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11. INTRODUCTION 

T e s t s  Performed 

A s e r i e s  of  tes ts  were conducted a t  t h e  Ra l s ton  P u r i n a  

Company, Chow D i v i s i o n  P l a n t  i n  L o u i s v i l l e ,  Kentucky on 

November 6 and 7 ,  1972. T e s t s  were made t o  de termine  p a r t i c u -  

l a te  c o n c e n t r a t i o n s  a t  t h e  i n l e t  and o u t l e t  t o  t h e  p e i l e t  

c o o l e r  cyc lone  and a t  t h e  o u t l e t  of t h e  hammermill cyc lone .  

S tack  gas  v e l o c i t i e s ,  t e m p e r a t u r e ,  and moi s tu re  c o n t e n t  w e r e  

a l s o  measured d u r i n g  each  tes t .  T a b l e  1 summarizes t h e  tes t  

l o c a t i o n s ,  d a t e s  and t h e  measurements made. 

Sampling S i t e s  

Figure  1 shows t h e  sampl ing  s i t e  l o c a t i o n s .  S t a c k  g a s e s  

were sampled f o r  p a r t i c u l a t e  c o n c e n t r a t i o n  b e f o r e  and a f t e r  

t h e  cyclone s e r v i n g  t h e  p e l l e t  c o o l i n g  o p e r a t i o n  a t  P o i n t s  A 

and 9 i n  F i g u r e  1. The o u t l e t  s i t e  w a s  l o c a t e d  i n  a temporary 

d u c t  which had been added t o  t h e  cyc lone  t o  p r o v i d e  a s u i t a b l e  

sampling s i t e .  Normally t h e  cyc lone  is  vented  d i r e c t l y  t o  t h e  

atmosphere from t h e  f a n .  

The o u t l e t  t o  t h e  hammermill cyc lone  w a s  a l s o  sampled f o r  

p a r t i c u l a t e  matter. Sampling w a s  done a t  p o i n t  C as shown i n  

F igu re  1, by u s i n g  a temporary cyc lone  o u t l e t  s t a c k  e x t e n s i o n .  

The cyc lone ,  a s  normal ly  o p e r a t e d ,  had a r a i n  cap (Chinaman's 

h a t )  p l aced  ove r  t h e  o u t l e t .  
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111. SUMMARY OF RESULTS 

T a b l e s  2 th rough 6 summarize t h e  s t a c k  gas  pa rame te r s ,  

and t h e  e m i s s i o n , p r o c e s s ,  and sampl ing  d a t a  ob ta ined  d u r i n g  

t h i s  t e s t  series. A d d i t i o n a l  d a t a ,  c a l c u l a t i o n s ,  and o r i g i n a l  

f i e l d  d a t a  are i n c l u d e d  i n  t h e  Appendices t o  t h i s  r e p o r t  

P e l l e t  Cooler  

Table  2 c o n t a i n s  t h e  s t a c k  gas  and p a r t i c u l a t e  emiss ion  

d a t a  f o r  t h e  p e l l e t  c o o l e r  a t  t h e  i n l e t  and o u t l e t  of t h e  

cyclone s e r v i n g  t h i s  o p e r a t i o n .  The s l i g h t l y  h i g h e r  gas  f lows  

a t  the o u t l e t  s i t e ,  as compared t o  t h e  i n l e t  s i t e ,  are probably  

due  t o  t h e  leakage  of o u t s i d e  a i r  i n t o  t h e  d u c t  work around 

the f a n  s h a f t  and hous ing .  

Two v a l u e s  are r e p o r t e d  f o r  t h e  p a r t i c u l a t e  c o n c e n t r a t i o n s .  

and emiss ions .  The v a l u e  d e s i g n a t e d  as " f r o n t "  represent ' s  t h e  

p a r t i c u l a t e  c o l l e c t e d  i n  t h e  f r o n t  h a l f  of  t h e  sampling t r a i n ,  

namely, t h e  probe and f i l t e r .  The " to t a l "  v a l u e  i s  t h e  e n t i r e  

amount of p a r t i c u l a t e  c o l l e c t e d  i n  t h e  t r a i n ,  namely t h e  f r o n t  

h a l f  and t h e  m a t e r i a l  c o l l e c t e d  i n  the impingers .  The amount 

c o l l e c t e d  i n  t h e  impingers  ( o r g a n i c  e x t r a c t  and i n o r g a n i c  

r e s i d u e )  amounted t o  an average  of 2% of t h e  t o t a l  p a r t i c u l a t e  

c o l l e c t e d  a t  t h e  i n l e ' t  s i t e  a n d ' 3 2 %  a t  t h e  o u t l e t .  
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TABLE 3. PELLET COOLER PRODUCTION DATA 

Composition, % 

4 0 %  Ground Corn 
30% Wheat Middl ings  

20% G r a i n  By-products 
5% Minerals 

5% Molasses 

65% Ground Corn 
25%-30% Soybean Meal 

5 %  Mine ra l s  
2% A n i m a l  By-Products 

I 

Feed 
.ate, Pounds/Hou: 

19256 

20575a 

22550' 

( a )  

( b )  Rate d u r i n g  second h o u r ;  average ra te  = 21563 

Rate d u r i n g  first h o u r  of a two-hour t e s t .  
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T a b l e  5 p r e s e n t s  a summary of  stack gas  parameters  and 

p a r t i c u l a t e  emiss ion  d a t a  f o r  t h e  hammermill cyc lone  o u t l e t  

sampling s i t e .  

( 0 . 1 6 2  pounds p e r  t o n  of  p r o d u c t )  were e m i t t e d  f r o m  t h i s  

cyclone a t  a c o n c e n t r a t i o n  of 0 . 0 2 6 6  g r a i n s  p e r  s t a n d a r d  

cubic f o o t .  A produc t ion  r a t e  of 8 t o n s  p e r  hour  was main ta ined  

du r ing  a l l  tests. 

An average  of 1.3 pounds o f  p a r t i c u l a t e  

The o p a c i t y  w a s  5% whi t e .  

