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VOLUME FLOK CURVES GND ASSOCIATED DATA 

T h i s  Appendix con ta ins  volume flow graphs showing t h e  realtime flow d a t a  

f o r  a l l  tests on which v e l o c i t y  w a s  monitored. 

showing minimum, maximum and average temperatures f o r  the same tests and 

average volume flow va lues ,  

Tables A-1 and A-2 list the  temperatures f o r  o f f i c i a l  and prel iminary 

tests, r e spec t ive ly .  The va lues  shown i n  these tables were used for 

cor rec t ing  t h e  p a r t i c u l a t e  sampling v e l o c i t i e s ;  however, continuous s t a c k  

volume flows were ca l cu la t ed  as a func t ion  of  the  realtime temperature 

values .  During tests OB and 1, the pro to type  two duct  emission guide w a s  

used a f t e r  which a s i n g l e  duct  u n i t  was designed and used. 

where a l l  t h r e e  l o c a t i o n s  are f i l l e d  i n ,  l oca t ion  1, 2 and 3 are pusher 

s i d e ,  c e n t e r ,  and coke s i d e  emission p o i n t s ,  r e spec t ive ly .  For tests 

IB, 13,  and 1 4 ,  l oca t ion  1 is s t a c k  and l o c a t i o n  2 is guide,  while  tests 

2, 5, and 6 are reversed.  

The average volume flows f o r  a l l  tests, inc lud ing  Fhe prel iminary tests, 

are shown i n  Table A-3. Tne average v e l o c i t i e s  can be computed by 

d iv id ing  t h e  flows f o r  t h e  Wilput te  s t a c k  o r  AISI/EPA guide by .85 square 

f e e t  and the Wilput te  guide by .69 square  f e e t .  

a number of t h e  AISI/EPA tes t s  were aqp i r a t ed  and hence, should not  be 

used a s  a measure of normal emission flow rates. 

The flow graphs were ca l cu la t ed  and p l o t t e d  by computer f o r  a l l  tests 

except tests OB, 1, l A ,  lB, and 8A. Data f o r  t hese  tests were ca l cu la t ed  

and p lo t t ed  manually and only under s t a c k  condi t ions .  

Tables a r e  also presented 

In  cases  

It should be  noted t h a t  

A- 1 
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- Test Offset v o l r a e  Temverafure ~ozre~tlon 
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TEST 3 

A malfunction of the volume flow 

d i f f e r e n t i a l  pressure system caused 

the l o s s  of volume flow data f o r  

t h i s  t e s t .  

FIGURE A-7 

A-15 



TEST 4 

A malfunction of the volume f low 

d i f f e r e n t i a l  pressure system caused 

the l o s s  of volume flow data for  

t h i s  test. 

FIGURE A-8 
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e APPENDIX B 

MANUAL SAMPLING 

This appendix con ta ins  t h e  d a t a  c o l l e c t e d  and analyzed by t h e  Midwest 

Research I n s t i t u t e .  This  information was used wi th  t h e  continuous d a t a  

f o r  t h e  f i n a l  d a t a  reduct ion  procedures performed a t  MITRE. 

The d e s c r i p t i o n  of t h e  manual sampling system, t h e  ope ra t ing  procedures,  

and t h e  d i scuss ion  of t h e  ana lyses  performed i s  d iv ided  i n t o  two bas i c  

p a r t s  i n  t h i s  appendix. P a r t  One inc ludes  t h e  d e s c r i p t i o n  of pa r t i cu -  

l a t e  c o l l e c t i o n  system, and t h e  second por t ion  inc ludes  a d e s c r i p t i o n  of 

t h e  gas ana lyses  system. 

SAMPLING SYSTEMS 

There were two p r i n c i p a l  sampling systems used during t h i s  p ro jec t :  

p a r t i c u l a t e  sampling system and t h e  gas sampling s y s t e m .  Each of t hese  

a r e  discussed below. 

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

The samples taken by t h e  p a r t i c u l a t e  sampling system were t o  be  analyzed 

f o r  b e n z w p y r e n e  (BaP), p a r t i c l e  s i z 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 

mass, mass loading,  t a r  and 27 elements. 

MRI designed t h e  p a r t i c u l a t e  sampling system t h a t  i s  shown i n  Figure R-1  

t o  achieve t h e  sampling resu l t s  requi red .  

t h i s  des ign  and used i n  sampling a t  t h e  coke oven. 

comprises two major s ec t ions :  

There were two d i f f e r e n t  input  s e c t i o n s  as shown i n  Figure B-1. Input 1 
comprised a probe t i p  t h a t  fed i n t o  a s t a i n l e s s  s t e e l  cyclone and a f i l -  

t e r .  These two u n i t s  were imbedded i n  a heated-asbestos holder ,  t h e  

temperature of which w a s  con t ro l l ed  from t h e  power d i s t r i b u t i o n  and s ig-  

n a l  con t ro l  box which was loca ted  on t h e  top s h e l f  of t h e  c a r t .  

output  of t h e  f i l t e r  holder  f e d  a f l e x i b l e  heated-Teflon probe, which 

also was temperature con t ro l l ed  by t h e  power d i s t r i b u t i o n  and s i g n a l  

con t ro l  box. 

a 112 inch s i z e  and a 314 inch  s i z e .  

the 

Three u n i t s  were made from 

The sampling system 

t h e  input  s e c t i o n  and t h e  t r a i n  sec t ion .  

The 

There were two s i z e s  of s t a i n l e s s  s t e e l  cyclones used - 
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a 

Input  2 is a s t a i n l e s s  steel probe followed by a n  Andersen Cascade Im- 

pac tor ,  which i n  t u r n  was  followed by a f i l t e r  and then a heated-Teflon 

probe. 

( con t ro l l ed  by t h e  s i g n a l  d i s t r i b u t i o n  and s igna l -cont ro l  box) and then 

t h i s  a l l  was covered w i t h  a sbes tos  c l o t h .  

The heated-Teflon probe w a s  connected t o  a ven tu r i .  which was t h e  inpu t  

po in t  of t h e  t r a i n  s e c t i o n  of t h e  sampling system. This t r a i n  s e c t i o n  

w a s  housed on a mobile c a r t .  For some runs ,  t h e  v e n t u r i  was not  used, 

and i n  these  cases ,  t h e  input  p o i n t  t o  t h e  t r a i n  s e c t i o n  was a t e e  

f i t t i n g .  

monitored by a Dwyer Magnahelic manometer. 

The tee input  to t h e  t r a i n  s e c t i o n  was wrapped i n  asbes tos .  A thermometer 

was incased i n  t h e  tee t o  provide a measurement of t h e  gas temperature 

i n  O F .  

Smith-Greenburg impingers,  which were loca ted  i n  an ice ba th .  The f i r s t ,  

t h i r d  and f o u r t h  impingers were modified; t h e  second w a s  s tandard .  

most runs,  100 m l  deionized water was i n  t h e  f i r s t  two impingers; f o r  

other  runs 150 m l  water w a s  used; and s t i l l  fo r  o ther  runs 200 m l  water 

was used. The t h i r d  impinger w a s  dry and t h e  fou r th  impinger contained 

s i l i c a  gel . )  The f o u r t h  impinger fed  i n t o  a solenoid va lve  - termed 

sampler solenoid - which was connected t o  a t e e  wrapped wi th  asbes tos .  

The second l e g  of t h e  tee was connected t o  what w a s  termed t h e  bypass 

solenoid.  The t h i r d  l e g  of t h e  t e e  l e d  t o  a c ross  union. Connected t o  

t h e  o ther  l e g s  of the  c r o s s  union were a vacuum gauge, a thermometer and 

a vacuum hose. The o the r  end of t h e  hose w a s  connected t o  a vacuum pump 

through a vacuum c o n t r o l  va lve ,  then a vacuum gauge and f i n a l l y  a c r i t i c a l  

o r i f  i c e .  

The sample and bypass so lenoids  were wired t o  t h e  power-dis t r ibut ion and 

s i g n a l  c o n t r o l  box. 

t h a t  con t ro l l ed  t h e  switching c i r c u i t r y .  In opera t ion ,  t h e  bypass 

solenoid w a s  energized j u s t  b e f o r e  a run. This closed t h e  sample- 

solenoid va lve ,  and allowed ambient a i r  t o  be brought i n t o  t h e  system 

through g l a s s  wool and a va lve .  

The impactor and f i l t e r  ho lder  were wrapped wi th  a h e a t e r  t a p e  

When t h e  v e n t u r i  w a s  used, t h e  p re s su re  drop ac ross  i t  was 

This  was connected t o  a t ra in  ( s e r i e s )  of four  g l a s s ,  500 m l ,  

(For 

These so lenoids  were operated manually by switches 

(The g l a s s  wool and va lve  simulated load 
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cond i t ions ,  i .e.,  the sample solenoid v a l v e  open.) The ambient air  

flowed through the vacuum line, vacuum c o n t r o l  valve, vacuum gauge, 

c r i t i c a l  o r i f i c e  and then t o  the  pump. Adjustments were made with t h e  

vacuum c o n t r o l  va lve  - near  the  pump - t o  achieve  10 in. Hg. The bypass 

so lenoid  va lve  w a s  c losed a t  the  s i g n a l  f o r  t h e  run t o  commence. A t  t h e  

same time, t h e  sample solenoid valve w a s  opened t o  connect t h e  sampling 

system wi th  one of t h e  c a r s .  

t o  main ta in  10 i n .  Hg and achieve a cons t an t  sampling r a t e .  

The reason f o r  t h e  bypass solenoid va lve  and t h e  preadjustment of t h e  

vacuum t o  10 in .  Hg w a s  t h a t  t h e  run w a s  of s h o r t  du ra t ion ,  and t h e r e  

was not  t i m e  t o  b r i n g  the  vacuum t o  t h e  proper va lue  dur ing  the  run. 

Gas Sampling System 

The gas sampling system is shown i n  Figures  B - 2 ,  B - 3 ,  and B-4.  

can convenient ly  be  d iv ided  i n t o  t h r e e  p a r t s  f o r  t h e  c a s e  of presenta-  

t i on :  (1) t h e  bag sampler shown i n  F igure  B-2; ( 2 )  the  sampling t r a i n s  

shown i n  Figure B-3;  and ( 3 )  the  t o t a l  hydrocarbon ana lyzer  set up shown 

i n  Figure B-4 .  

samples  i n  Teflon bags,  whereas t h e  o the r  two p a r t s  were loca ted  i n  MRI's 

f i e l d  l abora to ry  t r a i l e r .  

the  l abora to ry  where the  o ther  parts were a t tached  t o  prepare  the  samples 

t o  be analyzed. 

As  shown i n  Figure B-1, t h e  four-compartment bag sampler w a s  connected t o  

the  p o r t  i n  t h e  common duc t .  

s a m p l e r .  P r i o r  t o  c o l l e c t i o n ,  each of t h e  four  compartments was 

evacuated t o  -5 i n .  Hg v i a  the manual va lves  s h a m  t o  t h e  l e f t  i n  t h e  

vacuum l ines  of each compartment. The timer was set  t o  s e q u e n t i a l l y  

opera te  t h e  so lenoid  va lues  f o r  30 t o  60 seconds,  which would enable  t h e  

bags i n  t h e  aluminum box t o  be f i l l e d .  A t  t h e  end of each sampling 

per iod,  an aud ib le  sound would a l e r t  the opera tor  t o  c l o s e  one va lve  and 

open the next .  

The vacuum c o n t r o l  va lve  then  was ad jus ted  

This system 

The bag sampler was used on s i t e  t o  c o l l e c t  four  g a s  

Af te r  a run ,  t h e  bag sampler w a s  c a r r i e d  t o  

This connect ion w a s  t h e  i n l e t  t o  t h e  bag 

B-4 



a 
N 

m 

!2 
P 
W 
Y 
k 

W; 
B-5 



a 



, 

a 

L :: 
2 u" 

n 

B- 7 



The bag sampler and a s soc ia t ed  i n l e t  sampling l i n e s  were maintained a t  

300'F dur ing  a run. 
t h e  bag sampler was disconnected from t h e  i n l e t  va lve  manifold,  and taken 

t o  t h e  f i e l d  l abora to ry  where t h e  samples were processed. 

N e x t ,  t h e  bag samples were connected t o  t h e  sampling t r a i n s  and t h e  t o t a l  

hydrocarbon ana lyzer  set up. The l i n e  w a s  connected t o  t h e  f i r s t  bag 

o r  compartment, t h e  gas  sample was passed i n t o  t h e  sampling t r a i n s  and 

t h e  T o t a l  Hydrocarbon Analyzer Set-Up (THCAS) as descr ibed below. When 

t h i s  opera t ion  was completed, i t  was repea ted  f o r  each r e spec t ive ly .  

The gas i n  a compartment of t h e  bag sampler was processed i n  t h e  follow- 

i n g  manner. 

were opened and t h e  t r a i n  manifold of F igure  B-3 was purged, with each of 

i t s  o t h e r  s i x  va lves  and those  i n l e t  valves of t h e  T o t a l  Hydrocarbon 

Analyzer Set-Up ( see  F igure  B-4 c losed.  Then va lve  1 of t h e  sampling 

t r a i n  was c losed  and t h e  THCAS w a s  operated.  The To ta l  Hydrocarbon 

Analyzer (THCA), a Beckman Model 6800, was c a l i b r a t e d  f i r s t  us ing  c a l i -  

b r a t i o n  gases  i n  tanks - 1% CH4 and 1% CO. Severa l  c a l i b r a t i o n s  were 

made on t h e  gas chromatograph ( the  THC), each time us ing  t h e  proper 

a t t e n u a t i o n  s e t t i n g  of t h e  analyzer  f o r  each gas.  Then t h e  gas  i n  a 
compartment w a s  analyzed wi th  the  THCA f o r  t o t a l  hydrocarbons, CO, and 

CH4. 
The c a l i b r a t i o n  readings were averaged f o r  a va lue  f o r  a s p e c i f i c  gas - 
THC, CO and CH4. 

Sampling Procedure 

After t h e  sample has  been analyzed v i a  t h e  TLICA, samples were taken us ing  

t h e  seven sampling trains noted i n  F igure  B-3. F i r s t  va lues  1 and 3 were 

open t o  acqu i r e  two grab samples; one w a s  i n  a 250 m l  g l a s s  b o t t l e  t o  be  

analyzed f o r  H 

2 l i t e r  f l a s k s  t o  be  analyzed f o r  NO 

samples t h e i r  va lves  were closed,  and valves 2 ,  4 ,  5 ,  6 ,  and 7 were 

opened and f ive  a d d i t i o n a l  samples were then  obtained v i a  t h e i r  

r e s p e c t i v e  trains. 

After t h e  completion of t h i s  grab bag sampling, 

The va lve  of a compartment of t h e  bag s a m p l e r  and va lve  1 

After  t h e  THC a n a l y s i s  was completed, t h e  c a l i b r a t i o n  was repea ted .  

02, N2 and C02;  and a second w a s  i n  pre-evacuated 2'  
Upon acqui r ing  these  two grab 

X. 

e 
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Train  2 ,  which w a s  used t o  c o l l e c t  H2S, cons i s t ed  of a b e l l  jar on a 

base.  In s ide  the b e l l  jar was a bubbler ,  which i n  t u r n  was i n s i d e  a 

polyethylene b o t t l e .  (140 g 

CdS04 * 8/3 H20 i n  1 l i te r  of H 2 0 ) .  

Train  4 ,  which was used t o  c o l l e c t  NH , cons is ted  of two impingers i n  

s e r i e s ,  each wi th  15 m l  of 1 N  H 2 S 0 4  ( 2 7 . 7  m l  c o n l l i t e r ) .  

from each bubbler were combined t o  make one sample. 

Tra in  5, which w a s  used t o  c o l l e c t  HCN, a l s o  comprised of two impingers 

i n  series, each wi th  15 m l  0.5 N KOH (28 g / l i t e r ) .  Again, t h e  s o l u t i o n s  

were combined t o  make one sample. 

Tra in  6 ,  which w a s  used t o  c o l l e c t  hydrocarbons, comprised of two im- 
pingers  i n  series, each w i t h  15 m l  of e thylene  g lycol .  The two s o l u t i o n s  

were combined t o  make one sample .  

Train 7 ,  which was used t o  c o l l e c t  SO 

s o l u t i o n  of 80% IPA (800 ml IPA and 2 0 0  H20) and g l a s s  wool packed i n  

t h e  e x i t  tube,  followed by an impinger wi th  15 m l  s o l u t i o n  of 3% H202 

(100 m l  30%. make t o  1 l i t e r ) .  The H 0 s o l u t i o n  w a s  prepared each day. 

After t h e  sample w a s  taken, t h e  s o l u t i o n  of t h e  impinger was t r a n s f e r r e d  

t o  another  polyethylene b o t t l e .  

carded. 

t o  t h e  sample. 

Each day a flowmeter was placed i n  each l i n e  t o  check t h e  flow. 

was 

t h a t  provided t h e  proper  flow r a t e .  

310 mllmin f o r  Trains  2 ,  4 ,  5 ,  6 ,  and 7.  

A l l  samples taken with t h e  seven sampling t r a i n s  were shipped t o  MRI  i n  

Kansas C i ty  where they were analyzed. 

Hydrocarbon Analyzer Set-Up were analyzed i n  t h e  f i e l d  f o r  THC, CO and 

The bubbler  s o l u t i o n  w a s  15 m l  of CdSO 4 

3 
The s o l u t i o n s  

comprised of a bubbler wi th  15 ml 2' 

a 
2 2  

The s o l u t i o n  of t h e  bubbler  w a s  d i s -  

The connecting tube and impinger were r in sed  and t h e  r i n s e  added 

I f  i t  

not  c o r r e c t ,  t h e  needle  ( c r i t i c a l  o r i f i c e )  was replaced with one 

The flow r a t e  w a s  approximately 

The samples processed by t h e  To ta l  

m4' 
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RESULTS 

There were b a s i c a l l y  two types of samples taken - p a r t i c u l a t e  and gas.  

These are summarized i n  chronologica l  order  i n  Table B-1,  which pro- 

v ides  t h e  d a t e s  of the runs,  the run  numbers, t h e  type  of ca r  sampled 

dur ing  a run ,  t h e  l o c a t i o n  of t h e  sampling po in t s ,  type of sample, what 

t h e  sample w a s  analyzed f o r ,  and remarks. 

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

The samples  t h a t  were taken us ing  t h e  P a r t i c u l a t e  Sampling System pro- 

vided t h r e e  b a s i c  types of samples - f i l t e r ,  r i n s e s ,  and Andersen f r o n t ,  

tip-cylcone-Andersen back, impinger water, impinger-water r i n s e ,  and 

probe. 

The gene ra l  scheme used i n  t h e  l abora to ry  t o  prepare  t h e  f i e l d  samples 

f o r  t h e  v a r i o u s  a p l y s e s  is shown i n  F igure  B-5. 

The gene ra l  procedure used i n  the l abora to ry  processing of t h e  mass 

p a r t i c u l a t e  samples, inc luding  t h e  Andersen p l a t e s  (Item 9 below) was: 

1. Beakers were washed wi th  concentrated n i t r i c  a c i d ,  c a r e f u l l y  washed 

wi th  deionized water.  

The beakers  were then put i n  an oven and l e f t  f o r  one hour a t  100OC. 2. 

3. The beakers  were des icca ted  f o r  48 hours ,  and then weighed. 

4. F i l t e r s  and r i n s e s  ( inc luding  Andersen f r o n t  and back ca tches)  were 

put  i n  s e p a r a t e  beakers .  

5 .  F i l t e r s  were t r a n s f e r r e d  t o  a d e s i c c a t o r  f o r  48 hours  and then 

weighed. 

6. A l l  ace tone  r i n s e s  were t r a n s f e r r e d  t o  beakers ,  and t h e i r  previous 

con ta ine r s  r i n s e d  and t h i s  a d d i t i o n a l  r i n s e  was then added t o  t h e  

t r a n s f e r r e d  so lu t ion .  

These s o l u t i o n s  were des icca ted  f o r  4 8  hours  and then  weighed. 7 .  

8 .  Impinger water ca t ches  were placed i n  steam baths  t o  evaporate;  t h e  

evaporated r e s u l t s  were des i cca t ed  f o r  49 hours  and then  weighed. 

The Andersen p l a t e s  were d r i e d  i n  a n  oven and then weighed. 9 .  
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The r e s u l t s  from t 
* , I  

is processing of mass-par t icu la te  sampler gave mass 

eva lua t ing  da ta .  

v i d e  mass-concentration r e s u l t s .  

Tables B-2 through B-4 provide a summary of  mass data .  

g ives  f i e l d  d a t a  f o r  each run; Table B-3 g ives  r e s u l t s  of a n a l y t i c a l  

processing of t h e  f i e l d  samples; and Table  B-4 g ives  mass r e s u l t s  

The f low rate,  or sample ra te  i n  dcfm s t a c k  condi t ions ,  given i n  column 

12 of Table  B-2. was ca l cu la t ed  as fol lows:  

These d a t a  were then processed mathematically t o  pro- 

Table B-2 

460 + Stack Tem . 
(B-lj Flow Rate - Cal ib ra t ion  Rate (cfm) x 460 + Gal. 

29.41 in. Hg ( C a l .  Pressure)  
S t a t i c  P res su re  X 

An example is W 1 - 5  where 

460 + 110 29.41 o.146 dcfm .. 
0 - 2 )  x-= 

29.43 Flow Rate = 0.140 x 460 + 

The t i p  v e l o c i t y  given in column 13 of Table  

accordingly.  

3 Flow Rate f t  /min . 1 sec 
60 min Tip Veloci ty  (FPS) - Tip Area f t 2  

An example is W1-5 where, 

(B-3) 

The va lues  of t h e  masses given in columns 2 through 11 of Table B-3 

are those  obtained from weighing the i n d i v i d u a l  samples processed a t  MRI 
l a b o r a t o r i e s .  The weights a r e  given i n  mil l igrams.  Mass concent ra t ions  

given in Table B-4 are i n  g ra in  s per  a c t u a l  cubic  foo t  (gpacf ) ,  g ra ins  

per  dry s tandard  cubic  f o o t  (gpdscf) and i n  percentage,  where 

B-16 * '  
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TABLE B-3 

MASS ANALYTICAL RESULTS 

'VIP. Cy'lonc. 
,:ronc Imp. Imp. Probe h d e r s e n  knderaun Total Total Combined 

Mass PlLcrr Andersen Water Rinse RLn% Plates 88cl S o l i d  Condensed Total 
lrsl Ha*. narr R a s .  Has. -3s ru..g mas n.,s HI.. b.. 

