke oven 

technology. The c a r s  a r e  of t h e  b a s i c  screw feed design,  bu t  s e v e r a l  

f e a t u r e s  have been added t o  improve ca; opera t ion  and the condi t ions  

i n  which the  machine opera tors  work. These f e a t u r e s  a r e  discussed i n  

t h e  fol lowing .sect ion.  

The charging ca r  coa l  handiing system (Figure 1)  f o r  each of the 

four  charging s l e e v e s  i s  comprised of a car mounted hopper, a screw 

type conveyor fed by g r a v i t y  from t h e  hopper, a " s l i d e  p l a t e "  va lve ,  

a"drop-boot", and a - d e v i c e  f o r  mechanically removing and r e p l a c i n g  

t h e  charging p o r t  l i d s .  The s i g n i f i c a n t  d i f f e r e n c e  between t h i s  c o a l  

handling system and t h e  s y s t e m  used o n ' t h e  AISI/EPA car  (Figure 2) 

is the use of the  screw conveyor t o  c o n t r o l  the  coa l  flow a s  opposed 

t o  an o s c i l l a t i n g  " b u t t e r f l y "  v a l v e  i n  t h e  lower por t ion  of the  "drop 

s leeve" on t h e  AISI/EPA .car .  

The coa l  is g r a v i t y  fed from t h e  main hopper t o  the  screw con- 

veyor which can be stopped or started us ing  s e p a r a t e  c o n t r o l s  i n  the  

contro1,cab.  The s l i d e  v a l v e  a t  t h e  drop s l e e v e  end of the  screw 

conveyor i s  not  used t o  c o n t r o l  t h e  primary coa l  flow. 

func t ion  i s  t o  s e a l  t h e  drop s l e e v e  a f t e r  t h e  charge and a l s o  t o  pre-  

v e n t  c o a l  t a i l i n g s  from t h e  conveyor tube  from f a l l i n g  on t h e  oven 

s u r f a c e  or the  l i d  l i f t i n g  mechanism.. This arrangement provides a 

p o s i t i v e  c o a l  feed through the  screw 20 a p o i n t  above t h e  s l i d e  p l a t e s .  

From t h i s  p o i n t ,  t h e  coa l  drops l o o s e l y  through t h e  open s l i d e  p l a t e ,  

through t h e  drop s l e e v e  assembly,and i n t o  t h e  open charging por t .  I n  

Its primary 
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P c o n t r a s t ,  

s l e e v e  assembly. 

va lve  i n  t h e  lower p o r t i o n  of the  s l e e v e  which o s c i l l a t e s  back and 

f o r t h  t o  allow the  coa l  t o  feed p a s t  i t  i n t o  the  open charging po r t .  

The AISI/EPA ca r  is designed t o  main ta in  some coa l  on top of the  

b u t t e r f l y  v a l v e  t o  improve t h e  s e a l i n g  f u n c t i o n  of t h e  drop s l e e v e  

a f t e r  t h e  charge.  The i n t e n t  of bo th  systcnis i s  t o  sc i i l  t h e  lower 

por t ion  of each drop s l e e v e  a f t e r  t h e  hopper has emptied u n t i l  t h e  

re - l idd ing  sequence can be i n i t i a t e d .  

t h e  c o a l  i n  t h e  AISI/EPA c a r  i s  fed by g r a v i t y  t o  t h e  drop * E  
F 
! The flow of c o a l  i s  c o n t r o l l e d  by the  b u t t e r f l y  

The Number 2 and Number 3 s l e e v e s  on t h e  Weirton c a r  are equipped 

with r e l i e f  ' s tacks connected t o  t h e  system a t  the  drop s l e e v e  end of 

t h e  screw conveyor above the  s l i d e  p l a t e  valve.  

(Number 1 and 4 )  a l s o  have attachment p o i n t s  f o r  s i m i l a r  s t a c k s  b u t  

these  are blocked o f f  by cover p l a t e s  i n s t a l l e d  a t  t h e  time of c a r  

f a b r i c a t i o n .  During t h e  l a t t e r  p o r t i o n  of t h e  charge when Number 3 

and Number 2 hoppers have emptied, t h e  s t a c k s  vent emissions caused 

by oven back p r e s s u r e  u n t i l  s l i d e  p l a t e  va lve  c losure  is i n i t i a t e d .  

If emissions caused 'by oven back p r e s s u r e  a re  present  on s l e e v e s  1 or 

4 ,  and t h e  s l i d e  valve' is n o t  c losed ,  t h e  emissions a r e  vented through 

t h e  screw conveyor and up through t h e  empty hopper. 

s l i d e  p l a t e  va lves  e f f e c t i v e l y  s t o p s  emission vent ing through both 

the  s t a c k s  and the  empty hoppers. 

The o t h e r  two s l e e v e s  

. .  

Closure of t h e  

. 
The l i d  l i f t i n g  mechanism on t h e  Weirton ca r  u t i l i z e s  an e l e c t r o -  

magnet t o  s e c u r e  t h e  p o r t  l i d  t o  t h e  l i f t i n g  mechanism. The l i f t i n g  
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and l a t e ra l  motion is suppl ied  by a combination of hydrau l i c  p i s t o n  

cy l inde r s .  

mechanism r o t a t e s  t h e  l i d  i n  i t s  oven-top seat t o  improve t h e  l i d  

s e a l .  

When t h e  l i d  i s  rep laced  a f t e r  a charge,  t h e  l i f t e r  

This r o t a t i n g  a c t i o n  i s  suppl ied  by a hydrau l i c  r o t a r y  a c t u a t o r .  

The l i d  l i f t i n g  mechanism is  mounted on a wheeled c a r r i a g e  a long  

wi th  t h e  drop  sleeve assembly. 

l i g h t  i n  weight.  

s e l f - a l ign ing  inne r  s e a l  r i ng .  The h o r i z o n t a l  movement of t h e  car- 

r i a g e  p l aces  e i t h e r  t h e  drop s l e e v e  o r  the l i d  l i f t e r  over t h e  charg- 

i n g ' p o r t  on which t h e  car i s  spo t t ed .  

moves beneath and i s  independent of t h e  s l i d e  p l a t e  valve. The a c t i o n  

of each sleeve c a r r i a g e  can be  c o n t r o l l e d  independently o r  they can 

be  operated as p a r t  of t h e  automatic  mas ter  charge sequence. 

The drop s l e e v e  o r  "boot" is f a i r l y  

It is composed of two i n t e r l o c k i n g  s e c t i o n s  wi th  a 

The complete c a r r i a g e  u n i t  

The h o r i z o n t a l  c a r r i a g e  motion i s  c o n t r o l l e d  by a cy l inde r  lo -  

ca t ed  a t  t h e  extreme end .of  t h e  t r a c k  assembly. 

motion f o r  bo th  t h e  drop sleeve and l i d  l i f t e r  a re  suppl ied by a 

cy l inde r  l oca t ed  on t h e  back end of t h e  moveable ca r r i age .  

the same l i f t  c y l i n d e r  is used f o r ' t h e  l i d  l i f t e r  and t h e  drop s l eeve ,  

they move up and down i n  unison r e g a r d l e s s  of which i s  i n  c u r r e n t  

f u n c t i o n a l  use. .The l i d  r o t a t i n g  motion i s  suppl ied  by a n  a c t u a t o r  

forming a p a r t  of t h e  v e r t i c a l l y  moveable p o r t i o n  of t h e  l i d  l i f t i n g  

u n i t .  It i s  loca ted  behind t h e  l i d  magnet and is connected t o  i t  by 

two ope ra t ing  rods.  

s e p a r a t i o n  of system hydrau l i c  components from t h e  area d i r e c t l y  above 

an open charging po r t .  

The v e r t i c a l  l i f t i n g  

Decause 

i 
The arrangement descr ibed  main ta ins  maximum 



The major d i f f e r e n c e  between t h e s e  f u n c t i o n a l  systems on t h e  

Weirton ca r  and t h e  AISI/EPA c a r  i s  t h e  s e p a r a t i o n  of t h e  drop s l e e v e  

assembly from the  moveable c a r r i a g e .  On t h e  AlSI/EPA c a r ,  the drop 

s l e e v e  i s  r a i s e d  t o  a l low the  l i d  l i f t e r  mechanism t o  move horizon- 

t a l l y  under i t .  The l i f t e r  mechanism i s  lowered to  s e c u r e  and l i f t  

t h e  cap. It  .is then r e t r a c t e d  t o  a l low t h e  drop s l e e v e  t o  be lowered 

f o r  the  charge. 

during t h e  sequence. 

ca r .  

the  top of i t .  

s e a l  i n t e g r i t y  i n  t h e  oven top p o r t  dur ing  t h e  charging opera t ion .  

The s e p a r a t e  hydraul ic  c y l i n d e r  used t o  raise the  drop s l e e v e  assembly 

. 

No h o r i z o n t a l  movement of t h c  drop s l e e v e  is ncccssary 

The drop s l e e v e  i s  q u i t e  heavy on t h e  AISI/EPA 

Added t o  t h i s  is t h e  weight of  t h e  coa l  being g r a v i t y  fed i n t o  

This weight is  u t i l i z e d  t o  achieve s e a t  alignment and 

is l o c a t e d  on a heavy frame along t h e  upper s i d e  of the  s l e e v e  

assembly. 

The Weirton c a r  i s  designed t o  minimize t h e  requirements f o r  

Oven top workers. 

one of the  func t ions  normally handled by these personnel.  

The l i d  l i f t i n g  and re- l idding mechanism performs 

A secolld 

f u n c t i o n ,  t h e  c o n t r o l  of t h e  c o l l e c t i n g  main damper and thc s t e m  

e j e c t o r s ,  i s  accomplished through t h e  use of opera t ing  arms a t tached  

t o  hydraul ic  r o t a r y  a c t u a t o r s  mounted on t h e  c a r .  Eight such arms 

a r e  used, four  on e i t h e r  s i d e  of t h e  c a r  t o  opera te '  the  pusher and 

coke s i d e  ascension pipe c o n t r o l s .  The arms opera te  i n  p a i r s ,  one t o  

open t h e  damper and one t o  c l o s e  i t ;  one t o  open t h e  ascension pipe 

caps and one t o  c l o s e  them and s imultaneously t u r n  on the  e j e c t o r  

steam. The steam can a l s o  b e  turned o f f  by t h e  proper opera t ion  of 

. 
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t h e  arms. 

is spo t t ed .  

wi thout  moving t h e  c a r .  

A l l  arms ope ra t e  on c o n t r o l s  of t h e  oven on which t h e  c a r  

A l l  c o n t r o l  func t ions  can b e  performed on t h i s  oven 

The chore of ascens ion  p ipe  c l ean ing  (normally handled by t h e  

car ope ra to r )  i s  performed by two c a r  mounted mechanical c l ean ing  

devices  con t ro l l ed  from wi th in  t h e  cab. The u n i t s  r o t a t e  outward from 

t h e  car t o  con tac t  t h e  edge of t h e  open ascens ion  pipe.  An i n t e r l o c k  

prevents  t h e  completion of t h e  ope ra t ion  un le s s  t h e  caps a r e . o p e n  and 

t h e  frame of t h e  dev ice  i s  proper ly  s e a t e d  on t h e  edge of t h e  open 

pipe.  When s e a t e d ,  the dev ice  extends a shaft i n t o  the open pipe.' A 

s e r r a t e d  sc rape r  known as a "cookie c u t t e r "  mounted on t h e  end of  t h e  

s h a f t  c l eans  t h e  s i d e s  of t h e  ascens ion  p i p e  bend. A t  t h e  end of  t h e  

outward s t r o k e ,  t h e  s c r a p e r  i s  au tomat i ca l ly  r e t r a c t e d  and r a i s e d  

back t o  t h e  s t o r e d  p o s i t i o n  on the car. 

i s  opera ted  hydrau l i ca l ly .  

The complete c l ean ing  system 

The func t ions  of ascens ion  p i p e  c o n t r o l  and c leaning  are achieved 

in a s i m i l a r  manner on t h e  AISI/EPA car. 

are,  however, worthy of mention. 

ope ra t ing  a r m  t o  c o n t r o l  t h e  func t ions  on the oven t o  be  charged. ' A  

second ope ra t ing  arm is pos i t ioned  so as t o  c o n t r o l  t h e  l i d  and dam- 

per  on a n  oven t o  be  charged i n  t h e  nex t  sequence. 

ascens ion  p ipe  cleaner i s  pos i t ioned  t o  o p e r a t e  on the same oven. 

A f e w  ope ra t iona l  d i f f e rences  

The AISI/EPA ca r  employs a s i n g l e  

The car mounted 

The ascens ion  p i p e  c l e a n e r  on the,AISI/EPA car was o r i g i n a l l y  de- 

s igned  t o  employ a r o t a r y  f l a i l - t y p e  cleaner, however, r ecen t  changes 
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i n  des ign  have modified t h i s  concept.  It  is understood t h a t  a scrap- 

ing  a c t i o n  s i m i l a r  t o  t h e  Weirton device  w i l l  b e  u t i l i z e d  on t h e  new 

system. 

The o r i g i n a l  des ign  of t h e  Weirton c a r s  d i d  not  c a l l  f o r  vibra-  

t o r s  on t h e  hopper u n i t s  t o  a s s i s t  i n  c o a l  flow. Af te r  experiencing 

some occasions where w e t  c o a l  c lung t o  the  hopper s i d e ,  t h e  d e c i s i o n  

was made to  i n s t a l l  and t e s t  electrc-meclinnlcol hopper v i s b r n t o r s  011 

the  c a r .  Two such u n i t s  were a t t a c h e d  t o  t h e  sides of hoppers 2 and 

3. A manual c o n t r o l  switch f o r  t h e  two v i b r a t o r s  was i n s t a l l e d  on 

the  c o n t r o l  panel i n  t h e  cab. The switch is. connected i n  such a way 

a s  t o  a l low v i b r a t o r  opera t ion  only  dur ing  a charging sequence. 

During t h e  normal opera t ion  of t h e  ca r  (as  observed during t h e  

two week p e r i o d ) ,  t h e  v i b r a t o r s  were n o t  used. On two occasions i n  

which t h e  ca r  c a p a b i l i t i e s  were be ing  demonstrated t o  new opera tors ,  

t h e  v i b r a t o r s  were turned on f o r  a s h o r t  period. Operating personnel 
. .  

r e p o r t  t h a t  t h e  v i b r a t o r s  are needed only during the  most severe  "wet 

coal" condi t ions  and a r e  genera ' l ly capable  of c l e a r i n g  the  hoppers 

w i t h  only a s h o r t  b u r s t  of opera t ion .  

been made t o  i n s t a l l  v i b r a t o r s  on a l l  t h e  hoppers a t  t h i s  t i m e .  

We were to ld  t h a t  no p lans  had 

The occas iona l  u s e  of v i b r a t o r s  on t h e  Weirton ca r  i s  i n  c o n t r a s t  

t o  t h e  programmed use  of v i b r a t o r s  on t h e  AISI/EPA.car. The v i b r a t o r s  

a r e  au tomat ica l ly  c o n t r o l l e d  a s  p a r t  of the  A I S I / E P A  c a r  charging se- 

quence and opera te  f o r  a set  'period of t i m e .  

panel do, however, a l low the  opera tor  t o  t u r n . o f f  t h e  v i b r a t o r s .  

. 
Conrrols  on t h e  cab 
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The c o n t r o l  of the  Weirton car  dur ing  a charging opera t ion  is  

accomplished through t h e  use  of electro-mechanical t imers  and r e l a y  

l o g i c  c i r c u i t r y .  

t i o n  d r i v e  motor propor t iona l  c o n t r o l  u n i t s .  In a d d i t i o n  t o  t h e  

normal r e l a y  l o g i c  c i r c u i t r y ,  a number of c i r c u i t s  which bypass c e r t a i n  

l o g i c  i n t e r l o c k  s t r i n g s  have been added. 

l i m i t e d  access  and a r e  not  used i n  normal opera t ion ,  provide an 

emergency c a p a b i l i t y  to  c l e a r  the  car  func t ions  and allow i t  to  move 

o r  be moved along t h e  top of t h e  b a t t e r y .  It i s  a l s o  p o s s i b l e  us ing  

c e r t a i n  types of these  bypasses t o  manua1l.y o p e r a t e  some of t h e  c a r  

func t ions  should a. malfunction occur i n  t h e  normal c o n t r o l  l o g i c .  

was repor ted  t h a t  t h i s  bypass c a p a b i l i t y  has been respons ib le  f o r  

Sol id  state c i r c u i t r y  is u t i l i z e d  only i n  ' t h e  t r a c -  

These bypasses which have 

It 

maintaining production i n  s e v e r a l  i n s t a n c e s  when malfunctions occurred 

and the  s p a r e  ca r  was not  immediately a v a i l a b l e  f o r  r e l i e f  opera t ion .  