An average  of 75% of ' t h e  p a r t i c u l a t e  matter w a s  found 

i n  t h e  f r o n t  h a l f  of t h e  sampl ing  t r a i n .  T a b l e  6 p r e s e n t s '  

a summary of  t h e  sample volunies, l a b o r a t o r y  r e s u l t s ,  and 

p e r c e n t  of i s o k i n e t i c  sampling rate.  Sampling t i m e s  were 

two h o u r s  f o r  t e s t  7 and 6 4  minutes  each for  tests 8 and 9. 

f low a s  measured w i t h  a p i t o t  t u b e .  
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I V .  PROCESS DESCRIPTION 

P e l l e t  Coo l inp  

A wide v a r i e t y  of  ca t t le  and p o u l t r y  f e e d s  are manufactured 

i n  bo th  checker  and pe l le t  form a t  t h i s  p l a n t .  

p rocess  t e s t e d ,  i n g r e d i e n t s  are  mixed i n  a ba tch ,and  g r a v i t y  

fed  t o  a C a l i f o r n i a  P e l l e t  M i l l  where t h e y  are formed i n t o  

sma l l  c y l i n d r i c a l  p e l l e t s .  As shown i n  F i g u r e  2,  t h e  pe'llets 

then  drop  i n t o  a doub le -pass ,  h o r i z o n t a l  cooler through which 

room a i r  i s  drawn t o  cool and p a r t i a l l y  d r y  t h e  w a r m  p e l l e t s .  

( C a l i f o r n i a  P e l l e t  M i l i  C o . ,  Model N o .  5 HR 34DD, S e r i a l  No. 

232828). Th i s  cooler c o n s i s t s  of two cont inuous  p e r f o r a t e d  

be l t s  wi th  an' e f f e c t i v e  wid th  of 34 i n c h e s  and l e n g t h  of 6 0  i n c h e s .  

Dust e n t r a i n e d  i n  t h e  c o o l i n g  a i r  i s  c o l l e c t e d  i n  a Longhorn 

No. 79 cyc lone  collector and t h e  c l eaned  a i r  vented  d i r e c t l y  

I n  t h e  p e l l e t i z i n g  

t o  t h e  atmosphere.  A 30 horsepower fan o p e r a t i n g  a t  1330 rpm* 

was mounted a t  t h e  cyc lone  o u t l e t .  

F ines  c o l l e c t e d  i n  t h e  cyclone are r e c y c l e d  t o  t h e  

p e l l e t  m i l l .  

Hammermill 

Whole k e r n e l  corn  is p u l v e r i z e d  by hammermills f o r  u se  as 

a b a s i c  f e e d  i n g r e d i e n t .  A number of  hammermills are used a t  

t h i s  p l a n t .  The u n i t  t e s t e d  was a P r a t e r ,  s i z e  9 ,  s t y l e  GOS 

(Serial  No. 2 2 4 6 9 ) .  as shown i n  F i g u r e  3 .  Cracked k e r n e l s  

* n o t  measured. 
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Figure  3 .  H a m m e r m i l l  System 
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t o  two cyc lone  c o l l e c t o r s  mounted in series. The cyclone 

c o l l e c t i o n  system i s  a Kice, Model 2 SPW 16-8. The product  

is c o l l e c t e d .  i n  t h e  c y c l o n e s ,  and fines are vented  to t h e  

atmosphere. 
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V .  PROCESS OPERATION 

P e l l e t  Cooler  

The p e l l e t  c o o l e r  o p e r a t e d  i n  a normal manner. 

Feeds were chosen which provided  l o n g  r u n s ,  i . e .  abou 

2 . 5  hours .  The composi t ion of t h e  f e e d s  was p r e v i o u s l y  shown 

i n  T a b l e  3 .  The p e l l e t  m i l l  o p e r a t e d  a t  a power i n p u t  of 

130-150 amps d u r i n g  t h e  f i r s t  r u n  and f o r  75% o f  t h e  second 

run and t h e n  dropped off s lowly  t o  110 amps. 

The a d d i t i o n  of  'a cyc lone  e x t e n s i o n  d i d  n o t  a p p a r e n t l y  

e f f e c t  t h e  c o o l i n g  a i r  r a t e  th rough t h e  u n i t .  

h'ammermi 11 

The  hamn2rmi11 o p e r a t e d  c o n t i n u a l l y  i n  a normal manner. 

During each  of  t h e s e  t es t s ,  N u d e r  2 yel low corn  w i t h  2 %  FM was 

ground a t  a s t e a d y  r a t e  of 8 t o n s  p e r  hour .  The hammermill 

opera ted  a t  1 8 0 0  rpm, and a s i z e  1 2  s c r e e n  w a s  used t o  y i e l d  

a course  g r i n d .  A s i e v e  a n a l y s i s  o f  t h e  ground corn  y i e l d e d  

. t h e  fo l lowing ,  d a t a :  

T y l e r  Screen S i z e  

8 
2 4  
4 2  

% Reta ined  

5 .,5 
58.5-65.0 
85i5-87.5 

T h e  a d d i t i o n  of  t h e  cyc lone  e x t e n s i o n  d i d  n o t  a p p a r e n t l y  

a f f e c t  t h e  a i r  f low through t h e  p r o c e s s .  

1 6  



VI. LOCATION OF SAMPLING POINTS 

Figures  4 ,  5 ,  and 6 show t h e . s a m p l i n g  p o r t s  and t h e  

number of  sampling p o i n t s  a t  t h e  si tes used  t o  de t e rmine  

emiss ions  from t h e s e  t w o  o p e r a t i o n s .  A s  shown i n  F i g u r e  4 ,  

t h e  p e l l e t  c o o l e r  cyc lone  i n l e t  samples  were c o l l e c t e d  a t  

32 p o i n t s  ( 1 6  a long  each d i a m e t e r )  i n  t h e  30  i n c h  round 

v e r t i c a l  d u c t .  Th i s  p o r t  was 5 . 1  d i a m e t e r s  ups t ream from 

t h e  bend l e a d i n g  i n t o  t h e  cyc lone  and 5.2 d i a m e t e r s  down- 

stream from t h e  t r a n s i t i o n  d u c t  l e a d i n g  from t h e  p e l l e t  

c o o l e r  hood. F igu re  5 shows ' t h e  p e l l e t  cooler cyc lone  ou t -  

l e t  sampling s i t e  and t h e  36 t r a v e r s e  po in t s  (18 a long  each  

d i ame te r )  i n  t h e  34.5 i n c h  round ver t ica l  d u c t .  T h i s  p o r t  

was l o c a t e d  i n  t h e  temporary d u c t  e x t e n s i o n  and w a s  3.33 

dianeters downstream from t h e  t r a n s i t i o n  s e c t i o n  and bend 

( d u c t  changed from r e c t a n g u l a r  t o  r o u n d ) ,  and 0 . 8 3  

diameters  upstream from t h e  d u c t  ' o u t l e t .  