' D - x  ( md ~ ~ i ! ? L ? L L 2 6 L ~ ~ ( m . )  -@EL- 

HI-5 3.1 &2 .7 45.8 45.8 
-6 2.6 b5.0 47.6 47.6 

Y2-2 4.6 25.7 30.3 30.3 
- 5  2 0 . 5  11.6 52.1 5 2 . 1  

"3-3 0.9 17.9 6.2 41.9 - 18.8 i8.I  66.9 
-6 1.0 18.4 4.3 16.3 - 21.4 40.6 62.0 

w4-2 49.7 202.9 18.8 45.5 - - 252.6 a . 3  316.9 
-5  22.9 12.8 52.2 2 1 .  8 -  35.7 76.0 111.7 

YS-2 3.5 132.1  16.4 61.1 - - 135.6 77.7 213.4 
-5  21.5 11.0 13.6 71.5 28.5 12.5 85.1 117.6 

Y6-2 11.5 127.9 7.1 73.8 - - 115.6 77.7 213.4 
-3  9.3 31.3 126.1 59.5 24.3 149.8' 12.7 203.1 209.9 412.9 
-b 7.5 176.0 19.2 58.1 25.9  183.5 103.2 286.6 

Y I - 2  26.1 245.4 117.5 83.0 - - 271.5 260.5 512.0 
-3  2 1 . 8  124.1 132.4 79.6 - ,. - 145.9 212.0 357.8 
-6 5.8 2 L . O  11.5 35.9 - 87.7 10.1 124.6 47.4 172.1 

"8-2 19.7 278.1 72.1 79.3 - 665.3 20.7 983.8 151.4 1.L35.1 
-1 7.0 58.5 80.1 98.9 11.6 65.5 190.6 255.9 
-6 11.9 69.3 11.7 91.8 20.2 81.1 123.7 206.7 

Y9-2 25.7 332.5 48.4 72.7 - - 358.2 121.1 479.2 
-3  4.5 6.2 143.9 72.5 9.0 25.2 6.4 42.3 225.4 267.7 
-6 49.0 247.6 238.8 80.5 8.6 - 296.6 327.9 624.4 

YlO-2 5.4 2 2 . 8  30.6 4.0 62.8 62.8 
- 

-3  23.1 28.7 51.8 51.8 
-6 6.0 78.4 84.4 84.4 

VLI-:' 24.6 35.9 9.3 60.5 9.3 69.8 
-1 2 2 . 5  24.2 9.2 46.7 9.2 55.9 
-6 4.0 21.3 - 15.1 11.8 3 . 1  42.2 15.3 57.4 

Y I Z - 2  8.6 70.3 6.3 19.5 1 1 . 8  176.0 4.5 259.4 57.6 317.0 
X I - 3  3.1 28.9 L.3 66.4 - 63.5 13.5 109.0 67.7 176.7 

-6 L8.I 13.0 2 . 1  72.1 20.9 ?1.1 95.1 126.2 
X2-2  103.9 36.0 6.3 42.5 17.3 - 139.9 66.1 206.0 

-3 1.9 20.2  2 2 . 2  5.8 50.1 50.1 
K l - 2  15.2 h14.5 27.9 12.3 38.8 2,018.0 7.3 2.675.0 99.0 2,774.0 

-3  56.1 7.0 5.9 41.5 16.2 61.1 63.6 126.7 
-6  2.4 7.2 2 . 1  49.2 - 9.6 51.3 60.9 

K 4 - 1  90.2 118.5 8.0 - - 208.7 8.0 216.1 
- 3  0.0 12.3 0.6 - 12.9 0.6 12.3 
-6 0.0 3.3 0.4 - 1.3 0.4 3.7 

'Voolal 711.2 3.4M.6 1,290.5 1,456.9 238.4 3.252.1 88.1 7.476.0 2.985.8 10.46l.1 
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1 gram 
15.4324 * 

1 g r a i n  - 
Size  Analys is  - The r e s u l t s  of t h e  Andersen ana lyses  performed in t h e  

f i e l d  are l i s t e d  i n  Table  B-5 t o  B-15. These d i s t r i b u t i o n s  a r e  based 

on a n i s o k i n e t i c  sampling and an assumed d e n s i t y  of 1 gm/cc. 

d i s t r i b u t i o n  was determined us ing  t h e s e  va lues  co r rec t ed  t o  a 1.2 gm/cc 

d e n s i t y  and applying co r rec t ions  d iscussed  in t h e  body of t h i s  r e p o r t .  

The d i s t r i b u t i o n  was combined with d a t a  from t h e  MITRE Carrousel  t o  

produce a d i s t r i b u t i o n  over t h e  e n t i r e  range.  

The ana lyses  t o  fo l low were performed and r epor t ed  by sample number. 

Table B-16 is a c ross  re ference  of  sample number and test l o c a t i o n  numbers. 

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  of f i v e  samples w a s  determined by photo- 

micrography and s t a t i s t i c a l  ana lys i s .  Sample 1222 w a s  from t h e  Andersen 

p l a t e s  (K3-2). The o the r  four  samples were t h e  probe t i p  and cyclone 

p a r t i c l e s  from r u n s  W7-2 (sample 1051), W8-3 (1072), W8-6 (1076), and 

The f i n a l  

Wll-2 (1109). 

After t h e  tar was removed by benzene e x t r a c t i o n  and t h e  sample d r i e d ,  

t h e  p a r t i c l e s  were u l t r a s o n i c a l l y  d ispersed  i n  i sopropyl  a lcohol .  A 

g l a s s  dropper  w a s  used t o  t r a n s f e r  t h e  d i s p e r s i o n  onto a glass 
microscope s l i d e .  

c a l i b r a t e d  o p t i c a l  s t a g e  micrometer were photographed a t  s e v e r a l  magni- 

f i c a t i o n s .  

f o r  log-increment p a r t i c l e  s i z i n g .  

w a s  counted and t h e  t o t a l  area of t h e  f i e l d  of view w a s  ca l cu la t ed .  The 

p a r t i c l e  w a s  measured by us ing  Feret's diameter :  

between two v e r t i c a l  t angents  on t h e  p a r t i c l e ' s  o u t l i n e .  

The va lues  from t h e  photographs a r e  ZN ( t h e  t o t a l  number of the p a r t i c l e s  

s i z e d  a t  each s i z e  increment) and A (the t o t a l  a r e a  i n  the f i e l d  of view 

i n  mm ). 

After t h e  a l coho l  had evaporated,  t h e  p a r t i c l e s  and a 

The photographs a t  each magni f ica t ion  were then c a l i b r a t e d  

Every p a r t i c l e  which could be  s i z e d  

t h e  h o r i z o n t a l  l ength  

2 
The log  increments used f o r  the s i z i n g  are coded: 

NO. 0 = 2.3 - 4.6 II 
NO. 1 = 4.6 - 9.2 II 
NO. 2 9.2 - 18.4 II 
NO. 3 p 18.4 - 36.8 u t  
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TABLE B-5 

ANDERSEN ANALYSIS SUMMARY 

Run Number W6-3 Assumed Dens i ty  = 1.000 Sampling Rate - .37900 CFM 
Imp. E f f .  C = .140 

PLATES, T-P 
AND CONE-TIP 

Sample 
Weight , Jet Vel .  P a r t i c .  D i a m .  

S t a g e I P l a t e  (a) W t .  X Cum. % (CMIS) (MICR) 
~ ~~~~ ~ 

Cone-Tip .03132 18.18 18.18 

IO .01713 9.94 28.13 

011 .01775 1 0 . 3 1  38.44 29.18 15.81 

112 .00667 3.87 42.31 54.42 9.88 

213 .00287 1.67 43.98 90.79 6.70 

314 .00341 1.98 45.96 150.09 4.57 

415 .01113 6.46 52.42 266.82 2.94 

516 .02804 16.28 68.60 645.64 1.48 

617 .02115 12.28 80.98 1176.68 .92 

718 .01079 6.26 87.24 2353.35 .63 

Throughput .02197 12 .76  100.00 

Weights (GrQ 

1. T i p  and I n l e t  Cone .03132 

2. . P l a t e s  (and Rings) .11894 

3. Andersen Outlet and 
F i l t e r  Ho lde r  I n l e t  .01270 

4. F i l t e r  Backup .00927 

TOTAL .17223 
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TABLE B-6 

ANDERSEN ANALYSIS SUMMARY 

Run Number W7-6 Assumed Dens i ty  = 1.000 Sampling Rate = ,37100 CFM 
Imp. E f f .  C = .140 . 

PLATES, T-P 
Sample AND CONE-TIP 
Weight Jet Vel. P a r t i c .  D i a m .  

S t a g e l p l a t e  (GM) W t .  % Cum. % (CMIS) (MICR) 

Cone-Tip .02103 

I O  .00301 

011 .00373 

112  .00099 

213 .00160 

314 .00081 

415 .01437 

516 .02717 

617 .01106 

7 18 .00488 

Throughput .01595 

20.11 

2.88 

3.57 

.95 

1.53 

.77 

13.74 

25.98 

10.57 

4.67 

15.25 

20.11 

22.98 

26.44 

27.50 

29.02 

29.80 

43.54 

69.51 

80.09 

84.75 

100.00 

28.57 

53.27 

88.88 

146.92 

261.19 

632.01 

1151.84 

2303.68 

15.98 

9.98 

6.78 

4.62 

2.98 

1.50 

.93 

.63 

~. 

Weights (GM) 

1. Tip and I n l e t  Cone .02103 

2 .  P l a t e s  (and R ings )  .06762 

3. Andersen O u t l e t  and 
F i l t e r  Holder  I n l e t  .01014 

4. F i l t e r  Backup .00581 

TOTAL . lo460 
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TABLE B-7 

ANDERSEN ANALYSIS SUMMARY 

W8-2 Assumed Dens i ty  = 1.000 S a p 1  
Imp. E f f .  C = .140 

.39400 CFM 

PLATES, T-P 
Sample AND CONE-TIP 
Weight Jet Vel. P a r t i c .  D i a m .  

S t a g e I P l a t e  (GM) W t .  4: Cum. X (CMIS) (MICR) 

Cone-Tip .27806 

I O  .13738 

011  .09878 

1 1 2  .05430 

213 .12221 

314 .03954 

415 .00665 

516 .00217 

617 .01607 

718 . lo160 

Throughput .04038 

30.99 30.99 

15.31 46.31 

11 .01  57.32 

6.05 63.37 

13.62 76.99 

4.41 81.40 

.74 82.14 

.24 82.38 

1.79 84.17 

11.32 95.50 

4.50 100.00 

30.34 15.51 

56.57 9.69 

94.39 6.57 

156.03 4.48 

277.38 2.89 

671.19 1 .45  

1223.25 .90 

2446.49 .61  

WeiKhts (GM) 

1. T i p  and I n l e t  Cane 

2. P l a t e s  (and R ings )  

3. Andersen Outlet and 
F i l t e r  Holder  I n l e t  

4. F i l t e r  Backup 

TOTAL 

.27806 

.57870 

.02073 

.01965 

.89714 
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TABLE B-8 

ANDERSEN ANALYSIS SUMMARY 

Run Number W9-3 Assumed Dens i ty  = 1.000 Sampling Rate = .33900 CFM 
Imp. Eff. C .140 

PLATES, T-P 
AND CONE-TIP 

S t a g e l p l a t e  (a) W t .  X Cum. % (CM/S) fMICR)  
Jet Vel. P a r t i c .  D i m .  Weight 

Cone-Tip 

I O  

011 

1 1 2  

213 

314 

415 

516 

617 

718 

Throughput 

.00616 

,00025 

.00037 

.00023 

.00016 

.00022 

.00019 

.00026 

.00106 

.00183 

.01090 

28.48 

1.16 

1 . 7 1  

1.06 

.74 

1 .02  

. 88 
1.20 

4.90 

8.46 

50.39 

28.48 

29.63 

31.35 

32.41 

33.15 

34.17 

35.04 

36.25 

41.15 

49.61 

100.00 

26.10 

48.68 

81.21 

136.25 

238.66 

577.50 

1052.49 

2104.98 

16.72 

10.45 

7.09 

4.84 

3.12 

1.57 

.97 

.67 

WeiKhts (GMM) 

1. T i p  and I n l e t  Cone .00616 

2. P l a t e s  (and Rings)  .00457 

3. Andersen O u t l e t  and 
F i l t e r  Holder  I n l e t  .00644 

4. F i l t e r  Backup .00446 

TOTAL .02163 
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TABLE B-9 

ANDERSEN ANAL.YSIS SUklARY 

Run Number W10-2 Assumed D e n s i t y  = 1.000 
Imp. E f f .  C .140 

S a p l i n g  Rate - 3.1100 CFM 

PLATES, T-P 
AND CONE-TIP Jet V e l .  P a r t i c .  Dim. Weiaht 

Cone-Tip 

IO 

0 1 1  

112 

2 1 3  

314 

415 

516 

617 

.02274 53.06 

.00224 . 5.22 

.00124 2.89 

.00045 1.05 

.00074 1.73 

,00081 1.89 

.00150 3.50 

.00117 2.73 

.00123 2.87 

53.06 

58.28 

61.17 23.95 17.46 

62.22 44.66 10.91 

63.95 74.50 7 . 4 1  

65.83 123.16 5.06 

69.33 ' 218.95 3 . 2 6 ,  

72.06 529.80 1.64 

74.93 965.56 1.02 

718 .00133 3.10 78.03 1931.11 .70 

Throughput .00942 21.97 100.00 

WeiRhts (GM) 

1. T i p  and I n l e t  Cone .02275 

2. P l a t e s  (and Rings)  .01071 

3. Andersen O u t l e t  and 
F i l t e r  Holder  I n l e t  .00401 

4. F i l t e r  Backup .00541 

TOTAL .04288 
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TABLE B-10 

ANDERSEN ANALYSIS SUMMARY 

Run Number Wll-6 Assumed Dens i ty  - 1.000 Sampling Rate = .16000 CFU 
Imp. Ef f .  C - .140 

sample PLATES, T-P 
Weinht AND CONE-TIP Jet Vel. P a r t i c .  D i a m .  

Cone-Tip .02130 55.67 55.67 

t o  .00138 3.61 59.28 

011  ,00092 2.40 61.68 12.32 24.38 

112 .00059 1.54 63.23 22.97 15.25 

213 .00028 .73 63.96 38.33 10.36 

314 .00033 .86 64.82 63.36 7.08 

415 .00052 1.36 66.18 112.64 4.57 

516 .00317 8.29 74.46 272.56 2.32 

617 .00083 2.17 76.63 496.75 1.45 

718 .00188 4.91 81.55 993.50 1.00 

Throughput .00706 18.45 100.00 

Weixhts (a) 

1. Tip  and I n l e t  Cone .02130 

2.  P l a t e s  (and Rings) .00990 

3. Andersen Outlet and 
F i l t e r  Holder  I n l e t  .00306 

4. F i l t e r  Backup .00400 

TOTAL .03826 
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TABLE B-11 

ANDERSEN ANALYSIS SUMMARY 

Run Number W12-2 Assumed Density - 1.000 
Imp. E f f .  C = .140 

Sampling Rate 2 .51300 CFM 

PLATES; T-P 
AND CONE-TIP 

S tage lp l a t e  (a). W t .  X Cum. X ( W S )  (MICR) 
J e t  V e l .  Pa r t i c .  Diam.  Weight 

Cone-Tip 

I O  

011 

112 

213 

314 

415 

516 

617 

718 

Throughput 

.a7030 

.03081 

.01589 

.00494 

.00279 

.00666 

.02686 

.04880 

.01579 

.00939 

.01310 

28.66 

12.56 

6.48 

2.01 

1.14 

2 . 7 1  

10.95 

19.89 

6.44 

3.83 

5.34 

28.66 

41.21 

47.69 

49.70 

50.84 

53.56 

64.50 

84.40 

90.83 

94.66 

100.00 

39.50 

73.66 

122.89 

203.15 

361.15 

873.91 

1592.70 

3185.41 

13,58 

8.48 

5.75 

3.92 

2.52 

1.26 

.78 

.53  

Weights (a) 
1. T i p  and I n l e t  Cone .07030 

2 .  P l a t e s  (aid Rings) .16193 

3. Andersen Out le t  and 
F i l t e r  Holder I n l e t  .00450 

4. . F i l t e r  Backup .00860 

TOTAL .24533 
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TABLE B-12 

ANDERSEN ANALYSIS SUMMARY 

Run Number K2-3 Assumed Dens i ty  = 1.000 Sampling Rate = .40800 CFM 
Imp. E f f .  C = .140 

PLATES, T-P 
AND CONE-TIP 

S t a g e I P l a t e  (GM) Ut .  I Cum. X (CM/S) (MICR) 
Jet  Vel. P a r t i c .  D i a m .  Weight 

~ 

Cane-Tip 

I O  

011  

112 

213 

314 

415 

516 

617 

718 

Throughput 

.02020 

.00082 

.00118 

.00135 

.00105 

.00079 

.00057 

.00058 

.00110 

.00253 

.00770 

~ 

53.34 

2.17 

3.12 

3.56 

2.77 

2.09 

1.51 

1.53 

2.90 

6.68 

20.33 

53.34 

55 .51  

58.62 

62.19 

64.96 

67.05 

68.55 

70.08 

72.99 

79.67 

100.00 

31 .41  

58.58 

97.74 

161.57 

287.24 

695.04 

1266.71 

2533.42 

15.24 

9.52 

6.46 

4.41 

2.83 

1.42 

.88 

.60 

Weights (GM)  

1. T i p  and I n l e t  Cone .02020 

2. P l a t e s  (and Rings) .00997 

3. Andersen O u t l e t  and 
F i l t e r  Holder  I n l e t  .00580 

4. . F i l t e r  Backup .00190 

TOTAL .03787 
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TABLE B-13 

ANDERSEN ANALYSIS SUNMARY 

Run Number K3 Assumed D e n s i t y  = 1.000 
Imp. E f f .  C - .140 

Sampling Ra te  = .73700 CFM 

PLATES, T-P 
AND CONE-TIP 

Jet V e l .  P a r t i c .  D i a m .  Weiaht 

Cone-Tip ,61450 27.25 27.25 

10, .14283 6.33 33.58 

011  .06389 2.83 36 .41  56.75 11.32 

112 .02960 1.31 37.73 105.82 7.06 

213 .03133 1.39 39.12 176.55 4.79 

314 .04349 1.93 41.04 291.04 3.26 

' 415 .42756 18 .96  60.00 518.86 2.09 

516 .59124 26.22 86.22 1255.50 1.04 

617 .20889 9.26 95.48 2288.15 .64 

718 ,05940 2.63 98.12 4576.30 .43 

Throughput ' .04250 1.88 100.00 

Weights (a) 

1. T i p  and I n l e t  Cone .61450 

2.  P l a t e s  (and Rings) 1.59823 

3. Andersen O u t l e t  and 
F i l t e r  Holder  I n l e t  .00730 

6. F i l t e r  Backup .03520 

TOTAL 2.25523 
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TABLE 8-14 

ANDERSEN ANALYSIS SUMMARY 

Run Number K3-R Assumed Uens i ty  = 1.000 Sampling Ra te  - .73700 CFM 
ImD. E f f .  C = . I 4 0  

sample PLATES, T-P 
Weight AND CONE-TIP Jet Vel. P a r t i c .  U i a m .  

S t a e e I P l a t e  (GM) W t .  % cum. % (CMIS) (MICR) 

Cone-Tip 

I O  

011 

112 

2 1 3  

314 

415 

516 

617 

718 

Throughput 

.61450 

.15378 

.07244 

.09818 

.24013 

,07001 

.44770 

.70969 

.22477 

.16680 

.04250 

21.63 

5 . 4 1  

2.55 

3.46 

8.45 

2.46 

15.76 

24.98 

7.91 

5.87 

1.50 

21.63 

27.04 

29.60 

33.05 

41.51 

43.97 

59.73 

84.72 

92 .63  

98.50 

100.00 

56.74 

105.82 

176.55 

291.86 

518.86 

1255.50 

2288.15 

4576.30 

11.32 

7.06 

4.70 

3 . 2 6  

2.09 

1.04 

.64 

.43 

WeiKhts (GM) 

1. T i p  and I n l e t  Cone .61450 

2.  P l a t e s  (and Rings) 2.18350 

3 .  Andersen O u t l e t  and 
F i l t e r  Holder  I n l e t  .00730 

4. F i l t e r  Backup .03520 

TOTAL 2.84050 
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TABLE 8-15 

ANDERSEN ANALYSIS SUMMARY 

Run Number K4 Assumed D e n s i t y  = 1.000 Sampling Rate = .44800 CFM 
Imp. Eff. C - .140 

PLATES, T-P 
AND CONE-TIP 

S t a g e l p l a t e  (GM) W t .  I Cum. % ( W S )  (MICR) 
Jet V e l .  P a r t i c .  Diam. Weight 

Cane-Tip .00330 61.57 61.57 

I O  .00145 27.05 88.62 

011  .00004 . 7 s  89.37 34.49 14 .54  

112 .00008 1.49 90.86 64.33 9.08 

213 .00002 .37 91.23 107.32 6.16 

314 .00002 .37 91.60 177.41 4.20 

415 .00002 .37 91.98 315.40 2.70 

516 .00031 5.78 97.76 763.18 1 .35  

617 .00006 1.12 98.88 1390.90 .84 

718 .00006 1.12 100.00 2781.80 .57 

Throughput 0.00000 0.00 100.00 

Weixhts 

1. Tip and I n l e t  Cone .00330 

2.  P l a t e s  (and Rings)  .00206 

3. Andersen O u t l e t  and 
F i l t e r  Holder I n l e t  0.00000 

4. F i l t e r  Backup 0.00000 

TOTAL .00536 
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TABLE 8-16 
CROSS REFERENCE INFORMATION 

AIISI/FPA LaIRRY CAR 



e 
NO. 4 = 36.8 - 73.6 !l 

NO. 5 = 73.6 - 147.2 !J 

NO. 6 1 4 7 . 2  - 294.4 p 

ho. 7 = 294.4 - 588.8 p 

NO. 8 = 588.8 - 1177.6 p 

Tile va lues  of N and A were then used t o  c a l c u l a t e  N/A and JNIA ( t h e  

s t a t i s t i c a l  e r r o r ) .  

versus  t h e  diameter.  By c u r v e f i t t i n g  (matching t h e  s lopes  a t  each mag- 

n i f i c a t i o n )  a f i n a l  curve was made and t h e  average dens i ty  (<N/A>) was 

est imated.  The average d e n s i t y  (<N/A>) with t h e  s t a t i s t i c a l  e r r o r  

=was p l o t t e d  on log-log graph paper versus  t h e  p a r t i c l e  diameter  

( see  Figure B-6 through B-10). 

These va lues  were p l o t t e d  on log-log graph paper 

The o r i g i n a l  d a t a  and t h e  c a l c u l a t i o n s  f o r  
these curves  are shown in B-17 through B-21. Cumulative percent  d a t a  
are given i n  Table B-22. 

The va lues  of N/A were used t o  f i n d  t h e  percentage of p a r t i c l e s  i n  each 

s i z e  range. The cumulative percent  (E%) less than a c e r t a i n  micron 

diameter (d) is shown i n  F igure  B-11. If the  d a t a  were lognormally d i s -  

t r i b u t e d ,  t h e  p l o t s  shown i n  F igure  B-11 would be l i n e a r  and d i s t r i b u t i o n  
by diameter could have been converted t o  a volume d i s t r i b u t i o n  by s imple 

g raph ica l  methods. 

f i v e  samples i s  shown i n  F igure  B-12. 

Since w e  d i d  n o t  have a simple lognormal d i s t r i b u t i o n ,  t h e  fol lowing 

c a l c u l a t i o n s  were made t o  convert  the  diameter i n t o  volume. 