Operation of t h e  ca r  using t h e s e  c i r c u i t s  genera l ly  r e q u i r e s  a second 

opera tor  

the  cab opera tor  and t h e  bypass opera tor .  

i n  the  ca r  equipment room and c l o s e  coordinat ion between 

No method is provided on t h e  Weirton ca r  f o r  the  i n d i c a t i o n  of 

coa l  l e v e l  i n  t h e  hoppers o r  c o a l  flow i n  the  system. The i n i t i a t i o n  

of an automatic  charge c y c l e  s t a r t s  t iming devices  which open t h e  

s l i d e  v a l v e s  and s e q u e n t i a l l y  s t a r t  t h e  conveyor screws. The screws 

continue i n  opera t ion  u n t i l  t h e  timed sequence runs out  o r  t h e  car  

opera tor  judges t h a t  t h e  hoppers a r e  empty. The opera tor  uses s e v e r a l  

observat ions t o  a i d  him i n  t h i s  d e c i s i o n .  

from t h e  s t a r t  of the  charge,  observed a c t i v i t y  around each drop 

They include elapsed time 
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s l e e v e ,  the  p o s i t i o n  of t h e  l e v e l e r  ba r ,  flow of smoke from t h e  2 and 

3 s l e e v e  s t a c k s ,  and t h e  observed drop i n  screw motor c u r r e n t  when 

the  1io.ppers go ehrpty. 

check t h e  c o a l  l e v e l  i n  t h e  hoppers through p o r t s  cu t  i n  t h e  s i d e  of 

The o p e r a t o r  can a l s o  leave  t h e  cab and v i s u a l l y  

' each  hopper. T h i s ,  however, . i s  seldom necessary.  

The l a c k  of l e v e l  sens ing  devices  i s  i n  c o n t r a s t  to  t h e  m u l t i -  

po in t  l e v e l  sens ing  system used on t h e  AISI/EPA car .  

t r o l  system senses  t h e  "20% remaining" l e v e l  s i g n a l  and i n t e r r u p t s  

the  c o a i  f low a t  t h i s  time t o  s t a r t  t h e  l e v e l i n g  sequence. 

is s t a r t e d  again.when t h e  pusher o p e r a t o r  confirms t h e  s tar t  of 

l e v e l i n g .  The lower l e v e l  sensor  ("hopper empty") i s  r e s p o n s i b l e  f o r  

s topping  t h e  coa l  flow t o  i n s u r e  t h e  presence of a c o a l  plug above 

t h e  b u t t e r f l y  valve.  

The charging con- 

Coal flow 

The l a s t  f e a t u r e  of n o t e  i s  t h e  improvement of t h e  opera t ing  cab 

The cab is closed and was observed t o  be genera l ly  f r e e  

An 

environment. 

from charging emissions during r e l a t i v e l y  heavy smoke condi t ions.  

a i r  condi t ion ing  u n i t  i n  the  cab seems t o  be q u i t e  e f f e c t i v e .  

a d d i t i o n  t o  t h i s  u n i t ,  a second u n i t  has been a d d e d ' t o  t h e  c a r s  e lec-  

t r i c a l  equipment room t o  hold i ts  temperature a t  a . lower  l e v e l .  The 

opera tors  seemed q u i t e  pleased wi th  t h e  condi t ions compared t o  those  

,genera l ly  a s s o c i a t e d  w i t h  t h e  o p e r a t i o n  of a l a r r y  ca r .  

I n  

. 
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4 . 0  C H A R G I N G  OPERATION 

4 . 1  Coking Cycle 

A s  i n  most p l a n t s ,  t h e  coking time i s  a func t ion  of s e v e r a l  

v a r i a b l e s  inc lud ing  product demand, c o a l  c h a r a c t e r i s t i c s ,  manpower 

a v a i l a b i l i t y  and raw material a v a i l a b i l i t y .  During t h e  two weeks of 

observa t ion ,  t h e  coking time had been r a i s e d  t o  23.5 hours because of 

shor tages  of de l ivered  coa l .  

product ion ra te ,  and thus t h e  number of charging ope ra t ions  performed 

i n  a s h i f t .  

The longer  cyc le  decreased the  p l a n t  

The ope ra t ing  pace had been slowed t o  30 ovens per  8 hour s h i f t .  

We were t o l d  t h a t  a r u l e  of thumb f o r  a normal product ion ra te  change 

i s  t o  add o r  drop 1 over  per  8 hour s h i f t .  

pace  u t i l i z e s  between a 1 7  and 18 hour coking cyc le .  

t h e  Brown's I s l a n d  Ba t t e ry  has  reached and maintained a maximum of 

39 ovens per  s h i f t .  I t . i s  expected t o  be a b l e  t o  maintain a maximum 

product ion schedule  somewhat above t h i s  rate. 

4.2 Charging Sequence 

The i r  normal product ion 

To t h i s  d a t e , '  

A f t e r  the  l a r r y  c a r  f i l ls  i t s  hoppers a t  t h e  c o a l  b i n ,  i t  then  

proceeds t o  t h e  oven t h a t  i s  scheduled t o  charge  (A-1 i n  t h i s  example). 

A s e q u e n t i a l  numbering system i s  used i n  which t h e  87 oven b a t t e r i e s  

are  divided i n t o  three equal  s e c t i o n s ;  A, B and C. 

a small  p o r t i o n  of Sec t ion  A t o  c l a r i f y  t h e  d i s c u s s i o n  of the charg- 

i ng  sequence, whi le  Table 1 d i sp1ays . a  Bor t ion  of the  Weirton charg- 

i ng  and dampering sequence. 

t o r  performs i s  t o  s p o t  the l a r r y  car over  t h e  oven t o  b e  charged. 

He accomplishes t h i s  by a l i g n i n g  p o i n t e r s  on t h e  l a r r y  ca r  w i t h  the 

Figure  3 presen t s  

The f i r s t  ope ra t ion  t h e  l a r , ry  c a r  opera- 
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TABLE 1 

DISPLAY OF WEIRTON CHARGING AND DAMPERING SEQUENCE 

Charge I Half-Damper 

A- 1 

B - 1  

c- 1 

A- 3 

B- 3 

c- 3 

A- 5 

B- 5 

c-5 

A- 7 

B- 7 

c- 7 

A- 9 

B-9 

c- 9 

A- 2 

B- 2 

c- 2 

A-4 

B-4 

c-4 

A- 6 

B- 6 

C- 6 

A- a 

B- a 
c-a 

A-10 

B-10 

c-10 
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Remove  L i d s  

A- 3 

B-3 

c-3 

A- 5 

B-5 

c- 5 

A- 7 

B-7 

c- 7 

A- 9 

B-9 

c- 9 

A-11 

B-11 

c-11 

Damper 

A- 5 

B-5 

c-5 

A- 7 

B-7 

c- 7 

A- 9 

B-9 

c-9 

A-11 

B-11 

c-11 

A-13 

B-13 

C-13 
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oven f l u e  caps two ovens behind. Once t h i s  is  done, t h e  a p e r a t o r  

a c t i v a t e s  t h e  automatic gooseneck c l e a n e r  b u t t o n s ,  and t h e  necks of 

the  ascension p i p e s  a r e  purged au tomat ica l ly .  

now ready t o  charge,  and w a i t s  f o r  t h e  go ahead s i g n a l  from the  p u s h e r  

ca r .  Upon r e c e i v i n g  the s i g n a l ,  t h e  opera tor  a c t i v a t e s  the  a c t u a t o r  

arm which c l o s e s  t h e  ascension p i p e  caps and turns  t h e  c o l l e c t i n g  

main steam on s imultaneously.  When t h e s e  t a sks  are complete, t h e  

The l a r r y  opera tor  is 

opera tor  

charge. 

p r e s s e s  the  master charge b u t t o n  which i n l t i n t e s  the a c t u a l  

The l a r r y  ca r  now opera tes  au tomat ica l ly  u n t i l  t h e  end 

of t h e ' c h a r g e ,  a t  which t i m e  t h e  l i d  r e t u r n  c y c l e  i s  i n i t i a t e d  by 

t h e  automatic  timers, o r  by t h e  o p e r a t o r ,  depending on t h e  s e l e c t e d  

mode of opera t ion .  A f t e r  t h e  charge is over ,  t h e  opera tor  backs 

up and h a l f  dampers oven A-2 t o  s t o p  c r o s s  flow across  t h e  oven 

caused by unequal pressures  i n  t h e  c o l l e c t i n g  mains. 

opera tor  removes t h e  l i d s  from t h e  oven be ing  pushed, A-3, which w i l l  

undergo a decarbonizat ion cyc le  of approximately 40 minutes. 

opera tor  then backs up t o  the  next  oven t o  be pushed, A-5,  and f u l l  

dampers i t ,  while  a l s o  opening t h e  ascens ion  pipe caps. During the  

week of March 2 4 - 2 9 ,  the  l i d s  were l e f t  on t h e  charging p o r t s  during 

decarbonizat ion i n  order  t o  b u i l d  up a layer of carbon a t  the  top of 

Next the  

The 

k 

the  oven. Because of t h i s ,  l i d s  had t o  b e  removed j u s t  p r i o r  t o  the  

gooseneck c leaning  s t e p  i n  t h e  ordinary charging sequence. A s  a re- 

s u l t  of a l i d  l i f t e r  malfunction, an i n d i c a t o r  lamp s igna led  t h a t  a 

l i d  had been removed when i t  had not .  

a c l e a r  p o r t ,  i n i t i a t e d  the  charge i n t o  a closed por t .  "his caused 

. 
The opera tor ,  thinking he had 

P cons iderable  coa l  s p i l l a g e  on t h e  oven top b e f o r e  the condi t ion  was 
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detected and the  feed stopped. 

s e v e r a l  times on t h e  n i g h t  s h i f t .  No problem was discovered i n  t h e  

l i d  l i f t e r  mechanism, but  i n  order  t o  i n s u r e  proper removal of t h e  

This problem had repor ted ly  occurred 

l i d s ,  the  l a r r y  ca r  opera tor  would come o f f  h i s  s p o t  following the  

l i d  l i f t e r  opera t ion ,  t o  v i s u a l l y  check l i d  removal. The ca r  was then 

respot ted  and t h e  charge was performed i n  the  normal fash ion .  This 

p r a c t i c e  added s e v e r a l  seconds t o  the  normal time required f o r  a 

charge, but  t h e  l a r r y  ca r  was genera l ly  alieild of Lhc oLhcr elcmciiLs 

of the operat ion.  

4 . 3  Leveling Procedure 

Af te r  the  l a r r y  c a r  has charged t h e  oven wi th  about 80% of i t s  

coa l ,  t h e  l e v e l i n g  sequence begins.  

i n  t h e  form of 

by a timer i n  t h e  master charge but ton  e l e c t r o n i c  c o n t r o l  c i r c u i t r y .  

Leveling i s  then i n i t i a t e d  i n  the  pusher ca r  by pushing t h e  automatic 

l e v e l i n g  sequence but ton.  A l l  l e v e l i n g  from t h i s  point  in time i s  

automated. 

number 2 drop s leeve .  

The pusher c a r  rece ives  a s i g n a l  

a l o u d  buzz from t h e  l a r r y  ca r .  This buzz is a c t i v a t e d  

The l e v e l i n g  is performed wi th  the  c o a l  flowing from the  

This was a very c o n s i s t e n t  l e v e l i n g  p r a c t i c e  

a t  Weirton, and no d e v i a t i o n s  from t h i s  scheme were observed. 

There has been a problem a t  t h e  Brown's I s l a n d  Bat tery involving 

coa l  s p i l l a g e  during t h e  l e v e l i n g  procedure. During the  e a r l i e r  

opera t ion  of the  Brown's I s l a n d  Bat te ry ,  t h e  l e v e l e r  bar had been in- 

s e r t e d  i n t o  t h e  oven considerably e a r l i e r  i n  t h e  charge,  and was 

l e v e l i n g  f o r  some longer  per iod of time. 

served excess ive  amounts of coa l  s p i l l a g e  during t h i s  time, and a s  

a r e s u l t ,  the  l e v e l i n g  sequence was a l t e r e d .  A s h o r t e r  l e v e l i n g  

. 
The Weirton personnel ob- 
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period was i n i t i a t e d  and t h e  coa l  s p i l l a g e  was decreased because of . I  

. i  
I 

t h e  lower number of l e v e l e r  bar  s t r o k e s ,  each of which drags some 

c o a l  ou t  of t h e  chuck door. This r e p r e s e n t s  a trade-off of changing 

of the  l e v e l i n g  time t o  prevent  c o a l  s p i l l a g e  a g a i n s t  t h e  f a c t  t h a t  ! 
wai t ing  a longer per iod of time t o  l e v e l  causes t h e  open gas passage I 

I 

i 
i 
I 

t o  both ascension pipes t o  b e  reduced. 

There having been two a l t e r n a t i v e  c o a l  s p i l l a g e  reduct ion  methods 

proposed a t  Weirton. The f i r s t  was t h e  u s e  of a i r  hoses t o  blow t h e  

coa l  wedged between the  l e v e l e r  b a r  b a f f l e s  l o o s e  t o  keep t h e  l e v e l e r  
8 

bar  opera t ing  a t  peak e f f i c i e n c y  through each l e v e l i n g  s t r o k e .  Heat 

seemed t o  be a problem a s  f a r  a s  hose maintenance was concerned, and 

the  idea  was abandoned. 

chain t o  drag along t h e  top of t h e  l e v e l e r  bar  t o  knock t h e  coa l  

Another proposed s o l u t i o n  was t h e  use  of a 

loose  betwe'en t h e  l e v e l e r  bar  b a f f l e s  i n  i t s  reverse  s t r o k e .  

4.4  Col lec t ing  Mains 

i 

The Brown's I s l a n d  Bat te ry  u t i l i z e s  a double of f - take  c o l l e c t i n g  

main system to  s e r v i c e  each four  charging p o r t  oven. The coke s i d e  

and -pusher s i d e  c o l l e c t i n g  mains  a r e  interconnected by two overhead 

cross-over pipes  t h a t  span t h e  oven approximately a t  one t h i r d  and 

two t h i r d s  of t h e  oven's d i s t a n c e  lengthwise.  

The s tandard  p r e s s u r e  and temperature a t  which' t h e  mains o p e r a t e  

These a r e  v a r i a b l e  c o n t r o l s  and a r e  .are 11 mm and 72'. r e s p e c t i v e l y .  

increased and decreased a s  the coke p l a n t  superintendent .  deems nece- 

i 
s s a r y  during d i f f e r e n t  coking schedules  and s p e c i a l  s i t u a t i o n s .  k 

30 



4.5 Coal Descr ip t ion  

The Brown's I s l and  Ba t t e ry  is equipped wi th  i t s  own s e p a r a t e  c o a l  

p repa ra t ion  p l a n t  which is divorced f rom t h e  mainland c o a l  p repa ra t ion  

p l an t .  The c o a l  is c u r r e n t l y  s i z e d  a t  72% pass ing  a n  1 / 8  inch  screen .  

. 

31 



5.0  CHARGING OBSERVATIONS 

5 . 1  Report inz Procedures 

D i r e c t  observat ions of the  l a r r y  ca r  performance i n  production 

opera t ion  were made by personnel f a m i l i a r  wi th  d e t a i l s  of t h e  charg- 

i n g  operat ion.and the  coke oven environment. I n  order  t o  make the 

observa t ions  simple and e f f i c i e n t ,  no ins t rumenta t ion  w n s  employed to '  

measure emission quant i t i . es .  The observa t ion  scheme r e l i e d  i n s t e a d  

upon t h e  judgement of t h e  observer t o  assess t h e  r e l a t i v e  q u a n t i t i e s  

of observed emissions from some pre-defined p o i n t s  on t h e  l a r r y  car .  