F igu re  6 shows t h e  hammermill cyc lone  o u t l e t  s i t e  and 

t h e  1 6  p o i n t s  ( 8  a long  each d i a m e t e r )  i n  an 18  i n c h  round 

v e r t i c a l  d u c t .  The sampling p o r t s  were 2 diameters ups t ream 

from t h e  d u c t  e x i t  and 4 . 7  d i a m e t e r s  downstream from a bend. 
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V I I .  S A M P L I N G  P R O C E D U E S  

All sampling p rocedures  were s e l e c t e d  by EPA p r i o r  t o  

f i e l d  sampling.  The a n a l y s i s  of c o l l e c t e d  samples was pe r -  

formed by PEDCo. O r i g i n a l  d a t a  s h e e t s  and a s s o c i a t e d  v e l o c i t y  

and sampling volume c a l c u l a t i o n s  a r e  i n c l u d e d  i n  Appendix D. 

V e l o c i t y  and Gas Temperature  

All gas v e l o c i t i e s  were measured w i t h  a t y p e  S p i t o t  

t u b e  and i n c l i n e d  d r a f t  gage. I n  a l l  cases v e l o c i t i e s  were 

measured a t  each  sampl ing  p o i n t  a c r o s s  t h e  s t a c k  d i a m e t e r  t o  

de te rmine  an average v a l u e  acco rd ing  t o  procedures  d e s c r i b e d  

i n  t h e  F e d e r a l  Register - Method 1. Temperatures were 

measured by long  s t e m  d i a l  thermometers.  

1 

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

Method 5 as d e s c r i b e d  i n  t h e  F e d e r a l  Regis ter1 w a s  

used t o  measure p a r t i c u l a t e  m a t t e r .  A g l a s s  l i n e d  p r o b e ,  

f i b e r  g l a s s  f i l t e r ,  and impinge r s  c o n t a i n i n g  d i s t i l l e d  w a t e r  

were used as shown i n  F i g u r e  7. The f o u r t h  impinger  con ta ined  

s i l i c a  g e l .  

T e s t  1. Due t o  l o w  m o i s t u r e  c o n t e n t  and near  ambient  s t a c k  gas  

tempera ture ,  probes and f i l t e r s  w e r e  not hea ted  d u r i n g  t h e  

tests.  

The sampling cyc lone  w a s  n o t  used e x c e p t  f o r  

1) Federal  R e g i s t e r ,  V o l .  3 6 ,  N o .  2 4 7 ,  P a r t  I1 Dec. 2 3 ,  1 9 7 1  

21 
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I n  a l l  c a s e s  sampl ing  was conducted .  under i s o k i n e t i c  

c o n d i t i o n s  by c o n t i n u a l l y  mon i to r ing  t h e  v e l o c i t y  w i t h  a 

p i t o t  t u b e  and a d j u s t i n g  t h e  sampl ing  ra te  accord ing ly  w i t h  

a t h ree - independen t -va r i ab le  nomograph. 

Tl;e t r a i n  c leanup p rocedure  c o n s i s t e d  of measuring t h e  

wa te r  c o l l e c t e d  and weighing t h e  s i l i c a  g e l  t o  de te rmine  

moi s tu re  c o n t e n t .  The w a t e r  was t h e n  poured i n t o  a g l a s s  

jar .  The f i l t e r  w a s  removed and p l a c e d  i n  marked c o n t a i n e r .  

The  probe and f r o n t  h a l f  of t h e  f i l t e r  h o l d e r  were then  r i n s e d  

with a n a l y t i c a l  r e a g e n t  g r a d e  a c e t o n e  and t h e  washings p l a c e d  i n  

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

f i l t e r  h o l d e r ,  imp inge r s ,  and connec to r s  were r i n s e d  w i t h  

d i s t i l l e d  w a t e r  and t h i s  w a t e r  added t o  the  impin'ger c o n t e n t s .  

The  r e a r  h a l f  of t h e  t r a i n  w a s  t h e n  r i n s e d  w i t h  ace tone  and 

p laced  i n  a t h i r d  sample j a r .  A p o r t i o n  of t h e  ace tone  and 

d i s t i l l e d  water used i n  t h e  sample r e c o v e r y ,  w e r e  set a s i d e  and 

used a s  b l anks  f o r  a n a l y s i s .  

The r e a r  h a l f  o f - t h e  t r a i n  c o n s i s t i n g  of 

Analys is  fo l lowed the p rocedures  d e s c r i b e d  i n  Method 5 

of t h e  F e d e r a l  R e g i s t e r  of August 1 7 ,  1971.2 

o f :  

T h i s  c o n s i s t e d  

1. Drying t h e  f i l t e r  i n  a desiccator a t  room. tempera ture  
and weighing.  

-. - .- 
. 

2 .  F e d e r a l  Regis ter ,  Vol. 36 N o .  159 P a r t  11, AUg. 1 7 ,  1 9 7 1 .  

23 



i '' 
I 
I 
I 
I 
I 
1 
I 
I 
I 

i 
i 

L .  

3 .  

4. 

5.  

T r a n s f e r r i n g  t h e  a c e t o n e  washings from t h e  probe 
and f r o n t  h a l f  of  t h e  f i l t e r  h o l d e r  t o  a tared 
beake r  and e v a p o r a t i n g  t o  dryness  a t  room t empera tu re  
and weighing. 

E x t r a c t i n g  o r g a n i c s  from t h e  impinger  water and wash- 
i n g s  w i t h  ch loroform and e t h e r .  The e x t r a c t s  w e r e  
p l a c e d  i n  a t a r e d  b e a k e r  and d r i e d  a t  room tempera tu re  
and t h e n  weighed. 

The remaining w a t e r  w a s  p l a c e d  i n  a t a r e d  beaker 
and evapora t ed  by b o i l i n g .  The r e s i d u e  w a s  weighed. 

T r a n s f e r r i n g  t h e  a c e t o n e  washings f r o m  t h e  rear h a l f  
of the t r a i n  t o  a tared b e a k e r ,  e v a p o r a t i n g  t o  dryness  
a t  room t e m p e r a t u r e  and weighing. 