The arithmetic average volume f o r  each s i z e  range was ca l cu la t ed  by: 

The volume percent  versus  p a r t i c l e  diameter f o r  t h e  

v2 - v1 
2 v =  

and the average diameter f o r  t h a t  volume: 

6V d = -  
V 1T 

(B-5) 
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FIGURE 6.8 
NUMBER OF PARTICLESSIZED PER TOTAL AREA VIEWED 

VERSUS PARTICLE DIAMETER FOR SAMPLE NO. 1076 
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FIGURE 6.9 
NUMBER OF PARTICLES SIZED PER TOTAL AREA VIEWED 

VERSUS PARTICLE DIAMETER FOR SAMPLE NO. 1109 
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& 

800 
800 
360 
800 
360 
186.7 
800 
360 
186.7 
800 
360 
186.7 
186.7 

27.5 
27.5 
27.5 
27.5 

800 
800 
360 
800 
360 
800 
360 
800 
360 
360 

27.5 
27.5 
27.5 

TABLE B-17 

OPTICAL SIZE-DISTRIBUTION DATA ON SAMPLE NO. 1051 

0 
1 
1 
2 
2 
2 
3 
3 
3 
4 
4 
4 
5 
5 
6 
7 
8 

EN_ 

156 
121 
206 

62 
152 
374 

30 
112 
186 

4 
23 
43 

6 
160 
46 
37 
10 

Original 
A(rmn2) N l A  + 6 
0.2896 538 f 23.2 
0.2896 L17.8 f 20.4 
0.7158 287.8 * 17.0 
0.2896 214.1 f 14.6 
0.7158 212.4 * 14.6 
2.6616 140.5 * 11.9 
0.2896 103.6 * 10.2 
0.7158 156.5 * 12.5 
2.6616 69.'9 * 8 . 4  
0.2896 13.8 f 3.1 
0.7158 32.1 f 5 . 7  
2.6616 16.2 * 4.0 
2.6616 2.25 1 .50  
122.69 1.31 * 1.14 
122.69 0.375 f 0.612 
122.69 0.302 * 0.550 
122.69 0.082 f 0.286 

Estimated 
<N/A) + m) - 
538.7 * 23.2 40.60 
417.8 f 20.4 31.48 

214.1 i 14.6 16.13 
212.4 f 14.6 -_ 
208.3 * 14.4 _- 
103.6 f 10.2 7.81 

103.6 f 10.2 -_ 

_- _-  

-_ -- 
_- -- 

32.1 * 5.7 2.42 _- _- _ _  - _  
i 3 . i  * 3.6 0.99 
3.75 * 1 . 9  0.29 
3.02 * 1 . 7  0.23 
0 .82  f 0 . 9  0.06 

TABLE 8-18 

OPTICAL SIZE-DISTRIBUTION DATA ON SAMPLE NO, 1072 

Number 

0 
1 
1 
2 
2 
3 
3 
4 
L 
5 
5 
6 
7 

rN 

156 
100 
306 

35 
169 
11 

105 
2 

32 
2 

32 
5 
3 

.- 
Original 

A i m 2 )  N / A  *fi 
0.2896 583.6 * 24.2 
0.2896 345.3 * 18.6 
1.4316 213.8 * 14.6 
0.2896 120.9 11.0 
1.4316 118.1 10.9 
0.2896 38.0 f 6.2  
1.4316 73.3 f 8.6 
0.2896 6.91 * 2.63  
1.4316 22.4 f 4.7 
1.4316 1.40 * 1.18 
122.69 0.261 * 0.511 
122.69 0.041 * 0.202 
122.69 0.025 0 ,157  

Estimated 
<N/A) i: 

583.6 * 24.2 
275 + 16.6 
275 * 16.6 

120.9 11.0 -- 
52 f 7.2 
52 f 7.2 

22.4 f 4.7 

5.84 2.41 
0.91 0.95 
0.55 * 0.74 

_- 
_- 

Percent 

54.99 
25.91 

11.39 

4.90 

-- 
-- 

-- -- 
2.11 

0.55 
0.09 
0.05 

_ _  
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800 
800 
360 
800 
360 
186.7 
800 
360 
\86.7 
800 
360 
186.7 
186.7 
27.5 
186.7 
27.5 
186.7 

800 
800 
360 
800 
360 
800 
360 
800 
360 
360 
27.5 
27.5 
27.5 

TABLE B-19 

OPTICAL SIZE-DISTRIBUTION DATA ON SAMPLE NO. 1076 

Number ZN 

0 313 
1 137 
1 272 
2 . 37 
2 76 
2 139 
3 13 
3 35 
3 51 
4 2 
4 16 
4 16 
5 4 
5 66 
6 1 
6 36 
7 2 

- -  A(mm2) 
0.2896 
0.2896 
0.7158 
0.2896 
0.7158 
1.3308 
0.2896 
0.7158 
1.3308 
0.2896 
0.7158 
1.3308 
1.3308 

61.3452 
'1.3308 
61.3452 
1.3308 

Original 
NIA *fi 

1080.8 32.9 
473.1 * 21.8 
380.0 * 19.5 
127.8 * 11.3 
106.2 * 10.3 
104.4 5 10.2 
44.9 * 6.7 
48.9 * 7.0 
38.3 f 6.2 
6.91 2.63 
22.4 i 4.7 
12.02 i 3.47 
3.01 * 1.73 
1.076 1.037.. 
0,751 * 0.867 
0.587 * 0.766 
1.503 1.226 

Estimated 
(NIA) * & 7 i j  
1080.8 * 32.9 
380.0 * 19.5 
106.2 * 10.3 
44.9 6.7 

-_  
_-  
_ _  
_ -  

_ _  
12.0 3.5 

4.8 + 2.2 

2.6 * 1.6 

_ _  
_ _  
-- 

TABLE 8-20 

OPTICAL SIZE-DISTRIBUTION DATA ON SAMPLE NO, 1009 

Number, Jli- 

0 327 
1 102 
1 368 
2 25 
2 104 
3 7 
3 39 
4 1 
4 5 
5 I4 

5 113 
6 24 
7 3 

& 
0.1448 
0.1448 
0.7158 
0.1448 
0.7158 
0.1448 
0.7158 
0.1448 
0.7158 
0.7158 
122.69 
122.69 
122.69 

Original 
N/A *a 

2258.3 47.5 
704.4 * 26.6 
514.1 5 22.7 
172.7 * 13.1 
145.3 * 12.1 
48.3 * 7.0 
54.5 i 7.4 
6.91 i 2.63 
6.99 * 2.64 
5.59 f 2.36 

0.921 * 0.960 
0.196 * 0.442 
0.025 i 0.157 

Percent 

66.26 

23.30 

6.50 

2.75 

- 
_ -  
_-  
-- 
_- 
-- 
_ -  
_ -  
0.74 

0.29 

0.16 

-- 
-- 
_- 

Estimated 
<N/A) m) Percen(. 
2258.3 * 47.5 70.68 
704.4 * 26.6 22.05 
611.8 24.7 -- 
172.7 * 13.1 5.41 
172.9 * 13.1 -- 
48.3 7.0 1.51 
64.8 8.0 _ _  
6.91 f 7.0 0.22 
8.3 * 2.64 -_  

3.50 * 1.87 0.11 
0.74 * 0.86 0.02 
0.09 * 0.30 0.003 

-- -- 
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& 

800 
800 
360 
800 
360 
800 
360 
360 

No. 

0 
1 
2 
3 
4 
5 
6 
7 
8 

- 

TABLE 8-21 

OPTICAL SIZE-DISTRIBUTION DATA ON SAMPLE NO. 1222 

Original Estimated 
- -  Number EN A(nnn2) N/A *,& <N/A) 

0 483 
1 127 
1 452 
2 17 
2 118 
3 1 
3 15 
4 2 

0.2172 
0.2172 
1.4316 
0.2172 
1.4316 
0.2172 
1.4316 
1.4316 

2223.8 * 47.2 
584.7 f 24.2 
315.7 * 17.8 
78.3 8.85 
82.4 f 9.1 
4.8 * 2.2 
10.5 f 3.2 
1.4 1.2 

2223.8 * 47.2 
430 20.7 -- 
78.3 * 8.8 -- 

-- 
10.5 f 3.2 
1.4 * 1.2 

TABLE B-22 

CUMULATIVE PERCENT OPTICAL SIZE-DISTRIBUTION DATA 

Diameter 
1109 Less Than - 1051 1072 1076 - 

4.6 p 40.60 54.99 
18.4 72.08 80.90 
18.4 88.21 92.29 
36.8 96.02 97.19 
73.6 98.44 99.30 
147.2 99.43 99.85 
294.4 99.72 99.95 
588.8 99.95 99.99 

1,177.6 100.01 

66.26 70.68 
89.56 92.73 
96.06 98.14 
98.81 99.65 
99.55 99.87 
99.84 99.98 
100.00 100.00 

100.003 

Percent 

81.04 
15.67 

2.85 

- 

_- 
_- 
-- 
0.38 
0.05 

1222 

81.04 
96.71 
99.56 
99.94 
99.99 

- 

3 geometric mean 5.4 p 4.1 p 3.4 p 3.0 p 3.0 p 
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FIGURE 8-11 
SIZE DISTRIBUTION BY PARTICLE DIAMETER FOR SAMPLES 
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Volume Percent Less Than Stated S i z e  

FIGURE B-12 
VOLUME PERCENT VERSUS PARTICLE DIAMETER FOR SAMPLES 

1051 0 1072 0 1076A 1109. 1222 X 
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The percent  (by volume) in each s i z e  range: 

. 

The cumulative percent  by volume ( l e s s  than  d ) f o r  each sample is l i s t e d  

i n  Table B-23 and p l o t t e d  i n  Figure B-12. 

The percent  by volume obtained in each s i z e  range can be converted t o  a 

weight-size d i s t r i b u t i o n  by mul t ip ly ing  by a n  assumed cons tan t  dens i ty .  

The weight s i z e  d i s t r i b u t i o n  da ta  can then b e  compared t o  d a t a  obtained 

from Andersen Samplers. 

Tar/Benzpyrene/Elemental/Coal Analyses - The procedure used f o r  t h e  

Tar/Benzpyrene/Elemental/Coal Analyses of samples of r i n s e s  and f i l t e r s  

is given below: 

a. 

V 

Ten ml of benzene was added t o  sample r epea ted ly  u n t i l  benzene extrac-  

t i o n  w a s  c l ean .  

Each sample was u l t r a s o n i c a l l y  v i b r a t e d  f o r  5 min and then cent r i fuged .  

Benzene w a s  t r a n s f e r r e d  t o  a t a r r e d ,  c l e a n  empty beaker ,  us ing  a 

d isposable  p i p e t t e .  

d. Solu t ion  w a s  evaporated i n  hood u n t i l  d ry .  

e. Sample w a s  des i cca t ed  f o r  48 h r  and then weighed. 

The r e s u l t s  of t h e  t a r  a n a l y s i s  are given i n  Table B-24. 

A 5 !.I l i t e r  sample w a s  taken from each s o l u t i o n  sample of benzene ( s t e p  

t h r e e  of t h e  tar a n a l y s i s )  t o  provide samples t o  be analyzed f o r  

benzpyrene. 

Supelcoport  800/100 mesh. 

compared t o  s tandard  BaP response a t  28OOC. 45 ml/min. 

then  run  y& f lame-ionizat ion gas chromatography on a 6 f t  3% OV-17 

on Gas Chrom Q, 80/10 Mesh a t  240' 50 ml/min. 

The concent ra t ion  of benz(a)pyrene in each sample w a s  ca l cu la t ed  from 

a c a l i b r a t i o n  curve. 

perylene and benz(a)pyrene was used f o r  c a l i b r a t i o n  purposes; t h e  above 

compounds were completely resolved on both the Dexsi l  300 and OV-17 

b. 

C.  

These samples were f i r s t  run  on a 4 f t  Dexsi l  300, 3% 

The 5 !.I l i ter  samples were i n j e c t e d  and 

Samples were 

A s tandard s o l u t i o n  conta in ing  phenenthrene, 
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TABLE 8-23 

PARTICLE DIAMETER VS CUMULATIVE PERCENT ( B Y  VOLUME) 

1051 1072 1076 1109 1222 
I. - - 2 - Number V(p3) dJP) - z - 

0 28.7 3.8 0.002 0.034 0.117 0.397 10.267 

1 229 7.6 0.017 0.162 0.446 1.384 26.118 

2 1840 15.2 0.080 0.615 1.184 3.333 49.308 

3 14400 30.2 0.320 2.137 3.632 7.593 73.640 

4 117000 61.0 0.921 7.465 8.948 12.545 100.000 

5 939000 121.5 2.889 18.612 26.014 32.673 

6 7515000 243.1 7.398 32.514 99.996 66.731 

7 60360000 486.6 36.564 99.999 . 99.999 

8 482500000 973.9 99.999 
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TABLE B-24 

RESULTS OF TAR ANALYSIS 

4 Sample No. 

1114 (1112, 1113, U15) 

1102 (1100. 1101, 1103) 

1095 (1092, 1093, 1094) 

l U b 7  '(1049, 1068) 

1060 (1058. 1059, 1061) 

1045 (1044. 1046, 1064) 

1066 

1048 (1041, 1042) 

1069 (1070) 

1105 

1111 (1110) 

1241 (1240, 1242, 1243, 1244, 
1245, 1246) 

1208 (1207) 

1209 (1210. 1211) 

1232 (1233) 

1213 (1214, 1215) 

1224 (1226, 1 2 2 7 ,  1239) 

1229 (1221) 

1222  

1223 (1225) 

- a t  See cross reference information 
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Total  Weigl 

0.0421 

0.0628 

0.0423 

0.3184 

0.1247 

0.2031 

0.6653 

0.2098 

0.1514 

0.0287 

0.0467 

0.3170 

0.0311 

0.0951 

0.0513 

0.0482 

0.0990 

0.0425 

2.018 

0.6145 

80.0 

86.2 

75.0 

23.8 

56.1 

29.2 

26.9 

38.5 

54.8 

54.9 

42.1 

39.4 

64.8 

97.4 

93.0 

29.5 

48. i 

?7.2 

62.1 

27.9 



a columns. 

on e i t h e r  column. 

The r e s u l t s  of t h e  chromatographic a n a l y s i s  f o r  benz(a)pyrene are 

given i n  Table B-25. 

A Varian Model AA-5 atomic abso rp t ion  spectrophotometer was used t o  

analyze samples  f o r  Elemental conten t ,  which included samples from 

r i n s e s  and f i l t e r  as w e l l  a s  coa l  samples. The AA-5 was equipped wi th  

a i r  ace ty lene  apd n i t r o u s  oxide ace ty l ene  burners .  

and flame gases  used t o  analyze t h e  samples f o r  each of t h e  elements of 

i n t e r e s t  a r e  l i s t e d  i n  Table B-26. The samples were d iges ted  i n  a P a r r  

4745 Acid Digest ion Bomb equipped wi th  a 25 m l  t e f l o n  cup. 

Benz(e)pyrene and benz(a)pyrene were not  completely reso lved  

The wavelengths 

P r io r  t o  d i g e s t i o n ,  the  samples were combined by r i n s i n g  t h e  previously 

evaporated impinger, probe, Andersen, and Cyclone washes i n t o  t h e  25 m l  

t e f l o n  cup with a minimum of acetone. The acetone w a s  then evaporated.  

Glass f i b e r  f i l ters were cu t  i n t o  small p ieces  and added d i r e c t l y  t o  

t h e  t e f l o n  cup. 

bined f o r  e lemental  a n a l y s i s  are l i s t e d  i n  TableB-27. 

procedure- v a r i e d  s l i g h t l y  depending on t h e  number of elements t o  be 

determined and t h e  sample s i z e  a v a i l a b l e .  

After  evaporat ion of the  acetone r i n s e  0.5 m l  aqua r e g i a  was added t o  

the sample  r e s idue  as a wet t ing  agent .  

(48%) were added, t h e  vessel w a s  c losed by hand t igh ten ing  t h e  s t a i n -  

l e s s - s t e e l  screw cap, and t h e  acid bomb w a s  placed i n  a n  oven f o r  2 h r  

a t  105°C: A f t e r  sample decomposition and cool ing,  % 5 m l  of d i s t i l l e d  

water and 1.4 g of b o r i c  ac id  were added. 

t i v e l y  t r a n s f e r r e d  t o  a 50 m l  volumetr ic  f l a s k  and d i l u t e d  t o  volume 

with d i s t i l l e d  water .  

screw cap b o t t l e s .  

The components of each sampling t r a i n  t h a t  were com- 

The d i g e s t i o n  
11 

a 

Then, 2.5 m l  concentrated HF 

The s o l u t i o n  was quant i ta -  

The d i l u t e d  s o l u t i o n s  were s t o r e d  i n  polyethelene 

- 11 B. Bemas, Anal. Chem., 40, 1682 (1968). 
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TABLE B-25 

Sample No. 

1045 
1048 
1060 
1066 
1067 
1069 
1095 
1102 
1105 
1111 
1114 
1208 
1209 
12 13 
1222 
1223 
1224 
1229 
1232 
1241 

BENZPYRENE ANALYSIS 

Total  Total  
Benzpyrene ( m a  Tar (R) 

30 b /  
N.D.- 
70 

100 
N.D. 
N.D. 
N.D. 
30 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 

520 
N.D. 
N.D. 
N.D. 
220 

22,000 

0.0541 
0.0808 
0.0699 
0.1791 
0.0758 
0.0830 
0.0317 
0.0541 
0.0158 
0.0197 
0.0337 
0.0205 
0.0926 
0.0142 
1.2524 
0.1711 
0.0479 
0.0328 
0.0477 
0.1247 

Benzpyrene 
Conc. (ppm)- a /  

' 510 
250 

1000 
560 
260 
240 
630 
560 

1300 
1000 
590 
980 
220 

1400 
18,000 
3,000 

420 
610 
42 0 

1700 

- a/ Micrograms of Benzpyrene per gram of t a r .  
- b/ Not detected, minimum detectable  quant i ty  was 20pg of benzpyrene pe r  

sample. 
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TABLE B-26 

WAVELENG'MS AND FLAME GASES USED I N  THE ELEMENTAL ANALYSIS 

Element 

A 1  
Ba 
Be 
Ca 
Cd 
co 
C r  
cu 
Fe 
Ga 
G e  
Hg 
K 
Mg 
Mn 
Mo 
N a  
N i  
Pb 
Sb 
Se 
s u  
S r  
T i  
T1  
V 
Zn 

Analy t i ca l  Line (A) 

3093 
5535 

. 2349 
4227 
2288 
2407 
3579 
3248 
2483 
2 944 
2652 
2537 
7665 
2852 
2 795 
3133 
5890 
2320 
2170 
2176 
1960 
2246 
4607 
3643 

' 2768 
3185 
2139 

a /  Flame Gases- 

NA 
NA 
NA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
NA 
None- 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
NA 
AA 
NA 
AA 

b/ 

- a /  AA = A i r  Acetylene. NA = - b/  Cold Vapor Technique 
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Samples of  0.5 g o r  less were d iges ted  i n  0.2 m l  aqua regia  and 1.0 m l  HF. 

After decomposition, 0.3 g b o r i c  ac id  and d i s t i l l e d  water were added t o  a 

f i n a l  volume of 10 ml. Samples g r e a t e r  than 0.5 g (or those conta in ing  

a f i l t e r )  were d iges ted  i n  0.5 ml aqua r e g i a ,  2.5 m l  HF and d i l u t e d  t o  

25 ml a f t e r  t h e  a d d i t i o n  of 0.75 g b o r i c  ac id .  

Standard s o l u t i o n s  used f o r  ob ta in ing  s t anda rd  curves f o r  each element 

were prepared i n  a d i l u t i n g  s o l u t i o n  composed of 2% aqua r e g i a  (v/v), 

10% HF (v/v) ,  and 3% b o r i c  a c i d  (w/v). 

The r e s u l t s  of t h e  ana lyses  are given as t o t a l  pg per  s a m p l e ,  net  pg per  

sample, and as a concen t r a t ion  i n  ppm ( w t / w t )  o r  pe rcen t  (wt/wt) of t h e  

t o t a l  sample. To ta l  ug and n e t  pg va lues  d i f f e r  by t h e  con t r ibu t ion  of 

each element i n  t h e  g l a s s  f i b e r  f i l t e r  t o  t h e  t o t a l  ug de tec ted .  To ta l  

and n e t  pg values are the same f o r  samples that do n o t  con ta in  a f i l t e r .  

The c o r r e c t i o n  f a c t o r  l i s t e d  i n  Table B-27 is t h e  r a t i o  of t h e  t o t a l  

sample weight t o  t h e  sample weight used f o r  a n a l y s i s .  

The resul ts  presented  i n  Tables B-28 through B-56 were ca l cu la t ed  as fol lows:  

T o t a l  g = concentrationE’ b g / m l )  x d i l u t i o n  f a c t o r  (ml) x 
c o r r e c t i o n  f a c t o r  

Net pg = Tota l  pg - pg i n  f i l t e r  

Concentration (ppm) = Net ug T o t a l  Sample Weight (g) 

Concentration (%) = ppm x 10 -4 

F i l t e r  No. 1 was used f o r  t h e  determinat ion of t h e  n e t  pg va lues  of 

Group 1 samples conta in ing  f i l t e r s ;  F i l t e r  No. 2 was used f o r  t h e  Group 2 

samples. 

element i n  F i l t e r  No. 1 because of the  high d i l u t i o n  f a c t o r  (50), t h e  

va lue  determined f o r  F i l t e r  No. 2 was used t o  determine the  n e t  Vg of 

that p a r t i c u l a r  element i n  the Group 1 samples. 

The d e t e c t i o n  l i m i t  f o r  each element w a s  determined a s  fol lows:  

When t h e  d e t e c t i o n  l i m i t  w a s  too h igh  t o  quan t i fy  a p a r t i c u l a r  

Detect ion L i m i t  (pprn) = Concentratiorf2/ (pg/ml) x d i l u t i o n  

f a c t o r  (50 m l )  - sample weight used (8) 

x c o r r e c t i o n  f a c t o r  
-- - 

- a /  

- b l  

Determined from standard curve.  

Solu t ion  concent ra t ion  that had an absorbance of 2x t h e  no i se  l e v e l  
a s  determined from t h e  s tandard curve obta ined  f o r  each element. 
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e 
The c o a l  samples were analyzed by the I n d u s t r i a l  Test ing Labora tor ies  

of Kansas City,  Missouri  by s tandard procedures .  

u l t ima te ,  praximate,  and s i z ing .  

The ana lyses  runs were 

These r e s u l t s  are given i n  Tables B-57 

and B-58. 

In add i t ion ,  MFX analyzed samples of c o a l  used during runs W E ,  W10, W12 

and K-4 f o r  27 d i f f e r e n t  elements.  These r e s u l t s  a r e  given i n  t h e  

elemental  a n a l y s i s  t a b l e s .  