T h e  observer  charac te r ized  t h e  emissions from each designated p o i n t  

a s  e i t h e r  a blank box (none observed) ,  L ( l i g h t  f low),  M (medium f low),  

o r  H (heavy f low).  .The b a s i s  for th i s  judgement was developed by 

watching s e v e r a l  t y p i c a l  charges by t h e  c a r  and moderating t h e  obser- 

v a t i o n s  based on r e c a l c u l a t i o n s  of emissions flows on the J & L cars ,  

inc luding  t h e  A I S I / E P A  ca r .  

corded, o t h e r  observa t ions  such as t h e  genera l  c o l o r  of emission, the 

presence of flame a t  a po in t ,  and the dynamic flow c h a r a c t e r i s t i c s  

(puffy,  i n c r e a s i n g ,  decreasing,  changing t o )  were a l s o  noted. 

In  a d d i t i o n  t o  t h e  flow information re-  

The p o i n t s  designated f o r  observa t ion  were t h e  a r e a s  around and 

immediately above each drop s l e e v e  (boot) s e a l ,  the  four  hopper tops,  

and t h e  s t a c k s  a t tached  t o  t h e  number 2 and 3 s l eeves .  I t  is e s t i -  

mated t h a t  these  poin ts  account f o r  a t  l e a s t  90% of t h e  emissions 

through the  c a r  dur ing  a charging opera t ion .  A l l  of these  poin ts  a r e  

v i s i b l e  from a poin t  on t h e  oven s u r f a c e  approximately 50 f e e t  i n  

. 
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f r o n t  of t h e  ca r .  

throughout the  charging opera t ion  under observat ion.  

i t  i s  genera l ly  p o s s i b l e  t o  d i f f e r e n t i a t e  emissions from sources  

o ther  than the  c a r  and t o  judge t h e  flow c h a r a c t e r i , s t i c s .  

The observer remained .a t  this approximate p o s i t i o n  

From t h i s  po in t ,  

During the  charging opera t ion ,  a record was made of observat ions 

This i n t e r v a l  w a s  found t o  provide a reason- a t  15 second i n t e r v a l s .  

ab ly  accura te  account of t h e  charging condi t ions .  

too s h o r t  t o  a l low t h e  observer to  record information d i r e c t l y  on t h e  

form, s o  a p o r t a b l e  tape recorder  was used t o  record the  observer ' s  

This i n t e r v a l  was 

v e r b a l  commentary., This technique allowed t h e  i n c l u s i o n  of s u f f i c i e n t  

d e t a i l  and added commentary t o  provide .a b a s i s  f o r  completion of t h e  

observat ion form. . The completed forms a r e  included as  Appendix I of 

t h i s  r epor t .  

A hand-held s t o p  watch was u s e d  by t h e  observer  t o  provide 

t iming information on t h e  var ious  segments of t h e  charging operat ion.  

An o v e r a l l  time f o r  j u s t  t h e  charging o p e r a t i o n  (coa l  flow s t a r t  t o  

l a s t  l i d  on) was obtained f o r  each of t h e  observed charges. 

t i o n ,  o ther  segments and combinations of segments were timed t o  pro- 

v i d e  a comprehensive p i c t u r e  of the  c a r s '  o p e r a t i o n a l  pace. 

opera t ion  dur ing '  the  week of March 11-15,was on a reduced production 

schedule ,  t h e r e f o r e ,  s teps  involving o p e r a t o r  i n i t i a t e d  operat ions may 

not have been performed i n  t h e  s h o r t e s t  p r a c t i c a l  t i m e .  

. .  

In addi- 

The t o t a l  
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During t h e  per iod of t h e  observa t ions ,  t h e  genera l  weather' con- 

d i t i o n s  reinained r e l a t i v e l y  cons tan t .  No r a i n  was experienced and 

the  temperature ranged from t h e  50's up t o  t h e  70's.  , Due , i n  p a r t  t o  

the  l o c a t i o n  of t h e  oven (unshielded by ad jacent  s t r u c t u r e  on an 

i s l a n d  i n  t h e  middle of a r i v e r ) ,  a c o n s t a n t  breeze was p r e s e n t ,  

ranging from a l i g h t  2-4 mph t o  continuous 15-18 mpli wind .  

was. r e s p o n s i b l e  f o r  t h e  r a p i d  d i s p e r s a l  of emissions :IS they r o s e  from 

t h e . t o p  of t h e  oven o r  c a r  s t acks .  

5.2 Summary of Performance Observations 

. .  

. .  

This wind 

The b a s i c  impression obtained from t h e  observa t ions  i s  t h a t  t h e  

For'example; t h e  ob- l a r r y  ca r  is very c o n s i s t e n t  i n  i t s  opera t ion .  

served charging times f o r  57 opera t ions  was between l m i n u t e ,  

30.seconds and 1 minute, 50 seconds w i t h  a n  average time of 1 minute ,  

39 and 2/10 seconds. Most of the  observed spread i n  time can be ac- 

counted f o r  by v a r i a t i o n s  i n  the  s tar t  of the  opera tor  i n i t i a t e d  re- 

l i d d i n g  cyc le .  A second example i s  t h e  occurrence of a smal l  puff of 

emissions from number 2 s t a c k  during t h e  f i r s t  10 seconds of the  

charging opera t ion .  

Examination of t h e  r e p o r t i n g  forms shows t h a t  t h e  f i r s t  30 

seconds of t h e  charge i s  f a i r l y  f r e e  from emissions except f o r  t h i s  

puff .  Cer ta in ly  t h i s  i s  due i n  p a r t  t o  t h e  mechanical timer c o n t r o l ,  

b u t  t h e  o v e r a l l  consis tency of charge q u a l i t y  (emission l e v e l )  cannot 

b e  achieved unless  a l l  goes smoothly, such as coa l  flow; l e v e l i n g ,  

re - l idd ing  and oven c o n t r o l  opera t ion .  The dependabi l i ty  was f u r t h e r  
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a t t e s t e d '  t o  by t h e  f a c t  t h a t  t h e  l i d  man spen't much of h i s  time r i d i n g  

i n  t h e  l a r r y  ca r  cab. When a ma l func t ion .d id  occur ,  such a s  a l i d  not  

s e a t i n g  proper ly ,  h e  came down, qu ick ly  f ixed  t h e  problem and re turned  

t o  t h e  cab. Discussions wi th  t h e  car o p e r a t o r s  confirmed t h e  f a c t  

t h a t  l i t t l e  t r o u b l e  has  been encountered w i t h  c o a l  flow. They a l s o  

r e l a t e d  a f e e l i n g  of o v e r a l l  dependab i l i t y ,  w i t h  some commcnting t h a t  

t h i s  car was more complicated than the  o t h e r  cars they had opera ted  

b u t  t h a t  i t  worked w e l l  " in  s p i t e  of this.." I n  genera l ,  t h e  mechan- 

i c a l  problems observed were minor i n  n a t u r e  and were handled by t h e  

c a r  ope ra to r  and l i d  man on duty a t  the time. 

The s p o t t i n g  of t h e  car on an  oven is accomplished by a l i g n i n g  

a c a r  mounted p o i n t e r  wi th  f i u e  caps s e t  i n  the oven top. This  i s  

done by s i g h t i n g  down through a window on  e i ther  s i d e  of t h e  c o n t r o l  

cab. The system appears  t o  provide t h e  needed accuracy and i t  is. 

s imple t o  use.  The only observed problem w i t h  t h e  system w a s  t h e  

v i s i b i l i t y  of t h e  po in te r  and cap du r ing  c e r t a i n  l i g h t  condi t ions .  

Late  i n  t h e  a f t e rnoon ,  t h e  s u n l i g h t  would s t r i k e  the s u r f a c e  of t h e  

cab window i n  such a way as t o  obscure t h e  s p o t t i n g  po in te r  and cap. 

The cond i t ion  w a s  s i m i l a r  on both s i d e s  of t h e  car .  I t  appears  t h a t  

the problem could b e  e l imina ted  by shading  t h e  lower windows i n  an  

a p p r o p r i a t e  manner. . 
The drop s l e e v e  u n i t s  appear  t o  have l i t t l e  problem i n  s e a t i n g  

proper ly  i n  the open charging p o r t s .  The lower po r t ion  of  t h e  u n i t  

can be canted cons iderably  be fo re  a reasonable  s e a l  is l o s t .  
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being r e s p o t t e d  a f t e r  a check t o  i n s u r e  t h a t  a l l  l i d s  had been re- 

moved. No explana t ion  was obvious s i n c e  the  same s p o t t i n g  f a c i l i t i e s  
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I .  

energize.  

f l u e  cap cover i n s t e a d  of the p o r t  cover .  The cap d e t e c t o r  i n t e r l o c k  

was made, and a charge was at tempted w i t h  . t he  l i d  i n  p lace .  This  re- 

s u l t e d  i n  a cons iderable  c o a l  s p i l l  be fo re  t h e  c o a l  could be stopped. 

We were t o l d  that  on one occas ion ,  t h e  magnet picked up a 

No s e r i o u s  problems i n  u n i t  o p e r a t i o n  were observed o r  repor ted  

bu t  i t  was noted t h a t  t h e  e l e c t r i c a l  connect ions f o r  this u n i t  show 

rap id  d e t e r i o r a t i o n  and are r epor t ed  t o  be  d i f f i c u l t  t o  keep i n  good 

r e p a i r .  No problems.were observed i n  t h e  u n i t  hydrau l i c  system, b u t  

i t  was r epor t ed  t h a t  f l e x i b l e  elbows and coupl ings  i n  t h e  system had 

shown some tendency t o  l e a k  prematurely.  A more durable  replacement 

f o r  t hese  u n i t s  is being sought .  

. .  

It  seemed t h a t  t h e  r o t a t i n g  a c t i o n  of the  l i f t e r  i s  slow i n  com- 

pa r i son  t o  t h e  ope ra t ion  of t h e  AISIIEPA car.  

t i o n  i n  one d i r e c t i o n  and a r e v e r s e  r o t a t i o n  i s  long. This caused no 

observed problems b u t  a "ready t o  t r ave l "  car cond i t ion  might be  

achieved a few seconds e a r l i e r  i f  t h e  de lay  could be  shortened.  

The t i m e  between a ro t a -  

The car mounted a c t u a t o r s  which c o n t r o l  steam, ascens ion  p i p e  

cap closur.e,  and damper a c t i o n ,  performed w i t h  only minor malfunct ions 

dur ing  t h e  per iods  of observa t ion .  

f a i l e d  t o  t r a v e l  over  c e n t e r  when c l o s u r e  was at tempted.  Recycle of 

t h e  system d i d  n o t  s o l v e  the problem and t h e , c a p  was closed manually 

by t h e  l i d  man. 

i n  t h e  c o n t r o l  l e v e r s  and had t o  be  f r e e d  manually using a long  pry 

bar .  

On several  occasions,  the l i d  

On two occas ions ,  t h e , a c t u a t o r  arms became jammed 

We were t o l d  t h a t  t h e  c o n t r o l  l e v e r s  are occas iona l ly  ben t  
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causing misalignment of the arms. It was repor t ed  t h a t  t h i s  problem 

i s  so lved  by occas iona l ly  checking the levers and re -a l ign ing  them 

using a s l edge  hammer and wooden wedges. 

repor ted  a s  a r e s u l t  of c o n t r o l  misalignment.  

No s e r i o u s  de l ays  have been 

The screw conveyor and s l i d e  p l a t e  v a l v e  funct ioned normally dur- 

ing  the observa t ion  per iod.  No mal func t ion  i n  t h e i r  mechanical opcr- 

a t i o n  was observed, however, a c o a l  plug d i d  occur once oil number 4 

drop s l eeve .  

ing  p o r t  and caused a packing a c t i o n  back through t h e  system. 

about 5 t o  10 minutes t o  c l e a n  the p lug  i n  t h e  p o r t  and complete t h e  

charge. During a d i s c u s s i o n  fo l lowing  t h e  i n c i d e n t ,  ope ra t ing  and 

It w a s  r epor t ed  that  the c o a l  had plugged i n  the charg- 

It took 

superv isory  personnel  d i d  not  f e e l  t ha t  any car a s soc ia t ed  malfunct ion 

had caused the problem. 

leveler bar  e n t r y  had caused o r  con t r ibu ted  t o  t h e  problem. 

It w a s  suspec ted  t h a t  t h e  p o s s i b i l i t y  of l a t e  

During observed a c t i v i t i e s ,  a t t empt s  were made a t  t imely c l o s u r e  

of t h e  s l i d e  valves based on a n  observed drop  i n  screw feed  motor 

ope ra t ing  cu r ren t .  

and coord ina t ion  of t h e  a c t i v i t y  was d i f f i c u l t  t o  accomplish. The re- 

s u l t s  of t h e  t r i a l  r u n s  d id ,  however, i n d i c a t e  t h e  v a l u e  of t imely 

va lve  c l o s u r e  by t h e  observed r educ t ion  i n  emissions through t h e  s t acks .  

It appears  t h a t  a v a l i d  and perhaps easier-to-implement approach would 

l'he s l i g h t  drop i n  c u r r e n t  provcd hard t o  d e t e c t  

be t h e  monitor ing of c o a l  f low i n  the s l e e v e  j u s t  above t h e  s l i d e  

va lve .  When t h e  d e t e c t o r  i n d i c a t e s  the end of f low, t h e  va lve  can be 

closed immediately and t h e  screw stopped. The sensor  might be  

. 

38 



arranged t o  mechanically opera te  a swi tch  which would provide a s i g -  

n a l  o r  i n i t i a t e  c l o s u r e  of t h e  s l i d e  p l a t e  va lves  automatical ly .  

The electro-mechanical v i b r a t o r s  were not  used i n  connection w i t h  

normal charging during the  observa t ion  per iods .  They were turned on 

twice t o  demonstrate t h e i r  use  t o  new car  o p e r a t o r s  and they were 

turned on once as  a demonstration f o r  t h e  observer ,  Conversation with 

ca r  opera tors  and superv isory  opera t ing  personnel  i n d i c a t e  t h a t  t h e  

v i b r a t o r s  a r e  dependable i n  t h e i r  o p e r a t i o n  and e f f e c t i v e  i n  removing 

c o a l  c l i n g i n g  t o  t h e  s i d e s  of t h e  hoppers. 

5 . 3  Funct ional  Operating Times 

A s  a p a r t  of observat ion a c t i v i t y ,  v a r i o u s  segments.of t h e  charg- 

ing  cyc le  were timed t o  determine the  c a r s '  c u r r e n t  opera t ing  pace. 

This s e c t i o n  presents  t h e  r e s u l t s  of t h i s  a c t i v i t y .  

During each charge f o r  which a n  observa t ion  record was made, a 

The t o t a l  charging t i m e  a s  observed time fo r  t h e  charge was taken. 

by MITRE was def ined a s  t h e  t i m e  per iod between t h e  i n i t i a t i o n  of t h e  

coa l  screw feed and t h e  completion of t h e  l i d  replacement cycle .  This 

t o t a l  charging time" was recorded f o r  57 i n d i v i d u a l  charges,  and the  ,I 

average was found t o  be 1 minute and 3 9 . 2  seconds. 

i n g  time observed w a s  1 minute, 50 seconds, while  t h e  minimum was 

.found to  b e  1 minute, 30 seconds. The occurrence of t h e  c o a l  plug on 

number 4 s l e e v e  appears  i n  this average Qs t h e  t i m e  elapsed t o  t h e  

f i r s t  re - l idd ing .  

and the  completion of the charge to t h e  number 4 por t .  

The maximum charg- 

No time was recorded f o r  the  clearance of t h e  po r t  
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I n  a d d i t i o n  t o  t h e  s tandard  time taken f o r  each observed charge ,  

segments of t h e  t o t a l  charging o p e r a t i o n  were timed. A sumraary of 

these  times appears  i n  T a b l e  2. The terms " re tu rn  t o  travel" and 

"ready t o  t r a v e l "  r e f e r  t o  a cond i t ion  i n  which t h e  c a r  i s  moving o r  

ready t o  move t o  some o the r  l o c a t i o n  on t h e  oven. 