2 4  
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TEST DATA SUMMARY SHEET 

Rals ton  P u r i n a  

C i t y  L o u i s v i l l e ,  Kentucky T e s t '  S i t e  P e l l e t  Cooler  

1. Sum of e ther  and ch loroform e x t r a c t ,  and ace tone  r i n s e  
2 .  Residue from evapora t ion  of e x t r a c t e d  impinger  wa te r  
3 .  Inc ludes  cyc lone  
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T e s t  No. 
Date 1972 
T i m e  

Meter Volume, C.F. 
AH Avg. "H20 Avq. 

Meter I n l e t  Temp. OF 
Meter O u t l e t  Temp. OF. 
Pump Vacuum " H g  

F i l t e r  Temp. "F 
Impinger Tern?. O r "  

T e s t  T i m e ,  Min. 
Barometric P r e s s .  "Hg 

Stack  Gas Temp. OF 

Nozz:e S i z e ,  Inches  

S tack  Gage P r e s s .  "X20 

2 Stack  Area, F t .  

Molecular  Weight 

TEST DATA SUMMARY SHEET 

5 6 

11-6 11-6 
19 20-2141) is 20-2135 ! 
81.735 121.244 

1.13 I 1-91 I 
92 124 I I 
79 10 1 
4.0 4.6 
N/A 

12 8 126 1 

! 

! 
N/A 

I 6 2  77 I 

29.55 29.40 I 
-1.55 -.42 I 
90 86 ! 
0.187$ 0.2500 .. 
4.9091 6.492 

1 . .  

28.75 ' 28.75 

RALSTON PURINA 

% Moisture I 2.27 2.30 ! 
Sample Volume SCFD 78.7001 110.894 
Stack  Gas Veloci ty  FPS 53.3 44.3 

. Stack  Gas Volume SCFM 1 4 , 8 7 6  16r436 
S t a c k  Gas Volume SCFMD 14,538 16,059 
8 I s o k i n e t i c  108.1 104.:. 3 

P a r t i c u l a t e  Found, m g  I I 

Probe I 2558.41 91.3 

p,: . 

I 
I 

I 

I 

I 
I 

1 
F i l t e r  
Impinger Organics 

Impinger Residue 

T o t a l  

2.3 0.9 
26 ..4 29.0 
5.9 4.6 

2593.0 i25.8 



Impinger Residue 5.5 I 5.2 I 
. .  

12.7 1 

1. Sum of ether and chloroform extract, and acetone rinse. 
2. Residue from evaporation of extracted impinger water. 

Total 174.6 1 75.9 69. 
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A P P E N D I X  B. 
GASEOUS RESULTS 

NO gaseous emis s ions  were measured d u r i n g  t h i s  t e s t  series. 
Air w a s  t h e  on ly  gas f lowing  i n  t h i s  p r o c e s s  system. 

I. 
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APPENDIX D. FIELD DATA 

The f i e l d  d a t a  s h e e t s  i nc luded  i n  t h i s  appendix  c o n s i s t  

of t h e  o r i g i n a l  d a t a  s h e e t s  and computer p r i n t - o u t s  of t h e s e  

d a t a  a long  w i t h  associated c a l c u l a t i o n s  f o r  m o i s t u r e ,  meter 

volume, and s t a c k  gas flow. 
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AVERAGE METER TEMPERATURE (AMBIENT+20°F).oF 

I 
I 
I 
i 
I 
I 
I 

Tmavg. 

I' 
I 

BAROMETRIC PRESSURE AT METER, in. Hg 

STATIC PRESSURE IN STACK, in. Hg 

(P,i0.073 x STACK GAUGE PRESSURE in in. H20) 

RATIO OF STATIC PRESSURE TO METER PRESSURE 

AVERAGE STACK TEMPERATURE, O F  

AVERAGE VELOCITY HEAD, in. H20 

NOMOGRAPH DATA 

pnl 

PS 

PS 
/Pm 

'savg. 

Apavg. 

ACTUAL NOZZLE DIAMETER, in. 

REFERENCE AD, in. $0 

. /875 
L 3/ 

I CFACTOR 

22 

4 2 

I 

I CALCULATED NOZZLE DIAMETER, in. I .H75 I 

€PA (Dur) 234 
4/12 
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CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

I 

AH@ 

I 
i 

BAROMETRIC PRESSURE AT METER, in. Hg 

STATIC PRESSURE IN STACK, in. Hg 

(P,k0.073 x STACK GAUGE PRESSURE in in. H20) 

NOMOGRAPH DATA 

PLANT ~ 4 L S T - a n /  ER/A/A 

DATE /u' ov. 72 
SAMPLING LOCATION 

/ 
& o ~ - ~ z r  0' 7 z ~ :  7~37-5 Z, $76 

p, 

p s  

Asuuezl  I 
AVE3AGE XETE3 TEIPERATURE (AMBiEZ(T rM0F). 'F  

US30-d 
PERCENT iX STURE IN GAS STREAM BY VOLUME 

RATIO OF STATIC PRESSURE TO METER PRESSURE 

AVERAGE STACK TEMPERATURE, "F 
avg. 

AVERAGE VELOCITY HEAD, in. H20 

MAXIMUM VELOCITY HEAD, in. H20 I Qmax 

70. j 

90 I 
463 I 

C FACTOR 0-82 
250- TESTS 4M CALCULATED NOZZLE DIAMETER, in. 

e/ 
ACTUAL NOZZLE DIAMETER, in. I " 



'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
I 
I 
i 

p & i ? ~ s T u R E  IN GAS S T R E m  By VOLUME 

BAROMETRIC PRESSURE A T  METER, in. Hg 

STATIC PRESSURE IN STACK, in. Hg 

(Pm+0.073 x STACK GAUGE PRESSURE in in. H20) 