' h o  s i z e s  of cyclones were used t o  extend t h e  l e n g t h  of sampling t i m e  

by removing p a r t  o€ t h e  p a r t i c v l a t e  b e f e r e  i t  reac$es t h e  52 PIID. diameter 

f i l t e r s .  

the  50% cu to f f  of these  cyclones.  During a c t u a l  f i e l d  tests, t h e  cyclones 

were operated a t  flow r a t e s  from 0.25 cfm t o  0.65 cfm. 

A t  the  end of t h i s  Appendix are six graphs t h a t  provide r e s u l t s  of t h e  

c a l i b r a t i o n  9 5  the twp stainTess-steel cyclones used with t h e  Andersen 

Cascade Impactor. 

the  Andersen Cascade Impactor was  used w i t h  a f i l t e r  backup. These back- 

ground rws were made wi th  two d i f f e r e n t  par t icu la tes - - l imes tone  and i r o n  

oxide-in an at tempt  t o  s imula te  t h e  p a r t i c l e  s i z e d  of t h e  p a r t i c u l a t e  

mat ter  a t  t h e  Coke oven. m e  flow rates used were 0.247 and 0.260 cfm. 

Figures B-17 and B-18 arq c a l i b r a t i o p  d a t a  f o r  the  two @ i z e s  of cyclones 

used, and provides  e f f i c i e n c y  E p a r t i c l e  s i z e  a t  a flow r a t e  of 0.25 cfm 

f o r  both t h e  small and l a r g e  cyclones,  gnd s imi lg r  information oq the  

small  cyclone f o r  an average cfm of 0.65. 

e f f i c i e n c y  curves  f o r  the  two d i f f e r e n t  cfm's noted.  

averaged f o r  bo th  t h e  l i p e s t o n e  and t h e  i r o n  oxide chal lenge.  

Gas Analyses 

The gas  samples taken i n  t h e  f i e l d  wi th  the Bag Sampler were analyzed i n  

the f i e l d  f o r  t o t a l  hydrocarbons, CH4, and CO using t h e  t o t a l  hydrocarbon 

Analyzer S e t  Up. 

ported t o  MRI where they were analyzed by the  procedures given subsequently.  

The purpose of t h i s  series of l abora to ry  tests w a s  t o  c a l i b r a t e  

Figures  B-13 through B-16 are background curves i n  which e 

Figure B-17 p re sen t s  two 

These curves are 

A l l  o t h e r  gas samples taken in the  f i e l d  were t rans-  
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TEST 

4: Carbon 

Z Hydrogen 

X Ni t rogen  

4: S u l f u r  

4: Ash 

X Oxygen 

2 ,Moi s tu re  

% V o l a t i l e  
Matter 

4: Fixed 
Carbon 

(ETU/lb) 
Heat of 
Combus t i o n  

TABLE E-57 

COAL ANALYSIS (ULTIMATE AND PROXIMATE) 

AS RECEIVED DRY 

8A 1 0  2 3  24 8 A  10 23 

72.94 73.23 73.89 72.91 78.28 79.01 78.16 

5.34 5.29 5 . 1 3  5.1; 4.92 . 4.83 

1 . 1 6  1 . 1 3  1 .27  1 . 3 5  1 .25  1 .22  

1 . 1 2  . 1 . 1 3  1 . 1 3  1.27 1 . 2 0  1 .22  

6 .90  6.56 7.36 7.40 1 .40  1.08 

12.54 12.66 11.22 11 .96  6.95 6.64 

- - 
. .  , . .  

6.82 7.32 5.46 6.25 

30.34 30.50 3 1 . 9 0 '  30.59 32.56 32.91 

4.78 

1 .34  

1 .19  

7.78 

6.75 

33.74 

5 5 . 9 4 .  55.62 55.28 55.76 60.04 60.01 58.48 

13.142 13 .121  13.140 13.162 14.103 14.157 13.905 

24 ,  

77.77 

4 .71  

1.44 

1 . 3 5  

7.89 

6.84 

32.63 

59.48 

14.039 
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The methods used to quantify the gases are summarized below: 

ASTM D 2725-70 "Methylene Blue Method;" exceptions to method - H2S 
Neutral CdSO solution (l40 g/liter) used in place p f  zinc 

acetate absorbing solution. 
4 

NOx: Federal Register Method 7 (Vol. 36, No. 247) 

Determination of Nitrogen Oxide hissions from Stationary 

Sources" 

NH4 : 

CN: ASTM D 2036-72, Method C 

Anal. Chem., 39, 971 (1967) 

"Catalyzed Berthelot Reaction" 

Colorimetric (chloramine-T/Pyridine-Barbituric Acid) 

Phenol: ASTM D 1783-70 

Aminoantipyrine-Ferricyanide Method 

so2 : Federal Register Method 6 (Vol. 36, No. 247) 
"Determination of Sulfur Dioxide Emissions from Stationary 

Sources" 

Pyridine: Gas Chromatographic Analysis 

Instrument - MicroTek Gas Chromatograph, Model 220, equipped 
with a flame ionization detector 

Column - 5% Theed on Chromasorb G, 80/100 Mesh, 9 ft x 1/4 cu in 
Column Temperature - Isothermal at 85'C 
Carrier Gas - N 
Carrier Gas Flow Rate - 20 ml/min 2 

The results of these analyses along with field appropriate field data 

were procured computer programs to provide calculated results of 

ppm of these gases. These results along with other data are given in 

Tables B-59 through B-65. 

A Varian Aerograph Gas Chromatograph, Model 1420-10, equipped with a 
5 ml gas sample loop and a high sensitivity thermal conductivity detector, 

was used throughout for analysis of 02, N2, C02, H2, THC, CH4, and CO. 
The sample loop system was evacuated to as low a pressure possible with 

a Welch Duo-seal vacuum pump. For calculation purposes, this pressure 

drop was considered to be atmospheric pressure. The sample was passed 
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a .  i n t o  the sample loop and the sample p r e s s u r e  measured. Using a molecular 

s i e v e  5A column, the gases  w e r e  separa ted  under the instrument  condi t ions  

l i s t e d  i n  Table B-66. 

The c a l c u l a t i o n s  f o r  q u a n t i t a t i o n  of the gas  concent ra t ion  are shown i n  

Table B-67. Br i e f ly ,  t h e  volume percent  of each gas was c a l c u l a t e d ,  a s  

follows: The volume of t h e  unknown gas w a s  ca l cu la t ed  from the  i n s t r u -  

ment response i n  peak area o r  he igh t  and t h e  response r a t i o  of  t h e  i n s t r u -  

ment per  volume of each s tandard gas.  

d iv ided  by t h e  t o t a l  volume of sample introduced i n t o  t h e  chromatograph 

a f t e r  both were cor rec ted  t o  atmospheric pressure.  The response r a t i o s  

were ca l cu la t ed  from a t  l e a s t  fou r  d i f f e r e n t  l e v e l s  of each s tandard  gas.  

The resul ts  of  these  ana lyses  a r e  given i n  Table B-68, a long wi th  r e s u l t s  

of THC, CH4, and CO obtained i n  the  f i e l d .  

The volume of  unknown gas w a s  
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TABLE B-66 

GAS CHROMATOGRAPH PARAMETERS FOR GAS ANALYSIS 

Ga s O 2  N2 co2 H2 

column (a ) (a 1 (a ) (b ) 

Column Temperature, 'C 60 60 250 25 

DeLector Temperature, O C  195 195 195 140 

Carrier Gas He He He 

Carrier Gas Flow Rate, 100 100 100 60 
mllmin 

N2 

Bridge Current, ma 2uu 200 200 150 

( a )  Molecular S ieve  5A, 5 f t  x 1/8 i n . ,  8 . 5 .  

(b) Nolecular S ieve  5A, 15 f t  x 1/8 i n .  S . S .  
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e TABLE B-67 

CALCULATIONS FOR GAS ANALYSIS 

(1) Voluime o f  s t a n d a r d  g a s  c d l c u l a t e d  t o  a t m o s p h e r i c  p r e s s u r e  - 
vsa - ( 5 ) ( P s / P a )  ( s ) ,  where 
Vsa - Volume of s t a n d a r d  g a s  a t  atm. p r e s s .  
5 = Gas sample l o o p  volume 
Ps = S t a n d a r d  p r e s s u r e ,  mmHg 
Pa 0 Atmospher i c  p r e s s u r e ,  mmHg 
S Volui4t.. % o f  gas i n  s t a n d a r d  

( 2 )  R a t i o  o f  s t a n d a r d  g a s  a t  a t m o s p h e r i c  p re s su i i e  p e r  i n s t r u m e n t  
r e s p o n s e  u n i t  = 

R - V,,/IRU,, where 
R Ratio,  volume of s t a n d a r d  gas p e r  instrument 

IRU, p I n s t r u m e n t  r e s p o n s e  u n i t s  ( e i t h e r  peak area 
r e s p o n s e  u n i t  

o r  h e i g h t )  f o r  s t a n d a r d  gas 

( 3 )  Volume o f  unknown g a s  a t  a t m o s p h e r i c  p r e s s u r e  = 

Vua = ( R )  (IRU,) , where 
Vu, = V o l u m e  of unknown gas a t  a t m o s p h e r i c  p r e s s u r e  
IRU, * I n s t r u m e n t  r e s p o n s e  u n i t s  f o r  unknown gas 

( 4 )  T o t a l  sample volume a t  a t m o s p h e r i c  p r e s s u r e  = 

V , ,  = (5)(PV/l1.,), where 
V t s  = T o t a l  s ~ 1 1 p 1 e  volume 
Pu = P r e s s u r e  of sample ,  nmillg 

(5) C o n c e n t r a t i o n  of iinknown g a s ,  volume p e r c e n t  0 

Volume p e r c e n t  o f  iinknown - ( V u a / V t s )  100 
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S-le Nmbar 

i 

W U 1  
W2B1 
W3A1 
W3C1 
W301 
W4hl 
U481 
W4Cl 
W5Al 
U581 
w5c1 
U6A1 
W6B1 
W6C1 
Y601 
U7A1 
W78l 
W C 1  
W7D1 
W9A1 
W9C1 
VIOA1 
WlOBl  
YlOCl 
WlMl 
UllBl 
Y l l O l  
YllCl 
KlA1 
KLBl 
KlCl 
KiOl 
KIA1 
K381 
K3C1 
K3D1 
WlZAl 
W1281 
LOlCl 
LO101 
K4B 1 
K4DI 

TABLE 8.68 
02. N ~ ,  co2. THC. cn4. co AND n2 RESULTS 

(volume L) 

21 June 1973 ’ 
No Date 
22 June 1973 
22 June 1973 
22 June 1973 
25 June 1973 
25 June 1973 
25 June 1973 
26 June 1973 
26 June 1973 
26 June 1973 
28 June 1973 
28 June 1973 
28 Junk 1973 
28 June 1973 
29 June 1973 
29 June 1973 
29 June 1973 
29 June 1973 
3 July 1973 

No Date 
4 July 1973 
4 July 1973 
4 July 1973 
5 Julv  1973 ~~ 

5 July  1973 
5 3.1; 1973 

17.80 80.02 0.03 
16.61 80.37 0.13 
16.72 79.55 0.04 
16.56 79.29 0.06 
15.71 78.05 0.28 
16.64 82.39 0.29 
15.75 75.85 2.33 
11.29 81.38 3.06 
14.90 81.58 1.01 
15.23 80.27 0.96 
16.59 80.41 2.14 
12.99 80.55 2.77 
14.06 73.54 1.84 
15.58 79.31 0.74 
16.33 75.94 0.27 
15.96 77.69 1.40 
15.60 77.85 1.30 
17.41 
17.25 
16.10 
16.27 
14.70 
15131 
16.01 
15.00 

5 July I973 16.22 
13 Auguat 2973 16.03 
13 August 1973 16.42 
13 AvgUsC 1971 15.96 
13 AuguaL 1973 16.11 
15 August 1973 14.85 

15 Augvst 1973 14.20 

16 August 1973 16.05 
16 August 1973 16.34 
16 August 1973 15.97 
16 h g v e t  1973 16.56 
17 August 1973 15.76 
17 August 1973 15.02 

15 AuguSL 1973 16.46 

15 A”gurt 1973 14.84 

81.62 0.30 
82.22 0.12 
81.19 0.29 
80.35 0.56 
75.89 l . M  
76.56 0.86 
78.46 0.07 
71.83 1.39 
74.47 0.15 
81.13 0.07 
76.32 0.14 
76.97 0.12 
76.33 0.11 
73.45 0.22 
78.98 0.16 
76.60 1.24 
66.28 1.14 
75.81 0 . 4 2  
75.53 0.40 
74.07 0.10 
73.36 0.10 
80.95 0.15 
71.01 0.95 

Total H.C. 

0.03 
0.28 
0.08 
0.06 
0.30 
0.02 
0.68 
1.18 
0.33 
0.80 
0.15 
2.08 
2.72 
0.26 
0.24 
2.66 
1.88 

0.11 
0.09 
0.10 
0.06 
7.41 
0.52 
8.10 
7.05 
0.26 
1.48 
0.18 
0.13 
0.44 
2.59 

CH4 co _ _  

0.01 0.02 
0.21 0.13 
0.05 0.03 
0.01 0.01 
0.16 0.04 
0.02 0.01 
0.47 0.77 
0.06 1.22 
0.20 0.49 
0.56 1.53 
0.09 0.12 
1.44 1.41 
4.29 1.53 
0.19 0.34 
0.19 0.17 
2.82 1.34 
1.17 0.68 

0.02 0.02 
0.03 0.02 
0.04 0.03 
0.01 0.01 
6.76 0.50 
0.42 0.15 
7.79 1.96 
4.94 1.11 
0.17 0.20 
0.95 0.33 
0.08 0.01 
0.04 0.02 
0.31 0.10 
1.77 0.43 

H2 Total - -  
0.35 
0.42 
0.00 97.91 
0.01 97.74 
0.00 96.47 
0.00 95.93 
0.28 94.82 
0.00 99.33 
0.17 96.02 
0.46 98.65 
0.04 98.55 
1.80 101.15 
0.01 99.51 
0.43  101.67 
4.39 102.37 
0.48 96.90 
0.13 93.27 
1.23 103.10 
0.32 96.92 
0.00 99.33 
0.13 99.72 
0.21 97.79 
0.51 97.69 
0.42 92.21 
2.13 94.88 
0.30 94.86 
1.42 89.64 
0.06 90.90 
0.01 97.39 
0.03 93.05 
0.02 93.24 
0.01 92.64 
0.41 103.60 
0.36 97.00 
3.54 113.43 
3.84 99.20 
0.19 93.10 
1.56 96.59 
0.05 90.48 
0.05 90.26 
0.48 98.19 
3 .32  95.09 
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APPENDIX C 

COMPUTER PROGRAMMING DOCUMENTATION 

This appendix documents the data process ing  s t e p s  involved i n  t h e  

reduct ion  of d a t a  obtained during the charging of J&L P 4  b a t t e r y  during 

t h e  course the coke oven charging emissions test program. The s p e c i f i c  

a r e a s  that are discussed a r e  a s  fo l lows:  gas flow, volume flow, 

p a r t i c u l a t e ,  and o p t i c a l  measurement da t a .  The computer programs t o  

convert  these d a t a  and genera te  t h e  f i n a l  r e s u l t s  a r e  covered i n  d e t a i l  

i n  this  appendix. 

Continuous Gas Flow Data 

The coke oven monitoring program conducted by MITRE included monitoring 

of twenty-seven coke oven charges i n  the summer of 1973. Af te r  an 

equipment check ,(Test l ) ,  each charge monitored w a s  l a b e l l e d  a s  a 

s epa ra t e  test ( T e s t  2 through Test 28.) Each t e s t  generated s t r i p  

c h a r t s  and a magnetic tape  which contained binary va lues  r ep resen t ing  

instrument vo l t ages  f o r  each second of time. This process  is i l l u s -  

trated in Figure C-1. An e d i t  program processed these  t apes  t o  s t r i p  

of f  t h e  comment records  and any d e f e c t i v e  recprds.  Typica l ly ,  t h e  f i r s t  

d a t a  record a f t e r  s t a r t i n g  t h e  system was de fec t ive  because the  d a t a  

were s h i f t e d  t o  t h e  r i g h t  and c r e a t e d  a da ta  record i n  excess of the  

s tandard f i v e  hundred seventy two (572) bytes .  Since t h e  beginning of 

each d a t a  set contained only pre l iminary  background d a t a ,  these  records  

were s i m p l y  p r i n t e d  and d iscarded .  A l l  non-defective d a t a  records  were 

simply copied t o  a new data-set .  The maximum number of d e f e c t i v e  records  

f o r  any charge monitored w a s  t h ree (3 ) .  Since each record cons is ted  of 

one seconds observa t ion ,  t hese  d e f e c t i v e  records  were a l s o  simply d i s -  

carded. Subsequent a n a l y s i s  of t hese  d a t a  revealed t h a t  a l l  were from 

the  prel iminary background monitoring phase. Since t h i s  prel iminary 

e d i t  program b a s i c a l l y  c rea t ed  a copy of t h e  o r i g i n a l  d a t a ,  i t  i s  not  

included i n  t h i s  appendix. 

An overview of  t h e  processing of t hese  d a t a  is presented i n  Figure C-2. 

This flow cha r t  d e p i c t s  t h e  man-machine i n t e r a c t i o n  requi red  t o  prepare  

the  d a t a  r e p o r t s  and f i n a l  d a t a  tape.  The f i r s t  two d a t a  sets on the  

a 
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I I 1 000 voLm ENGINEERING 

FIGURE C-2 
COKE OVEN DATA PROCESSING OVERVIEW 
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final data tape provided EPA represent the output of the programs label- 
led "Bill" and "Andy" respectively. Detailed descriptions of the record 

structure for each data set appear with the description of each program. 
The data output from both programs have been restricted to exclude some 

of the background data. 
contains the complete data record from the first data set, more restric- 
tive time limits used for a number of the tests result i n  fewer data 

records. 

The first major processing program ("Bill") converted the voltages 
monitored during any test into engineering units. In addition, defec- 
tive data identified from known equipment failures or comparison of data 
with strip charts were corrected. 
from the point of emission to the monitoring equipment were calculated 
and used to time shift these observations so that all observations now 
have the same time reference. 
detailed print-out of all observations for each second of time. 

A second program labelled "Andy" calculated volume flows for channels 
monitored as well as reporting the various gas constituents. Also dry 
gas measurements were converted to wet gas values for all tests where 
the relative humidity was know. Since the flow results were accumulated 
for each test, a more restrictive time period was utilized. 
of this program included volume flow graphs, constituent flow reports 
and an additional data set. 
a description of these two programs, including the output record 

structures and the program listings. The output record structures in-  

clude detailed information on accessing these data sets on the tape 
provided EPA. 

While the second data set record structure 

Time lags resulting from gas flowing 

The output from the program includes a 

The output 

The remainder of this section will present 

Conversion of Recorded Voltages to Engineering Units 

Conversion of recorded voltages to engineering units was the first step 
in analysis of the machine readable data. 
verted these instrument voltage data from all twenty-seven recorded 
tests into a new record format containing these data i n  a more useful 
form. 

A single PL1 program con- 

This program named "Bill" is depicted i n  Figure C-2 as the first 
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program i n  the Data Processing Overview. The remainder of t h i s  s e c t i o n  

w i l l  de sc r ibe  t h e  input  record s t r u c t u r e ,  t h e  output  record s t r u c t u r e ,  

and t h e  func t ions  of t h e  process ing  program. Included w i t h  the output  

record s t r u c t u r e  are the d e t a i l s  necessary  t o  access  these  d a t a  which 

were provided as a machine readable  d a t a  set t o  EPA. This d a t a  set a l s o  

served as input  t o  a subsequent program ("Andy") descr ibed  i n  t h e  next  

s ec t ion .  

A s i n g l e  format 572 byte  f ixed  l e n g t h  record  was used f o r  recording 

instrument readings  on each test, 

byte  header followed by seventy (70) groups of  e i g h t  by tes  of d a t a  from 

a channel.  The record  s t r u c t u r e  and f i e l d  d e s c r i p t i o n s  a r e  depic ted  i n  

Figure C-3. The seventy d a t a  channels  of t h e  input  record s t r u c t u r e  

were not  a l l  used. 

a t o t a l  of th i r ty-n ine  (39) channels  were used dur ing  one o r  more t e s t s .  

These th i r ty -n ine  (39) channels  were converted and w r i t t e n  t o  an output  

record s t r u c t u r e .  Channel i d e n t i f i e r  used i n  t h i s  program referenced 

the  p o s i t i o n  of t h e  d a t a  channel i n  t h e  seventy channel input  record.  

The output  record d i f f e r s  cons iderably  from t h e  i n p u t  record.  

l eng th  1928 byte  record  has  been generated under two a l t e r n a t i v e  formats.  

One format conta ins  a l l  the d e s c r i p t i v e  d a t a  f o r  t h e  coke oven charge 

being monitored ( T e s t  2 through Test  28).  This format desc r ibes  a test 

header record which phys ica l ly  separates t h e  d a t a  records  assoc ia ted  

with d i f f e r e n t  tests by appearing be fo re  t h e  d a t a  records  f o r  t h a t  test .  

The second format conta ins  a l l  t h e  d a t a  recorded during a q u a r t e r  

minute. This i s  a h e i r a c h i a l  record s t r u c t u r e  with an i d e n t i f i e r  on 

t h e  f i r s t  and second levels followed by t h e  da t a  f o r  a l l  channels i n  

sequence on t h e  second level. These record  s t r u c t u r e s  w i l l  now be de- 

s c r ibed  i n  g r e a t e r  d e t a i l  beginning w i t h  t h e  d a t a  record .  

Data records  conta in  one q u a r t e r  minute of d a t a .  This  format is 

depic ted  i n  d e t a i l  i n  Figure C-4. Data are i d e n t i f i e d  by an e i g h t  'byte 

header which i n d i c a t e s  t h e  t i m e  of t h e  observa t ions .  I f  t h e  l a s t  by te  

of t h i s  header con ta ins ' a  q u a r t e r  i d e n t i f i e r  of "l", t h e  d a t a  a r e  from 

the f i r s t  q u a r t e r  of t h e  minute (seconds 0 through 1 4 . )  Subsequent 

The record  cons i s t ed  of a twelve (12) 

While the number of channels  u t i l i z e d  var ied  by t e s t ,  

A f i x e d  
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e 
Level 

1 

- 

1 

2* 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2. 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Field Type end 
'F ie ld  Name Length in Bytee 

REC-ID 

qTR CHAR 

SEC 

CHBQ 

mol 
CHOZ 

CH03 

CH04 

(3105 

CH06 

CH07 

CH08 

CH09 

CHl0 

CHll 

CH13 

CHI4 

CHI6 

CH30 

CH31 

CH33 

CH34 

CH36 

a 4 0  

CH41 

7 m  

1 CHAR 

2cHAR 

4 FIXED D E C T W  

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED' DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 
* 
The second level Contains 15 repetitions of the data observations. Each 
second is in positional sequence, i.e., 'V0'. ' ". '02', ... denotes a 
second 0.m observations for second 1, second 2 ,  etc .  

Field Description 

Record Identifier Julian Day 
3 characters. hour 2 characters, 
minute 2 characters 

Quarter minute identifier 1. 2. 
3. or 4 

Second of observation, i.e.. 00 ,  
01, etc. A blank denotes DO 
observation for that second. 