Based on t h e  cyc le  time from c a r  s p o t t i n g  t o  t r a v e l  t o  t h e  c o a l  

b i n  of 3 minutes ,  30 seconds,  and t h e  hopper f i l l i n g  time of 1 minute,  

an 8 minute complete cyc le  t ime does n o t  seem unreasonable.  

oven per  8 hour s h i f t  pace t h a t  has  been maintained on occas ion  i n  

t h e  p a s t ,  r e p r e s e n t s  an average cyc le  time of 12.3 minutes. 

p e a r s ,  however, t h a t  t h e  pacing product ion system may b e  t h e  coke s i d e  
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door machine which has a planned ope ra t ing  cyc le  t i m e  of a l i t t l e  

over 10 minutes .  
.. 

5.4 P a r t i c u l a t e  Sample C o l l e c t i o n  

As a p a r t  of t h e  observa t ions  of oven charging a c t i v i t i e s ,  a num- 

ber  of p a r t i c u l a t e  samples were taken around t h e  number 2 and 3 drop 

s l e e v e s  and i n  t h e  f r e e  emission plume around t h e  bottom of t h e  

charging ca r .  

and cons t ruc t ed  by MITRE t o  perform t h i s  s p e c i f i c  sampling task .  

The device  used t o  o b t a i n  these  samples was designed 

A 

d e s c r i p t i o n  of t h e  device  and t e s t  r e s u l t s  i s  contained i n  t h i s  s e c t i o n .  

During t h e  course of t e s t i n g  a t  t h e  J & L f a c i l i t y ,  cons ide rab le  

d i f f i c u l t y  was encountered i n  ob ta in ing  a p a r t i c u l a t e  sample  which 

could provide  meaningful d a t a  on t h e  phys ica l  c h a r a c t e r i s t i c s  of t h e  

emit ted m a t e r i a l .  These problems gave r i s e  t o  t h e  development by 
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TABLE 2 

OBSERVED OPERATION TIMES 

Approximate T i m e  To F i l l  The Hoppers In t h e  Coal Bin 

Ascension Pipe Cleaning Cycle 

Lid Removal/Complete C y c l e  

Lid L i f t i n g  Cycle/Timed From The Sleeve Raise U n t i l  
The Lid Was Replaced 

Lid L i f t e r  O s c i l l a t i o n  And Return To Trave l  Ready 
S t a t u s  

S l i d e  Valve Closed To Lid L i f t e r  Ready 

Drop Sleeves Down To Ready Travel 

Lids On, Half And F u l l  Damper To Ready Travel 

Spot t ing Of Car For Charge Through Half And F u l l  
Damper Cycle To Coal Bin 

1 Minute 

30 Seconds 

1 6  Seconds 

8 Seconds 

9 Seconds 

32 Seconds 

2 Minutes, 10 Scconds 

53 Seconds 

3 Minutes, 30 Seconds 

. 
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MITRE of a d i r e c t  impaction p a r t i c u l a t e  c o l l e c t i o n  dev ice  dubbed the 

MITRE Carrousel .  The dev ice  was  conf igured  t o  pass  g l a s s  microscope 

s l i d e s  through t h e  emission duc t  opening. The s l i d e s ,  one s u r f a c e  of 

which w a s  coated wi th  s i l i c o n  g rease ,  c o l l e c t e d  p a r t i c l e  samples f o r  

d i r e c t  viewing and a n a l y s i s  under an o p t i c a l  microscope. Details of 

t h i s  dev ice  and its ope ra t ion  are repor t ed  in MITRE WP-104RO and t h e  

coke oven t e s t i n g  program f i n a l  r e p o r t .  

A similar approach w a s  s e l e c t e d  f o r  use  i n  c o l l e c t i n g  p a r t i c l e  

samples du r ing  t h e  obse rva t ions  a t  Weirton. 

were t h a t  sample  flow through t h e  sampling device w a s  c o n t r o l l e d  by a 

The two major d i f f e r e n c e s  

f a n  and t h e  smaller material no t  depos i t ed  on t h e  greased microscope 

s l i d e  w a s  c o l l e c t e d  on a f i l t e r  element through which t h e  e n t i r e  

sample flow passed.  

F igu re  4 ,  and F igure  5 ' p i c t u r e s  t h e  dev ice  in s imula ted  use.  

A s i m p l i f i e d  schemat ic  o f , t h e  dev ice  i s  shown i n  : 
h 

The i n t e n t  of t h e  device  'is t o  draw a r e p r e s e n t a t i v e  sample 

through t h e  f i rs t  o r i f i c e  i n  t h e  sampling head a t  a v e l o c i t y  approxi-  

mat ing t h e  concent ra ted  emission p lume .ve loc i ty  i n  f r e e  air. 

va lue  of t h i s  v e l o c i t y  w a s  s e l e c t e d  based on in-duct and f r e e  space  

v e l o c i t y  measurements made dur ing  the coke oven tests a t . J ,  & L and 

was nominally 10 ft/sec. The stream f r o m ' t h i s  o r i f i c e  is d i r e c t l y  

perpendicular  a g a i n s t  t h e  greased s u r f a c e  of t h e  microscope s l i d e  

shown i n  F igure  6. 

way that t h e  sample  f low can pass  around a l l  four  edges,  

The 

. .  .. . . 

The s l i d e  is h e i d  i n  c l i p s  i n  a chamber i n  such a 

The sample 

flow con t inues  through an exit o r i f i c e  a t  the rear of t h e  chamber and 
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F I G U R E  6 

S A M P L I N G  HEAD 

F I G U R E  7 

O R I F I C E  ASSEMBLY F O R  SAMPLE FLOW MEASUREMENT 
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i n t o  a f i l t e r  element ho lder .  The f i l t e r  element which r e s t r i c t s  

p a r t i c l e  passage down t o  approximately .7  p is pre-weighed t o  a l low 

measurement of t h e  depos i t ed  m a t e r i a l .  From t h e  f i l t e r ,  t h e  air  flow 

passes  i n t o  a 1-112 inch  tubu la r  passage which se rves  two func t ions ;  

a handle  ex tens ion ,and  a housing f o r  an o r i f i c e  flow meter (Figure  7) .  

The flow meter provides  a f a c i l i t y  f o r m e a s u r i n g  sample volume flow 

and thus  t h e  c a p a b i l i t y  f o r  determining sample v e l o c i t y  a t  p o i n t s  of 

i n t e r e s t  i n  t h e  system. 

sampling system, a c o n t r o l l a b l e  bypass c i r c u i t  is provided, a s  shown 

i n  Figure 8 .  

In orde r  t o  a d j u s t  t h e  flow through t h e  

The fo l lowing  is a b r i e f  d e s c r i p t i o n  o f  t h e  samples c o l l e c t e d  

based on v i s u a l  observa t ions  of t h e  greased s l i d e s ,  t h e  f i l t e r  e l e -  

ments, 'and the  loose  p a r t i c u l a t e  ca tches .  No d e t a i l e d  a n a l y s i s  of 

these  elements has been undertaken a t  t h i s  time, b u t  t h i s  b r i e f  

summary w i l l  i n d i c a t e  t h e  success  of t h e  sampling technique and 

equipment. 

- 

The m a t e r i a l  depos i ted  on t h e  s l i d e s  was f a i r l y  uniform i n  s i z e  

c h a r a c t e r i s t i c s .  

F igure  9. The d e p o s i t s ,  as expected, a r e  concentrated i n  about  a 

314" c i r c l e  corresponding t o  t h e  i n l e t  o r i f i c e  p o s i t i o n  and s i z e .  

Some of t h e  l a r g e r  p a r t i c l e s  a r e  loca t ed  on t h e  per iphery of t h e  s l i d e  

i n d i c a t i n g  some reentrainment  or " p a r t i c l e  bounce." 

l a r g e r  p a r t i c l e s  d id  not  adhere t o  t h e  s l i d e  and were caught i n  t h e  

f i l t e r  element. 

An a r e a  of one of t h e  greased s l i d e s  is shown i n  

. .  

Many of t h e  

This would seem t o  i n d i c a t e  t h a t  a l though they 
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FIGURE 8 
BYPASS AND FAN ARRANGEMENT 

FIGURE 9 

C A L  AREA OF GREASED SLIDE, CHARGE TO OVEN C-22 ON 3/13 
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impacted on the  s l i d e ,  t h e i r  larger s i z e  and aerodynamic r e s i s t a n c e  

caused t h e i  t o  be  dis lodged and blown o f f  t h e  greased s u r f a c e .  

One of t h e  c l e a n e s t  charges  observed was made wh i l e  t h e  p a r t i c u -  

This was a charge t o  Oven B-13, a t  approxi- l a t e  sampler was i n  use .  

mately 11:25 a.m. on 3/26/74. 

very l i g h t  d e p o s i t  of uniformly d i s t r i b u t e d  p a r t i c l e s .  

l a r g e  p a r t i c l e s  were found on t h e  s l i d e  o r  on t h e  f i l t e r  ho lde r .  

There w a s  a minimal amount of l o o s e  m a t e r i a l  found i n  t h e  system. 

One p o i n t  of i n t e r e s t  is t h e  brownish co lo r  of t h e  f i l t e r  element as 

opposed t o  t h e  black c o l o r  of  sample f i l ters from o t h e r  tests. 

f i l t e r  element p i c t u r e d  i n  F igure  9 

f o r  f i l t e r  d e p o s i t s  recorded f o r  t h e  seven t e s t s .  

Examination of t he  s l i d e  showed a 

Few extremely , 

The 

had t h e  lowest sample weight 

Two of t h e  f i l t e r  e lements  e x h i b i t e d  a shi.ny b l ack  s u r f a c e  - 

c h a r a c t e r i s t i c  and f a i r l y  heavy sample  weights .  The s u r f a c e  of t h e  

I f i l t e r s  a s  shown i n  F igu re  10 appears  t o  have been wiped wi th  a r a t h e r  

t h i c k  l i q u i d .  The depos i  i s show a pool l i k e  c h a r a c t e r i s t i c  which 

t h e  o t h e r  four  samples, L xample i n  F igure  11 , which show a l a r g e  

between t h e  two groups / of charges  was t h a t  t h e r e  w a s  cons iderably  

I 

I 

/ 
I 

produces t h e  sh iny  s u r f a c e .  This  is i n  c o n t r a s t  t o  t h e  s u r f a c e  of 

' .  . number of d i s t i n g u i s h a b l e  p a r t i c l e s .  The only obvious d i f f e r e n c e s  

more v i s i b l e  f i r e  on t h e  two tests on which t h e  f i l t e r s  w i t h  t h e  

sh iny  s u r f a c e s  were ob ta ined .  

d i r e c t  f lame b u t  t h e  hea t  may have had a po l i sh ing  or m e l d f l o w  e f f e c t  

The sampler  was not opera ted  i n  the  

o n ' t h e  f i l t e r s  o r  ' 1  i.t may have changed t h e  c h a r a c t e r i s t i c s  of p a r t i c u -  

i 
l a t e  m a t e r i a l  emiCted. 

48 
, ~ ~. 



FIGURE 10 

TYPICAL FILTER ELEMENT AREA, CHARGE TO OVEN B-13 ON 3 / 2 6 / 7 4  

. 
FIGURE 11 

TYPICAL FILTER ELEMENT AREA, CHARCE TO OVEN C-24 ON 3 / 1 5 / 7 4  

4 9  



FIGURE 12 

T W I C A L  FILTER ELEMENT AREA, CHARGE TO OVEN A-11 ON 3 / 2 6 / 7 4  

. 
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No f u r t h e r  a n a l y s i s  of t h e  samples i s  planned a t  t h i s  t i m e ,  b u t  

they w i l l  b e  preserved should the re  be  f u r t h e r  i n t e r e s t  i n  in format ion  

which they may provide.  

5.5 Gas Cons t i tuent  and Concentrat ion Measurements 

During the week of 3 /11/74  t o  3 / 1 5 / 7 4 .  gas  c o n s t i t u e n t  and concen- 

t r a t i o n  d a t a  were obtained f o r  a select  group of p o l l u t a n t s .  The 

p o l l u t a n t s  measured were as fo l lows:  

P o l l u t a n t  Detec tor  Tube Concentrat ion Range 

0.1-50 PPM N02 

co 10-3000 PPM 

co .001-.l% 

.01-10% 

1-800 PPM 

c02 

H2S 

The gas measurement was performed wi th  an MSA u n i v e r s a l  tes ter  us ing  

MSA d e t e c t o r  tubes.  

The gases  were measured i n  t h e  plume surrounding t h e  drop s l e e v e  

dur ing  t h e  charging ope ra t ion ,  and a l s o  on t h e  oven top dur ing  

ambient cond i t ions  when a charge w a s  no t  t ak ing  p l ace  near  t h e  

measurement a r e a .  

The gas concent ra t ions  t h a t  were obta ined  proved t o  be incon- 

s i s t e n t ,  which i n  t u r n  made i t  d i f f i c u b t  t o  draw any meaningful con- 

c lus ions  from them. The reasons f o r  t h i s  d i f f i c u l t y  were t h e  wind 

cond i t ions  t h a t  p reva i led  a t  the  oven top  a t  Brown's I s l and  coupled 
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with t h e  r e l a t i v e l y  low o rde r  of emissions t o  be measured. 

cond i t ions  con t r ibu ted  t o  a h ighly  d ispersed  and r a p i d l y  d i s s i p a t e d  

emission condi t ion .  

These 

These emission plume c h a r a c t e r i s t i c s  were i n  c o n t r a s t  t o  t h e  

emission plumes a t  Jones and Laughlin P i t t sbu rgh  Works, where t h e  

emission plumes were l e s s  d i spe r sed  and slower t o  d i s s i p a t e .  The 

concen t r a t ions  t h a t  were obta ined  are as follows: 

Weirton Steel 
Ambient A i r  Data - Oven Top 

NO2 - N o  Response 

H2S - No Response 

C02 - .07% 

co - .002% 

CO - 10 PPM 

Plume Data - Drop Sleeve During 3/11/74 Charge 

N02 

c02 

H2S 

co 

CO 

co 

H2S 

- No Response 

- , No Response 

- 25 PPM 

- .01% 

- 50 PPM 

- 75 PPM 

- 5 PPM 
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Plume Data - Drop Sleeve During 3/12/74 Charge 

H2S - No Response 

NO2 - .1 PPM 

C 0 2  - .08% 

CO - .005% 

CO - 125 PPM 

Plume Data - Drop Sleeve During 3/13/74 Charge 

NO2 - .4  PPM 

co2 - .3% 

H2S - 10 PPM 

CO - 100 PPM 

co - .02% 

Ambient A i r  Data - 3/11/74 (Bat te ry  Top) 

NO2 - No Response 

H2S - No Response 

C 0 2  - .07% 

co - .001-.1 - .002% 

CO - 10-3000 PPM - 10 PPM 

. 
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Plume Data - 3/11/74 

NO2 - Around Drop Sleeve  

C 0 2  - Around Drop Sleeve  

H S - Around Drop Sleeve  

CO - Around Drop Sleeve  

CO - Around Drop Sleeve 

2 

Oven B-24 

H S - Around Drop S leeve  
Oven C-24 2 

Plume Data - 3/12/74 

H S - Around Drop Sleeve  
Oven C-22 2 

NO2 - Around Drop Sleeve 

CO - Around Drop Sleeve  

Oven A-24 

Oven B-24 2 

CO - Around Drop Sleeve 
Oven C-24 

CO - Around Drop Sleeve  
Oven A-20 

Plume Data - 3/13/74 

NO2 - Around Drop Sleeve  

C02 - Around Drop S leeve  

H2S - Around Drop Sleeve  

CO - Around Drop Sleeve  

Oven B-28 

Oven C-28 

Oven A-1 

Oven B-1 

CO - Around Drop Sleeve 
Oven C-1 

54 

- No Response 

- No Response 

- 25 PPM 

- 50 PPM 

- 75 PPM 

- 5.PPM 

- No Response 

- . .1 PPM 

- .08% 

- .005% 

-. 125 PPM 

- .4 PPM 

- .3% 

- 10 PPM 

- 100 PPM 

- .02z 



Afte r  c a r e f u l  examination of the data presented  here ,  i t  was 

decided t h a t  no meaningful conclusions could be drawn regard ing  emis-. 

s i o n s  produced dur ing  t h e  charging opera t ion .  The ambient d a t a  does ,  

however, provide some q u a n t i t a t i v e  informat ion  of poss ib l e  use  on 

oven top  condi t ions .  Any a p p l i c a t i o n  of t h i s  d a t a  should,  however, 

t ake  i n t o  account i ts  s h o r t  comings i n  q u a n t i t y  .and t h e  h igh ly  v a r i a b l e  

condi t ions .  