~ 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

%o 2 1  
P" 27 zu 

p s  -. 27 

Asuw.59 
AVERAGE METER TEMPERATURE (AMBIENT+ZO'F),"F 

~~~ ~~ 

. AVERAGE STACK TEMPERATURE, "F 

AVERAGE VELOCITY HEAD, in. H20 

MAXIMUM VELOCITY HEAD, in. H20 

C FACTOR 

CALCULATED NOZZLE DIAMETER, in. 

ACTUAL NOZZLE DIAMETER, in. 

REFERENCE Ap, in. H20 

' I 70 
APavg.  0, 80 
APmax.  70 

&<86 . 
./875 - 

, / B 7 5  
A 6 5  

RATIO OF STATIC PRESSURE TO METER PRESSURE 

EPA (Our) 234 
4/12 
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DETERMINATION OF PARTICULATE EMISSIONS FROM STATIONARY SOURCES 

INTRODUCTION 

The following method was used in this test program. 

Sampling and analytical procedures followed those described 

in the Federal Register. 1 

SAMPLING APPARATUS 

The particulate sampling train in the procedure used 

in these tests met design specifications established by the 

EPA. 

Nozzle - Stainless steel (316) with sharp, tapered leading 

edge. 

Probe - Pyrex glass with a heating system capable of maintaining 
a minimum gas temperature of 250°F at the exit end during 

sampling and prevent condensation from occurring. 

the probe was done in this test. 

No heating of s: 

Pitot Tube - Type S attached to probe to monitor stack gas 

velocity. 

Filter Holder - Pyrex glass with heating system capable of 

maintaining minimum temperature of 225OF. No heating of the 

probe was done in these tests. 

~~ ~ ~ ~~ 

1. Federal Register, Vol. 36, No. 247, Part I1 - Thursday, 
Dec. 23, 1971. 
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Impingers - Four impingers connected in series with glass 
ball joints. The first, third, and fourth impingers were 

of the Greenburg-Smith design, modified by replacing the 

tip with a 1/2 inch I.D. glass tube extending to 1/2 inch 

from the bottom of the flask. The second impinger was of 

the Greenburg-Smith design with a standard tip. 

Metering System - Vacuum gauge, leak-free pump, thermometers 
capable of measuring temperature to within SOF, dry gas 

meter with 2% accuracy, and related equipment, or equivalent, 

as needed to maintain an isokinetic sampling rate and to 

determine sample volume. 

Barometer - To measure atmospheric pressures to 5 0.l.yinChes 

SAMPLING PROCEDURE 

After selecting the sampling site and the minimum' 

number of traverse points, the stack pressure, temperature, 

moisture, and range of velocity head were measured according 

to procedures described in Method 1 of the Federal Register 

(December 23, 1971). 

Approximately 200 grams of silica gel was weighed in 
. .  

a sealed impinger prior to each test. 

(3" diameter) were desiccated for at least 2 4  hours and 

Glass fiber filters* 

* MSA 1106 BH 
E-2 
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weighed to the nearest 0.1 mg. One-hundred ml. of distilled 

water was placed in each of the first two impingers; the third 

impinger was initially empty; and the impinger containin9 the 

silica gel was placed next in series. The train was set up 

without the probe as shown in Figure A-1. The sampling 

train was leak checked at the sampling site by plugging the 

inlet to the filter holder and pulling a 15 in. Hg vacuum. 

Leakage rates of less than 0.02 cfm at a vacuum of 15 in. 

Hq were recorded in all cases. The probe assembly was then 

attached and crushed ice was placed around the impingers. 

More ice was added during the run to keep the temperature 

of the gases leaving the last impinger at approximately 

70'F. .. 

During sampling, the data required on the meter data 

sheet was recorded at each sampling point and when significant 

changes in stack flow conditions required a2ditional adjust- 

ments in flow rate. Isokinetic sampling rates were set 

throughout the sampling period with the aid of a nomograph 

.2 : 

SAMPLE RECOVERY PROCEOURE 

The sampling train was moved carefully from the test 

site to the cleanup area at the plant. Samples of the 

acetone and water used in the sample recovery were taken for 

use as blanks. The sample fractions were recovered as 

follows : 

E-3 
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1. - s .  s .  Nozzle 
2 .  - S .  S .  Union 
3 .  - Probe 
4 .  - cyclone  (Op t iona l )  
5 .  - Glass  F i l t e r  Holder 
6 .  - Heated Box 
7 .  - Ice Bath 
8.  - Modified G-S I m p .  
9 .  - G-S Impinger 

1 0 .  - Modified G-S I m p .  
11. - Modified G-S I m p .  

1 2 .  - Thermometers 
13. - Check Valve 
1 4 .  - Umbil ical  Cord 
15.  - Vacuum Gauge 
16 .  - Valve 
1 7 .  - Leak-Free Pump 
1 8 .  - By-Pass Valve 
1 9 .  - Dry G a s  T e s t  Meter 