Channel 0 0 ,  Pictvre 999999.9 

Channel 01, Picture 999999.9 

Channel.02, Picture 999999.9 

Channel 03, P i c t u r e  9999.999 

Channel 04. Picture 99999.99 

Channel 05. Picture 999999.9 

Channel 06. Picture 9999.999 

Channel 07, Picture 99999.99 

Channel 08, Picture 999.9999 

Channel 09. Picture 999999.9 

Channel 10, Picture 99999.99 

Channel 11, Picture 9999999. 

Channel 13. Picture 999999.9 

Channel 14, Picture 99999.99 

Channel 16. Picture 999.9999 

Channel 30, Picture 9999.999 

Channel 31, Picture 999999.9 

Channel 33, Picture 9999.999 

Channel 34, Picture 999999.9 

Channel 36, Picture 9999.999 

Channel 40, Picture 999999.9 

Channel 41, Picture 9999.999 

FIGURE C.4 
OUTPUT DATA RECORD FORMAT-PROGRAM "BILL" 
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Level 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

- F i e l d  Name 

CH42 

CH43 

CH44 

CH45 

LH37 

CH39 

m53 

CH17 

CX18 

Cd19 

CH20 

cti21 

CH22 

CH23 

CH24 

Cil25 

CH48 

** 
0 - Off 
1 - on 

( ) - not used 

F i e l d  Type and 
Length in Bytes 

4 FIXED DECIMAL 

4 FIXED DECIHAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

4 FIXED DECIMAL 

1 CHAR 

1 CHAR 

1 CHAR 

1 CWLR 

1 CHAR 

1 CHAR 

1 CHAR 

1 CHAR 

1 CHAR 

1 CHAR 

F i e l d  Description 

Channel 42. Picture 999999.9 

Channel 43. Picture 999999.9 

Channel 44, Picture 9999.999 

Channel 45. Picture 9999.999 

Channel 37, Picture 999999.9 

Channel 39. Picture 999999.9 

Channel 53, Picture 999999.9 

Switch** 

Switch 

Switch 

Switch 

Switch 

Switch 

Switch 

Switch 

Swirch 

Switch 

FIGURE C-4 ICONTlNUEDl 
OUTPUT DATA RECORD FORMAT-PROGRAM "BILL" 
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quar t e r s  a r e  i d e n t i f i e d  i n  a similar manner. 

conta ins  cha rac t e r  d a t a  and does no t  conta in  any blanks.  

The second level of t he  d a t a  record  i d e n t i f i e s  t he  record of t h e  

observa t ion  by a two d i g i t  number s t o r e d  i n  cha rac t e r  form. I f  d a t a  

were not  recorded during a second t h i s  f i e l d  conta ins  two blanks and 

t h e  r e l a t e d  channel d a t a  are meaningless.  

a r e  s to red  i n  the record i n  ascending time order .  

da t a  were not  recorded,  t he  corresponding pos i t i on  i n  t h e  qua r t e r  minute 

w i l l  be blank. 

ing during any test ,  almost every second of da t a  read are a v a i l a b l e .  

Associated w i t h  each d a t a  second i n  t h e  record a r e  th i r ty -n ine  (39) 

d a t a  f i e l d s .  The f i r s t  twenty-nine (29) d a t a  f i e l d s  conta in  packed 

decimal d a t a  and t h e  l a s t  t en  (10) d a t a  f i e l d s  conta in  a s i n g l e  cha rac t e r  

f l a g .  The d a t a  f i e l d  i d e n t i f i e r s  i n  FigureC-4 a l l  conta in  a two d i g i t  

s u f f i x  denoting the  channel on which the  da t a  were o r i g i n a l l y  recorded 

(00, 01, e t c . ) .  A second number a s soc ia t ed  with these  d a t a  f i e l d s  is 

the p o s i t i o n a l  index wi th in  the  d a t a  group, i .e .  a number from 1 t o  39. 

This  number'may be a s soc ia t ed  with an a r r a y  of l a b e l s  s to red  i n  the  

test header record t o  determine the  conten ts  of t h a t  d a t a  f i e l d  during 

t h a t  test .  

l a b e l  is blank, i .e.  f i l l e d  with hexadecimal 40 i n  every byte .  Since 

the  i n t e r p r e t a t i o n  of t h e  f i e l d  con ten t s  varies by test, a d e s c r i p t i o n  

of t he  f i e l d  conten ts  r equ i r e s  an a s s o c i a t i o n  with the  header record 

which immediately precedes t h e  f i r s t  t e s t  da t a  record.  

Test header records  are i d e n t i f i e d  by t h e  cha rac t e r s  KEY i n  the  f i r s t  

t h ree  bytes  of t he  record.  

l ength  only t h e  f i r s t  three-hundred-twenty-four (324) by te s  conta in  

information. A d e s c r i p t i o n  of t h e  f i e l d  loca t ions  and conten ts  f o r  

this record are provided i n  FigureC-5. 

The test header record format and t h e  d a t a  record format desc r ibe  the  

record conten ts  of t he  f i r s t  output  f i l e  provided EPA. This f i l e  is 

organized i n  chronological  ,sequence. T e s t s  were numbered as they were 

conducted and d a t a  were recorded i n  time sequence. 

This e i g h t  by te  header 

The f i f t e e n  seconds of d a t a  

If one second of 

Other, than t h e  f i r s t  o r  l a s t  qua r t e r  minute of monitor- 

I f  a d a t a  channel 'was 'not  used during a test the  a s soc ia t ed  

While these  records  a r e  a l s o  1928 by te s  i n  

A d e s c r i p t i o n  of 
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F i e l d  Type and 
F ie ld  N a m e  Length in Bytes 

KEY12 3 CHAR 

MONTHA 

DAYA 

LABCH 

OVKC 

MRICH 

REMCH 

KKKREC ' 

"N 

JUNK 

1 2  CHAR 

2 CHAR 

7 CHAR 

4 CHAR 

3 CHAR 

34 CHAR 

7 CHAR 

2 FIXED BINARY 

1588 CHAR 

F ie ld  Descr ip t ion  

"KEY" i d e n t i f i e s  t he  record as a header 
record.  

N a m e  of t h e  m n e h ,  i .e. ,  JUNE. 

Day o f  t h e  test ,  i . e . ,  1 2 .  

An a r r a y  of 39 elements conta in ing  a 
l a b e l  desc r ib ing  t h e  conten ts  of each 
channel dur ing  a test. Related by a 1 
t o  1 p o s i t i o n a l  correspondence with t h e  
39 channels  descr ibed  i n  the  output  d a t a  
record. 

Coke oven i d e n t i f i e r .  

Corresponding MRI test .  i f  app l i cab le  

Remarks p e r t a i n i n g  t o  the  test .  

Key of  t h e  f i r s t  da t a  record for t h i s  
test. 

Test Number. 

Not used. 

FIGURE E 5  
OUTPUT TEST HEADER RECORD FORMAT-PROGRAM "BILL" 
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e f i l e  c h a r a c t e r i s t i c s ,  t ape  numbers, e t c . ,  necessary t o  access  these 

d a t a  appears  i n  F igure  C-8. 

A b r i e f  d e s c r i p t i o n  of t h e  program " B i l l "  which t r a n s l a t e d  t h e s e  d a t a  

from the  input  t o  the output  s t r u c t u r e s  descr ibed  fol lows.  

of program func t ions  appears  i n  FigureC-6. 

descr ibed i n  l o g i c a l  sequence w i t h  r e s p e c t  t o  these func t ions .  

An o u t l i n e  

The program w i l l  be 

The test i d e n t i f i c a t i o n  by test number and d a t a  were accomplished by 

ar ranging  t h e  input  d a t a  i n  chronologica l  sequence and t e s t i n g  f o r  a 

t i m e  d i f f e r e n c e  g r e a t e r  than two hours .  

ve r t ed  t o  a month and day. 

i n  a branch t o  "NUTEST". 

da ta  were i n i t i a l i z e d .  This included t h e  l a b e l s  i d e n t i f i e d  wi th  each 

of the t h i r t y - n i n e  0 9 )  channels  a s s o c i a t e d  wi th  the output  record.  

This seven cha rac t e r  l a b e l  i d e n t i f i e s  bo th  the gas  c o n s t i t u e n t  or o t h e r  

parameter measured and the u n i t  of measure. Those channels  used t o  

i n d i c a t e  only a switch p o s i t i o n ,  that is t h e  l a s t  t e n  channels  i n  t h e  

output  record ,  con ta in  only a b r i e f  d e s c r i p t i o n  of t h e  switch.  All 

switch da ta  are the cha rac t e r  1, 0, or blank denoting on, off, or n o t  

used, r e spec t ive ly .  These types of d e s c r i p t i v e  d a t a  concerning t h e  test 

were p r i n t e d  i n  t h e  d a t a  a n a l y s i s  r e p o r t  and output  as a p a r t  of  t h e  

da t a  header record .  

In a d d i t i o n  t o  s e t t i n g  l a b e l  v a r i a b l e s  which a l s o  served as c o n t r o l  

v a r i a b l e s  i n  t h e  processing 

c a l i b r a t i o n  cons t an t s  for d a t a  conversion.  

condi t ions  and equipment c a l i b r a t i o n  checks p r i o r  t o  each tes t ,  para- 

meters necessary f o r  conversion t o  engineer ing u n i t s  were determined. 

These parameters were changed when r equ i r ed  between t e s t s .  

T i m e  s h i f t i n g  of da t a  t o  r e f l e c t  l a g s  caused by t r anspor t  and a n a l y s i s  

of d a t a  were appl ied  t o  e leven channels  i f  they were used. These channels 

were 00 t o  09 f o r  a l l  tests and channel 53 f o r  tests two and t h r e e  only. 
These time l a g s  were evaluated by system tests and r e s u l t e d  i n  da t a  

s h i f t s  of between s i x t e e n  (16) and t h i r t y  (30) seconds. These d a t a  were 

The J u l i a n  day was a l s o  con- 

The occurrence of a new test a l s o  r e s u l t e d  

In t h i s  s e c t i o n  of the  program a l l  test r e l a t e d  

phase each new test requi red  s e t t i n g  of 

Based on a n a l y s i s  of ambient 
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I d e n t i f y  t h e  test and oven monitored 

I d e n t i f y  and l a b e l  channels u t i l i z e d  dur ing  t h e  test 

El iminate  instrument  d a t a  recorded dur ing  equipment 

checks p r i o r  t o  the test 

*Genera te  tes t  header record  

* S h i f t  gaseous d a t a  t o  time of occurrence (e l imina te  de l ays  

caused by gas  movement and a n a l y s i s )  

Convert recorded equipment v o l t a g e s  t o  engineer ing  u n i t s  

*Cor rec t  d a t a  e r r o r s  caused by record ing  equipment 

f a i l u r e s  

* P r i n t  d a t a  c o r r e c t i o n  r e p o r t  

- P r i n t  d a t a  a n a l y s i s  r e p o r t  i n  engineer ing  u n i t s  

*Create a d a t a  set of all test r e c o r d s  

FUNCTIONS OF COMPUTER PROGRAM "BILL" 

FIGURE C-6 
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e 
s h i f t e d  by c a l c u l a t i n g  a cumulative second from the beginning of t h e  day 

and then s h i f t i n g  the observa t ion  t o  the c o r r e c t  earlier t i m e  of 

occurrence.  

Data were converted t o  engineer ing  u n i t s  by a unique l i n e a r  transfonna- 

t i o n  f o r  each requi red  channel.  Some channels  became non-linear beyond 

a threshold  vo l t age .  When th i s  occurred t h e  vo l t ages  were converted 

using a l i n e a r  t ransformat ion  and a l ead ing  a s t e r i s k  w a s  used t o  f l a g  

these  engineer ing va lues  on t h e  p r i n t e d  r e p o r t .  Since t h e  c a l i b r a t i o n  

of t h e  instruments  varied s l i g h t l y  by test t h e  threshold  va lue  i n  

engineer ing u n i t s  a l s o  v a r i e s  by test .  These threshold  values ( in  

engineer ing u n i t s ) ,  and t h e  number of recorded va lues  i n  excess  of 

th reshold  appears  i n  Figure C-7, f o r  the t h r e e  channels involved. These 

va lues  a r e  n o t  f lagged i n  any way w i t h i n  the record .  

The d a t a  c o r r e c t i o n  func t ion  was begun i n  t h e  procedure "TRSETUP" and 

"ENDSEC". 

s tart  time and o ther  i d e n t i f i e r s ,  t h e s e  procedures determined t h e  ending 

time f o r  the cor rec ted  values and set f l a g s  so t h a t  t hese  va lues  would 

be cor rec ted .  

The output  d a t a  from t h i s  program has  been provided EF'A. 

concerning access  of these  d a t a  and the output  of a subsequent program 

appear i n  Figure C-8. 

CALCULATION OF VOLUME FLOWS 

Af ter  review of t h e  d a t a  monitored dur ing  the  coke oven tests, a second 

computer program was w r i t t e n  t o  determine both t o t a l  volume flows 

by emission channel and t h e  c o n s t i t u e n t  p a r t s  of these  flows. These 

c a l c u l a t i o n s  and t h e i r  p re sen ta t ion  as graphs and r e p o r t s  were t h e  

func t ion  of the  computer program"ANDY". The remainder of t h i s  s e c t i o n  

w i l l  b r i e f l y  d e s c r i b e  th i s  program by major func t ion  and desc r ibe  the 

output  record s t r u c t u r e .  The input  t o  t h i s  program w a s  t h e  output  

from "BILL" and has been def ined  i n  t h e  previous sec t ion .  

The func t ions  of the computer program "ANDY" are l i s t e d  in Figure c-9. 

Calcu la t ion  of volume flows w a s  test dependent. A maximum of t h r e e  

After reading a c o r r e c t i o n  d a t a  card containing t h e  channel ,  

A l l  d e t a i l s  
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CHANNELS 

CH0I (PPM SO2) CH02 (PPM H2S) CH05 (THC) 

TEST ' VALUE I/ IN EXCESS VALUE # IN EXCESS VALUE I! IN EXCESS 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

3700.0 
3550.0 
3700.0 
3800.0 
3275.0 
3750.0 
3750.0 
3750.0 
3750.0 
3750.0 
3750.0 
3770.0 
3750.0 
3750.0 
355.0 
355.0 
350.0 
3725.0 
3575.0 
3700.0 
3550.0 
3750.0 
3750.0 
3750.0 
3750.0 
3700.0 
3750.0 

3620.0 
3590.0 
3600.0 
3535.0 
3700.0 
3700.0 
3750.0 
3750.0 
3765.0 
3750.0 
3675.0 
3750.0 
3650.0 
3750.0 
340.0 

325.0 
3670.0 
3750.0 
3750.0 
3550.0 
3750.0 
3750.0 
3750.0 
3750.0 
3700.0 
3750.0 

-105.0 

- 
75 

165 
157 
61 

- 

- 
- 
27 
27 
18 
73 - 

- 
64 
255 
177 
33 

243 
81 
73 
10 7 
74 
55 
22 

- 

- 

12.5 
12.5 
12.8 
12.5 
12.5 
12.5 
12.6 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
6.2 
6.2 
6.2 
6.2 
6.2 
6.2 
2.5 
2.5 
6.2 
2.5 
12.5 
12.5 
12.5 

FIGURE C-7 

LINEAR THRESHOLD VALUES 
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TAPE CHARACTERISTICS: 

TAPE NUMBER 0 0 6 7 6 8  

' DENSITY 1600 B P I  

TYPE 9-TRACK 

LABEL NO LABEL 

DATA SET 1: 

SOURCE PROGRAM "BILL" 

RECORD FORMAT FIXED BLOCKED 

LOGICAL RECORD LENGTH 1928 

BLOCK S I Z E  7712 

DATA SET 2: 

SOURCE PROGRAM ANDY 

RECORD FORMAT FIXED BLOCKED 

LOGICAL RECORD LENGTH 3 6 0 8  

BLOCK S I Z E  7 2 1 6  

FIGURE C-8 

DATA TRANSFER DETAILS 
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I d e n t i f y  f lows monitored by test  

Ca lcu la t e  volume flows 

Ca lcu la t e  c o n s t i t u e n t  volume f lows  

Graphical ly  d i s p l a y  volume f lows 

Report  t o t a l  f lows 

Report c o n s t i t u e n t  f lows 

I d e n t i f y  and u s e  times r e l a t e d  t o  coke oven charging 

Convert temperature t o  degrees  r ank ine  

Convert gas da t a  t o  w e t  gas 

FUNCTIONS OF COMPUTER PROGRAM "ANDY" 

FIGURE C-9 
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e 

a 

flow channels were monitored during any test. 

channels monitored during any test is indicated by the value of "NUMFLOW". 
Values for this and other test-related parameters are reset at "NUTEST". 

In addition, summary statistics for the previous test are generated in 
this section of the program. 

Flow calculations require a pressure measurement, a temperature measure- 

ment, and an ambient pressure. A constant value used in the calculation 
was dependent on the type of channel, either Wilputte Fmission Guides 

("WEG") or Stacks or AISI/EPA Guide (SKG). 

also adjusted to reflect standard atmospheric conditions. 

flows across all channels monitored were also tabulated for each second. 

The volume flows for each second were also stored in the output record 

structure. 

Calculations of both the aabient and standard flows are identified by 

comments in the program. The formulae using program variables appear 
below: 

The number of flow 

The flow calculations were 

The total 

Ambient Flow - AF (1.J) - 
\I CHAN [I ,  TEMP (J)] * CHAN [I, PRES (J)] 

OUTREC. CH. 14 (I) (C-1) 

Standard Flow - SF (1.J) = 

OUTREC. CH. 14 (I)/CHAN [I, TEMP (J)] (C-2) 
The index variables in the above formulae refer to the second of the 

data measurement "I", and the flow channel "J". 

all previoualy been converted to degrees Rankine. 

CH 14 (I) contains an ambient air pressure measurement for the Ith second. 
"STDKON" is a program variable which contains a constant required to 

adjust actual temperature and pressure to standard. 

Temperature values have 
The variable OUTREC. 

These volume flows 

C-17 



have then been d isp layed  g raph ica l ly  on a s tandard  computer page us ing  

p r i n t  f i l e  "GI"  f o r  the a c t u a l  flows and p r i n t  f i l e  "G2" f o r  t h e  

s tandard flows. 

The c o n s t i t u e n t  volume flows were c a l c u l a t e d  f o r  each of t h e  gases 

monitored dur ing  any test .  These flows were averaged and repor ted  f o r  

f i v e  second in te rva ls .  Cons t i tuent  f lows were c a l c u l a t e d  by mul t ip ly ing  

both  a c t u a l  and s tandard ized  volume f lows by t h e  c o n s t i t u e n t  measure 

monitored (CH00 through CH09). These c o n s t i t u e n t  f lows,  both a c t u a l  

and s tandard ,  were s t o r e d  i n  the  output  record  f o r  each second. Some 

a d d i t i o n a l  s t a t i s t i c s ,  maximum, minimum, and averages were c a l c u l a t e d  

and repor ted  a t  the end of each  test. 

upon t h e  coke oven charging times. 

and s top  t imes,  the d a t a  records  were n o t  used and not  w r i t t e n  t o  t h e  

output  r eco rd  f i l e .  

each t e s t .  

Conversion from d ry  gas  t o  w e t  gas  d a t a  was a l s o  accomplished by t h i s  

program. 

02, CO, and C 0 2 ,  r e spec t ive ly .  For a l l  tests except seven (7 )  and s ix-  

teen  (16) ,  re la t ive humidity was monitored and t h i s  va lue  has  been used 

to  convert  t h e  observed dry gas  va lues  t o  equ iva len t  w e t  gas  va lues .  

The output  record conta ins  t h i s  w e t  gas  v a l u e  f o r  t hese  four  channels 

w i th  t h e  except ion of t h e  two t e s t s  c i t e d .  

The remainder of t h i s  s e c t i o n  w i l l  d e s c r i b e  t h e  output  record 

s t r u c t u r e ,  wi th  a complete l i s t i n g  of t h e  program "ANDY" as w e l l .  

The output  record  s t r u c t u r e  f o r  th i s  program i s  a n  expanded ve r s ion  of 

t h e  inpu t  record .  

f lows under both ambient and s tandard atmospheric condi t ions .  In 
add i t ion ,  a l l  numeric measures are s t o r e d  i n  s c i e n t i f i c  (decimal f l o a t )  

format.  The output  record f i l e  i s  a subse t  of  t h e  inpu t  f i l e  because 

some of t h e  inpu t  d a t a  were ou t s ide  of t h e  coke oven charge start and 

s t o p  t i m e s .  Within t h i s  subse t  however, the output  record s t r u c t u r e  

con ta ins  a l l  of the input  record d a t a .  

These s t a t i s t i c s  were based 

I f  d a t a  r e c o r d s  exceeded these start  

These s t a r t  and s t o p  times a r e  parameters set f o r  

The four  channels involved,  06 through 09, monitored H2, 

The a d d i t i o n  c o n s i s t s  of volume f lows and c o n s t i t u e n t  

The complete output  record 
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e structure i s  described in Figure C-10. Details of the data set transferred 

to EPA containing this output data appear i n  Figure C-8. 

The following sect ion contains a complete l i s t i n g  of the computer program 

“BILL”. 

e 
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Level 

1 

2 

2 

2 

2. 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

- Field Name 

KEY 

ca00 
CHQ1 

CHOZ 

CH03 

CH04 

C605 

CH06 

CH07 

ca0s 

CH09 

CHl0 

Cdll 

CH13 

CH14 

CH16 

CH30 

Cil31 

CH33 

CH34 

CH36 

CH40 

CH41 

CH42 

CH43 

CH44 

CH45 

CH37 

CH39 

CIi5 3 

Field Type and 
Length in Bytes 

8 CHAR 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FMAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

4 FLOAT DECIMAL 

Field Description 

Input Record Key 

Channel 00 Observation 

Channel 01 Observation 

Channel 02 Observation 

Channel 03 Observation 

Channel 04 Observation 

Channel 05 Observation 

Channel 06 Observation 

Channel 07 Observation 

Channel 08 Observation 

Channel 09 Observation 

Channel 10 Observation 

Channel 11 Observation 

Channel 13 Observation 

Channel 14 Observation 

Channel 16 Observation 

Channel 30 Observation 

Channel 31 Observation 

Channel 33 Observation 

Channel 34 Observation 

Channel 36 Ob5ervation 

Channel 40 Observation 

Channel 41 Observation 

Channel 42 Observation 

Channel 43 Observation 

Channel 44 Observation 

Channel 45 Observation 

Channel 37 Observation 

Channel 39 Observation 

Channel 5 3  Observation 

FlGUREC.10 
OUTPUT DATA RECORD FORMAT-PROGRAM "ANDY" 
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Level 

3** 

3 

2* 

2* 

2* 

2* 

2* 

2* 

2* 

2* 

2* 

2* 

- 

* 

Fie ld  Name 

AP 

SF 

SEC 

CH17 

C H l 8  

CH19 

a 2 9  

CH21 

CH22 

CH23 

CH24 

CH2 5 

F ie ld  Type and 
Length in Bytes 

4 PLOAT DECIMAL 

4 PLOAT DECIMAL 

2 M A R  

1 CHAR 

1 CHAR 

1 M A R  

1cHAR 

1 M A R  

1 M A R  

1- 

1cHAR 

1 c H A R  

F ie ld  Descr ip t ion  

Standard Volume Flow 

Actual Volume Flow 

Second I d e n r i f i e r  or Blank 

Channel 1 7  Observation 

Channel 18 Observation 

Channel 19 Observation 

Channel 2Q Observation 

Channel 2 1  Observation 

Channel 22 observa t ion  

Channel 23 Observation 

Channel 24 Observation 

Channel 25 Observation 

SEC is t h e  key f o r  the  second l e v e l  eegmenr which repea ts  15 times. 
Data appear i n  sequence, i . e . .  15, 16,  ' ', 18..t.denaring second 
15 ,  16, no da ta  for  second 17 ,  etc. 

me t h i r d  level r epea t s  four teen  t imes t o  provide pos i t ions  f o r  a c t u a l  
and standard flows i n  the  sequence below. If the  da t a  were not 
observed fo r  a test, the  da ta  in the  pos i t i on  are meaningless. Parameters 
t o  ind ica t e  s i g n i f i c a n t  pos i t i ons  must be obtained from the  test header 
record and the, program l i s t i n g .  