. 
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6.0 LARRY CAR WORK HISTORY 

6 . 1  Work and Maintenance Schedules 

I n  d i s c u s s i o n s  wi th  superv isory  personnel ,  w e  were t o l d  t h a t  no 

formalized arrangement f o r  r o t a t i o n  of t h e  oven equipment has  been 

e s t a b l i s h e d .  The philosophy which p r e v a i l s  is t o  l e t  t h e  s h i f t  

foreman s e l e c t  t h e  equipment t o  be  used. This u sua l ly  means t h e  con- 

t i n u a l  u s e  of one c a r  u n t i l  e i t h e r  a malfunct ion occurs  o r  t h e  c a r  is 

placed i n  s tandby t o  be  checked by t h e  motor inspec.tor. 

The motor in spec to r  w i l l  gene ra l ly  n o t i f y  t h e  foreman t h e  day 

be fo re  h e  i n t e n d s  t o  check t h e  car .  The foreman can then  s e t  t h e  car 

out  a t  t h e  beginning of t h e  s h i f t  du r ing  which t h e  c a r  is t o  be in- 

spected.  The a c t u a l  time of i n s p e c t i o n  during t h e  s h i f t  i s  based on 

t h e  i n s p e c t o r ' s  work load.  

were t o l d  t h a t  they  normally grease  t h e  c a r  on a d a i l y  b a s i s  wh i l e  

it is i n  ope ra t ion .  This is u s u a l l y  accomplished dur ing  pe r iods  when 

t h e  c a r  i s  i n  t h e  c o a l  b i n  being f i l l e d .  

f i ned  t o  36 hand f i t t i n g s  and ope ra t ion  of t h e  c e n t r a l  l u b r i c a t i o n  system. 

I n  conversa t ions  with t h e  "greasers , "  w e  - 

The d a i l y  g reas ing  is con- 

I n  a d d i t i o n ,  t h e  g r e a s e r s  t r y  t o  ca t ch  each c a r  o u t  of s e r v i c e  

a t  l e a s t  once a week t o  check a l l  machinery r equ i r ing  l u b r i c a t i o n .  

This complete check r e q u i r e s  from 1-1/2 t o  2 hours and inc ludes  such 

items as t h e  checking, c leaning ,  and l u b r i c a t i n g  of semi-exposed 

gear ing  and o t h e r  hard t o  reach r o t a t i n g  machinery. The hydrau l i c  

systems a r e  a l s o  checked a t  t h i s  time. 

One f a c t  which al lows f l e x i b i l i t y  i n  schedul ing i s . t h a t  t h e  

e l e c t r i c a l  department is re spons ib l e  f o r  a l l  maintenance and r e p a i r  

work on oven machinery. They have t h e  c a p a b i l i t y  w i t h i n  t h e i r  shop 
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I 
t 
I t o  handle  a l l  b u t  t h e  h e a v i e s t  mechanical r e p a i r  jobs .  It is  t h e i r  
I 

r e s p o n s i b i l i t y  t o  coord ina te  work on, t hose  j o b s  f o r  which they r e q u i r e  i 

a s s i s t a n c e .  This seems t o  provide prompt a t t e n t i o n  t o  problems as 
t 

I they a r i se  and c e n t r a l i z e s  t h e  r e s p o n s i b i l i t y  f o r  t h e i r  r e s o l u t i o n s .  

This arrangement i s  I n  c o n t r a s t  t o  t h e  s i t u a t i o n  which ex i s t ed  a t  

J & L i n  which the  foreman o r  car supe rv i so r  w a s  r e spons ib l e  f o r  co- 

o rd ina t ion  of t h e  va r ious  c r a f t  shops needed f o r  a r e p a i r  j ob ,  such 

as mi l lwr igh t s ,  r i g g e r s ,  e l e c t r i c a l ,  l i n e  and wire ,  p ipe  f i t t e r s ,  e tc .  

The c r a f t s  i n  t u r n  would then schedule  work p r i o r i t i e s  based on 

minimizat ion of  product ion d i s r u p t i o n .  I n  some i n s t a n c e s ,  t h i s  caused 

de lays  when one c r a f t  was no t  a v a i l a b l e  and o t h e r  work could no t  pro- 

ceed u n t i l  t he i r  segment of t h e  job w a s  complete. 

6.2 S i g n i f i c a n t  Events 

A s  a p a r t  of t h e  o b s e r v a t i o n . a c t i v i t y ,  a compilat ion of s i g n i f i -  

can t  events  such as breakdowns causing lo s s  of  product ion,  was under- 

taken. ' We were t o l d  t h a t  no formalized r e p o r t i n g  system on s p e c i f i c  

events  is e s t a b l i s h e d ,  b u t  t h a t  in format ion  of t h i s  type could be  

obtained from ope ra t ing  s u p e r v i s o r s  based on t h e i r  personal  r eco l l ec -  

t i o n s  and notes .  

w i t h  these  ind iv idua l s .  

This approach w a s  pursued through informal  t a l k s  

The conversa t ions  d i s c l o s e d .  only two occas ions  dur ing  which pro- 

duc t ion  w a s  l o s t  because of l a r r y  car problems. 

involved the l o s s  of 4 to 6 hours  of prohuct ion  when one of t he  cars 

became immobilized over a n  open p o r t .  

The f i r s t  occas ion  

This  r e s u l t e d  i n  damage t o  

i! drop s l e e v e  hydrau l i c  systems and one ascens ion  p ipe  c l eane r  and 



A, a s s o c i a t e d  c o n t r o l  system. 

fo l lowing  sequence of even t s  may have occurred. 

Ana lys i s  of t h e  event  i n d i c a t e d  t h a t  the 

1. A t  t h e  end of a charge,  t h e  ope ra to r  observed a n  unusual ly  

heavy concen t r a t ion  of flame from around one drop s l e e v e .  

2. H e  r e a c t e d  i n  a proper  manner by a t tempt ing  t o  move t h e  car 

away from t h e  f laming p o r t .  I n  h i s  a t t e m p t  t o  c l e a r  t h e  car f o r  

motion, t h e  o p e r a t o r  a c c i d e n t a l l y  pushed t h e  ascens ion  p i p e  c l e a n e r  

a c t u a t i n g  bu t ton .  The c leane r  extended and became wedged between 

ascens ion  p ipes  as the car moved. 

3.  The ope ra to r  stopped t h e  car when h e  r e a l i z e d  what had hap- 

pened, b u t  i t s  proximity t o  t h e  open f laming p o r t  caused c o n s i d e r a b l e  

damage b e f o r e  the l i d  could be  r ep laced .  

Some p o r t i o n  of t h e  c l eane r  assembly had t o  be  c u t  away b e f o r e  

t h e  car could b e  moved o f f  t h e  oven. 

undergoing maintenance a t  t h a t  time and w a s  n o t  ready f o r  immediate 

s e r v i c e .  

In a d d i t i o n ,  t h e  second car was 1 

Work necessary t o  g e t  the standby car i n t o  service w a s  

rushed t o  completion and product ion  was  resumed wi th  c e r t a i n  f u n c t i o n s  

being opera ted  manually i n  t h e  bypass mode. 

The car which had burned was r e p a i r e d  t o  a p o i n t  where i t  could 

Seve ra l  perform product ion  charg ing  i n  approximately 8 t o  10 hours .  

of i t s  f u n c t i o n s  would have had t o  be  operated i n  t h e  bypass  mode 

and t h e  damaged ascens ion  p i p e  c l e a n e r  w a s  inoperable .  

The second event  occurred when a n  i n t e r l o c k  swi tch  on t h e  ascen- 

s i o n  p ipe  c l e a n e r  f a i l e d  caus ing  t h e  ram t o  be  extended prematurely.  

The extended ram contac ted  t h e  overhead t r o l l y  t r a c k  as t h e  u n i t  swung 

down t o  t h e  o p e r a t i n g  p o s i t i o n .  Power was l o s t  and a p o r t i o n  of  t h e  



hot  r a i l s "  was badly damaged. It r equ i r ed  approximately l/2 hour t o  

The. standby car could no t  

I ,  

r e so lve  t h e  problem and resume product ion.  

ope ra t e  u n t i l  the h o t  r a i l  w a s  c l ea red .  

6 . 3  Operator Performance 

lhe l a r r y  car ope ra to r  performance a t  Weirton seemed t o  b e  of a 

h ighly  c o n s i s t e n t  l e v e l .  This  can be  a t t r i b u t e d  t o  the f a c t  t l i n c  t h e  

Brown's I s l and  Ba t t e ry  is h igh ly  automated, and t h e  l a r r y  c a r  opera- 

t o r s '  performance is l i m i t e d  t o  t h e  t a s k  of d r i v i n g  and s p o t t i n g  the 

. larry c a r ,  and ope ra t ing  t h e  cha rg ing /a sp i rn t ing  mechnnisms wi th  t h e  

a i d  of automated c o n t r o l  c i r c u i t r y .  The f a c t  t h a t  t h e  c a r  i s  

automated l eaves  r e l a t i v e l y  f e w  d e c i s i o n s  t o  t h e  ind iv idua l  d i s c r e t i o n  

of t h e  d r i v e r ,  s i n c e  h e  fol lows a predescr ibed  charging scheme for- 

matted. by t h e  oven super in tendent .  

6.4 Future  Modif ica t ions  

A s  f a r  as MITRE could a s c e r t a i n  from i t s  experiences on t h e  oven 

and conversa t ions  wi th  . ba t t e ry  personnel ,  the Brown's I s l and  Ba t t e ry  

is being modified i n  every area t h a t  seems t o  need f u r t h e r  des lgn  and 

planning. A t  t h e  p re sen t  t i m e ,  a t t e n t i o n  is be ing  given t o  t h r e e  

s p e c i f i c  areas; l eak ing  ascens ion  p ipe  caps ,  l e v e l  s ens ing  i n  t h e  

charg ing  car hoppers,  and h c r e a s e d  a s p i r a t i o n  i n  t h e  c o l l e c t i n g  main 

s y s  t e m .  
. .  

Experimentation is c u r r e n t l y  tak ing  p l ace  concerning t h e  ascen- 

s i o n  p ipe  caps i n  o rde r  t o  d iscover  new methods of  reduc.ing t h e  emis- 

s i o n s  t h a t  occur  immediately a f t e r  t h e  charging opera t ion .  

m a t e r i a l s  and s e a t i n g  conf igu ra t ions  are be ing  implemented experi-  

mental ly  on t h e  oven, and are  be ing  observed dur ing  normal ope ra t ing  

cond i t ions  s o  a s  t o  determine t h e  advantages and disadvantages of  each. 

Various . 
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The Brown's I s l a n d  Ba t t e ry  is a l s o  working on a method f o r  

s ens ing  t h e  c o a l - l e v e l  in t h e  l a r r y  car c o a l  hopper. 

t h i s  is t o  s i g n a i  t h e  l a r r y  c a r  o p e r a t o r  when a l l  c o a l  h a s  been d i s -  

The reason  f o r  
r; 

charged through t h e  drop s l e e v e  i n t o  t h e  oven. P r i o r  t o  t h i s ,  t h e  

l a r r y  c a r  ope ra to r  had been us ing  h i s  own judgement as t o  t h e  empti-  

ness  of t h e  hopper,  o r  a l lowing  t h e  au tomat ic  charging c y c l e  t o  

i n i t i a t e  s l i d e  v a l v e  c losu re .  

l e f t  open f o r  a n  undetermined amount of t ime a f t e r  the c o a l  d i scha rge  

As a ' r e s u l t ,  t h e  s l i d e  p l a t e  v a l v e  is 

i s  complete. It is t h i s  undetermined per iod  of t ime t h a t  a l lows  

charg ing  emissions t o  escape t o  the atmosphere v i a  the open s l i d e  

p l a t e  and coking s t a c k .  The Brown's I s l a n d  personnel  f e e l  t h a t  a 

r educ t ion  i n  charg ing  emissions would be  accomplished i f  t h e  s l i d e  ' 

p l a t e s  were c losed  immediately fo l lowing  the emptying of c o a l ,  and as 

a r e s u l t ,  are p r e s e n t l y  devot ing  a t t e n t i o n  'to' t h i s  problem., During 

t h e  week of March 24th,  t h e  electrical department w a s  experimenting 

w i t h  a c u r r e n t  s ens ing  dev ice  a t t a c h e d ' t o  t h e  d r i v e  motor of t h e  screw 

t h a t  f e e d s  c o a l  t o  t h e  drop s l e e v e  du r ing  t h e  charging ope ra t ion .  

T h e o r e t i c a l l y ,  when t h e  screw feed  c y l i n d e r  of: t h e  l a r r y  car is f r e e  

of  c o a l ,  t h e  o p e r a t i n g  load  of t h e  motar ,  which is normally 15-20 amps 

du r ing  t h e  c o a l  feeding  sequence, is decreased by 2-4 amps. 

r e d u c t i o n  could be  sensed by t h e  c u r r e n t  s ens ing  device.  

i n  t h e  c u r r e n t  l o a d  could then  be  used as a s i g n a l . f o r  . :  ... t h e . , l a r r y  . car 

o p e r a t o r  t o  c l o s e  the  s l i d e  p l a t e  v a l v e ,  thus  c l o s i n g  t h e  charg ing  

emission escape r o u t e .  

~ 

This 

This  drop 

Experiments are a l s o  under way concerning oven a s p i r a t i o n  and 

steam e j e c t o r  ope ra t ion .  

a t i o n s  are be ing  considered and t r i e d  exper imenta l ly  on the oven 

du r ing  normal charg ing  cond i t ions .  

D i f f e r e n t  a scens ion  p i p e  plumbing conf igur -  
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APPENDIX I 

LARRY C A R  OBSERVATION LOGS 

. 
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LARRY CAR OBSERVATION LOG 

COYPAN" National Steel 

Brown's Island 
P L A N T  . J m  

: 3/11/74 
DATE: 
ilMk 3:40 

OVEN: c-22 

CHARGE 

15SEC. 

30SEC. 

45SEC. 

1 MIN. 

1 MIN. 16 SEC. 

1 MIN. 3l SEE. 

1 MIN. &5 SEC. 

2MIN.  

2MW. 15SEC. 

2 MIN. 30SEC. 

2 MIN. 4.5 SEC. 

3.MlN. 

END OF CHARGE 

LID REPLACED 

TOTAL 
CHARGING 
TIME 

BL - BLACK V - YELLOW P - PUFFV 

WEATHER: MANUALGAS 
.01 Concentration of CO. 
Reading Taken at 82  
Drop Sleave 

REMARKS 
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LARRY CAR OBSERVATION LOG 

COMPANY: National S t e e l  
sLA.NT: Weirton Sceel  

BATTERY: Brown's Island 

DATE: 3/11/74 

OVEN: A-24 
T I M E  

CHARGE 

1 MlN. 15 SEC. 

1 MIN. 30 SEC. 

1 MIN. 45 SEC. 

I MIN. 15 EEC. 

I M I N .  30SEC. 

2 MIN. 45 SEC. 

END OF CHARGE 

LID REPLACE0 

+ CHANGlNGTO 
HP - HOPPER F - FIRE S - 6 T W X  

L LlGHTFLDW M - MEDIUMFLOW H - HPAVVFLOW 

V - YELLOW P PUFFY BL - SLICK 

25 PPH of H,S a t  82 
D r a ~  Sleeve 

WEATHER: MANUALGAS 

~- 

REMARKS: 
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LARRY CAR OBSERVATION LOG 

National S t e e l  

BITTERY: Brawn's Island 

COMPANV 
PLANT: weirtan S t e e l  

3111174 
DATE: 

TIME: 4:10 
OVEN: B-24 

CHARGE 

15 SEC. 

W SEC. 

6 SEC 

1 MIN. 

1 MIN. 15 SEC 

1 MIN.WSEC. 

1 MIN. 45 SEE. 

2 MOW. 

. .  

I M I N . 1 5 S E C .  

2MIN.WSEC.  

2 MIN. 45 SEC- 

3.MIN. 