20 .  - O r i f i c e  
2 1 .  - Dual Manometer 
2 2 .  - S P i t o t  Tube 

F igu re  A-1 P a r t i c u l a t e  Sampling T r a i n  

I 
4 
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Container No. 1 - The filter was removed from its 
holder and placed in a petri dish and sealed. 

Container No. 2 - Loose particulate and acetone 
washings from all sample-exposed surface prior to 
the filter were placed in a glass jar and sealed. 

Container No. 3 - The condensate from the first 
three Greenburs-Smith impinqers was measured with- 
in + 1 ml. and-placed into 2 glass jar. Water 
rinsings from the back half of the filter holder, 
the fritted glass support, all connectors, and 
the first three Greenburg-Smith impingers were 
placed in this container and the container sealed 
with tape. 

Container No. 4 - Acetone rinsings from the 
back half of the filter holder, the fritted 
glass support, all connectors, and the first 
three Greenburg-Smith impingers were placed 
in this container and sealed. 

The silica gel from the fourth impinger was weighed _ -  
and recorded. The used silica gel was discarded. 

ANALYTICAL PROCEDURES 
.+ 

All data was recorded on the Analytical Data Shegts _. 

included in Appendix F. The following procedures were 

used and followed the methods described in the Federal 

I 
I' 
I 
I 
I 

1 Register of August 17, 1971. 

Container No. 1 - The filter and any loose 
particulate matter from this sample container 
was placed into tared glass weighing dish, 
desiccated to a constant weight and weighed 
to the nearest 0.1 mg. 

1. Federal Register August 17, 1971, V o 1 .  36, No. 159 
Part 11, Pg. 15717. 

E-5 
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Container No. 2 - The acetone washings were 
transferred to a tared beaker and evaporated 
to dryness at ambient temperature and pressure; 
desiccated to a constant weight; and weighed to 
the nearest 0.1 mg. 

Container No. 3 - Organic matter from the impinger 
solution was extracted with three 25 ml. portions 
each of ethyl ether and chloroform. The extracts 
were combined into a tared beaker; evaporated 
until no solvent remained at about 70°F. The 
sample was then desiccated to a constant weight 
and weighed to the nearest 0.1 mg. The remainin5 
water was evaporated by boiling in a tared beaker, 
and the residue weighed. 

Container No. 4 - The acetone washings from the 
back h a l f  o f  the filter holder, fritted support, 
connectors and first three Greenburg-Smith- ~ 

impingers were transferred to a tared beaker, and 
evaporated to dryness at ambient temperature and 
pressure. The sample was then desiccated to a 
constant weight and weighed to the nearest 0.1 mg. 

The total particulate weight was obtained by tot:ling 

the weights of the individual sample components. The front 

half of the sample consisted only of the filter and probe 

washings. A l l  liquid fractions were corrected for ac&one 

and distilled water blank values. 

2' 

I 
I 
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LABORATORY RESULTS 
/q.53.0-2-z 

FRONT HALF 
ACETONE WASH OF NOZZLE, PROBE. CYCLONE (BYPASS), CONTAINER w001-45 ' 7 5  0 * ?I mg 

FLASK, FRONT HALF OF FILTER HOLDER 
J 

FILTER NUMBER Zooo-5 3 CONTAINER 72-001-43? 0. I mg 

BACK HALF 

IMPINGER COiYTENTS AN0 WATER WASH OF 
IMPINGERS, CONNECTORS, AND BACK 
HALF OF FILTER HOLDER 

ACETONE WASH OF IMPINGERS, CONNECTORS, 
ANDBACKHALFOFFILTERHDLOER 

MOISTURE 

2.14 ,I* 
IMPINGERS 

FINAL VOLUME 

mg FRONT HALF SUBTOTAL f 750.9 
. 

7 , 5 - * 9  
CONTAINER 6.7 mg 

3.9 mg 
ETHER-CHLOROFORM 

E X T R A C T I O N 7 2 - ~ ~ 1 - ~ 3 6 ~  

I 1 TOTAL WEIGHT 1 9 9 3 . 8  mg i 

INITIAL VOLUME 
NET VOLUME 

SILICA GEL (Wq 4s2.8 
FINAL WEIGHT 676.4 g g z 
INITIAL WEIGHT 6sz-% g g 
NET WEIGHT A z g  P; 

q ? 2 .  3. a TOTAL MOlSTURE 

. .  
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ANALYTICAL DATA 
PEDCO- E N V I R O N M E N T A L  

S U I T E  e * ATKINSON S O U A R E  
C I N C I N N A T I .  OHIO 45246 

PLANT ffl L s7-od f U f l / M / ?  LOu' ,SV/LL L- COmE#T$: 

DATE 6 P O V  7r 
SAMPLING LOCATION PELLE-T C D O C e -  OCOCET 

SAMPLE TYPE PAP T/ w L.+i-F 

RUN NUMBER L 
SkhlPLE BOX NUMBER - 
CLEAN-UP MAN ZLd &&RS7-..6F 

FRONT HALF 

i l  ACETONE WASH OF NOZZLE. PROBE, CYCLONE (BYPASS), 
GtZ2X. FRONT HALF GF FILTER HOLDER 

2 0 m-6 
FILTER NUNBER .- 

BACK HALF 
I ,  

IMPIilGER CONTENTS AN0 WATER WASH OF 
IMPINGERS, CONNECTORS, AND BACK 
HALF CF FILTER HOLDER 

. . ACETONE WASH OF IMPINGERS, CONNECTORS, 
: ,; ANDBACKHALFOFFILTERHOLDER ..' 

LABGRATGRY RESULTS 
652.4'- 1.1 

CONTAlNER7Z-ool- 7 39 G / .3  mg 

CONTAINER 72-00/-Y38 0.2- mg 