** 

Flow Pos i t i on  CO"tentG 

1 Flow channel one 

2 Flow channel two 

3 F l w  channel t h ree  

4 Slnn of a l l  flows monitored 

5 Consti tuent flow measured i n  Channel O Q  
6 Cons t i tuent  flow measured i n  Channel 0 1  
7 Cons t i tuent  flow measured i n  Channel 02 
8 .  Constituent flow measured in Channel 03 

9 Const i tuent  flow measured in Channel 04 

10 Const i tuent  flow measured i n  Channel 05 

11' Const i tuent  flow measured in Channel 06 
1 2  Consti tuent flow measured i n  Channel 07 
13 Conbtituenf flow measured in Channel 08 
14 Cons t i tuent  flow measured in Channel 09 

FIGURE C.10 ICONTlNUEDl 
OUTPUT DATA RECORD FORMAT-PROGRAM "ANDY" 
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a Continuous Results 

The following tables contain the data reduction results in five second 

intervals from the continuous gas program. Column one gives the ending 

second for each five second interval. The start time is listed in the 

heading. The second column is the total volume of emissiqns in scf for 

each five second interval. The remaining 15 columns give the average 

constituent concentrations over each five second interval. The corrected 

concentrations were determined using equation (10). The row marked 

“avg. gives the average concentration of each constituent for columns 

3 through 17 and the average volume flow in scfm in column two. 

gives the total volume (scf) emitted of each congtituent and column two 
of that row gives the total volume from all points measured during the 

given test. The second set of tables give the calculated volume flow 

for each of the five constituents per location ponitored for each test. 
They were calculated using the measured and corrected concentrations 

and the assumption that constituent flow is proportional to volume flow. 

The average volume emitted per test was determined using these charts. 

I ,  

Row “Tot.“ 
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P a r t i c u l a t e  Mass Loading Computer Program 

The purpose of t h i s  computer program i s  t o  compute an i s o k i n e t i c  mass from 

t h e  measured a n i s o k i n e t i c  mass, the volume flow, t h e  sampling v e l o c i t y  

and va r ious  o t h e r  measured and computed q u a n t i t i e s .  The computation is 
made over  a l l  spec i f i ed  t i m e  p o i n t s  of a test and f o r  each duct  through 

which t h e  p a r t i c u l a t e s  flow. me b a s i c  equat ions  a r e  given below: 

m 
%We a Mik Qik. l  - 

4, ...- - 
Q=1 

EMik 

i = test index 
k = duct index 
e = p a r t i c l e  s i z e  range  index 
h = number of p a r t i c l e  sizes ranges 

EMik = i s o k i n e t i c  m a s s  (mg.) 

= a n i s o k i n e t i c  mass (mg.) 

= duct  area ( f t  ) 2 .  Mik  

% - 
pikt = average 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  
- 
%Wt = average i s o k i n e t i c  weight % (a f r a c t i o n )  

(C-3) 

t=l 

= 1 ; Fik ( t )  = 0 and Y1 2 Ylimit 
‘ike 

1 

. .  
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Ti = t ime per iod f o r  test  

t = time v a r i a b l e  
Qika(t) 5 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  

Fik(t) F volume flow ( f t  3 Inin.) 

= samplings v e l o c i t y  ( f t . /min.)  "i k 
01 ( t )  = i n e r t i a l  parameter i k l  

ye - f r e e  f i l l  p a r t i c l e  v e l o c i t y  (ft./min.) 
2 

g = 980 cmlsec 
= f r e e  f a l l  v e h C i t y  c o n t r o l  f a c t o r  f o r  Fik(t) F 0 Y l i m i t  

When applying t h i s  c o r r e c t i o n  procedure,  t h e  sampling system should never 

sample when t h e  s t a c k  flow equals  zero.  

these  condi t ions  (Fik(t) = 0) a r e  inadequate .  

con t ro l l ed  t o  shut down when zero f low is sensed. 

c o n t r o l  w a s  in opera t ion  during these  tests, a c o n t r o l  f a c t o r  Ylimit 
used i n  t h e  program such t h a t  i f  Flow is zero ,  t h e  c o r r e c t i o n  f a c t o r ,  Q ,  

i s  zero  f o r  a l l  free fa41  y e l o c i t i e s  less than Ylimit and one f o r  f,ree 

l i m i t '  f a l l  veloGities larger than  y 

s e t  between t h e  f r e e  f a l l  v e l o c i t y  of the ambient air  p a r t i c l e  s i z e  
( l e s s  than 10 ) and t h e  free f a l l  v e l o c i t y  of "large p a r t i c l e s . "  

The c o r r e c t i o n  procedures under 

The system should be 

However, s i n c e  no such 

1s 

The l i m i t  f r e e  f a l l  v e l o c i t y  was 
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n = number of t e s t s  
j = an i k  p a i r  [there i s  one j f o r  each test  chosen 

such t h a t  f o r  the p a r t i c u l a r  i k  p a i r ,  a va lue  of 
WIje has  been given)  

W = i s o k i n e t i c  weight Z (a f r a c t i o n )  j e  
W' = weight percent  produced by combining o p t i c a l  and 

je ' Anderson d a t a  

The program i s  con t ro l l ed  e n t i r e l y  by t h e  card and t a p e  inpu t s  whose 

formats  a r e  presented i n  Tables 

a r e  t h e  s e l e c t i o n  of tests which i s  governed by the presence of non- 

blank test  numbers on t h e  test duct  card  (Table C-12) and t h e  t e s t  

du ra t ion  s e l e c t i o n  which i s  ind ica t ed  on t h e  test t i m e  d e f i n i t i o n  card  

C-11 through C-18. The main ColltrOlS 

(Table C-13). 

The program reads  i t s  card input  from DONAME-SYSIN and i t s  tape  input  

from DDNAME = INPUT. The d a t a  ca rds  a r e  ordered as ind ica t ed  by 

Tables C-11 - C-17. The program p r i n t s  t h e  following outputs :  

% W i j  f o r  j = I to E! 
I 

f o r  a 

Table C-12, t h e  test d u c t ' c a r d ,  con ta ins  a l i s t  of t e s t  numbers and t h e  

corresponding duct  numbers a s  they are ordered on t h e  input  tape.  

However, i f  t h e  test number i s  b lank ,  t h e  e n t i r e  t e s t  d a t a  on t h e  input  

tape is omit ted from t h e  computations. The t e s t  time d e f i n i t i o n  card 

(Table C-13) con ta ins  t h e  beginning and ending times f o r  each se l ec t ed  

t e s t .  The l is t  is terminated by a test number of 99. 

The tape  i n  Table C-14 con ta ins  d a t a  from coke oven gas measurements a s  

processed by o t h e r  computer programs. The primary func t ions  of these  

programs were: (1) cor rec t ion  of instrument  e r r o r ,  (2) t i m e  s h i f t i n g  

to  account f o r  t ransmission l a g s ,  (3) re format t ing  f o r  more e f f i c i e n t  

processing,  and ( 4 )  c a l c u l a t i o n  of  gas da ta .  
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TABLE C - 1 1  

MISCELLANEOUS CONSTANTS CARD 

columns 

1 

3 

5 

7 

16 

- 2  n 

- 4  

- 6  

- 15 
- 25 

Con tents  

(number of tests on the 
tape including those 
to  be skipped) 

number of ducts per 

m 

a 

" l i m i t  
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Columns 

1 - 2  

3 - 4  

5 - 6  

7 - 8  

9 - 16 
17 - 24 
25 - 32 
33 - 40 
41 - 48 
49 - 56 

57 - 64 
65 - 72 
73 - 80 

TABLE C-12 

TEST DUCT CARD 

(up to 3 cards) 

Contents 

i -. 
kl I 

duct numbers 
for test i 

‘3J 
i, kl, k2, k3,  as above 

1 

1 

1 

1 

1 
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Calms 

1 - 2  

3 - 4  

5 - 6  

7 - 8  

9 - 10 

11 - 12 

43 - 14 

15 - 28 

29 - 42 

43 - 56 
57 - 70 
71 - 80  

TABLE C-13 

TEST TIME DEFINITION CARD 

(up to 6 cards) 

Content s 

i (is99 for terminination) 

Beginning hour 

Beginning minute 

Beginning second 

Ending hour 

Ending minute 

Ending second 

T e s t  t i m e  de f in i t ion  as  above 

Test t i m e  de f in i t ion  as  above 

Test t i m e  de f in i t ion  as above 

Test t i m e  de f ip i t ion  as above 

Unused 
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Columns 

1 - 2  

3 - 10 

11 - 20 
21 - 30 

31 - 40 

41 - 50 
5 1  - 60 

61 - 70 
71 - 80 

TABLE C-14 

DUCT AREA CARD 

(up t o  3 cards) 

Conten t s  

k 

4c 
k, \ as above 

I t h e  t h i r d  

1 J card 
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Columns 

1 - 10 
11 - 20 
21 - 30 
31 - 40 
41 - 50 
51 - 60 
61 - 70 
71 - 80 

TABLE C-15 

FREE FALL VELOCITY CAEj 

(up to  2 cards) 

Content B 

Y1 

y2 

y3 

y4 

y5 

'6 

Y l  
y8 cannot be 

used on the 
l a s t  card 



a 

a 

TABLE C-16 

ANISOKINETIC WEIGHT PERCENT CARD 

(Up To 90 Cards) 

Columns 

1-2 

3-4 

‘5 

6-10 

11-15 

16-20 

21-25 

26 -30 

31-35’ 

36-40 

41-45 

46-50 

51-55 

56-60 

61-65 

66-70 

71-75 

76-80 

Contents 

i (99=termination) 

k 

unused 

“ikl 

"1k2 
"1k3 
w'1k4 
"1k5 
"ik6 
"1k7 
"1k8 
"1k9 
‘‘ikl0 

“ikll 

"1k12 
"1k13 
"1k14 
"1k15 
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T&L& C-17 

S W L E  VELOCITY WEIGHT CARD 

Cup t o  23 cards) 

Columns 

1 - 2  

3 - 4  

5 - l p  
11 - 20 

2 1  - 40 
41 - 60 

61 -. 80 

C-174 

Contents 

i (99 

'ik' 

'ik' 

'ik' 

k 

'ik 

Mik 

~ i k  

Mik 

M 
i& 

f 

8 S  

as 

a s  

terfninat ion) 

cannot 
b e  used 

'on .2?rd 
card 



e 

Character 
Pos i t i ons  

1 - 3  

4 - 5  

6 - 7  

9 

10 - 249 

250 - 489 

490 - 729 
1 

1 

1 
3367 - 3608 

TABLE C-18 

INPUT TAPE 
FORMAT 

Con t e n t s  

J u l i a n  Day ("KEY" i n d i c a t e s  t h a t  
t h e  record  is a t e s t  
s e p a r a t o r )  

Hour 

Minute 

Quar t e r  Minute 

Data f i e l d  f o r  second 1 (See Table CUI) 

Data f i e l d  f o r  second 2 

Data f i e l d  f o r  second 3 
1 

& 

1 
Data f i e l d  for second 15 
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Table c-19 p r e s e n t s  the d a t a  f l e l d  format f o r  t he  p a r t i c u l a t e  program 

l i s t i n g .  

c o r r e c t i o n  program descr ibed  above, 

f a c t o r s  which were c a l c u l a t e d  by the equat ion:  

Following Table  c-19 is a computer l i s t i n g  o f  the p a r t i c u l a t e  

Table  C-20 g ives  t h e  co r rec t ion  

(C-10) 

us ing  ta from he computer p r i n t o u t .  A sample o t h e  p r i n t o u t  i s  

shown i n  Table C-21. The ca l cu la t ed  i s o k i n e t i c  mass va lues  and s i z e  

d i s t r i b u t i o n  d a t a  is l i s t e d  i n  the body of t h i s  document. 
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a 

Rela t ive  Character 
Position 

1 

117 

1 2 1  

1 2 5  

129 

133 

137 

116 

120 

124 

128 

132 

136 

240 

TABLE c-19 

DATA F I E L D  FORMAT 

Contents 

Unused 

Fil  

Unused 

F i 2  

Unused 

F i 3  

Unused 

a 
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0 
0 
0 

Y 
0 
a P 

a 
.. 

C-I78 



0 0 0 0 0 0 0 0 0 0 0  
O - N m * n Q r - 1 0 0  
0 0 0 0 Q Q O Q Q c . C  
0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0  
O O O O O O O O O O O  
0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0  

1 .  . *  

.. 

--  
I. 

x .  . *  
. * .. * -  .a 
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. .  . .  * *  . .  ; f  
a .  

" 
0 
0 8 

.. 

e w 
m 

v) ...; . .a < . a  . 
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YI 
0 .  
a 0 

a 

Y c 
I c 

z 
0 c .. 0 u 

3 

.. .. 

.. 
0 z 
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r 
u 3 
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.. Y - 
L .. 0 c 

.. 

I N Y 
0 n z z * .%* . t :: Y Y . .E. . n . 

, .. 
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Y) 
0 
0 
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.. 
0 
0 

2 

, 2 .. 
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a .. 

. .  
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0 
N 
I 

U 

W .. 
2 

2 
0 
H 
U 

z 
0 
H 
E- 
U z 
0 
U 

w 

3 U 

2 e, 
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ri 
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d 

,- 
\D 
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h 
m 
v) 

r. 

T 
I + 
7- 

m 
\D 
U 

4 
h 
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N 
\D 
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00" 0 - O  
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00- 0 -- ,. 7?? " 9  9:- 
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Opt ica l  Data Reduction Program 

The d a t a  process ing  program used to  reduce t h e  raw o p t i c a l  system da ta  

rece ived  from the microdensitometer f a c i l i t y  were developed and run by 

MITRE on an IBM 370-145 machine us ing  a conve r sa t iona l  monitor c a p a b i l i t y  

t o  i n i t i a t e  avd c o n t r o l  t h e  program dur ing  e x c i t a t i o n .  

w r i t t e n  i n  PL-1 t o  f a c i l i t a t e  manipulation of  the d a t a  sets. 

i s  d iv ided  i n t o  fou r  b a s i c  s t e p s  f o r  t h e  process ing  of a d a t a  frame. 

The f i r s t  s t e p  t akes  a s  i npu t  the raw d a t a  tape  c rea ted  by the  da t a  logger  

of t h e  microdensitometer and l a b e l s  each record  with appropr ia tg  i d e n t i -  

fy ing  headers  and process ing  keys. 

539 c h a r a c t e r  r eco rds .  

a p o s i t i v e  b ina ry  va lue  from 0 t o  255. 

t a i n i n g  header information and keys c o n s i s t s  of a 15 byte  recqrc] key 

followed by t h e  539 b y t e  inpu t  record.  

from w r i t t e n  documentation of t h e  d a t a  t apes  onto  ca rds  and matched 

s e q u e n t i a l l y  wi th  t h e  input  records.  The key con ten t s  of each record 

are descr ibed  i n  Table C - 2 2 .  

The record type i d e n t i f i e r s  a r e  "B" if t h e  r eco rq  r ep resen t s  a bqse 

va lue ,  o r  "D" if they represent  a d a t a  va lue .  

is either a "l", "2" , o r  "3", r ep resen t ing  the l i g h t  bar  scan,  t h e  dark 

s t r i p  scan ,  and a co lo r  ba r  scan, r e s p e c t i v e l y .  

s t e p  checks d a t a  elements i n  binary form a g a i n s t  r u l e s  e s t ab l i sbed  t o  

d e t e c t  f a u l t y  o r  poor da t a .  The r e s u l t s  of t h e s e  checks c o n t r o l  t h e  

balance of t h e  program process  by al lowing normal processing t p  continue 

or i n h i b i t i n g  f u r t h e r  c a l c u l a t i o n s  and e n t e r i n g  a zero va lue  o r  a 

maximum mass value  f o r  t h e  element under tes t  depeqding upon t h e  r e s u l t s  

of t h e  t e s t s .  A summary of the r e s u l t s  of t h e s e  t e s t s  f o r  each element 

is provided i n  the form of "f lags"  below each element column and a sum- 

mary of a l l  f l a g s  f o r  a complete frame is provided a t  the  end of the  

frame r e p o r t .  

which are e ighe r  s e l e c t e d  a t  the  beginning of  each run o r  set t o  d e f a u l t  

va lues  i f  no new va lue  is spec i f i ed .  The v a r i a b l e  "DELTA" is t h e  

requi red  b ina ry  d i f f e r e n c e  between a known l i g h t  a r ea  and an area to  be 

The program was 

The program 

The baq ic  da t a  record c o q s t s t s  of  

Each charactev ( b y t e  i n  IBM no ta t ion )  r ep resen t s  

The d a t a  record s t r u c t u s e  con- 

The record  keys were t r ansc r ibed  

The record scan i d e n t i f i e r  

The second program 

The checks performed on d a t a  a r e  con t ro l l ed  by v a r i a b l e s  
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TABLE C-22 

DATA RECORD STRUCTURE 

FIELD DESCRIPTION FIELD TYPE 

Sequence Number 

Test Ident i f i er  

Hour 

Minute 

Second 

F i l m  Rol l  Ident i f i er  

Record Type 

Record Scan 

Sequence 

Binary 

Character 
I t  

I 9  

, I  

I, 

II 

,I 

0 1  

C-189 
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LENGHT 
I N  BYTES 

2 

2 

2 

2 

2 

2 
3 

1 

1 



declared as a light bar gap. 
by which a data light element is allowed to exceed the corresponding 

base light value without being detected as bad data. 
can be accounted for in instrument measurement errors. The variable 
"DNOISE" is the binary value by which the dark readings may exceed 
corresponding data light readings before the data is disallowed as bad 
data. This condition occurs in heavy emissions and can be accounted 
for by instrument inaccuracies. The "RCUT" value is  selected as the 
lowest 1/T value which will be calculated by the program. 
tion determines the value of the variable "MAXMASS" which is the mass 
value set for an element if the selected 1/T value is exceeded. 

A sub-function of this portion of the program also involves the identi- 
fication of gaps between light bar segments and the determination of needed 
adjustment of data frames to properly coincide with these gaps. 
summary of the necessary adjustment is contained at the end of each 
frame report. 
data to relative light intensity values. This conversion is accom- 
plished using input data in the form of a look-up table in which the 
subscript of an element corresponds to the raw binary densitometry 
data and the contents of that table element is  a corresponding relative 
light intensity value. 
lation of emission light transmission. 
deck supplied by the facility doing densitometry and film calibration. 
The card format is eight fields, each containing a floating point light 
intensity number corresponsing to the 256 possible density values. The 
last step in the program uses the light intensity values to calculate 
a transmission value corrected for plume air light. The program 
determines the natural log of the reciprocal of this value and multiplies 
it by a series of system constants to arrive at a mass emission rate 
per vertical unit of plume height for each element. 

these calculations are printed for each element and a total of these 
results is presented at the end of a complete scan (539 elements). 

The variable "ENOISE" is  the binary value 

This difference 

This selec- 

A 

The third program step converts the binary densitometry 

This intensity value is used in the final calcu- 
The table is  input via a card 

The results of 
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The cons tan t s  used i n  t h i s  c a l c u l a t i o n  are input  through the  te rmina l  

f o r  each run o r  are allowed t o  be set by d e f a u l t  va lues .  

names are as fo l lows:  

The cons tan t  

MASD 

KOOP 

The assigned dens i ty  CG/cm’) of the  p a r t i c l e s .  

The cons t an t  which a s s o c i a t e s  p a r t i c l e  l i g h t o b s c u r a t i o n  
w i t h  p a r t i c l e  volume per  u n i t  c ross -sec t iona l  a r e a  of 
plume (cm3/m2). 

The l eng th  of  one scan segment of  t h e  l i g h t  source (m). DLEG 

Two d a t a  f i l e s  conta in ing  t h e  keyed d a t a  records  have been provided t o  

EPA. 

of the  conversion t a b l e s  used have a l s o  been suppl ied f o r  the appropr i a t e  

d a t a .  

The fol lowing s e c t i o n  conta ins  a complete l i s t i n g  of the  program used t o  

reduce t h e  o p t i c a l  monitoring system da ta .  

D e t a i l s  of these  t apes  appear in Figure 86. The card i n p u t  decks 
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TAPE CHARACTERISTICS: 

Tape Number 

Density 

5 P e  
Label 

DATA SET #3: 

Source: 
- 

DATA SET #4: 

Source: 
- 

Record Format: 

Logical Record Length 

Block S ize  

+46768 

164+ BPI 

9-Track 

No Label 

F i l m  Analysis fi (MITRE TAPE 190) 

F i l m  Analysis 12 (MITRE TAPE PR4) - 
F i x e d  Blocked 

554 

5540 

FIGURE C - 1 1  

DATA TRANSFER DETAIL 
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APPENDIX D 

LEAKING COKE OVEN DOORS 

MEASUREMENT APPROACH 

The problem o f  m o n i t o r i n g  t h e  e m i s s i o n s  from l e a k i n g  d o o r s ,  as shown i n  

F i g u r e  D-1, c o n s i s t s  o f  c o l l e c t i n g  the e m i s s i o n s  and them a n a l y z i n g  them 

i n  any a p p r o p r i a t e  way. A c o l l e c t i n g  hood w a s  d e s i g n e d  and f a b r i c a t e d  

t o  b o l t  t o  the oven above t h e  l e a k i n g  d o o r .  The hood exhaus ted  up and 

over t h e  edge of  the oven f l o o r  i n t o  a s p e c i a l l y  f a b r i c a t e d  measurement 

d u c t .  A t e m p e r a t u r e  s e n s o r  and g a s  p robe  i n  t h e  d u c t  connec ted  via  t h e  

p r e v i o u s l y  i n s t a l l e d  c a b l e  and overhead boom t o  t h e  i n s t r u m e n t a t i o n  van 

l o c a t e d  on t h e  ground.  I n s t r u m e n t a t i o n  i n  the van ana lyzed  t h e  gaseous 

c o n t e n t  of  t h e  e m i s s i o n s  and r e c o r d e d  t h i s  and t h e  t e m p e r a t u r e  d a t a  f o r  

f u t u r e  a n a l y s i s .  A s k e t c h  of  t h e  i n s t a l l a t i o n  on t h e  coke oven b a t t e r y  

i s  shown i n  F i g u r e  D-2. 