END OF CHARGE 

LID REPLACED 

+ CWANGlNC10 

F FIRE 

TOTAL 
C H A A G I N 0 
TIME HP - HOPPER 

L - LIGHTFLOW H - MEDIUM FLOW H - HEAVY FLOW 
BL - BLACK V - YELLOW P - PUFFY 

75 PPM of CO a t  #2 

Drop Sleeve 
WEATHER: MANUALGAS 

REMARKS 

M - M I T R E  
MCF 2495 12/71 OBEERYER 
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LARRY CAR OBSERVATION LOG 

COMP*NY; Natianal Steel ' 3112174 DATE; 

PLI\NT: Weirtm S t e e l  TIME; 2:10 
' OVEN: 

Brown's Is land 

CHARGE 

15 SEC. 

39SEC. 

4SSEC.. 

1 MIN. 

1 MIN. I S  SEC 

I M I N . Y ) S E C  

1 M I N . B S E C .  

2 MIN. 

3MIN. 1SSEC. 

2 MIN. 30 SEC. 

2MIN.65SEC. 

3,MIN. 

END OF CHARGE 

LiQ REPLACED 

I INCREASING + CWIIIGIIMTO 
TOTAL 
CHAR G IN G 
TlME S - STACK HP - HOPPER F - FIRE' 

L LIGHTFLOW' M MEDIUMFLOW H - HEAVVFLOW 

BL - BLACK V - YELLOW V - W F F V  

MANUAL GAS Bulb 46 RH 70% 
th Wind 
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LARRY CAR OBSERVATION LOG 

National S t e e l  

P ~ ~ N T :  Weirton Steel 
BI\TTERY: Brown's Island 

COMPANI: 3 / 1 2 / 7 4  
Q A T €  . 
TIME: 

' O V E N ,  '-'' 

CHARGE 

15 SEC. 

3l F E C  

4S F E C  

I MIN. 

1 MIN. 15SEC. 

1 WIN. UJ SEC. 

1 MIN. 45 SEC. 

ZMIN.  

ZMIN. 15SEC. 

1MIN.JOSEC. 

ZMIN.4SSEC. 

1,MIN. 

END OF CHARGE 

L ID  REPLACED 

TOTAL 
CHARGING 
TIME 

1:36 U t - ~ N C R E L S I N G  6 DECWEASSNG 3 CHANGING10 
F - STACK F - FIRE HP - HOPPER 
L - LIGHTFLOW M - MEDIUMFLOW n - HEAVY FLOW 

BL - BLACK Y - YELLOW P PUFFY 

WEATHER: MANUAL GAS 

REMARKS. MITRE 
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I 
I 

& 

LARRY CAR OBSERVATION LOG 

COMPANY: 
PLANT: Weirton S t e e l  - 

Brown's I s land  

DATE: 3 / 1 2 / 7 4  

OVEN A-22 
TIME: 2'35 

CHARGE 

15 SEC. 

m SEC. 

S S E C .  ' 

1 MIN. 

1 MIN. I S S E C  

I M I N . ~ S E C .  

1 MIN. 45 SEC. 

2 MIN. 

1 M I N .  156EC. 

lM1N.30SEC. 

lM IN .45SEC.  

IMIN. 

E N O O F C H l l G E  

LID REPLACE0 

TOTAL 
CHASGING --c CWANGINGT~ 

M - MEDIUMFLOW n - HEAVVFLOW 
F - FIRE ' TIME S - STACK np - nowm 

L - LIGUTFLOW 

BL - BLACK V - YELLOW P - PUFFY 

MANUALGAS WEATHER: 

REMARKS: 
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LARRY CAR OBSERVATION LOG 

COMPANY: National Stee l  
sLANT: Weirton Steel 

Brawn's Island 

CHARGE 

ISSEC. 

M S E C .  

.50EC. . 
. 1MIN. 

I MIN. 15 SEC. 

1 MIN.3OSEC. 

1 MSN. 65 SEC. 

2 MIN. 

2 WIN. 19 SEC. 

2 MIN. M EEC. 

2MIN.45SEC. 

3.MIN. 

END OF CHARGE 

LID REPLACED 

CENTER 

2 

HOPPEW DROP 
STACK SLEEVE 

LtFt 

--+--- I 
I 

I 

3112174 
TIME; 2 ' 4 7  

O V E N  B-22 

CENTER 

3 

S T I C K  SLEEYE 7= 

t - INCAEASING 4 DECREASING + CUANGINGTO 

S - STACK UP - UOWER F FIRE 

L - LIGHTFLOW 
BL - BLACK Y - YELLOW P - W F f Y  

1:35 

M - MEDlUM FLOW H - HEAVY FLOW 

TOTAL 
CWfiROING 
TIME 

WEATHER: MANUAL GAS 

REMARKS' 

nc- - h l l T R E  
MCF 1.95 12175 OBSERVER 

r 
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COMPANY: National Steel 
sLAN, Weirton steel 

BATTERY: Brown's Island 

LARRY CAR OBSERVATION LOG 

oAiE; 3/12/74 
TIME: 2:58 

OVEN: c-22 

CHARGE 

15 SEC. 

OOSEC. 

4SSEC. . 
IMIN. 

1 MIN.15SEC 

MIN.1OSEC. 

1 MIN. a5 SEC 

2 MIN. 

2MIN. 1 6 S E C  

2MIN.3OSEC. 

2 M I N . U S E C .  

).PAIN. 

END OF CHARGE 

L ID  REPLACED 

t - INCREASING + O€CREAsNG CHANGINGTO 
B - STACK HP - w-n F FIRE 
L - LIGHTFLOW 

BL - BLACK Y - Y E L L O I I  P - PUFFV 

TOTAL 
CHARGING 
TIME 

M M E W U U  FLOW H - HEAVY FLOW 

WEATHER: MANUALGAS 

. 
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COMPANY; National Steel 
P L ~ N ,  Weirton Steel 

Brown's Island 

LARRY CAR OBSERVATION LOG 

DATE: 3/12/74 - 
TIME: 3'10 
OVEN A-24 

. .  CHARGE 

15 SEC. 

30 SEC. 

(5 SEC. 

I MOM. 

1 MIN. 16SEC. 

IMDN.30SEC. 

I MIN. 45 SEC. 

IHIN. 

2 hilrr. 15 SEC. 

2 MIN. 30 SEE. 

2MIN.  (5 SEC. 

3.MIN. 

END OF CHARGE 

LIO REPLACED 

+ CHANGINGTO 
TOTAL 

TlME 
c n m G w w  

HP - HOPPER F - FIRE 
L - LlGWTFLOW M - MEDIUMFLOW H - HEAVY FLOW 

BL - BLACK Y - YELLOW P - PUFFY 

~ A N " ~ ~ G ~  .1 PF?! Reading NO? on 
62 Drop Sleeve 

WEATHER: 

Routine of larry werator seep1s_v the I*-- came fh. 

spot he half-- ""til th- - 
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LARRY CAR OBSERVATION LOG 

COULINI: National Steel 
eLaNI: Weirton Steel 

BATTERI: Brown's Island 

DATE: 3/12/74 
TIME: 3'2a 

OVEN: 

CHARGE 

15sEEc 

m S E C  

43 SEC. 

1 YIN. 

1 Y1N. (6 SEC 

I MIN.SOSEC. 

l Y l K U S E C  

Z Y I N .  

Z Y l K  ISSEL 

2 WIN. JOSEC 

2 WIN. 43 SEC. 

3 P I K  

E N 0  OF CHARGE 

L ID  REPLACED 

TOTAL 
CI I4ROING 
T IME 6 - STACK - HOPPER F - FIRE 

t - INCREASING + CHAWGINGTO 

' L - LIGHTFLOW M - MEDWMFLOW H - HEAVVFLOW 
P - PUFFY V - YELLOW EL BLACK 

WEATHER: MANUALGAS 

~ ~ b q ~ ~ ~ ~  Half damper after charge, then unlid.  then full damper. Vibrators were 
used as a demonstration for nev larry operator. 
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LARRY CAR OBSERVATION LOG 

National S t e e l  
PLANT: Weirton Steel 

B ~ ~ E R I :  Brawn's Islaand 

DATE: 3/12/74 
TIME: 

OVEN: '-'' 

CHARGE 

15 SEL:. 

30SEC. 

45 SEC. 

1 MIN. 

1 MIN. 15SEC. 

1 MIN. 30SEC. 

I M1N.eSEC.  

IMIN.  

1 UrN. 15 SEC. 

1 MIN.30SEC. 

1 MIN. 45 SEE. 

OMIN. 

END OF CHARGE 

LID REPLACED 

TOTAL 
CH4RGING f - INCREASING .( DECREASING + CHANCINGTO 
TIME S - STACK . UP - HOPPER F - FIRE 

L - L i G n T ~ m w  M - MEDIUM FLOW H - HEAVV FLOW 

BL I BLACK V - YELLOW P - PUFFV 

WEATHER: MI\IIUALG~s .005% CO a t  82 Drop Sleeve . . 

REMARKS: Regular sequence after charge. The o v e r a l l  charge looked very good, 
with very l i g h t  smoke from the s tacks .  
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LARRY CAR OBSERVATION LOG 

3/12/74 DATE: COMPANY: National Steel 
PLANT: Weirton Steel 

Brown's Island 
TIME: 3:59 

OVEN: A-26 

CWAROE 

15SEC. 

30 SEC. 

e s E C .  

1 MIN. 

1 MIN. 15 SEC. 

1 MIN. 30 SEC. 

t MIN. a5 SEC 

2 MIN. 

1 MIN. 15 SEC. 

2MIN.30SEC. 

1 MlN. 15 SEC. 

3.MIN. 

ENDOFCHARGE 

LID REPLACED 

CHARGING 
TOTAL 

r i M E  
-+ CHANGlNGTO 

L - LlGHTFLOW M - MEDIUMFLOW H - UElV.VFLOW 
HP - HaPPEn , F - FIRE 

0L - BLACK Y - YELLOW P - WFFV 

~. 
WEATHER: M~NUALGAB 125 PPM CO a t  a2 Drop Sleeve, 

REMAR~p Normal sequence a f t e r  charge. End of charge looked cleaner than usual. 

A -  
M - 
UCF 2495 12/11 

hl I T R  E 
OBSERVER 
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LARRY CAR OBSERVATION LOG 

cOMP~NV: National  S t e e l  

Brown's Is land 
PLANT: weirton S t e e l  

3/12/74 
TIME: 4'32 

OVEN: 

CHAAGE 

ISSEC. 

Jo SEC. 

45SEC. 

1 MIN. 

1 MIN. IBSEC. 

IMIN.3OSEC. 

1 MIN. SEC. 

2MIN.  

2 M I N .  ISSEC. 

2MIN.1OSEC. 

2 MIN. 45 SEC. 

- 

3,MIN. 

END OF CHARGE 

LID REPLACED 

TOTAL 
CHIRGING - INCREASING CHANGING10 
TlME s - STACK - HOPPER F - FIRE 

L - LIGHTFLOW M - MEDIUMFLOW H - HEAVY FLOW 

EL - BLACK Y - YELLOW P - PUFFY 

WEATHER: MANUAL GAS 

RE MAR^^ Long wait  before.charge. 
the car but did nothing. 

E l e c t r i c a l  Department looked over the bottom o f  

76 



LARRY CAR OBSERVATION LOG 

COMPANY: National Steel 
PLIM: Weirton Steel 

Brown's Islaxi 

3/13/74 
TIME: 5:02  

OVEN: . C-1 

I 1 2 3 4 I v"**E*+,"r CENTER CENTER COXE SlDE I I I 

CHARGE 

(5SEC. 

3n SEC. 

.*SEE. 

1 MI". 

1 MIN. 15 SEC. 

IMIN.3OSEC. 

1 MIN. 45 Y C .  

I H I N .  

I M I N .  ISSEC. 

1MIN.30SEC. 

2MIN.45SEC. 

3.MlN. 

END OF CHARGE 

LID REPLACED 

- INCREASING + ' CMAN(IING TO 
TOTAL 
CHARGING 
TIME 5 - STACK nP - HOPPER F - FIRE 

L - LIGHTFLOW M - MEDIUM FLOW li - HEAVY FLOW 
0 L  - BLACK Y - YELLOW P - PUFFY 

M A ~ u ~ L G A S  
.02% CO at 42 Drop Sleeve WEATHER 

,- 
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LARRY CAR OBSERVATION LOG 

COMPANY: National S t e e l  
PL~NT: Weirton S t e e l  

B ~ ~ E R I :  Brown's Island 

CHARGE 

15 SEC. 

30 SEC. 

45 SEC.. 

1 MIN. 

1 MIN. IS SEC. 

1 MIN. 30 EEC. 

1 MIN. 6 SEC. 

2 MIN. 

1 MIN. 15 SEC. 

2 MIN. 30 SEC. 

lM IN .45SEC.  

3.MIN. 

1:45 ? - INCREASING 4 OECRESING --C CIIANOINOTO 
F I FlRE HP HOPPER S - STACK 

L - LIGHTFLOW M - MEDIUMFLOW n - HEAVY FLOW 
BL - BLACK V - YELLOW P - PUFFY 

I- TOTAL 
CHARGING 
TIME 

WEATHER MANUAL GAS 

REMARKS' An ascens ion p i p e  l i d  did not  come down, and as a r e s u l t ,  t h e  smoke at  the  
drop s l e e v e s  was worse than usual .  Smoke from stacks  stopped quicker than 
usual .  Car was run i n  the manual mode. 
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A 

LARRY CAR OBSERVATION LOG 

I 

1 

COMP~NY: National S t e e l  
Weirton S t e e l  
Brown's Island 

F 1 2 3 4 I P"**ERS,DE CFNTER CENTER COKE *,DE I I I 

CHARGE 

ISSEC. 

30SEC. 

45SEC. . 
I MIN. 

1 MIN. 15 SET 

1 MIN. 30 SEC. 

1 MIN. 45 SEC. 

2MIN. 

1MIN. 15SEC. 

2 MIW. 30 SEC. 

IM IN .45SEC.  

3.MlN. 

END OF CHARC 

LID REPLACED 

TOTAL 
CHARGING 
TIME 

*TI\CI( SLEEVE 

SMt 

MF 
HtF 
KIF 
LF+ 
LF 
HF 

I I I 1 I I I 

I I I I '  I I I I 
-b CHANGINOTO 

5 - STACU HP - HOPPER F - FIRE 
L - L l G H T F L O W  ' M I MEDIUMFLOW H - HEAVYFLOW 

8L BLACK Y - YELLOW P PUFFY 

1 : 4 3  t - INCREASING $ DECREASING 1. 
WEATHER; MANUAL GAS 

REMARKS 
I 

. .  .. 



National S t e e l  
PLAN, Weirton S t e e l  

BI\TTERY: Brown's Island 

CHARGE 

15 SEC. 

JOSEC. 

45SEC. . 
1 MIN. 

1 MIN.1SSEC. 

t MIN.30SEC. 

1 MIN. e SEC. 

LARRY CAR OBSERVATION LOG 

DATE: 3/15/74 
11:15 TIME: 

O V E N  A-22 

I I I I I I I I I 
2MIN.  

2 M I N .  15 SEC. 

2 MIN. 30 SEC. 

2MIN.45SEC. 

3.MIN. 

ENOOFCHARGE 

LID REPLaCED 

TOTAL 
CHARGING 

TIME U 
+ ~ECREASING + CHANGINGTD 

I f - lNCREASlN0 

S - STACK nP - HOPPER F * FIRE 
L - 1.IGHTFLOW ' M - MEDIUMFLOW H HEAYVFLOW 

BL - BLACK v - YELLOW P - PUFFV 

WEATHER. - MANUALGAS 

i 

i 

I 



LARRY CAR OBSERVATION LOG 

3/15/74 COMP~NI: National Steel 

oAnERY: Brow's Island 
PLANT: neirtan. Steel 11:30 

OVEN 8-22 

CHARGE 

IS SEC. 

30 EEC 

45 SEC. 

1 MIN. 

1 MIN. 15 SEC. 

I MIN.30SEC. 

7 MIN. &s SEC. 

2MIN. 

2 MIN. I5 SEC. 

2 MIN. 30 SEC. 

ZMIN. d9 SEC. 

?WIN. 