FRONT HALF SUBTOTAL g/, 5 ma 

BACK HALFSUBTOTAL 3 7- I mg 

I I TOTAL WEIGHT 48.6 

MOISTURE 

IMPINGERS 
FINAL VOLUME m l Q 6  2l .FoCc 
INITIAL VOLUME 200 mi 
NET VOLUME L&L ml 

SILICA GEL (4  46.7 TfiLe> 
FINAL WEIGHT Ldfl ,D g g 
INITIAL WEIGHT L.4L.7 g g 
EiETWElGHT 23.3 g a e: 

g 
TOTALMOISTURE 43. 3 a 
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PEDCO- ENVIRONMENTAL 
SUITE e * ATKINSON S Q U A R E  ANALYTICAL DATA 

CINCINNATI. OHIO 45246  

PLANT ~ P L .  s70d COWhlENTS 

DATE 

SAMPLE TYPE if4 f7 

SAMPLING LOCATION P E L  Lc 7 c 0 o L k - R  - /ML€ 7 

P '3 RUN NUMBER 

SAMPLE BOX NUMBER - 
CLEAN-UP MAN R. AI* GEX?sng 

FRONT HALF 

ACETONE VlASH OF NOZZLE, PROBE, CYCLONE (BYPAS), 
R&W& FRONT HALF CF FILTER HOLDER 

FILTER NUMBER 200052f 

BACK HALF 

IMPINGER CONTENTS AND WATER WASH OF 
IMPINGERS, CONNECTORS, AND BACK 
HALF GF FILTER HOLDER 

ACETONE WASH OF IMPINGERS, CGNNECTORS. 
AND BACK HALF OF FILTER HOLDER 

MO I STLf RE 

2 ~ 8  mi 
IhlPlNGERS 

FINAL VOLUME 
INITIAL VOLUME - Z X L  m l  
NET VOLUME /s ml 

SILICA GEL 
FINAL WEIGHT -4 
INITIAL WEIGHT g 
NET WEIGHT g 

LAGORATORY RESULTS 

FRONT HALF SUBTOTAL .2068.q ma 

. -  
g.o-.7 - .  

CCNTAINERLUZ~YJ 6 . 3  mg 

q.b ng 
ETHER-CHLOROFORM 

EXTRACT10N72a'-9q4a .,. 
CONTAINER7- 3G. 2 mg 

BACX HALF SUBTOTAL 9 mg 
34.3- I. I 

~ 2113.0 TOTAL WEIGHT 

TOTAL MOISTURE 3 9 . 4  
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FRONT H A L F  

ACETONE YASH OF NOZZLE. PROBE. CYCLONE (BYPASS), 
FLASK, FRONT HALF OF 

2 no0  
FILTER NUMBER 

ANALYTICAL DATA 

COMMENTS: 

4 4 . 4 -  /. 9 
LABORATORY RESULTS 

_ . ,  . . .  

CONTAINER 72-0O/-qY7 4 3 - 0  mg 

CONTAINER 72-&/-9J6 6 . 4  mg 

F R O N T  H A L F  S U B T O T A L  9% 7 w 

BACK HALF 
IMPINGER CGriTENTS AN0 WATER WASH OF 

IMPINGERS, CONNECTORS, AND BACK 
HALF OF FILTER HOLDER 

ACETONE WASH OF IMPINGERS. CONNECTORS, 
AN0 BACK HALF OF FILTER HOLDER 

7.9 -0.6 .. 
CONTAINER7Z -m/-s%-I 7- 3 mg 

EXTRACTION~’Z-~’-”@* -5  mt 
ETHER.CHLOROFORM 

,,’ 

CONTAINER i’z-m’-yq‘? 37, I mg 
38.0- 0. 2 

BACK H A L F  S U B T O T A L  i )  8.9 mg 

T O T A L  WEIGHT I q 3 . 3  mg 

M 0 1 S TU RE 

IMPINGERS 
FINAL VOLUME 2 / 2  ml 

INITIAL VOLUME 2 03 m i  
NET VOLUME A m i  

fl g e 
SILICA GEL 

FINAL WEIGHT 
INITIAL WEIGHT b g z . q g  g g TOTAL MOISTURE 4.a 



ANALYTICAL DATA 
1 PEDCo - ENVIROINMENTAL 

SUITE e * ATKINSON SQUARE 
CINCINNATI.  O H I O  45246 

PLANT COMENTS: 

DATE //- 6 - 7 L  
SAhlPLlNG LOCATION ' ,E 7 c OL. /- 

SAMPLE TYPE PA f?7 

I N L E T  

RUN NUMBER 4 -6 /& 

SAMPLE BOX NUMBER - 
CLEAN-UP MAN k? W- G ~ ~ 5 n - g  

FRONT HALF LABORATORY RESULTS . .  
256 1. i - z .7 

ACETONE NASH OF NOZZLE, PROBE, CYCLONE (BYPASS), CONTAINER7- 7 5 5 8 .  Y mg 

FILTER NUMBER l o n u 6  0 CONTAINER 7Z .OOl -450  2 . 3  mg 

FLASK, FRONT HALF OF FILTER HOLDER 

BACK HALF 
IIPli lGER CONTENTS AN0 WATER %'ASH OF 

NPINGERS, CONNECTORS, AND BACK 
HALF OF FILTER HOLDER 

ACETONE WASH OF IMPINGERS, CONNECTORS, 
AND BACK HALF OF FILTER HOLDER 

MOlSTU RE 

. 
6.7-0- 8 

CONTAINER 72 OW- m-1 5.7 mg 

L l .  8 mg 

mg 

ETHER-CHLOROFORM 
EXTRACTIONR-OO' -'" 

21 .'c; CONTAINER -3 
2 2.7 - 1.1 

BACK HALF SUBTOTAL 3 2 -3 m2 
2593.0 m g l  I I %TAL WEIGHT 

IMPINGERS 
FINALVOLUME z / z  m l  
INITIAL VOLUME 2 00 m i  
NET VOLUME /2/ m i  

6 x 7  g g 
SILICA GEL 

FINAL WEIGHT 
INITIAL WEIGHT g g g 
NET WEIGHT g 8 g: a TOTAL MOISTURE 38, 6 
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ANALYTICAL DATA 

PLANT kk COWENTS: 

DATE M&L / A , /  c/,y 
/ 

SAMPLING LOCATION / % 2 L E 7  &Zd LEX' Gu7Lk-T 

RUN NUMBER 6 dW7- 
SAMPLE TYPE &/7 

SAMPLEBOXNUMBER 
CLEAN.UP MAN 7 % -  

FRONT HALF 

ACETONE WASH OF NOZZLE. PROBE, CYCLONE (BYPASS), 
FLASK, FRONT HALF OF FILTER HOLDER 

FILTER NUMBER 2%Z'5g 

BACK HA'LF 

IMPINGER CONTENTS AN0 WATER 'HASH OF 
IMPINGERS, CONNECTORS, AND BACK 
HALF OF FILTER HOLDER 

ACETONE WASH OF IMPINGERS, CONNECTORS. 
ANDBACKHALFOFFILTERHOLOER 

LABORATORY RESULTS 
92.4-/,/ 

FRONT HALF SUBTOTAL ?'2',2 mE 

CONTAINER ZZ-@/-y?7 L mE 

BACK HALF SUBTOTAL Z?, L mE 
27,1-/.3 

rng I I TOTAL WEIGHT /25, B 

MOlSTU RE 

IMPINGERS 
FINAL VOLUME 2 G S l  rnl 

ml 
i NETVOLUME ml 

- INITIAL VOLUME 200 

SILICA GEL -&'42',6 
~ N A L W E I G H T  X g E B 
INITIAL WEIGHT 572.6 g E B 
NETWEIGHT -250 g E g TOTAL MOISTURE 'Yqq E 
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FRONT HALF 

ACETONE WASH OF NOZZLE, PROBE. CYCLONE (BYPASS), 
FLASK. FRONT HALF OF FILTER HOLDER 

FILTER NUMBER ..ZdU-= 

BACK HALF 
IhlPlNGER CONTENTS AND WATER WASH OF 

IMPINGERS, CONNECTORS, AND BACK 
HALF OF FILTER HOLDER 