C o l l e c t i n g  Hood 

I n  o r d e r  t o  t r a p  and d u c t  t h e  l e a k i n g  d o o r  e m i s s i o n s ,  a hood was des igned  

t h a t  cou ld  be  b o l t e d  t o  the buck ing  s t a y s  ( v e r t i c a l  "I" beams between t h e  

ovens) above the t o p  of  the d o o r .  

g a l v a n i z e d  s h e e t  and a t t a c h e d  o n t o  a p r e - c o n s t r u c t e d  14" x 4" g a l v a n i z e d  

"boot" w i t h  a s i x  i n c h  s t o v e  p i p e  f i t t i n g  on t h e  o t h e r  end. 

dimension o f  t h e  hood f i t s  i n s i d e  t h e  36 i n c h  s p a c e  between t h e  s t a y s  w i t h  

t h e  o u t s i d e  of  t h e  hood e x t e n d i n g  o u t  ove r  t h e  door  edge.  To avo id  l o s s  

of  smoke and e m i s s i o n s  due t o  h o r i z o n t a l  wind g u s t s ,  a 36 i n c h  a s b e s t o s  

" s k i r t "  w a s  a t t a c h e d  t o  t h e  bot tom edge  o f  t h e  hood and hung down w e l l  

below the top  o f  the door .  A s i x  i n c h  s t o v e  p i p e  elbow ex tended  o u t  the 

top  of  the hood, and t h e  h o r i z o n t a l  p a r t  o f  the elbow would l i n e  up w i t h  

t h e  measurement d u c t  t h a t  would l a y  f l u s h  on t h e  t o p  of  t h e  oven. A 

schemat i c  s k e t c h  of  t h e  hood i n  p l a c e  and connected t o  t h e  measurement 

d u c t  is shown i n  F i g u r e  D-3, and a p h o t o  of  the hood i s  shown i n  F i g u r e  D-4, 

and t h e  hood b e i n g  i n s t a l l e d  i n  F i g u r d  D-5. 

The hood was c o n s t r u c t e d  o f  20 gauge 
' 

The bot tom 
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Measurement Duct 

Gases that were c o l l e c t e d  by the hood passed i n t o  a duct  where t h e  

requi red  measuring and sampling took p l ace .  

from a two f o o t  s e c t i o n  of six i nch  galvanized s tove  pipe.  The exhaust  

end of t h e  duc t  w a s  f i t t e d  with a 150 cubic  f o o t  per  minute s q u i r r e l  cage 

blower, d r iven  by a 1 /70  HP e l e c t r i c  motor. This a s p i r a t i n g  f an  assured 

a continuous flow through t h e  hood i n t o  t h e  measurement duc t .  A thermo- 

couple w a s  mounted midway along t h e  duc t ,  and a g a s  probe and flame 

a r r e s t o r  were i n s t a l l e d  i n  the  duct  a s  shown i n  FigureD-6. The thermo- 

couple lead  wires, t h e  heated tubing from the gas probe/flame a r r e s t o r ,  

and the  power l i n e  f o r  t h e  fan motor w a s  bundled toge ther  i n t o  a cable  

and a t t ached  t o  an overhead boom and extended v i a  the boom and a cross-  

over  pipe b r idge  t o  an instrumentat ion van on t h e  ground. (See Figure D-7.) 

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

P a r t i c u l a t e s  i n  t h e  emissions flow were c o l l e c t e d  f o r  a n a l y s i s .  This  was 

accomplished by p l ac ing  a Brinks impactor i n  t h e  exhaust s t ream of t h e  

measurement duct  and a t t ach ing  an a s p i r a t i n g  pump t o  t h e  f i l t e r  i n  t h e  

usua l  fash ion .  The equipment a s  i n s t a l l e d  on the  coke oven is shown i n  

Figure D-8. 

The Brinks impactor i s  a f i v e  s t a g e  s t a i n l e s s  s t e e l  device,  one and one 

h a l f  inches i n  diameter  and 15-1/2 inches long t h a t  s epa ra t e s  the  pa r t i cu -  

l a t e  matter i n  t h e  gas stream i n t o  f i v e  f r a c t i o n s  ranging i n  s i z e  from 

0 . 3  t o  3.0 microns.  

s epa ra to r  upstream from the  impactor,  to remove p a r t i c u l a t e s  g r e a t e r  than 

3 microns i n ’ s i z e .  For t h i s  experiment, t he ’cyc lone  was n o t  usetl. A 

more complete d e s c r i p t i o n  of t h i s  impactor can be found i n  “ I n d u s t r i a l  

and Engineering Chemistry,” Volume 50, No. 4 ,  Apr i l  1958, pp 645-648. 

Opera t iona l  Technique 

Ovens t h a t  could be monitored were those wi th in  range of t h e  overhead 

cable  booms and those  t h a t  were obviously leak ing .  

conducted dur ing  a per iod of the  day when no charging tests were scheduled 

so  t h a t  personnel  and  equipment were a v a i l a b l e .  

This duct was f ab r i ca t ed  

This device i s  usua l ly  operated wi th  a cyclone 

The tests were 

Since maximum door l eaks  
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can be expected immediately a f t e r  charging,  coord ina t ion  wi th  the J & L  

Oven Foreman was r equ i r ed  t o  select an oven that would s a t i s f y  t h e  above 

requirements .  It w a s  then necessary t o  have t h e  pusher c a r  move under 

t h e  des igna ted  oven while the  c o l l e c t i n g  hood was bo l t ed  i n  p lace .  The 

measurement duct  could then be a t t ached  t o  the exhaust pipe of the  hood 

while  s t and ing  on t h e  top of t h e  oven and t h e  cab le  a t tached  t o  the  

overhead boom. 

The condi t ions  on t h e  oven were unfavorable  f o r  equipment and personnel .  

The top s u r f a c e  temperature on t h e  oven is approximately 200'F - hot  

enough t o  burn w i r e  i n s u l a t i o n  and rubber  tub ing  and hot  enough to  

e i t h e r  t r i p  t h e  thermal r e l a y  i n  e l e c t r i c  motors ,  o r  t o  burn t h e  wires  

and f i e l d  winding of the motor. 

under a l l  equipment t o  i n s u l a t e  i t  from t h e  hea t  - as can be  seen i n  

i l l u s t r a t i o n s  of t h e  equipment i n  use.  

Af te r  t h e  equipment on t h e  oven was connected, the monitoring equipment 

i n  the  instrument  van could be operated i n  a continuous o r  incremental  

mode. Due t o  the h igh  t a r  content of t h e  emissions,  i t  was found t h a t  

tubes ,  f i l t e r s ,  e t c .  became heavi ly  contaminated with t a r  when the  system 

was operated cont inuously.  

measurement duc t  r an  cont inuously while  the  monitoring sys tem i n  t h e  van 
would only p e r i o d i c a l l y  draw gas and perform a n a l y s i s .  

RESULTS 

Data obtained during the  t e s t s  were recorded on s t r i p  c h a r t s  and on 

magnetic t ape  f o r  the f i r s t  t e s t  only.  Tabulat ions of the  d a t a  (expressed 

i n  terms of concen t r a t ion )a re  presented i n  Tables D-1 through D-4 

The n a t u r a l  next  s t e p  w a s  t o  quant i fy  these  d a t a  and t o  s e e  i f  they a r e  

i n  agreement with t h e  r e s u l t s  of o the r  i n v e s t i g a t o r s .  T h i s  was done by 

us ing  t h e  manufacturer ' s  r a t i n g  f o r  volume flow of t h e  a s p i r a t i n g  f an  

and convert ing t h e  gases  t o  s tandard cond i t ions  of 2 9 . 9 2  inches of 

mercury and 70'F. 

As  a r e s u l t ,  wooden boards were placed 

A s  a r e s u l t ,  t h e  a s p i r a t i n g  fan i n  the  

This  conversion was der ived  from the  r e l a t i o n s h i p :  

PF P'F' - = -  
T T' 
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Where 

P = pressure  a t  s tandard  condi t ions  

= pres su re  a t  measured condi t ions  P' 
F = flow a t  s tandard  condi t ions  

F' = flow a t  measured condi t ions  

T = temperature a t  s tandard  condi t ions  

T' = temperature a t  measured condi t ions  

This r e l a t i o n s h i p  t r a n s l a t e s  t o  t h e  equat ion:  

150 CFM X P '  i n .  H g  x (460" + 70'F) OR 
F =  29.92 i n .  Hg x (460 + TOF) "R (D-3) 

Adjusting t h e  150 CFM flow of t h e  f a n  t o  s tandard condi t ions  from those 

given each t i m e  a reading was taken r e s u l t e d  i n  new flow va lues .  

concent ra t ions  i n  ppm were converted t o  pe rcen t ,  and these  percentages 

f o r  each gas were mul t ip l i ed  by the  ad jus t ed  volume flow t o  produce t h e  

CFM f i g u r e s  given i n  Tables D 1  through D-4. 

Although t h e s e  flow va lues  appear reasonable ,  a check was made t o  s e e  i f  

they agree  wi th  prev ious ly  publ ished da ta .  This w a s  done f o r  t h e  case  

of Tota l  Hydrocarbons (THC) where  an average value of 0.35 CFM f o r  a l l  

four  tests was used. 

t o  determine mass loading ,  a l though a s l i g h t l y  heavier  gas might b e  

b e t t e r ,  due t o  t h e  tar conten t  of  t h e  emissions.  During the  1 9  hour 

coking cycle,** i n  which 15 tons of c o a l  are coked, t h e  weight of t o t a l  

hydrocarbon discharged i n t o  t h e  atmosphere i s  as follows: 

The 

e 
The dens i ty  of methane (0.0448 l b / c u  f t ) *  w a s  used 

0)-4) 60 min 17.9 l b  x 19  h r  = cu f t  min hr  15 ton charge X 
.35 cu f t  

X 
.0448 l b  

= 1 . 2  l b / t o n  

*Eshbach's Handbook of Engineering Fundamentals, 1969, p 1-140. 

**It was observed t h a t  t h e  doors  normally d id  n o t  l eak  f o r  t h e  f u l l  19 
hour coking cyc le ,  however t o  compare t h i s  with o t h e r  d a t a ,  t h i s  f u l l  
coking cyc le  i s  used i n  the  c a l c u l a t i o n .  
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This f i g u r e  of 1 . 2  l b  THC/ton of coa l  coked is, obviously,  f o r  an oven 

wi th  l eak ing  doors .  Reexamination of F igure  D-1 r e v e a l s  t h a t  the  ma jo r i ty  

of t h e  doors  do not  l e a k  and t h e r e f o r e  t h i s  f i g u r e  should be appl ied  only  

t o  those  ovens t h a t  e x h i b i t  cons iderable  leakage .  This 1 . 2  l b / t o n  f i g u r e  

is n o t  t o  be construed as a normal l e v e l  of emissions from a l l  oven doors .  

The U. S.  Environmental P ro tec t ion  Agency has  published* a f i g u r e  of 

1.5 l b / t o n .  Considering t h e  v a r i a t i o n  i n  flow recorded (0.09 - 0.86 CFM) 

these  two va lues  c e r t a i n l y  compare favorable  enough to  v e r i f y  t h e  

f e a s i b i l i t y  of the  l eak ing  door monitoring system. 

P a r t i c u l a t e  d a t a  obtained dur ing  one t e s t  (DL-4) is presented below. This 

da ta  poin t  i s  n o t  t o  be considered r e p r e s e n t a t i v e  of the  e n t i r e  oven, bu t  

is  included only to  show the  r e s u l t s  of t h i s  one test .  

Weight Stage Weight 
G r a m s  Size (u )  % 

0.03302 3.18 
0.02869 1 . 8 7  
0.02894 1 . 2 7  
0.03351 0.65 
0.02810 0.32 

21.67 
15.83 
18.99 
2 1  199 
18.44 

3 These f i g u r e s  r ep resen t  a mass loading of 897 mg/m 

*Compilation of A i r  P o l l u t a n t  Emission Fac to r s ,  Second Edi t ion ,  AP-42 
Apr i l  1973, p 7.2-2. 
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APPENDIX E 

PARTICULATE SIZE DISTRIBUTION 

Three methods used in determining particulate size distribution will be 

discussed in this Appendix. They are as follows: The MITRE Direct 

Impaction Particulate Collecting Carrousel, Preliminary Particulate Size 

Distribution From the Brinks Sampler, and Coulter Counter Distribution. 

As explained in the main body of this report, the primary size distribu- 

tion was determined from a combination of the Andersen and Carrousel 

distributions. The Andersen and Optical Analyses of Cyclone and Andersen 

samples are listed in Appendix B and are not discussed here. 

MITRE CARROUSEL 

In the course of monitoring the gaseous and particulate emissions produced 

while charging the P4 Coke Oven Battery of the J & L Pittsburgh Works, 

MITRE noted certain deficiencies i n  the standard sampling techniques. 

In general, particles above 2 0 ~  i n  diameter are collected as cyclone 

catches" and on "knock out" plates of the Andersen and Brinks impactors I, 

rather than on sizing stages which can provide discrete size range in- 

formation. The material collected at these points (which accounted for 
a substantial percentage of the total sample) was to be processed after 
extraction by a solvent rise and redispersion fo r  optical analysis. 

This procedure could substantially alter physical characteristics of the 

particles such as shape and agglomeration. Such alteration would prevent 

performing dependable optical analyses which would provide information 

on large particles as they exist in the emission plume. Both size and 

shape information on these larger particles is a necessary input to the 

optical monitoring program as well as to the basic particulate measurement 
effort. 

To make an independent investigation of the particulates in terms of 

size, shape and number, MITRE designed, fabricated and operated a new 
hardware item on the coke oven and the samples obtained were analyzed. 

This section describes the equipment and the results of the analysis. 

a 
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APPROACK 

To c o l l e c t  p a r t i c u l a t e  samples that were not  d i s t o r t e d  by motion 

through a cyclone,  d i s t o r t e d  by over loading  the sample c o l l e c t i n g  a r e a ,  

o r  subjec ted  t o  s o l u t i o n  i n  a so lven t  p r i o r  t o  a n a l y s i s ,  t h e  concept of 

b r i e f l y  pass ing  a c o l l e c t o r  through t h e  emissions plume was  appl ied .  

The p o i n t s  of measurement were t h e  s t a c k  of a Wilput te  Larry Car and t h e  

AISI/EPA Emission Guide, where very heavy and hot  (300'F) gases  and 

p a r t i c u l a t e  would be  vented t o  the  atmosphere during a po r t ion  of t h e  

charging cyc le  as shown i n  Figure E-1. A s t a c k  adaptor ,  1 2  inches i n  

diameter ,  had been added t o  the  l a r r y  c a r  and a 1 2  inch s e c t i o n  of 

s tove  p ipe  served a s  a p la t form f o r  s e n s o r s  and was placed i n  the  adapter  

during measurement tests. The new c o l l e c t o r  w a s  designed and b u i l t  t o  

f i t  onto t h i s  s tove  p ipe  on t h e  s t a c k .  

Col lec tor  Design 

If  p a r t i c u l a t e  samples  a r e  t o  be  analyzed f o r  s i z e ,  shape and count ,  

they should be c o l l e c t e d  i n  o r  on, a con ta ine r  t h a t  l ends  i t s e l f  t o  

some d i r e c t  method of observa t ion .  Due t o  t h e  small  s i z e  of the  p a r -  

t i c l e s ,  a microscope is requi red  f o r  t h e  a n a l y s i s ,  and a g l a s s  microscope 

s l i d e  then becomes a n a t u r a l  choice f o r  use  i n  c o l l e c t i n g  the  samples. 

A ques t ion  a r o s e  as t o  whether t h e  impacted p a r t i c l e s  would adhere t o  

and remain on t h e  s l i d e s .  As a r e s u l t ,  t h e  s l i d e s  were coated with a 

t h i n  l a y e r  'of s i l i c o n  grease  a s su r ing  minimal l o s s  of sample. One t e s t  

was conducted wi th  h a l f  t h e  s l i d e s  ungreased t o  determine i f  t h e  grease 

had any adverse  e f f e c t s  on p a r t i c l e  number, s i z e  o r  shape. 

During per iods  of heavy p a r t i c u l a t e  flow, a microscope s l i d e  i n  the  

s t ream would become heav i ly  coated a f t e r  a very few seconds, r e s u l t i n g  

i n  a bulky depos i t  i n  which i n d i v i d u a l  p a r t i c l e s  could not  be analyzed. 

Therefore ,  the  microscope s l i d e  could remain i n  the  p a r t i c u l a t e  streams 

only f o r  a per iod of time of approximately one second. Since t h e  stack 

sampling po in t  i s  15-20 f e e t  above the oven f l o o r ,  t h e  c o l l e c t o r  had t o  

opera te  unattended during charging, and a mechanical method had t o  be 

s e l e c t e d  t o  move t h e  s l i d e  i n  and o u t  of the  p a r t i c u l a t e  flow. Endless 
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FIGURE E - I  
LARRY CAR CHARGING COKE OVEN 
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b e l t s  were considered,  h u t  f i n a l l y  a wheel w a s  s e l e c t e d  t o  o f f e r  the b e s t  

s o l u t i o n  t o  the problem. 

f a b r i c a t i n g  a r o t a t i n g  frame f o r  e leven  g l a s s  s l i d e s ,  which were a t tached  

t o  t h e  frame wi th  metal paper clamps (see Figure  E-2). This frame could be 

mounted on t h e  s t a c k  sampling duct  so that only p a r t  extended over t h e  

duct  in the p a r t i c u l a t e  stream. 

o u t e r  p r o t e c t i v e  housing f o r  the r o t a t i n g  s l i d e  frame, and matching ho le s  

i n  t h e  top and bottom allowed t h e  p a r t i c u l a t e s  t o  flow by, around and 

over  the s l i d e s ,  y e t  con t ro l l ed  the time that t h e  s l i d e  was exposed t o  

t h e  p a r t i c u l a t e  stream (FigureE-3). The r o t a t i n g  wheel w a s  d r iven  by a 

slow speed e l e c t r i c  motor (6 second r e v o l u t i o n )  and was con t ro l l ed  such 

t h a t  the wheel could make one r evo lu t ion  only  and then the  r o t a t i n g  a c t i o n  

would s top .  

Summarizing t h e  most important des ign  f e a t u r e s  that were incorporated 

i n t o  t h e  f a b r i c a t i o n  and opera t ion  of t h e  hardware: 

0 P a r t i c u l a t e  samples were c o l l e c t e d  by d i r e c t  impaction on the  

A 12" diameter  1 6 m  movie f i l m  reel was used f o r  

The f i l m  s t o r a g e  can was used as an 

microscope s l i d e s  

0 S l i d e  exposure t i m e  w a s  con t ro l l ed  t o  prevent  overloading 

0 S l i d e s  were greased t o  minimize t h e  chance t h a t  p a r t i c l e s  impacting 

on t h e  s l i d e  may be r een t r a ined  la ter  

Eleven samples were taken over a six second per iod 

0 Sampling occurred when emission levels were judged t o  be a t  peak 

condi t ion .  

Operat ional  Procedure 

The f i r s t  s t e p  i n  prepar ing  f o r  a test was t o  prepare  t h e  g l a s s  micro- 

scope s l i d e s .  New s l i d e s  were coated w i t h  a t h i n  l aye r  of s i l i c o n e  

grease  and placed (greased s i d e  down) on the r o t a t i n g  wheel by t h e  metal 

c l i p s  loca t ed  around t h e  outer  per imeter .  The top p r o t e c t i v e  housing 

w a s  then placed over  t h e  wheel w i t h  t h e  exposure opening l i n e d  up wi th  

bottom housing. 

t h e  housing j o i n  w a s  secured with duct tape  t o  hold them together  and t o  

f o r c e  gases and p a r t i c u l a t e  t o  e n t e r  on ly  a t  the  exposure opening. 

The c rack  around the  per imeter  where t h e  two halves  of 
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The d r i v e  motor of t h e  c a r r o u s e l  w a s  then connected t o  110 v o l t  power, 

but  with t h e  a c t i v a t i n g  swi tch  i n  the "off" pos i t i on .  Af te r  the l a r r y  

car  w a s  pos i t ioned  over the oven t o  be charged, t h e  ca r rouse l  u n i t  w a s  

then ready t o  be c a r r i e d  up t o  the s t a c k .  Access to  t h e  s t a c k  was ob- 

ta ined by means of  an aluminum ladder  placed aga ins t  the  l a r r y  hopper. 

h e  man would c a r r y  the c a r r o u s e l  up the ladder  and clamp i t  onto t h e  

top of the s t a c k  adaptor  i n  such a p o s i t i o n  t h a t  the  exposure opening 

was over t h e  s t a c k  and t h e  d r i v e  motor on t h e  ou t s ide  of t h e  s t a c k .  The 

r o t a t i n g  wheel was then manually turned a l l  t h e  way counterclockwise,  t o  

the  " s t a r t "  of the  normal r o t a t i o n ,  so that  a f u l l  r o t a t i o n  would r e s u l t  

when power w a s  appl ied .  

t o  t h e  oven f l o o r  and t h e  l a r r y  c a r  could begin t o  charge i n  t h e  usua l  

fashion.  During t h i s  t i m e ,  t h e  c a r r o u s e l  opera tor  would observe t h e  

emissions plume coming out  of t h e  l a r r y  c a r  s t a c k ,  and when a heavy 

plume was present  he would a c t i v a t e  t h e  d r i v e  motor. 

t h e  r o t a t i n g  wheel t o  make one complete clockwise r evo lu t ion  and s t o p  -- 
exposing each of t h e  microscope s l i d e s  t o  t h e  emissions plume f o r  

approximately one second. The c a r r o u s e l  would remain on top of t h e  

l a r r y  ca r  s t a c k  u n t i l  t h e  charge w a s  completed, a t  which time t h e  

ca r rouse l  opera tor  would remove i t  from the  s t a c k  and r e l e a s e  t h e  l a r r y  

ca r .  

The s l i d e s  were removed from t h e  r o t a t i n g  wheel and s t o r e d  i n  a 

commercial s l i d e  holder .  They were placed i n  the  holder  grease (and 

p a r t i c u l a t e )  s i d e  up, and t h e  samples c a r e f u l l y  handled and t ranspor ted  

by auto t o  t h e  home o f f i c e  f o r  l a t e r  a n a l y s i s .  

Some tests were conducted while  o t h e r  p o l l u t i o n  measurements were being 

taken, and i n  these  cases  the  ca r rouse l  was operated s imultaneously wi th  

the  o t h e r  equipment, and appeared as shown i n  FigureE-4. 

OPTICAL SIZING 

Once a t  MITRE, t h e  p a r t i c u l a t e  samples were l abe led  and r e p r e s e n t a t i v e  

s l i d e s  were s e l e c t e d  from e a c h . t e s t  and analyzed for  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 .  P a r t i c l e s  were grouped i n  one of seven 

e 

The ope ra to r  t hen  descended from t h e  l a r r y  c a r  

This would cause 
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s i z e  ranges  us ing  a c a l i b r a t e d  r e t i c l e *  w i t h  t h e  "Ferets diameter" method. 