E N 0  OF CHARGE 

UD ?€PLACED 

CHI\ROING 
TOTAL 

rim 
t INCREASING CHANGINGTO 
s - srAcu nP - nowm F - FIRE 
L - L i G n r ~ L o w  M - MEOlUM FLOW n - n E n y r  FLOW 

EL - BLACK v - YELLnw P - PUFFY 

WEATHER: MANUALGAE 

R E ~ J ~ ~ ~ ~  MITRE particulate test run. Heavy fire on Number 3 Drop Sleeve 
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LARRY CAR OBSERVATION LOG 

COMP~NY: National Steel 
PLA.NT: Weirtoo Steel 

sl=E~" Brown's Island 

3/15/74 
TIME: 11:40 

O V E N  c-22 

CHARGE 

15SEC. 

3OSEC. 

15 SEC. 

1 MIN. 

1 MIN. 15 EEC. 

I MIW.3OSEC. 

1 MIN.45SEC. 

1MIN. 

1 MBN. 15 SEC. 

1 MIN. 10 SEC. 

1 MIN.45SEC. 

1,MIN. 

E N 0  OF CHARGE 

LlD.REPLACED 

TOTAL 
CHARGING 
TIME 

- 

1 .. 

F - FIRE 
L - LIGHTFLOW M - MEDIUMFLOW H - HEAVV FLOW 

EL - BLACK V - YELLOW P - W F F V  

WEATHER: MANUALGAS 

REMARKS: 
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Y 

LARRY CAR OBSERVATION LOG 

COMP~NY:  National S t e e l  3/15/74 
P L ~ ~ T :  weirton Steel 11:s 

OVEN: A-24 8ATTERI: Brown's Island 

CHARGE 

15 SEC. 

30SEC. 

45SEC. . 
1 MIN. 

1 WIN. 1s SEC. 

1 MIN. 30 SEC. 

1 MIN.45SEC. 

1 M I N .  

IM IN .15SEC.  

1MIN.JOSEC. 

2 M I N . 4 5  SEC. 

3,MIN. 

END OF CHARGE 

LID REPLACED 

TOTAL 
c H A R G , N G 
TIME 

1:38 U t - INCREASING .) DECREASING + CMANGINOTO 
E - STACK HP - HOPPER F FlRE 
L - LIGHTFLOW M - MEDIUM FLOW H - HEAVY FLOW 

BL - BLACK Y - YELLOW P - PUFFY 

WEATHER: MANUALGAS 
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LARRY CAR OBSERVATION LOG 

COMPA,,I: National S t e e l  3/15/74 
12:10 P L ~ N T :  Weirton S t e e l  TIME: 

BATTERY: Brown's Island OVEN: 

CHARGE 

15SEC. 

YISEC. 

15 SEE. 
. .  

. tM1N. 

1 WIN. 15 SEC. 

1 MIN. 30 SEC. 

1 WIN. 15 S E C  

2 MIN. 

2 WIN. 15 SEC- 

2MIN.30SEC. 

1MIN.45 SEC. 

!?WIN. 

END OF CHARGE 

LID ~ E P L A C E O  

1:38 
TOTaL 
CHARGING 
TIME 

t - INCREASlNO 4 DECREASING + CHANGINCTO 
S - STACK HP HOPPER F - FIRE 
L - LIGHTFLOW M - MEDIUM FLOW H H E A W  FLOW 

BL - BLACK Y - YELLOW P PUFFY 

WEATHER: MANUAL GAS 

REMARKS 



LARRY CAR OBSERVATION LOG 

COMPANY: National  S t e e l  
PLANT: Weirtan S t e e l  

,,ATTERv: Brown's Island 

D A T E  3/15/74 

O V E N  c-24 
12:21 

CHARGE 

15 SEC. 

SD SEC. 

45SEC. 

1 MIN. 

1 MIN. I 5 S E C  

l M I N . 3 0 6 E C  

1 MIN. 45 SEC. 

ZMIN. 

2MIN.  1 5 S E C  

1 MIN. 30 SEC. 

2 MIN. &B SEE. 

JMIN. 

END OF CHARGE 

LID REPLACED 

TOTAL 
CHARGING 
TIME 

C - LIGHTFLOW M - MEDIUMFLOW H - H E ~ Y Y  FLOW 

BI BLACK Y - YELLOW P - PUFFY 

MANUALGAS WEATHER 

~~ 

REMARKS MITRE P a r t i c u l a t e  T e s t  3.m 
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& 

LARRY CAR OBSERVATION LOG 

COMP~NY: National Steel 

BAnERI: Brown's Island 
pL*NT: weirtan steel 

CHARGE 

15 S E C  

3DSEC. 

45SEC. . 
,*IN. 

1 MIN. 15 SEC 

1 MIN.30SEC. 

1 MIN. fi SEC. 

2MIN.  

I M I N . 1 5 S E C .  - 
2 MIN. 30 SEC. 

2MIN.45SEC. 
1.. 

3.MIH. 

ENOOFCHARGE 

LID REPLACED 

TOTAL 
CW&RGING 
TIME 

I INCREASING DECREASING + CHANGINOTO 

F - FIRE UP - HOPPER S - STACK 
L - LIGHTFLOW M - MEDIUMFLOW n - HEAVYFLOW 

BL - BL&CK I I YELLOW P - PUFFV 

H A N U A L E A S  .. WEATHER: 

._ 

- REMARKS: 



LARRY CAR OBSERVATION LOG 

C O M P ~ ~ Y :  National Steel- 
P L ~ ~ T :  Weirton Steel 

BA=ERY: Brovn's Island 

DATE: 3/15/74 

OVEN: 8-26 
1 2 ~ 5 4  

CHARGE 

15 SEC. 

3OSEC. 

45 SEC. 

1 MIN. 

I MIN. I5 SEC. 

I MIN. 30 S i c .  

1 WIN. 45 SEC. 

1MIN. 

2MIN. 15SEC. 

I MIN. OD SEC. 

2hi lN.45 SEC. 

3,MlN. 

END OF CHARGE 

L ~ D  REPLACED 

TOTAL 
CHARGING 
TlME , F - FIRE 

L - LIGHTFLOW H - MEDIUMFLOW n - HEAWFLOW 
BL - BLACK I - "ELLOW P - WFFV 

WEATHER: MANUALGAS 



. . . . ~  . . . . . . .. .~ 

LARRY CAR OBSERVATION LOG 

COMP~NI: National S t e e l  
weirton S t e e l  

PLANT: 

CHLlRGE 

15 SEC. 

30 SEC. 

S S E C .  ' 

1 MIN. 

1 MIN. 15 SFC 

1 HIN.3OSEC. 

1 MIN. 45 SEC. 

2 M!N. 

2 WIN. 15 SEC. 

2 MIN. 30 SEC. 

2 MIN. 45 SEC. 

3.MIN. 

END OF CHARGE 

LID REPLACED 

+ CHANGINGTO 
6 - STACK w - HOPPER F - FIRE 
L - LIGHTFLOW M - MEDIUMFLOW H - HEAVVFLOW 

TOTAL 
CHARGING 
TlME 

BL - BLACK V - YELLOW P - WFFV 

WEATHER MANUALGAS 

~~ 

REMARKS: Very clean charge. Good coordination demonstrated between larry  car and 
pusher car. Leveling bar went in on s i g n a l  from larrv  car. 
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' LARRY CAR OBSERVATION LOG 

DATE: 3/15/74 
TIME: 1:52  

OWEN: A-28 

CHARGE 

15 SEC. 

30 SEC. 

45SEC. 

1 MIN. 

1 MIN. 1SSEC. 

1 MIN.3OSEC. 

1 MIN. .6 S E C  

2 MIN. 

1MIH. 15SEC. 

2MIN.JOSEC. 

2MIN.45 SEC 

¶.PAIN. 

END OF CHARGE 

LID'REPLACEO 

TOTAL 
CHARGING 
TIME 

-b CHANGINGTO 
S - STACK UP - HOWER F - FIRE 
L - LIGHTFLOW M - MEDIUM FLOW H - HEAVY FLOW 

- INCREASINO 

BL - BLACK Y YELLOW P - PUFFY 

MANUALGAS WEATHER: 
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LARRY CAR OBSERVATION LOG 

LID REPLACED 

TOTAL 

TIME 
CHARGING 

COMPANY: National Steel 
*LAN% Weirton Steel 

BATTER" Brown's Island 

PUSMErn * , D E  CENTER I 
1 

I I I I I I I I 
t - INCREASING .( DECREASING * CHANGINGTO 
S - STACK HP - HOPPER . F - FIRE 

1:40 

CHARGE 

ISSEC. 

30 SEC. 

(5 SEC; 

onis; 3/26/74 
TIME: 9:58 

O V E N  B-9 

CENTER COKE 51DE 

3 4 
HOPPER, DROP DROP 

BLEEVE SLEEVE 
HOPPER 

STACK 

LFP 
IF+ 

REMARKS: Fairly clean charge. Very little smoke'duiinK middle of charxe. Hopper 
smoke. 
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LARRY CAR OBSERVATION LOG 

COHPANy; National Steel 

Brown's Island 
PLANT: 

DATE: 3/26/74 
1o:oa 

OVEN: c9 

CHARGE 

15SEC. 

30SEC. 

&?E=. 

1 MlN. 

1 MIN. 15 SEC 

1 MIN. 30 E E L  

1 MIN. 65 SEC. 

1MIN. 

I MIN. 15 SEC. 

IMIN.3OSEC. 

I M I N . 4 5 S E C  

JMIN.  

ENDOFCHARGE 

LID REPLWED 

TOTAL 
CHARGING 
TlME 

t - INCREASING 4 DECREASING + CHANOINGTO 
S - STACK Hp - HOPPER F - FIRE 
L - LIGHTFLOW M - MEDWM FLOW H I HEAVY FLOW 

1:40 . 

BL - BLACK V - VELLOW P - PUFFY 

U 
WEATHER MANUALGAS 

- 

R E M ~ ~ ~ S  End of charge was very clean. with very little smoke around drop 
Sleeves. Stack smoke was u n u s u a l l v t .  

I", - 
M C F  2.91 t2n3 

h4I'l'RE 

91 
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i . .  

LARRY CAR OBSERVATION LOG 

D A T E  3126/74 National Steel 

PLANT: Steel TIME 10:23 
BATTERY; Brown's I s l a n d  OVEW: A-11 

CHARGE 

15 SEC. 

30 SEC. 

ISSEC. 

1 MIN. 

1 MIN. 15 SEC. 

1 MIN.30SEC. 

lMlN.45SEC. 

2 MIN. 

PMIN.  15SEC. . .  
2 MIN. 30 SEC. 

2MIN. ISSEC.  

)MIH. 

ENDOFCHARGE 

LID REPLACED 

r 

TOTAL 
CHARGING - INCREASING 4 ~ECREASING -P CHANOINGTO 
TIME UP - HOPPER F - FIRE 

L - LlGWTFLOW M - MEDIUM FLOW n I n E A w  FLOW 

BL - BLACK Y - YELLOW P I PUFFY 

WEATHER. MANUAL GAS 

REMARKS: MITRE particulate. teat run. End of charge had more smoke than usual. 
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. -  

COMPANY;' National S t e e l  

SAVERI: Brown's Island 
Weirton S t e e l  

LARRY CAR OBSERVATION LOG 

P U 5 " E I S I D E  I CENTER I CENTER I COKE SIDE I 

CHARGE 

15 SEC. 

ms~c.  
.5 SEC. 

% MIN. 

1 MIN. 15 SEC. 

1 MIN.U)SEC. 

1 MIN. 45 SEC. 

2 MIN. 

2MIN.15SEC. 

2MIN. 30SEC. 

2 MIN. 6 SEC. 

3,MIN. 

ENDOFCHARGE 

LID' REPIACED 

TOTAL 
CHARGING INCREASINQ + CHANOINGTO 
TIME - STACK . F - FIRE 

L - LIGHTFLOW M - MEDIUMFLOW H - HEAVYFLOW 

SL - SLACK Y - YELLOW P - PUFFY 

WEATHER: MANUAL GAS 

- 

REMARKS: Lid l i f ter  on Number 4 drop sleeve did not  operate. the l i d  was removed 
i f  l id  l i f r e r  

doesn't work. 

' 

- 
Relidding operation w a s  normal. 
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' LARRY CAR OBSERVATION LOG 

COMPANY: ~lflnnll sr0 - i  
PLANT: Weirton S t e e l  

BATTERY: Brown's Island 

CHIRGE 

15SEC. 

XISEC. 

45 SEC. 

1 MIN. 

1 MIN. ISSEC. 

1 MIN. XI SEC 

I 1 2 I 3 I 4 

MSP 

L+FP LiFP 

LFP LFP 

LFP LPP 
LHF'MS MS P I 

I I I I 

1 MIN. 45 SEC. 

IMIN. 

I M I M .  15 SEC. 

2 MIN. 3U SEC. 

2MIN.45SEC. 

PMIN. 

EN0 OF CHARGE 

LIO ~EPLACED 

TOTAL t - INCREASINQ + DECREASING -# CHANGINGTO 
S - STACK nP I HOPPER F - FIRE 
L - LIGWTFLOW M - MEDIUM FLOW H - HEAVY FLOW 

BL - BLACK Y - YELLOW P - PUFFY 

WEATHER: MANUAL GAS 

REMARKS: Takes aoDroximatelv 15-20 seconda to move o f f  s w t .  check l i d s .  a nd 
re-spot. Smoke was heavier than usual on number two stack.  
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LARRY CAR OBSERVATION LOG 

COMPANI: 

PL,,N~ Weirton S t e e l  
BATTERY: Brown's Island 

DATE: 3 /26 /74  

O V E N  A-13 

11:07 

PUSUER SlOE CENTER CENTER COKE SIDE I I I I 
CHARGE 

15 SEC. 

30 SEC. 

4s SEC. ' 

1 MIN. 

1 MIN. 15 OEC 

1 MIN.30OSEC. 

1 MIN.45SEC. 

2 MIN. 

2 MIN. 15 SEC. 

2 MIN.30 S E C  

2MIN.45SEC. 

3.MIN. 

END OF CHARGE 

LLO-REPLKCEO 

t - INCREASING + ~ECREASING --* CflANGINOTO 
s - STACK HP - HOPPER F - FIRE 
L - LIO"TFL0W 

BL - BLACK V - YELLOW P - PUFFV 

M - MEDIUMFLOW H - H E P I V I F L W  
TIME 

WEATHER: M l N U A L G A E  

REMARKS: Lid oeervtion s a t i s f a c t o r y ,  larrv car aepeared t o  b e  mis-snorted. 
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LARRY CAR OBSERVATION LOG 

National S t e e l  
PLANT: Weirton Stee l  

BATTERY: Brown's Is land 

CHARGE 

15 S E C .  

3OSEC. 

6 S E C .  

1 MIN. 

I MIN. 15 SEC. 

1 MIN.  30 SEC. 

1 M I N . 6 S E C .  

2 M I N .  

2MIN.  15SEC. 

2MIN.30SEC. 

Z M I N . 4 5  SEC. 

3.MIN. 

END OF CHARGI 

LID REPLACED 

TOTAL 
CHARGING 
TIME 

DATE: 3/26/74 ' 

11:20 
OVEN: 8-13 

I PUSHERSIDE I CENTER I CENTER I COKE SIDE I 

U 1:45 t - INCREASING .( DECREASING + CHANGINGTO 
S - STACK HP - HOPPER F I' FIRE 

BL - BLACK V - YELLOW P - PUFFY 

L - LIGHTFLOW M - MEDIUMFLOW H - HEAVYFLOW 

WEATHER MANUAL GAS 

REMARKS: NITRE p a x t i c u l a t e  test run. Charge looked fa ir ly  clean.  Linht  flow from 
s t a c k s .  
most of the  charge. 

Number two drop s l e e v e  seemed to  hold a negative pressure for 
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LARRY CAR OBSERVATION LOG 

COMPANY: National. Steel 
PLANT: Weirton S t e e l  

B A ~ E R ~  Brown's Island. 

oITE; 3/26/74 
TIME; 11:33 

OYEW GI3 

CHARGE 

ISSEC. 

JOSEC. 

45 EEC. 

1 MIN, 

1 MIN. 15 SEC. 

1 MIN.30SEC. 

1 MIN.45SEC 

2MIN. 

2MIN.15SEC. 

2 M l N .  30SEC 

ZMIN.  6 S E C .  

3.MIN. 