ACETONE WASH O F  IMPINGERS, CONNECTORS, 
AND BACK HALF OF FILTER HOLDER 

J LABORATORY RESULTS 
/3/0.-/ s 

CONTAINER zZ-~W/-759 /29,2 mi 

FRONT HALF SUBTOTAL /3/ 27 mg 

BACK HALF SUBTOTAL /2*3 mg 
I 

mg I I TOTAL WEIGHT /7e G; 

MOISTURE 

IMPINGERS . 
FINAL VOLUME -&Q- mi 
INITIAL VOLUME 240 mf 
NET VOLUME mi 

SILICA GEL w 
FINAL WEIGHT g g B 
INITIAL WEIGHT g B g 

TOTAL MOISTURE 29, 6' NET WEIGHT 24:6 g g g 
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ANALYTICAL DATA 
PEDCO- ENVIXONMENTAL 

SUITE 6 - A T K I N S O N  SOWARE 
C I N C I N N A T I .  OHIO 45246 

FRONT HALF LABORATORY RESULTS 
56.Y- f.6 

ACETONE VlASH OF NOZZLE;PROBE, CYCLONE (BYPASS), CONTAINER 7z-OOl-76 3 511.8 mg 

FILTER NUMBER = ? ,  C'b 1 CONTAINER 77-D"'-Y6z 2.9 mg 

FLASK, FRONT HALF OF FILTER HOLDER 

mg FRONT HALF SUBTOTAL 57. 7 

6.1-0.9 
BACK HALF 

IMPINGER CONTENTS AND NATER WASH OF CONTAINER 72-a0 i - v  L/.I 5 2  mg 
ETHER-CHLOROFORM 

mg 

CONTAINER 7z-00'-96. ,w 0 mg 

BACK HALF SUBTOTAL 1 8 ,z mg 

3 .O IMPINGERS. CONNECTORS. AND BACK 

?. 
HALF OF FILTER HOLDER EXTRACTION7ZaJ -96 +a 

//* 8 - 1. '3 
ACETONE WASH OF IMPINGERS, CONNECTORS, 

AND BACK HALF OF FlLTEi l  HOLDER 

I 

mg I TOTAL WEIGHT 759 

MOISTURE 

IMPINGERS 
FINAL VOLUME 200 m i  
INITIAL VOLUME 2 00 ml 
NET VOLUME mi 

SILICA GEL 
FINAL WEIGHT a g g g 

g 
NET WEIGHT g g i3 TOTAL MOISTURE /c/ a INITIAL WEIGHT wig g 
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CINCINNATI.  OHIO 45246 

PLANT , P 4 L S / T O n /  2,?/dA 
DATE 7 M o K  72  
SAMPLING LOCATION f l A  fi 
SAMPLE TYPE A,+.ncUL++z 

RUN N U t n B E R L  

f M  / L  ,+ 

SAkIPLE BOX NUMBER - 
CLEAN-UPMAN G. 7 e 

FRONT HALF 

ACETONE WASH OF NOZZLE, PROBE. CYCLONE (BYPAS), 
FLASK, FRONT HALF OF FILTER HOLDER 

FILTER NUMBER 2 s  

BACK HALF 

ANALYTICAL DATA 

COmMENTS: 

LABORATORY RESULTS 

CONTAINER 7z-ool-Y66 0.6 mg 

FRONT HALF SUBTOTAL 47.4 mg 

IirlPlNGER CONTENTS AND WATER WASH OF 
IMPINGERS, CONNECTCRS. AND BACK 
HALF OF FILTER HOLDER 

ACETONE WASH OF IMPINGERS, CONNECTORS, 
AND BACKHALF OF FILTERHOLDER 

.. 
7.5-0-q 

I / -  4- / .6  
mg I BACK HALF SUBTOTAL / 7 , 3  

TOTAL WEIGHT 6 9 . 2  mg ~ 

MOISTURE 

IMPINGERS 
FINALVOLUNE ml 
INITIAL VOLUME z ml 
NET VOLUME ml 

SILICA GEL 
FINAL WEIGHT *-; E g 

TOTAL MOISTURE /q/  2 
INITIAL WEIGHT g g 
NET WEIGHT g g L 
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APPENDIX G .  TEST LOG 

Personnel :  EPA: 

PEDCo : 

Tom Ward, P r o j e c t  Off icer  
B i l l  N i t c h e l l  
ROY N e u l i c h t  

Ken Woodard 

R .  w i c k  
R. Gerstle 

E .  Meer 
G .  F o r t e  

Rals ton  Pur ina :  J. B a l l e n t i n e  

DATE TIME EVENT - - 
11/6/72 800 PEDCo crew ar r ives  a t  Ra l s ton  Pur ina  Feed. 

P l a n t  i n  L o u i s v i l l e ,  Kentucky . 

cyclone  
800-1320 P r e p a r a t i o n  for t es t s  on p e l l e t  c o o l e r  

1320-1536 T e s t s  1 and 2 on p e l l e t  c o o l e r  cyc lone  

1625-1740 T e s t s  3 and 4 on p e l l e t  cooler’’$yclone 

1920-2140 Tests 5 and 6 on p e l l e t  cooler cyc lone  

,*. 

13-15 minu te  break a f te r  one hour  t o  
change product 

- - ~- .... 

1920-2140 Tests 5 and 6 on p e l l e t  cooler cyc lone  

11/7/72 800 PEDCo crew arr ival  a t  p l an t  

800-1230 P r e p a r a t i o n  for hammermill cyc lone  tes ts  
( i n .  cold r a i n )  

1100-1330 R.  Gerstle and G.  F o r t e  r e t u r n  t o  C i n c i n n a t i  

1 2  30-1 330 --. 
F i r s t  h a l f  of tes t  7 on hammermill 
cyc lone  

1330-1430 Lunch 

1430-1500 F i n i s h  T e s t  7 
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DATE TIME 

11/7/72 1620-1700 

1830-1940 

1940-2100 

11/8/72 800-1100 

- - 

1100-1200 

1200-1400 

EVENT 

Test 8 on Hammermill cyclone 

Test 9 on Hammermill cyclone 

Clean up trains 

Clean up test area, pack equipment, 
load truck. 

Lunch 

Drive van to Cincinnati 

. I. 
- .: 
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APPENDIX I .  PROJECT PARTICIPANTS AND TITLES 

Rals ton  Pur ina  C o .  
L o u i s v i l l e ,  Kentucky 

EPA (OAP) 

Tom Ward - P r o j e c t  O f f i c e r ,  ETB 

Ken Woodard - Chemical Engineer,ESED 
B i l l  X i t c h e l l -  Q M E L  

Roy Neu l i ch t  - ETB 

Ra l s ton  P u r i n a  
J i m  a a l l e n t i n e  - P l a n t  Manager 

PEDCO 

R .  Gerst le ,  P . E .  - Engineer ing  Supe rv i so r  and . .  F i e l d  Supe rv i so r  _ *  
. .: R .  h i c k  - Environmental  Engineer  and As . s i s t an t  

G .  F o r t e  - Technic ian  
F i e l d  S u p e r v i s o r  

19. E .  Meer - Technic ian  <h?i 
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