The ranges are: 

1 - 4.6 t o  9.2 p m  5 - 73.6 t o  147 .2  pm 

2 - 9.2 t o  18.4 um 6 - 147.2 t o  230 ym 

3 - 18.4 t o  36.8 pm 7 - >230 ym. 

4 - 36.8 t o  73.6 pm 

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  w i t h  a B & L microscope a t  300, and 

150 powers. 

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. 

t h e  use of a Polaroid camera at tachment ,  p i c t u r e s  were p e r i o d i c a l l y  taken. 

A p a r t i c l e  count of about 500 (termed a "batch")** was requi red  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 

to  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  batch w a s  complete. Each 

s l i d e  t o  be  analyzed was chosen such that  a field-of-view had less than 

200 par t ic les*** in t h e  countable  ranges  f o r  any given power. 

of field-of-view a t  150 power and 300 power are 965 pm2 and 241 pm 

r e spec t ive ly .  

A batch counted in the 300 range inc ludes  p a r t i c l e s  between 4.6 ym and 

147.2  pm (excluding ranges 6 and 7 ) .  

p a r t i c l e s  g r e a t e r  than 9.2 ym (excludes range 1 ) .  

for 300 x and 150 x ba tches  s i z e d  f o r  t h e  same test, t h e  number of p a r t i c l e s  

i n  the  omitted ranges were ca l cu la t ed  from the  r a t i o s  of t h e  o t h e r  ba tches .  

For example, t h e  number of p a r t i c l e s  in range 1 of ba t ch  2 would be 

ca l cu la t ed  a s  t h e  r a t i o :  

The magnified samples were d isp layed  and counted on a closed 

Through 

The a r e a s  
2 

The 150 power ba tches  inc lude  

To combine t h e  r e s u l t s  

3 

N 1 2  = N 1 1  *c N i 2  

(E-1) 

i = 2  

*The r e t i c l e  w a s  c a l i b r a t e d  wi th  39 pm and as pm pol len .  

**Lodge, J. P. ,  Production of Cont ro l led*Tes t  Atmospheres In: A i r  Product ion,  
Volume 11, Ste rn ,  A. C.  (ed.) New York and London, Academic P res s ,  1968. 
p.  465 - 481. 

***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 ize  Analysis 
i n  I n d u s t r i a l  Hygiene. New York and Longon, Academic P res s ,  1971. 
p. 106 - 107. 
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where, f o r  a given sample ( s l i d e ) ,  

N12 : the number of p a r t i c l e s  i n  (unmeasured) range 1 

of ba t ch  2 

E t h e  number of p a r t i c l e s  i n  range 1 of ba t ch  1 

: the  number of p a r t i c l e s  i n  range i of ba tch  2 N i 2  

N .  E the number of p a r t i c l e s  i n  range i of ba tch  1. 11 

The d a t a  from o p t i c a l  measurements are shown on Tables 

i n  th i s  r e p o r t .  

The number of fields-of-view completing a ba tch  were counted and recorded 

and t h e  area c a l c u l a t e d .  The dens i ty  of t h e  s l i d e  was then ca l cu la t ed  

a s  a r a t i o  between t h e  number of p a r t i c l e s  counted t o  area scanned. The 

l o c a t i o n  of each field-of-view w a s  recorded t o  t h e  nearest t e n t h  of a mm 

us ing  the movable s t a g e  p o s i t i o n  scale. 

s t o r e d  f o r  l a t e r  access .  

The t h e o r e t i c a l  c o l l e c t i o n  e f f i c i e n c y  of the  microscope s l i d e s  was 

inves t iga t ed  t o  determine s y s t e m  b i a s e s  r e l a t i v e  t o  p a r t i c l e  s i z e  and 

emission v e l o c i t y  ( t h i s  is discussed l a t e r ) .  The c o l l e c t i o n  e f f i c i e n c y  

was used t o  produce co r rec t ion  f a c t o r s  t o  be appl ied  t o  t h e  measured 

r e s u l t s .  

Each s l i d e  w a s  a l s o  analyzed f o r  p a r t i c l e s  l a r g e r  than 1000~ with  a t e n  

power magnif ier .  The number of p a r t i c l e s  l a r g e r  than 100011 w a s  counted 

on each s l i d e  and t h e  dens i ty  f o r  p a r t i c l e s  > 1OOOp was c a l c u l a t e d  and 

recorded. Other d a t a  obtained from o p t i c a l  s i z i n g  and presented l a t e r  

include:  

P a r t i c u l a t e  counts  f o r  each test 

P a r t i c l e  dens i ty  of particles l a r g e r  than 100011 

Calculated percentage of p a r t i c l e s  v s  s i z e  range 

Cumulative number and weight pe rcen t s  v s  s i z e  range.  

E-2 t o  E-6 

All s l i d e s  were l a b e l l e d  and 

P a r t i c l e  d e n s i t y  f o r  each s l i d e  f o r  p a r t i c l e s  l a r g e r  than 1 8 ~  

E-10 
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DATA REDUCTION 

The c o l l e c t i o n  e f f i c i e n c y  c o r r e c t i o n s  c a l c u l a t e d  i n  th i s  AppendFx were 

appl ied  t o  t h e  r e s p e c t i v e  s i z e  ranges descr ibed  i n  t h e  fol lowing s e c t i o n .  

Though the o p t i c a l  s i z i n g  of the coke oven p a r t i c l e s  included ranges 

from 4.6pm and l a r g e r ,  t h e  d a t a  analyzed w i l l  inc lude  only  t h e  s i z e  ranges 

where the p a r t i c l e s  were l a r g e r  than 18.4pm. Ranges 1 and 2 were excluded 

from f i n a l  computations h e r e  because: 

a )  

a 

i t  w a s  found t h a t  t h e  c o l l e c t i o n  e f f i c i e n c y  of t h i s  device  drops o f f  

r a p i d l y  below 20pm under t h e  s t a t e d  ope ra t ing  cond i t ions  

b )  t h e  Andersen sampler adequately s i z e d  p a r t i c l e s  up t o  20pm 

c)  i t  w a s  d i f f i c u l t  t o  conf iden t ly  i d e n t i f y  t h e  smaller p a r t i c l e s  due 

t o  fo re ign  materials and grease anomalies on t h e  s l i d e s .  

Figure E-5is a cumulative curve of p a r t i c l e  number percent  vs p a r t i c l e  

diameter of the  average va lues  from Tables E-1 and E-2. 

i n d i c a t e s  t h a t  f o r  t h e  p a r t i c l e s  g r e a t e r  than 18pm (cor rec ted  f o r  co l l ec -  

t i o n  e f f i c i e n c y )  the mean number diameter  i s  35pm. The uncorrected 

values  are a l s o  graphed along with t h e  co r rec t ed  va lues .  

Figure E-6 i s  a graph of  weight percent  vs p a r t i c l e  diameter.  It is 

derived from Figure E-5 assuming s p h e r i c a l  p a r t i c l e s  and a d e n s i t y  of  

1 . 2  gm/cm3 by us ing  t h e  formula: 

The graph 

e 

where, 

p = p a r t i c l e  dens i ty  

j 
R = Radius of p a r t i c l e  of j t h  range 

#%. = The number percent  of p a r t i c l e s  i n  t h e  j t h  range.  
I 
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TABLE E-1 

DEPOSITION EFFICIENCY FOR SAMPLER AT COKE OVEN 

EM Correction 
Diameter = 48 x 10 a Deposition Factor 
Particle 

= 2a Efficiency 

10P .12 0 

2011 .48 .35 2.86 

30 P 1.08 .62 1.61 

4 2  

- 

1.92 

4.32 

7.68 

10011 12.00 

120u 17.28 

1 6 0 ~  30.72 

200u 48.00 

300u 108.00 

40011 192.00 

. I 2  

. 8 4  

. 9  

.93 

.95 

1.39 

1.19 

1.11 

1.08 

1.05 

.97 1.03 

.99 1.01 

.995 1 

1 1 
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The mean mass diameter for particles >18m after corrections are applied 

was determined to be 200um. 

The results of the corrected weight percent data will be combined with 

results obtained from an Andersen sampler to produce an overall size 

distribution for coke oven particulate matter. 

CALCULATION OF COLLECTION EFFICIENCY 

Since the microscope slides were exposed to the pollution plume for less 
than a second (therefore were never overloaded) and were greased, two 
assumptions were made in determining the collection efficiency of the 
slides: 
1. Every particle that impacted on the slide was retained by the 

greased surface 
2. Little or no reentrainment occurred. 

These two assumptions simplify the calculation of collection efficiency, 

which determines which fraction of the particles in each size range 
actually reach the surface of the slide. 

Langmuir and Blgdgett developed graphs* of impaction efficiency (Figure E-7) 
vs an inertial parameter K for a ribbon where 

03-31 

p, = density of particle (= 1.2 specific gravity) in gm/cm 3 

a = radius of particle (cm) 
IJ = velocity of gas stream - cmlsec 
c - size of impaction surface (width of slide) 
rl = viscosity of the gas (poise) 
Figure E-7 gives values for $ between 0 and 1000 where $ R2 /K 

P 
and 

Rp = 2 apA p/n  for p A ' =  density of air ( E - 4 )  

~ ~ ~- 

*"Ma thema t ical Investigations of Water Droplet Tra j ec tories" , Langmuir 
and Blodgett. 1946, Army Air Force Report, PB 27565. 
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Table E-1 is t h e  c o l l e c t i o n  e f f i c i e n c y  f o r  average condi t ions  experienced 

dur ing  ope ra t ion  of this system. 

The v a l u e s  of the v a r i a b l e s  used t o  produce Table E-1 are: 

* ps = 1.2  gmlcm 

u = 30 f t l s e c  = 914 cmlsec 

c = 2 . 5 4  c m  

q ZOO x po i se  

PA = .001 glcm 3 

=> Rp = 9,100 a 

then 

$ = 172. 

Table E-1 i n d i c a t e s  t h a t  the  c o l l e c t i o n  e f f i c i e n c y  of p a r t i c l e s  smaller 

than 20vm i n  diameter  drops o f f  too r a p i d l y ,  implying c o r r e c t i o n  f a c t o r s  

f o r  ranges 1 and 2 would be erroneous.  Therefore ,  a l l  c a l c u l a t i o n s  t h a t  

apply t o  coke oven p a r t i c l e s  w i l l  be f o r  s izes  >18pm. Table E-8 and 

Table E-9 l ist t h e  average cumulative s i z e  d i s t r i b u t i o n  r e l a t i v e  t o  

weight percent  and number percent  a s  measured and a s  co r rec t ed  ( fo r  

c o l l e c t i o n  e f f i c i e n c y  of t h e  system) f o r  a l l  p a r t i c l e s  >18pm. The averages 

of t h e  co r rec t ed  va lues  ( i n  a s i z e  range)  i n  Table E-9 are t o  be 

combined wi th  t h e  Andersen da ta  t o  produce a complete s i z e  d i s t r i b u t i o n .  

Figures  E-5 and E-6 are graphs of t h e  a r i t h m e t i c  means found from Tab l e s  

E-8 and E-9. 

PARTICULATE DATA FORMS 

E-2 through E-6 present  t h e  p a r t i c l e  da t a  i n  i t s  o r i g i n a l  form. 
The t a b l e s  inc lude :  

area of  s l i d e  t h a t  w a s  analyzed 

p a r t i c l e  d e n s i t y  of s l i d e  f o r  p a r t i c l e s  l a r g e r  than 18pm and f o r  

number of p a r t i c l e s  counted i n  each range 

p a r t i c l e s  l a r g e r  than 1000pm. 

E-18 



a 

U 

I 
N 

- 

0 
m 

- 

m 
I 

U 

m 
\D 
0 

0 u 
U 

4 
m 

m 
h 
U 

\ON . .  
u m  

a l a  
P a  
0 0  u u  
m m  
0 0  
Y Y  

i i i i  
w e  
0 0  

43 

* 
ii 

E-19 



- 

.Y 
m 

U 

I 
N 

U 
m 

m 
I 
U 

m 

n 
10 

0 
U 

‘f. 
m 
3 

- 

U 
m 

m 
I 

U 

U m 

10 
rl 

I 

m 

10 

n 
h 

0 
Y 

m 
10 
n 

- 

N 
U 

10 
3 

I 

m 

N 
U 

N 
n 
I 
10 
3 

N 

h 
U 
3 

0 
U 

10 

o 
h 

z m 
U 
m 
w 
0 

E 

a 10N 

u r n  
. .  

4 3  

x * * 

E-20 



// 
! r l  

! 
i 

- 

4 
U 
4 

- 

U 

I 
N 

- 

t 

- 

N 
U 
rl 

- 

m 
I 

U .: 
W 
rl 

0 u 
N 

lo ;  

I 
E-21 

C c r 

m 
N 
A 

~m 
W 

4 
r. .. 

-- 

-- 
N C  

5 

-- 

0 
m 
N n 



" 
z ! :  
HI- 
O t  c e  

P 
4 

C 
w 
r 

* z z  
H O  

H 
W V I  
i l H  

3: 
- 

0 
0 
D 

a 
z 
r( 

w 
CI 

3 
w 
N 
H 
VI 

- 

N m 

- 

U 
I 

N 

- 

n 

j > \ D  

i o  

3 

I 

I 

I 

m a 
o 

. 
0 1  

10 0' 

3 .. 0' 
A y 1  r i (  

r l n  

m~ 0 1  

m 
B 
F i  
0 

.A . 
I.1- 
U m 
a i  - 

N 
a 
3 cu 
0 
0 
N 

~ 

+- 
C 
E m 
o cn 
m 
a 
2 
ti m 
U 
0 
H - 

m m  c c  
0 0  
U U  u o  
.rl rl 

\ D N  

u r n  
. .  e 

m m  
3 3  
m m  
w w  m a  
a a  

c c  
0 0  

.A .3 
m m  
rl .* 
? >  
rl '3 
F 1 9  
rlrl 

* *  * 

E-22 



Tables E-3 and E-4 do not  inc lude  any va lues  f o r  the  300 power batch.  

Poor condi t ion  of the s l i d e s  caused by extra heavy s i l i c o n  coa t ing  caused 

i d e n t i f i c a t i o n  problems f o r  p a r t i c l e s  in the smaller s i z e  ranges.  

Table E-7 g ives  numerical  number percent  versus  s i z e  range f o r  a l l  tests. 

Calcu la t ion  of numerical  percent  w a s  done f o r  a l l  ranges s i zed ,  f o r  

ranges g r e a t e r  than 9.211, and f i n a l l y  f o r  ranges g r e a t e r  than 1 8 . 4 1 ~ .  

discussed i n  the body of  t h i s  paper ,  a l l  computations a f t e r  t h i s  p o i n t  

were done only  f o r  p a r t i c l e s  g r e a t e r  than 18.41.1, i.e., ranges 3 t o  7.  

Table E-8 g ives  both the  cumulative number percent  and the  cumulative 

weight percent  f o r  each s i ze  range g r e a t e r  than  1 8 . 4 ~  wi th  no co r rec t ions  

for c o l l e c t i o n  e f f i c i e n c y  appl ied .  

r a t i o  of t h e  >18p d e n s i t y  t o  t h e  >1OOOp d e n s i t y  given in Tables E-2 

through E-6. 

Table E-9 presen t s  t h e  same d a t a  co r rec t ed  f o r  c o l l e c t i o n  e f f i c i ency .  

The c o r r e c t i o n  f a c t o r s  used were der ived  by e x t r a p o l a t i n g  Table E-1 

values  t o  the  va lues  f o r  the mid-point ( a r i t hme t i c  average)  of each range. 

The c o r r e c t i o n  f a c t o r s  were: 

As 

The 10001~ range w a s  found from t h e  

Range 

3 

4 
5 

6 

7 

>1oooIJ 

Correc t ion  Factor  

2 .0  

1.25 

1.06 

1.02 

1 

1 

The average va lues  i n  Tables E-8 and E-9 a r e  used f o r  Figures  E-5 

and E-6 in t h i s  s e c t i o n .  

PARTICLE PHOTOGRAPHS 

Figures E-8 t o  E-12 are a number of the photographs taken of scanned regions.  

The scans p i c tu red  below rep resen t  the t y p i c a l  p a r t i c l e  shape and number 

d i s t r i b u t i o t l  as observed during o p t i c a l  a n a l y s i s  of  t h e  samples. 
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FIGURE E-8 
TEST 27, 150 X 

FIGURE E-9 
TEST 27,150 X 
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FIGURE E-10 
TEST 28,150 X 

FIGURE E-11 
TEST 28,150 X 
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FIGURE E-12 
TEST 28, 150 X 
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e The p a r t i c l e s  were p r imar i ly  of two b a s i c  types ,  coa l  o r  coke b a l l s .  

The major p o r t i o n  of the p a r t i c l e s  i n  the ranges s i zed  were not  aggre- 

ga ted .  

and condensat ion f l o c s  probably he ld  toge the r  by hydrocarbons condensed 

on the p a r t i c l e  s u r f a c e s .  

a t  9 . 2 ~  per  d i v i s i o n .  

PRELIMINARY PARTICULATE TESTS 

During set-up of t h e  coke oven monitoring system, a series of p a r t i c u l a t e  

s i z e  samples were taken f o r  pre l iminary  information.  

of t h e  tests w a s  t o  determine the  d i f f e r e n c e  i f  and of p a r t i c l e  s i z e  

d i s t r i b u t i o n s  of samples c o l l e c t  approximately 30 f e e t  from t h e  oven f loo r  

as opposed t o  those  c o l l e c t e d  i n  t h e  emission guide.  

preceded by a cyclone used f o r  t h e  tests. 

The r e s u l t s  of t h e  tests a r e  given i n  Tables E-10 through E-13. 

tests were q u a l i t a t i v e  and s t ack  v e l o c i t y  was not  measured during any 

test. Tes ts  1, 2 and 3 ( T a b l e s  E-10, E-11, E-12,  r e spec t ive ly )  were 

samples taken 20 t o  30 f e e t  above t h e  oven f l o o r .  The sampling u n i t  

w a s  a t t ached  t o  t h e  boom and was swung out  over the  l a r r y  ca r  a s  i t  w a s  

charging.  The r e s u l t s  of these  tests were very i n c o n s i s t e n t ,  which w a s  

probably due t o  sampling condi t ions .  

t h e  c a r ,  wind changes caused t h e  plume to  be moving almost perpendicular  

t o  t h e  sampling nozzle  during some t e s t s  while  i t  w a s  p a r a l l e l  during 

o the r s .  

favorably with t h e  Andersen da ta .  Sedegraph ana lyses  was a l s o  performed 

on some of t h e  cyclone ca tches .  Figure E-U p l o t s  t h e  cumulative curves;  

t h e  s t r a i g h t  l i n e  f o r  each test s i g n i f i e s  t h e  lognormal approximation 

f o r  the data. 

COULTER ANALYSIS 

One test w a s  performed w i t h  t h e  c o u l t e r  counter  p r i o r  t o  set-up of the 

f i e l d  opera t ion .  During t h e  t e s t i n g  of  the vor t ex  breakers  f o r  t h e  

emission guides ,  some p a r t i c u l a t e  matter w a s  c o l l e c t e d  on a 1/4" w i r e  

sc reen .  This sample w a s  analyzed wi th  a c o u l t e r  counter  and r e s u l t s  

However, i n  the l a r g e r  s i z e  ranges, many p a r t i c l e s  were aggregates  

The s c a l e  shown i n  t h e  p i c t u r e s  was c a l i b r a t e d  

The p r i m e  purpose 

The Brinks impactor 

Al l  

A s  t h e  sampler was extended over  

T e s t  #4 w a s  performed i n  an emission guide.  The d a t a  compares 
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TABLE E-10 

Tes t  #1 

Boom 

(1) 144 mm F i l t e r  
Volume Sampled Mass Loading 
11.45 scf 5.9 mg 

(2) Cyclone S iz ing  

95% 
88% 

81.5% 
76% 

70.5% 
65% 
6 1% 
55% 
45% 
44% 

23.5% 
15% 
10% 

5% 

less than 
less t h a n  
less than  
less than  
less than  
less t h a n  
less than  
less than  
less than 
less than  
less than  
less than 
less than 
less  t h a n  

5 0 ~  
4 1 ~  
3 2 ~  

2 5 . 5 ~  
2 0 . 5 ~  

1 6 ~  
1 2 . 9 ~  

10P 
8P 

6 . 3 ~  
5 . 1 ~  

4P 
3.3P 

2.5511 

(3) Brinks 

Volume Sampled 

(. 324 m3) 

99.4% less t han  2 . 7 4 ~  
98.5% less than  1 . 6 ~  
97.9% less than  1.08~ 
97.1% less than  .51p 
2.17% less than  .12P 
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TABLE E-11 

T e s t  #2  

' Boom 

(1)  144 mm F i l t e r  
Volume Sampled Mass Loading 

7.24 scf 35.6 mg 

(2) Cyclone S i z i n g  

None 

(3)  Brinks 

73.3% less than 2 . 7 4 ~  
13 .7% less than 1.611 

3.7% less than 1 . 0 8 ~  
.95% less than .51p 

0% less than .12P 
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TABLE E-12 

Test #3 

Boom 

(1) 144 mm Fi l ter  
Volume Sampled 

9 . 4  scf 

(2) Cyclone Sizing 

(3) Brinks 
92.3% 
82.3% 
73.8% 
63.9 
56.0 

Volume Sampled 
Mass Loading ( .27 m3) 

10.9 mg 

None 

less than 3.181.1 
less than 1 . 8 7 ~ .  
less than 1 . 2 7 ~  
l e s s  than . 6 5 ~  
less than .32u 
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TABLE E-13 

T e s t  # 4  

Emissions Guide 

2 . t y p e s  of p a r t i c l e s  

a )  s o l i d  - genera l ly  round (popcorn shaped) 
b) t a r  - s p h e r i c a l  

(1) 144 mm F i l t e r  
Volume Sampled 

1 7 . 4  scf 

(2) Cyclone S i z i n g  

87% 
73% 
65% 
52% 
38% 
31% 
25% 
20% 
15% 
11% 

8% 
5% 

3.5% 
2% 

(3) Brinks 

87% 
77% 
38% 
20% 

5% 

Mass Loading 
60.1 mg 

less than  
less than 
less than  
less than  
less than 
less than 
less than  
less than 
less than 
less than 
less than  
less than  
less than 
less than 

less than  
less than 
less than 
less than 
less than 

Volume Sampled 
(.49 m3) 

5 0 ~  
411i 
3 2 ~  

2 5 . 5 ~  
2 0 . 5 ~  
1611 

1 2 . 9 ~  
1011 
811 

6 . 3 ~  
5 . 1 ~  

4P 
3.3P 
2.611 

3 . 1 8 ~  
1.8711 
1 . 2 7 ~  

. 6 5 ~  

.32u 

90% Weight in Cyclone 

, 
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are shown in Figure E-14. A s i d e  from the biased collection method, the 

analysis probably broke up a considerable part of the agglomerated 

particles.  
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