EN0 OF CHARGE 

LID REPLACED 

TOTAL 
CHARGING 
TIME 

- INCREASING OECRES4NG 
S - STACK HP I HOPPER F - FIRE, 
L - LIGHTFLDW M - MEDIUMFLOW H I H E A V Y F L O W  

BL - BLACK v - YELLOW P I W F F I  

WEATHER: MANUAL 015 

.~ 

REMARKS: Lid l i f ter  operation s a t i s f a c t o r y ,  but l a r r y  man checked l i d s .  
spotted  poorly, drop s l e e v e s  misaliBned. 
s l e e v e  appeared t o  have caused poor s u c t i u  numhsr one and two p o x t s .  

Car re- 
Poor s e a l  on number one dror, 
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LARRY CAR OBSERVATION LOG 

COMPA,,I: National Steel 
PLANT: Weirton Steel 

BATTERY: Brawn's Island 

3126174 
TIME: 11:53 

O V E N  A-15 

CHARGE 

I S S f L  

f D S E C  

45 FEE.. 

1 MIN. 

1 MIN. 15 FEC. 

1 MIN. SEC. 

1 MIN.45SEC. 

ZMlN; 

IMIN. 15SEC. - 
2HIN.UISEC. 

2 MIN. 45 SEC. 

3.MIN. 

END OF CHARGE 

L10,RfPLACEO 

TOTAL 
CHAR G IN G 
TIME 

L - LIGHTFLOW M - MEDIUMFLOW n - n f k v v F ~ o w  
BL - BLACK V - YELLOW P - PUFFY 

WEATHER: MANUAL GAS 

REMARKS: Ascension pipe lid did not come down in the automatic cycle, closed 
manually by lid man. This caused a delav of -- C E ~  
leaked badly around all sleeveL 
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LARRY CAR OBSERVATION LOG 

CHARGE 

15SEC. 

30SEC. 

45SEC. . 
1 MIN. 

1 WIN. 15 SEC. 

t MIN. 30 SEC. 

1 MIN. 46 SEC. 

2 MIN. 

I M I N .  1 5 S E C  

1 MIN. 30 SEC. 

2 MIN. 45 SEC. 

3-MIN. 

END OF CHARGE 

LID.REPLACfD 

. TOTAL 
CHARGING 
TlME 

- INCREASINO DECREASINQ -b CHANGINDTO 

F - FIRE HP - HOPPER 5 - STACK 

L - LIGHTFLOW M - MEOIUMFLOW H i H e A V Y F L O W  
BL (. BLACK V - YELLOW P - PUFFY 

WEAT"(ER: MANUALGAS 
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COMPANY: National Steel 
Weirton S t e e l  
Brown's Island 

'LARRY CAR OBSERVATION LOG 

I I I COIeslDE PUSItER SIDE CENTLR CENTER 1 
CHARGE 

15SEC. 

W S E C  

8SSEC. 

I MIN. 

1 MIN. 15 SEC. 

1 MIN.30SEC. 

3 

2zq-Ez 

---+--- 
1 MlN. 45 SEC. 

1MIN. 

2 MIN. 15 SEC. 

2 MIN. 50 SEC. 

2MIN.&5SEC. 

3MIN. 

END OF CHARGE 

L ID  REPLACED 

t - INCAEASING .( DECREASING + CHANGINGTO 
B 1 STACK HP - HOPPER F - FIRE 
L - LIGHTFLOW M - MEDIUMFLOW I 4  HEAVYFLOW 

TOTAL 
CHARGlNG 
TIME 

BL - BLACK V - YELLOW P - W F F Y  

J WEATHER: MANUALGAS 

R E ~ A ~ K S :  - and f i r e  a t  the beginning of the charge. Drop s l e e v e s  were t i l t e d .  Number 
Larry car'appeared t o  be misaligned an  the  charging porta. 

two and number four l i d s  were cocked and burninx. 

A l o t  of smoke 
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LARRY CAR OBSERVATION LOG 

. .  

DATE: 3 / 2 6 / 7 4  canANr: National  S t e e l  
maNT: Weirton S t e e l  

 BATTER^: Brown's Island 
TIME: 1:54 

OVEN 0 1 9  

CHlRhE 

15 SET 

m SEC 

45 SFC. 

1 uw. 

1 ut*. $8 Y C .  

IYIN.>OOEC. 

7 MI* 48 SEC. 

Z M I H  

2 M I N  I S S E C  

ZMIH a s e c  

2 Mnm 43 SEC 

3.wim 

ENDD?CHAREE 

L ID  R E ? L U E D  

TOTAL 
CHI)RG?NG * INCREASING DECREASING CHANGINGTO 
'TIME S - STACK HP - HOPPER F F I R E .  

L - LIGHTFLOW 

BL - BLACK Y - YELLOW P - PUFFY 

M - MEDIUM FLOW W - HEAVY FLOW 

MANUALGAS W E A T H E R  

R E M A R ~ S :  Number on, and four drop sleeves had heavy smoke. Car was spotted okay. 

101 



i 

C O M P A N ~  National S t e e l  
PLANT: Weirton S t e e l  

BATTER” Brown ‘s Is land 

LARRY CAR OBSERVATION LOG 

CHARGE 

1s SEC. 

3n SEC. 

45 SEC. 

1 M I W .  

1 MIN. 16 SEC. 

1 MIN. 30 SEC. 

9 WIN. 6 SEC. 

2 M I N .  

IM IN .15SEC.  

2MIN.3DSEC. 

1MIN.45SEC 

3,MIN. 

END OFCWARGE 

LID REPLACED 

t - INCREMINO 4 C~ECREASING -b CHANGINGTO 
1:38 . S - STACK HP - HOPPER F - FIRE 

M - MEDIUMFLOW . H - H E A W  FLOW L - L ~ G H T F L ~  
BL - BLACK V - YELLOW V - PUFFY 

U TOTAL 
CHARGlNG 
TIME 

WEATHER: MANUALGAS 

REMARKS: MITRE p a r t i c u l a t e  test run. Operation was ahead of schedule and lar?, 
car vas detained in coa l  b i n .  
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LARRY CAR OBSERVATION LOG 

CHARGE 

15SEC. 

10 SEC. 

45SEC. . 

1 MIN. 

1 WIN. 15 SEC. 

1 MlN.90SEC. 

1 MIN. 45 SEC. 

ZMIN.  

2MIN.  15SEC. 

2MIN.JOSEC. 

2MIN.45SEC. 

3M1N. 

END OF CHIRGE 

CIO REPLACED 

TOTAL 
CHARGINO -b CHANGINCTO . 
TIME HP - HOPPER F - FIRE 

H - MEDIUMFLOW H - HEAVVFLOW L - LIGHTFLOW 

BL - BLACK V - YELLOW Q PUFFY 

MANUALGAS WEATHER: 

REMARKS: Heavy smoke a t  s t a r t  of charge. car appeared t o  b e  p r o ~ e r h  spotted .  
More smoke from drop s l eeves  than usual.  
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COMPANV: National S t e e l  
PLANT: Weirton S t e e l  

BATTERY; Brown's Island 

LARRY CAR OBSERVATION LOG 

&TE: 3 / 2 6 / 7 4  

OVEN: 8-23 
TIME: 3:20 

CWARGE 

ISSEE. 

30 SEC. 

45 SEC., 

1 MIN. 

1 MIN. 15 SEC. 

1 MIN.30SEC. 

1 M". 45 SEC. 

ZMIN. 

ZMIN.  1SSEC. 

2MIN.30SEC. 

2MIN.45SEC.  

3,MIN. 

END OF CHARGE 

LID REPLACED 

INCREASING + CHANGING 
TOTAL 
CHARGING 
TIME HP - HOPPER F - FIRE' 

M - MEDIUMFLOW H - HEAVYFLOW 
Y - YELLOW 

L - LIGHTFLOW 

P - PUFFY BL - BLACK 

WEATHER MANUALGAS 

REMARKS: Larry operator is. s t i l l  checking t o  make sure l i d s  are off .  Car 
ap~ears t o  b e  off spot. sleeves ar e t i l t e d .  

I C  

I 
MCF 2495 ,2173 

M I T R E  
OBSERVER 
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=OMPAN" National Stee l  

BATTERY: Brovn's Island 
PLANT: weirton steel 

LARRY CAR OBSERVATION LOG 

OATE: 3 / 2 6 / 7 4  

OYEN c-23 
TIME: 3:33 

CHARGE 

ISSEC. 

2QSEC. . 

45SEC. 

1 MIN. 

l M I N . 1 5 S f C .  

1 MIN.3OSEC. 

1 MIN.4SSEC. 

2 MtN. 

I MIN. 15 SEC. 

I MIN. m SEC. 

2 M I N . W S E C  

3.MIN. 

END OF CHARGE 

L ID  REPLACED 

TOTAL 
.CHARGING t - INCREASING 4 DECREASING + CHANGINGTO 

TIME S - STACK HP - HOPPER F - F I R E ,  
L - LIGHTFLOW Y - MEDIUM FLOW H - HEAVY FLOW 

BL - BLACK Y - YELLOW P - PUFFY 

WEATHEW MANUAL GAS 

Good negative aspiration observed on number two and number three drop s l e e v e s ,  
fire "a9 beinn drawn in. Drop sleeve elinnment amears to be better the 
first tibe they are lavered rather than the second time. 
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LARRY CAR OBSERVATION LOG 

COMPANY; National  S t e e l  

B A T T E ~ ~  Brown’s Is land 
PLANT; 

3 / 2 6 / 7 4  
TIME: 4:02 

O V E N  A-25 

. .  

CHARGE 

1SSEC. 

30 SEC 

CS SEC. 

1 MIN. 

)MIN.  1 5 S E C  

1 MlN.30 SEC. 

1 MIN. 45 SEC. 

2 MIN. 

l M l N . 1 5 S E C .  

2MIN.30SEC. 

2MlN.45 SEC., 

3.MlN. 

E N 0  OF CHARGE 

- 

LID REPLACED - INCREASING + CHANGINGTO 
TOTAL 
CHARGlNG 
TIME S - STACK HP - HOPPER F - FIRE 

L - LIGHTFLOW M - MEDIUMFLOW H - HEAVVFLOW 
BL - BLACK v I YELLOW P - PUFFY 

WEATHER: MANUALGAS 

REMARKS: F i r s t  charge of new s h i f t ,  s u c t i o n  appeared t o  b e  malfunctioning, although 
the  l i d  man disagreed.  Much more f i r e  than usual  i n  the drop sleeves. 

Dll 

hlI1’RE 3- OBSERVER 
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LARRY CAR OBSERVATION LOG 

1 

3 / 2 6 / 7 4  
TIME: 4:1q 

OVEN: 8-25 

2 3 I 4 

f I CENTER I CENTER I C O I E  51DF PUBHER SlDE 

CHARGE 

15 SEC. 

3DSEC. 

45SEC. 

t MIN. 

1 MIN. 15SECI 

1 MIN. 30 SEC 

1 MIN. 45 S E C  

2MIN. 

2 MIN. 15 S E L  

2 MIN. 30 S E C  

2 MIN. 45 S E C  

3.MIN. 

END OF CHI\RCF 

L ID  REPLACED 

TOTAL 

TlhlE E - STACK HP - HOPPER f * FIRE- 
L - LIGHTFLOW 

CHFlRGlNC --c CHAWGINGTO 

M - MEDIUMFLOW H - HEAVVFLOW 

SL - BLI\CK Y - YELLOW F - PUFFY 

MANUAL GAS WEATHER: 
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LARRY CAR OBSERVATION LOG 

DATE:. 3 / 2 6 / 7 4  

OVEN: C-25 

National Steel 

'BATTERY: Brown's Island 
TIME: 4'34  PLANT: ueirtan Steel 

CWARGE 

15 SEC. 

n SEC. 

G S E C .  

1 M1N. 

1 WIN. 15 SEC. 

t MII1.YISEC. 

t M I N . G S E C .  

2 M I N .  

2 MIN. 15 SEC. 

I MIN. n SEC. 

2MlN.45SEC. 

3,MIN. 

END OF CHARGE 

LID REPLACED 

1:39 
TOTAL 
C H 1\ R G 1 NE 
TIME 

t - INCREASING 4 DECREASINO --E CHANGINGTO 
s I STACK HP - HOPPER F * FIRE 
L - LlGWTFLOW M - MEDIUMFLOW H - HEAVYFLOW 

V - VELLOW P - PUFFY BL - BLACK 

WEATHER. MANUALGAS 

REMARKS: 



LARRY CAR OBSERVATION LOG 

National Steel 
Weirton Steel 
Brown‘s Island 

CHARGE 

15 SEC. 

YI SEC. 

45SEC. . 
1 MIN. 

1 MIN. 15 SEC. 

1MIN.JOSEC. 

1 MIN.45SEC. 

2 MIN. 

2 MIN. 15 SEC. 

1MIN.YIOEC. 

1MIN.*SSf+. 

JMIN. 

END OF CHARGE 

LID REPLACE0 

TOTAL 
CHARGING - INCREASING DECREASING -b CHANGlNGTO 
TIME S - STACK HP - HOPPER F FIRE 

L - LIGHTFLOW M MEOIUM FLOW H - HEAVY FLOW 

V I YELLOW P - PUFFY BL - BLACK 

MANUALGAS WEATHER 

REMARKS: Coke side ascension pipe lid failed to close. Lid man closed it manually. 
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LARRY CAR OBSERVATION LOG 

COMPANY: National Steel 
PLANT: x t o n  S t e e l  

B I \ T ~ ~ ~ ~ :  Brown's Is land 

3 / 2 7 / 7 4  
TIME: 3t43 

OVEN: 8-25 

C"ARGf 

( 5  SEC. 

f O S f C  

a5sEC. 

1 MIN. 

1 MIW. 15 SEC. 

1 M l N . f O I f C .  

1 MIN. 45 SfC. 

3 MIW. 

2 MIN. 15 SEE. 

2 MIN. 30 SEE. 

2MIN.43SEC. 

3,MIN. 

EN0 OF CHARGE 

LIO qEPLACED 

TOTAL 
CHARGING 
TIME 

BL - BLACK Y - YELLOW P - PUFFY 

WEaTHER: MANUAL G A S  

R E ~ A ~ ~ S :  More smoke than usual a t  the beginning of the charse.  
h e a w  on drop sleeves one. two. and three.  
toward the end. 

Smoke especially 
Ch arm seerped normal 

L 

, 
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LARRY CAR OBSERVATION LOG 

COMPANY: .National S t e e l  
PLANT: Weirton S t e e l  

BATTERY: Brown's Island 

DATE: 3/27/74 
TIME: 4:06 

OVEN: C-25 

CHARGE 

15 SEC. 

30 SEC. 

45 SEC. ' 

1 MIN. 

I MIN. 1SSEC. 

1 MIN. 30 SEC. 

1 MIN. 45 SEC. 

2MIN.  

1 MIW.  15 PEC. 

2MIW.30SEC. 

1MIN.dSSEC. 

3.MIN. 

E N 0  OF CHARGE 

LIO.REPLACEO 

TOTAL 
C H A R 0 IN G + CHANGINGTO 
TIME HP - H W P E  F - FlRE 

L - LIGHTFLOW M - MEDIUMFLOW H - ~ E A ~ ~ F L o w  

BL - BLACK V YELLOW P - PUFFY 

WEATHER: MANUAL GAS 

REMARKS: I t  appeared that  a l l  hoppers and s tacks  puffed back a t  the end of the charze. 
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LARRY CAR OBSERVATION LOG 

, 

COMPANY: -tee1 
PLANT: Weirtan S t e e l  

Brown's Island 

CHaRGE 

ISSEC. 

30SEC. , 

45 SEC. 

1 MtN. 

I MIW. ISSEC. 

1 MIN.lOSEC. 

1 MIN.45SEC. 

ZMIN. 

7 MIN. 15 SEC. 

2 MIN. 30 SEC. 

2 MIN.45SEC. 

3MIN. 

I 1 I 2 1 3 

END OF CHARGE 

LID REPLACED I I . 1 t - INCREASING + DECREASING 
TOTAL 

TlME S - STACK HP HOFPER 
L .I LIGHTFLOW M - MEDIUMFLOW 

CHARGING 1:38 -+ C H A N G I N G ~  

n I HEAVYFLOW 
F - FIRE.  

BL - BLACK Y - YELLOW P - PUFFY 

WEATHER MANUAL GAS 

I 

1 
REMARKS: Sleeve up to l i d ' a t  e i g h t  seconds. Eight t o  nine seconds t o  r o t a t e .  

I 
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